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MODERN FRENCH ARTILLERY.—No. I. 


Every great war of modern times has brought 
with it experience, which in the succeeding period 
of peace, has been utilised to revolutionise existing 
practice in the construction of war material. The 
muzzle-loading smooth bores that battered down 
the Russian redoubts, the cast-iron 64-pounders 
which failed to make any impression on the walls of 
the Baltic forts, showed by their comparatively 
feeble performances the necessity for heavier and 
more destructive weapons. 

Both in England and in France the defective 
performance of the artillery that was employed 
during the Crimean War, had stimulated inventors 
to produce better guns, and nearly a year before 
the treaty of peace was signed in Paris, on March 
30, 1855, Mr. Armstrong had delivered to the Eng- 
lish Government his first gun—a 3-pounder—in 
which were embodied the elements of a system 
that was to revolutionise the construction of ord- 
nance all over the world. It is claimed that Arm- 
strong was anticipated by a French captain of 
artillery, Treuille de Beaulieu, and that by quite 
a number of years; that in 1840 this inventor 
proposed the adoption of rifled guns, while in 
1856 he advocated the substitution of steel instead 
of bronze in their manufacture. It is authentic 
that when the siege of Sebastopol was dragging 
slowly on, that the French Government had re- 
course to him to make for them guns of greater 
power and range than they then had at their dis- 

osal. In compliance with these instructions, 

reuille de Beaulieu manufactured, first, two field 
guns which it is said gave very promising results, 
and afterwards sixty of heavier character that were 
intended for the siege of Cronstadt ; the conclusion 
of the war, however, prevented these guns from 
being put in service. But the French had occasion 
for artillery after the Crimean War was concluded, 
and De Beaulieu was kept busy making field and 
mountain batteries for Algeria, Kabylie, and 
Cochin-China ; in 1857 he commenced the delivery 
of these batteries. France, however, cannot claim 
the credit of this new departure in gun construc- 
tion unchallenged, since an American inventor, 
Daniel Treadwell, advocated somewhat similar im- 
provements in 1840; in any case this American 
claim has little real practical value, because it had 
no practical result. The Armstrong system of 
manufacture, on the other hand, was embodied in 
the first field gun delivered to the English Govern- 
ment in July, 1855, about the same time that the 
French War Office was applying to Captain de 
Beaulieu. It is worth noting that this first and 
insignificant field-piece was made with a steel 
barrel reinforced with one thickness of coils from 
the muzzle to the trunnion end, and with three 
outer coils over the chamber. The Armstrong type 
of gun, with certain modifications and improve- 
ments suggested by experience, was rapidly adopted 
by the English War Department, oo about 1864 
3000 guns, all of small calibres, had been delivered. 
The heaviest natures made before that date, that is 
to say, between 1858 and 1862, were 110- -pounders, 
300 of which, all breechloaders, were manufactured 
for the Navy in 1861 ; these guns fired 110-Ib. shot 
with 14 lb. of powder, although they were origi- 
nally designed only as 100-pounders. In 1864, 


after Mr, Armstrong had resigned his position as 








superintendent of the Royal Gun Factory, and had 
started the manufacture of ordnance on what was 
then a large scale at Elswick, guns weighing about 
25 tons were being made there, 183 in. in total 
length, 145,25 in. in length of bore, 13.3 in. bore, 
and measuring 51.5 in. in diameter over the powder 
chamber. These of course were very heavy guns 

for those days, and greatly surpassed the boldest 
efforts that had been attempted in French gun- 
making up to the same date. At that time the 
standard naval rifle gun of France, known as the 
‘*Canon de 30,” was a cast-iron reinforced weapon 
6.489 in. bore, weighing 8239 Ib. ; it was 128 in. in 
length, 108.295 in. in length of bore, and 23.62 in. 
in diameter over the chamber. A cannon of ‘‘30” 
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from an American system upon which six guns had 
been made in Boston for the British Government 
in 1855 ; this system was no other than the screwed 
plug and breech with stripped thread; the only 
difference between the French and American 
device was that the latter was clumsy and unprac- 
tical, while in its modified shape it proved to be a 
very satisfactory device and embodied the principle 
of breechloading generally adopted to-day. <A very 
brief review of what was done in the early days of 
heavy gun construction in this country and else- 
where may very properly preface what we shall 
have to say hereafter on French artillery, the 
modern history of which commences only after the 
Franco-German War. 
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FRENCH CAST-IRON REINFORCED GUN ; 1858. 


was sent to Cochin-China and took part in an 
engagement at Tourane ; this was the first rifled 
gun fired in war. Fig. 1 is a section showing the 
construction of this gun ; it will be seen that the body 
is a solid casting reinforced by seven steel rings 
4.4 in. thick and extending from the rear of the 
breech nearly as far as the trunnions. These guns 
were rifled with three grooves of increasing pitch, 
commencing at nothing and ending at 1 in 30; 
they fired projectiles of 100 1b. in weight, the charge 
varying from 7 lb. to 8lb. In addition to these 
guns, which gave very satisfactory results at the 
time, 
smooth bores in service as well as a quantity 
of the old 30-pounders, the barrels of which had 
been rifled. It is stated, and probably with good 
reason, that France at that time preferred to use a 
6.5-in. cast-iron naval gun, rather than purchase 
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there were a number of 10-in. bronze. 





Whilst the experience of the Crimean War forced 
upon both the English and French Governments 
the necessity of abandoning cast-iron guns unless, 
asin the case of the French type, they were heavily 
reinforced with steel, the American War of Seces- 
sion confirmed —at least for the time — United 
States artillerists in their belief in cast iron for 
guns of large calibre whether for smooth bores 
or rifles. Of the latter class the one most largely 
used was the Parrot gun, of which 2000 were 
cast between the commencement of the war in 
1861 and the beginning of 1864. They were 
made exclusively at the West Point Foundry by 
the inventor, Captain Parrot, and were cast-iron 
guns of the ordinary form with a wrought-iron 
reinforcing ring over the chamber as shown in 
Fig. 2. A. L. Holley, speaking of this type of 
gun in his ‘‘ Ordnance and Armour,” says; ‘‘ The 























PARROT CAST-IRON REINFORCED GUN ; 1861-1864, 


steel from England to make heavier and more effec- 
tive weapons; but even then the necessity for 
steel ordnance was appreciated, and great efforts 
were being made amongst French manufacturers to 
produce reliable steel; how well they have suc- 
ceeded in this of late years, we shall see by-and- 
bye. Nevertheless it is worthy of note that about 
1864, France was purchasing 300-pounder guns from 
this ‘country. In addition to the cast-iron rein- 
forced muzzle-loading guns, there were manufac- 
tured at the French arsenals, breechloaders, the 
breech-closing mechanism of which was adapted 








100-pounder and the 8-in. and 10-in. guns are now 
cast hollow on Captain Rodman’s principle, the 
advantages of which are well known. The bar of 
iron from which the are made is rectangular in 
shape when straight, but becomes wedge - shaped 
when bent into a coil, ‘thus leaving a space for cinder 
to be squeezed out when the coil is upset. This 
fatens is directly contrary and an evident im- 
provement upon the Armstrong plan. The hoops 
are shrunk on without taper, the difference in 
diameters being yj; in. in 1 ft. They are fastened 
to the cast iron only by the adhesion due to their 
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tension, and have never been loosened during test 
or action. When a hoop is to be adjusted, it is 
heated and slipped over the breech, the gun being 
slightly depressed. A stream of cold water is then 
run into the bore, not for the purpose of cooling 
the hoop from the interior, but to prevent the ex- 
pansion of the cast iron. The 8-in. rifled gun has 
thrown spherical smooth shell filled with earth to 
weigh 52.5 lb., with papier-maché sabots, at an 
initial velocity of 1809 ft. per second; charge 16 lb., 
the same charge that fires the elongated shot of 
152 Ib. at 1200 ft. With a charge of 25 lb. the gun 
fires a 68-lb. to 70-lb. cast-iron or steel spherical 
shot at above 1800 ft. per second, ‘with about the 
same strain and no less safety. This gun may there- 
fore be pronounced the most formidable service 
gun extant. Neither the English 68-pounder nor 
the French naval gun (6.5 in.), nor the United States 
cast-iron 8-in., 9-in., or 10-in. guns can endure such 
charges ; the Armstrong 110-pounder (7 in.) cannot 
fire spherical shot, and the United States Navy 
10-in. and the new English steel-lined 7-in. and 
9-in. guns are not yet service guns. The British 
Government has spent (between 1859 and 1864) 
over 2,500,000/. on ordnance and plant, and although 
it has acquired a gun capable of fiche charges for 
a few hundred rounds, and, what is more valuable, 
the experience which will enable it to fabricate the 
best steel cannon without further risk, it is still 
without a trustworthy naval gun or gun of position.” 

That this encomium on the Parrot guns was some- 
what highly coloured is suggested by a statement 
found in an American book published by a Mr. 
Wiard in 1863, who stated that work on a number 
of 74-in. cast-iron rifle guns at Westpoint was 
stopped because both in experiment and in service 
they were proved to be unreliable ; nevertheless, 
the fact remains that the American cast-iron guns 
did admirable service—far better than the cast-iron 
guns either in the French or English Navy ; this 
was chiefly due to the superior quality of the 
American cast irons, some of which withstood as 
high a tensile strength as 49,000lb. per square 
inch, while the average of English gun irons did not 
exceed 20,0001b. It is worth noting, however, that 
during the Crimean War some of the 32-pounders and 
68-pounders fired from 2000 to 3000 rounds, and 
were in good condition at the end of this long ser- 
vice ; in the London Exhibition of 1851 several 
cast-iron guns were shown varying in size from 
6-pounders to 30-pounders ; these had been cast at 
Liége, and had withstood from 2000 to 6000 rounds, 
remaining in a serviceable condition. The construc- 
tion of cast-iron ordnance had in fact up to the 
year 1864 been developed as far as the imperfect 
nature of the material permitted ; the American 
War gave a great stimulus to the art ; guns, as for- 
midable as it was possible to produce them, and 
also made very quickly and cheaply, were an 
absolute necessity, and since the Confederates, 
under the best circumstances, only owned or could 
produce, weapons inferior to those turned out of 
the Federal arsenals and private factories, it mattered 
little, except for the protraction of the war, if ranges 
were short, projectiles comparatively light, and 
powder prog low ; the balance of advantages was 
still held with the northern troops, and that was all 
that was necessary. Nevertheless, the Parrot cast- 
iron rifle and the Rodman smooth bore, were 
formidable weapons; the former ranged in its 
natures from the 10-pounder weighing 890 lb. and 
costing 36/., to the 10-in. gun weighing 26,500 lb. 
and costing 9001. The length of the former was 
70 in., and of the latter 144 in., the intervening 
calibres having approximately relative lengths ; the 
powder charges varied from 1 Ib. to 25 lb., and the 
weight of projectile from 10 1b. to 2501b; the 
number of grooves in the 10-in. gun was 15, the depth 
yy in., and the rifling, which was on an increasing 
twist, had a maximum of one turn in 30 ft. These 
guns were able to withstand very hard usage as 
experience in service amply sh owed ; thus a 100- 
pounder fired a thousand rounds with 10-lb. charges 
and 100-lb. projectiles ; at the end of this service 
the piece remained in perfect condition except for 
a slight enlargement at the bore ; a 300-pounder 
fired 600 rounds with maximum charges, before 
Charleston, and so forth. The Rodman smooth 
bores earned a famous reputation during the 
American War, and were indeed marvels of perfec- 
tion, considering the material of which they were 
made ; the principal calibres were 13 in., 15in., 
and 20in., they were cast hollow and varied in 
weight from 32,000 lb. to 115,200 lb., the latter 
{more than 57 American tons) being the weight of 





the 20-in. Columbiad. The service charge of this 
gun was 100 lb. and the weight of shot no less than 
1000 lb., the length of bore was 210 in., and the 
maximum diameter over the chamber, 64in. The 
15-in. Columbiad, throwing a 440]lb. shot witha 
50-Ib. charge, was, however, the most favourite 
gun of this class. Both for the Army and Navy 
Department, the prescribed tests for the material of 
which these guns were made, was that they should 
have a tensile strength of not less than 30,000 lb. 
per square inch, while the condition of acceptance of 
a number of guns, was that one, selected from each 
batch, should withstand, for the smaller sizes, 
1000 rounds, and for the larger calibres of 13-in. bore 
and upwards, 500 rounds. This reduced test was, 
however, accepted, for all natures, under existing 
circumstances, and it is stated that many of the 
15-in. Rodman guns fired in actual service con- 
siderably more than the prescribed 1000 rounds 
that formed the test for the smaller calibres. One 
of the 15-in. navy guns made at this time was fired 
900 times at test, with elevations varying from 
0 deg. to 5 deg , and with charges increasing from 
35 lb. to 701b., the weight of shot being in all cases 
440 lb. ; it was only after the 900th round that this 
weapon failed. It was with these smooth bore 
Rodmans that what was probably the last naval 
engagement to be fought with cast-iron ordnance in 
the English Channel, took place between the 
Kearsage and the famous Confederate steamer 
Alabama on June 19, 1864. Long ranges, such as 
are attained to-day, were not dreamed of during 
the American War, and at a time when fighting 
was at comparatively close quarters was a necessity, 
endurance of guns, weight of metal thrown, and 
comparatively rapid firing, werethe useful conditions. 
Still, remarkable practice was made with the Rod- 
man 15-in. gun throwing 328-lb. shots with 35-lb. 
charges. The range obtained under these condi- 
tions, with very considerable accuracy, exceeded 
2000 yards, while with 50-lb. charges they reached 
a maximum of 5730 yards; these results were 
obtained with spherical shot. It is worthy of note 
that about the same time Armstrong was pro- 
ducing muzzle-loading smooth bore guns 9.22 in. 
bore to fire 100-lb. spherical shot ; with these about 
the same range and accuracy were obtained as were 
given by the Rodman cast-iron guns. 

Remembering the 110-ton guns with which our 
most powerful ironclads are now being armed, it is 
interesting to read in Holley’s ‘‘Ordnance and 
Armour” that in 1864, ‘‘The standard cast-iron 
gun in England—in fact the standard naval gun 
—is the 95 cwt. 68-pounder of 8 in. diameter and 
113.9 in. in length of bore, and 26.2 in. in 
diameter over the chamber; its cost is about 
1001. It is stated that 100 new 68-pounders have 
been recently ordered on account of the failure of 
the Armstrong naval gun asa naval weapon. At 
the siege of Sebastopol the 68-pounders were on 
the whole very satisfactory in their range and 
endurance. Only two of them burst both at high 
elevations, and one after having fired over 2000 
rounds. Some of those landed from the Terrible 
fired as many as 4000 rounds, usually with 16 lb. 
of etpery and very rapidly.” 

ut although the standard naval gun of England 
of that date was of cast iron, and although the Arm- 
strong guns of large calibre were wrongly reported 
to be failures, the works at Elswick were busy in 
turning out heavy ordnance ; in fact, in November, 
1863, a muzzle-loading gun weighing nearly 25 tons 
and throwing a 600-lb. shot with a 70-lb. powder 
charge, was completed ; with an elevation of 23 deg., 
a range of 7200 yards and an initial velocity of 
1250 ft. per pina were obtained. It will thus be 
seen that during the eight years which had elapsed 
since Armstrong delivered his first 3-pounder to the 
British Government, the celebrated engineer and 
gunmaker at Elswick had made wonderful progress, 
still following closely the same lines of construction 
on which his original gun was made, that is to say, 
a series of concentric tubes formed by welding 
together in spiral coils long lengths of rectangular 
iron bars, At that time the specification given 
the makers of the iron from which the guns were 
produced, prescribed an ultimate tensile strength 
of about 26 tons per square inch, not over 27 tons 
nor under 25 tons, whilst permanent set was not 
to take place under a strain less than 13 tons per 
square inch, and the effects of compression were 
not to become permanent under a load of less than 
14 or 15 tons per square inch. At that time the 
greater part of the iron used at Woolwich for 
making this type of gun was a mixture of 85 per 





cent. of Yorkshire, and of 15 per cent. of Swedish 
charcoal iron ; it cost 20/. a ton. In 1862 the Royal 
Gun Factory at Woolwich could boast of a 12-ton 
hammer, while Elswick possessed one weighing 10 
tons ; shortly after Mr. Armstrong had quitted the 
position of superintendent of the Gun Factory in 
1863, the coiled wrought-iron inner tube was re- 
placed at Woolwich by a steel tube tempered in 
oil ; it should not be forgotten, however, that the 
earliest successful gun—an 18-pounder made by 
Armstrong—had an inner tube of steel. As we 
have already stated, up to the year 1863, 3000 
Armstrong guns had been made for the British 
Government at Woolwich and at Elswick, the total 
cost attending this production having amounted to 
a total of 2,539,5471. All the guns that had been 
made up to 7-in. bore were breechloaders, the 
larger calibres being muzzle-loaders. The cost of 
these guns was from 1s. to 1s. 5d. a pound. 

The stimulus which had been given to inventors 
by the Crimean War, and the brilliant success that 
had attended Mr. Armstrong’s efforts as a maker of 
guns, naturally produced a plentiful crop of inven- 
tions which, with very few exceptions, have passed 
out of sight longago. The one brilliant exception 
is that of the Whitworth gun, of which in 1863 a 
considerable number of pieces up to 70-pounders 
had been fabricated. This manufacture has, since 
that date, gone on steadily progressing, with the 
best results, although unfortunately from various 
causes which it is not necessary to consider here, 
this country benefitted but little from the skill 
and energy which the late Sir Joseph Whitworth 
attacked the ordnance question, and later, what was 
even of still higher importance, the manufacture of 
high-class steel especially adapted for gun construc- 
tion. Other nations have, however, been wise 
enough to take advantage of the opportunities 
afforded by Sir Joseph Whitworth, both for the 
purchase of guns and of steel for making them. 
Another able engineer, Mr. J. Longridge, who was 
very early in the field, and who still often protests 
against the weak points in our ordnance system, as 
early as 1860 advocated the adoption of coiled wire 
as a covering for gun tubes, and the experiments 
which he had even then made, gave marvellous 
results in the increase of strength obtained by this 
means of reinforcement; this system has been 
before the public at intervals ever since that date. 
Of other inventors, whose names have passed away, 
we may mention those of Mr. Lynall Thomas, of 
Captain T. A. Blakeley, who was very early in the 
field, in investigating and reducing to practice, the 
system of reinforcing guns with hoops placed under 
initial tension ; the Mersey Steel and Iron Com- 
pany, who, in 1856, made a forged gun in one 
piece except the trunnion ring, 13.014 in. bore, 
15 ft. 10 in. long, and weighing more than 25 tons. 
The same firm showed in 1862 at the London Exhi- 
bition another large piece of ordnance, in which 
the inner tube, formed of staves welded together, 
was reinforced by an outer casing of plates bent 
around it and welded; the Mersey system of 
manufacture enjoyed a transient period of success, 
and several guns of ‘modified designs were ordered 
by the British Government. Of solid forged steel 
guns, Krupp, of Essen, was the great representa- 
tive and manufacturer, and had been so since the 
London Exhibition of 1851, where the first gun 
made by him on the system, afterwards to become 
famous throughout the world, was shown. 








HELIOMETER AT THE CAPE OF GOOD 
HOPE OBSERVATORY. 

A COUPLE of years ago the Royal Observatory at 
the Cape of Good Hope received a most important 
addition to its equipment in the form of a helio- 
meter constructed by Messrs. A. Repsold and 
Sons, of Hamburg. Of this instrument, which is 
probably the most perfect of its class yet con- 
structed, we this week give a perspective view, 
Fig. 1, on page 12, while in Figs. 2 to 5, on pages 
4 and 5, and Fig. 6, on page 3, we further illustrate 
its chief details. 

In its general design the instrument under notice 
resembles that constructed in 1882 by the same 
makers for the Yale College Obsevatory at New 
Haven, Connecticut, but it is of greater optical 

wer, its object-glass—which was made by Mr. 
ca Mertz, of Munich—being 7.5 in. in diameter, 
with a focal length of 102 in. Its details also in- 
clude some modifications and additions desired by 
Dr. Gill, the Astronomer-Royal at the Cape, 
amongst which may be mentioned the provision of 
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electric illumination for all the division readings 
to be taken during observations, several gradua- 
tions in the rate of effecting the position move- 
ments, the addition of a position micrometer to the 
finder, and the provision of apparatus permanently 
fixed to the instrument for examining the divisions 
of the object-glass slides without interfering with 
the observations. Dr. Gill further expressed a 
desire to be able to record the readings of these 
divisions by means of photography, and an experi- 
mental apparatus for this purpose was constructed 
and submitted to Dr. Julius Vogel, of Potsdam, 
the eminent authority on photographic appliances. 
Dr. Vogel tested the apparatus, but stated that 
satisfactory results could not be obtained in that 
way. Meanwhile, Dr. Elkin, of New Haven, had 
declared himself satisfied with the registering 
micrometer which Messrs. Repsold had made for 
the instrument under his charge, and under these 
circumstances Dr. Gill did not further press the 
application of photographic registration but adopted 
the use of a registering micrometer like that at 
the Yale College Observatory. 

Before proceeding to describe in detail the in- 
strument under notice, it may be desirable that we | 
should explain briefly the principle upon which a | 





Fig. 6. 
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say a poe and a star, in the field of view, and 
that the object-glass forms their images as at P and 
S in Fig. 7. Next let the lower half B of the 
object-glass be shifted a short distance to the right 
as in Fig. 8. The effect, as far as this half of the 
object-glass is concerned, will evidently be the same 
as if the object-glass end of the telescope was shifted 
to the right, and in a telescope with an inverting 
eye-piece (such as is always used for astronomical 
work), this will mean that the images formed by the 
lower half of the object-glass will also shift to the 
right. There will then be in the field of view four 
images as shown in Fig. 8, namely, P and S formed 
by the upper half of the object-glass, and P" and 
S' formed by the lower half, each image being per- 
fect in itself, but having but half the brilliancy of 
the images formed by the whole area of the object- 
glass as shown in Fig. 7. 

Next let the upper half A of the object-glass be 
shifted to the left, at the same time that B is shifted 
to the right, then the images formed by A will also 
shift to the left, and it is evidently easy to so adjust 
the amount of movement that the right-hand image 
formed by A will be superposed on the left-hand 


\image formed by B, as indicated in the diagram 


Fig. 9. On the other hand, if the direction of 
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Of the various illustrations which we publish of 
the Cape heliometer, Fig. 1, on page 12, is a general 
view of the instrument ; Figs. 2 and 3, on page 4, 
show the central part of the telescope tube and 
its attachments to the declination axis ; Figs. 4 and 
5, on page 5, show the details of the object-glass 
mounting; and Fig. 6, subjoined, is a perspective 
view of the eye end of the telescope. As regards 
the general design of the equatorial mounting, the 
pattern used by Messrs. Repsold for their smaller 
refractors has been adopted. The supporting 
column (see Fig. 1) is made in two parts, and is 
bolted to a cast-iron tripod beneath the floor line, 
two feet of this tripod resting on ball-and-socket 
joints on cast-iron plates, while the third foot rests 
on a plane plate, and is provided with an adjusting 
screw by which the fine adjustment of the inclina- 
tion of the polar axis can be effected. 

To the flange on the top of the column is bolted 
a cast-iron head of the form shown. This head 
can be rotated in a horizontal plane to give adjust- 
ments in azimuth, these adjustments being effected 
by a tangent screw provided for the purpose. The 
two side ribs of the head (those running north and 
south) carry the bearings for a pair of trunnions 





which project from the sleeve or cast-iron casing, 
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1, which incloses the polar axis, On the trunnions 
just mentioned the polar axis can be canted through 
an angle of 60 deg., thus affording all necessary 
| range of adjustment for latitude. An are fixed on 
' the casing of the polar axis and concentric with the 
| trunnions, passes through slots on the side of the 
| head, and is clipped there by two screws. This 
| arrangement serves for the coarse adjustment of the 
position of the polar axis ; the fine adjustment is 
| made by means of the screw on one of the feet of 
| the tripod as already mentioned. A level revolving 


heliometer is constructed. The heliometer derives! movement of the two halves of the object-glass be | on a vertical pin in the head of the column enables 
its name from its having been first designed and | reversed, as shown in Fig. 10, the right-hand image | the latter to be adjusted to a vertical position. 


used for measuring the diameter of the sun, but in| formed by B will be superposed on the left-hand | 


modern astronomical practice it has a far wider ap- 
plication, it being especially fitted for measuring 
stellar distances which are too large to be con- 
veniently dealt with by ordinary micrometers. The 
principle upon which the heliometer enables such 
measures to be taken is as follows : In an ordinary 
telescope the image formed at the focal plane is 
due to the collective action of all parts of the object- 
glass, each individual piece of the object-glass form- 
ing a complete image, and these multiple images 
superposed constituting the single image which we 
s2e when we use the instrument. The more perfect 
the object-glass the more perfect, of course, is the 
superposition of the images formed by all parts of 
it, and the clearer and sharper is the definition which 
it affords. It is evident from these facts that if we 
remove a portion of a good object-glass the only 
effect on the image will be a reduction of brightness 
due to the diminished area of the glass by which it 
is formed ; while the part removed is capable of 
forming an image on its own account. This is what 
occurs in the heliometer. The object-glass of the 
instrument instead of being in one piece is divided 
diametrically into two parts A, B, Fig. 7. Of course 
when the two parts are in the position there shown, 
they act as ‘an ordinary undivided object-glass. 

Let us now suppose that there are two objects, 





image formed by A. Now when the images of the 
two objects are superposed in the centre of the field 
of view, as shown at P'S, in Fig. 9, it is evident 
that the whole arrangement is equivalent to a half- 


On the upper end of the polar axis sleeve 1, is 
| mounted the hour wheel 3, this being geared into 


| by the worm 4, which is driven by the clock. The 
| bearings for the driving worm are carried by the 


|are which we have mentioned as being fixed to 


telescope with the object-glass A directed to the| the polar axis sleeve, so that the worm always 


star S, and another half-telescope with the object- 
glass B directed to the planet P, and it is further 
evident that the angle inclosed between the axes of 
these two half-telescopes is the angle subtended in 
the sky by the arc between the objects P and S. 
Thus the distance which the halves of the object- 
glass are separated, becomes a measure of the arc 
separating the two objects, the relative position of 
which is to be determined. The movement of each 
half of the object-glass ismeasured bya suitablescale, 
and the value of this scale for any given instrument 
in measures of arc is determined by observation. 

The mounting of a heliometer is in its main 
features like that of an equatorial telescope, but in 
addition provision has to be made for rotating the 
tube on its axis so as to enable the diametrical 
division line of the object-glass to be made to coin- 
cide with the line joining the two objects, the 
distance apart of which is to be measured. Having 
thus described the general features of a heliometer 
we will now proceed to deal with the details of the 
particular instrument under notice, 





remains in gear whatever the position of the polar 
axis may be. As will be seen from Fig. 1, also, the 
connections between the worm and clock are such 
that they are not interfered with by adjustments 
of the angle of the polar axis. The hour wheel 3 
is free on the polar axis sleeve, but its boss is 
encircled by a clamp 5 having an arm, the outer 
end of which (the upper end in Fig. 1, the lower 
end in Fig. 2) is connected to the sleeve of the 


| declination axis by a screw 7 (Fig. 2), which enables 
| a slow motion to be given in right ascension. 


When 
the clamp 5 is tightened the polar axis, of course, 
moves with the hour wheel; while, when it is 
loose, the clock drives the hour wheel alone. 

At the lower end of the polar axis is mounted 
the hour circle 9, the graduations of which are read 
by two microscopes 8. A handwheel 10, carrying a 
pinion which gears into a wheel fixed on the polar 
axis, affords the means of roughly setting the instru- 
ment in right ascension. A prolongation of the 
polar axis at the lower end carries the counter- 
weight 11, the object of which is to make the 
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HELIOMETER FOR THE ROYAL OBSERVATORY, CAPE OF GOOD HOPE. 


CONSTRUCTED BY MESSRS. A. REPSOLD AND SONS, 





Treble Wire gauze 





Double Wire gauze 


Single Wire gauze 


made flat so as to clear the column when the polar 
axis is set at a low elevation. This balance weight 
is so proportioned as to make the centre of gravity 
of the moving parts coincide with the centre line of 
the polar axis. 

e have already mentioned that in a heliograph 
it is necessary that the telescope tube should be 
capable of rotation on its axis, so that the line of 
division of the object-glass may be made to coincide 
with the line joining the two objects, the distance 
apart of which is to be measured. Thus in the 
instrument we are describing the telescope tube 
instead of being fixed to the declination axis as it 
would be in an ordinary equatoreal, rests in a cradle 
or short tube 16, which is bolted to the flange at 
the end of the declination axis, as shown in Fig. 3. 
Further, to accommodate this axial rotation it was 
necessary to place within the telescope tube the 
tube 29 of the reading microscope for heating the 
divisions of the object-glass slides, the rod 30 for 
operating these slides, and two other rods 31 and 32, 





of which we shall have to speak presently. Of 
course those various parts within the tube have to 
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be kept clear of the cones of rays proceeding from 
the two parts of the object-glass. 

We have spoken of the rotation of the telescope 
as an ‘‘ axial” rotation, and we must now qualify 
this description. As the objects to be observed by 
the instrument are at practically an infinite distance, 
there is no necessity that the axis of rotation should 
coincide with the axis of the telescope tube, and 
for convenience in keeping the internal connections 
just mentioned out of the way of the rays of light, 
an eccentric arrangement has been adopted. Thus, 
referring to Fig. 3, it will be seen that the tube of 
the telescope consists of three porte, which, for 
convenience of description, we will name the eye- 
piece tube, the central tube, and object-glass tube 
respectively. The central tube, marked 33 in 
Fig. 3, fits the cradle 16, and it has at its object- 
glass end a broad external flange which bears against 
three friction wheels 35 carried by a flange on the 
cradle 16. With the telescope in its usual observ- 
ing position, these wheels take the longitudinal 
thrust due to the weight of the telescope, tending 
to make it slide through the cradle. At its other 









end the central tube has an internal flange, which 
just touches the flange at the upper end of the eye- 
piece tube 34. . 

Referring now to Fig. 2, it will be seen that the 
eye-piece tube 34 is placed eccentrically with regard 
to the central tube 33, and this enables the micro- 
scope tube 29, and the rods 30, 31, and 32, which 
are inside the central tube, to be passed through the 
internal flange at the lower end of that tube, and 
thus to become external to the eye-piece tube 34. 
The central portion of the telescope tube can thus 
be of smaller diameter than would have been 
possible had a concentric disposal of all parts been 
adopted. The eye-piece tube 34 is a drawn wrought- 
iron tube only of sufficient diameter to receive the 
cones of light rays proceeding from the two halves 
of the object-glass. The reading microscope 29, 
and the rods 30, 31, and 32, which we have men- 
tioned as pagsing through the end flange of the eye- 
piece tube, of course revolve with that tube, and 
are suitably supported at the eye end as shown 
in Figs. 1 and 6. Besides these details which 
revolve with the telescope, there are, however, other 
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parts which must not so revolve, but which have 
also to be available at the eye end of the instrument. 
To carry these parts the eye-piece tube proper is 
surrounded by an outer shell tube 36 (Fig. 3) made 
of sheet steel and fixed to the sleeve 16, in which 
the telescope rotates. At the eye end this outer 
tube 36 is provided with suitable brackets which 
support the finder, the rods for giving the slow 
motions in rightascensionand declination, the micro- 
scope 37 for reading the declination and hour circles, 
and other details. 

The object-glass tube 40 is of steel, and is slightly 
conical. It is attached to the central tube by an 
external flange as shown in Fig. 3. Adjoining this 
junction there is fixed on the end flange of the 
central tube the position circle 38, which is pro- 
tected by a dust shield, while behind this circle is 
a disc 39 carrying two electric contact rings. At 
the opposite end of the object-glass tube is the 
object-glass mounting and slides which are shown 
in detail in Figs. 4 and 5, on page 5. From these 
views it will be seen that the object-glass tube termi- 
nates ina flanged ring 42 to which is bolted a corres- 
ponding flange 41, formed on the cast-iron baseplate 
of the object-glass mounting, this baseplate carrying 
the various attachments, which we shall now pro- 
ceed to describe. 

Referring to Fig. 4, it will be seen that on the 
outer side of the baseplate there are provided cy- 
lindrically planed guide surfaces 44, these surfaces 
being curved to a radius equal to the focal length of 
the object-glass, so that as the two halves of the 
latter are moved apart their distance from the focal 
plane of the telescope is not altered. Suitable pro- 
vision is made for the lateral guidance of the object- 
glass slides and the latter are kept pressed against 
the cylindrical surfaces on which they move, by the 
rollers 47, the pressure of these rollers being ad- 
justable by the screws shown. The object-glass 
slides 46 are of cast iron and are made as stiff and 
’ light as possible. To them are bolted the object- 
glass mountings 48, one of these being fixed rigidly 
to its slide, while the other is so fixed as to be 
capable of a small adjustment to secure the coinci- 
dence of the images formed by the two parts of the 
object-glass. The object-glass slides are protected 
from dust by the sheet metal casing 49, but this 
casing necessarily has a large front opening to 
permit of the movements of the object-glass slides. 
As far as possible, however, this opening is pro- 
tected by the two screens 50, which move with the 
object-glass slides. At 51 is a thermometer which 
shows the temperature of the objective. 

The two object-glass slides move simultaneously 
in opposite directions, the limit of movement of 
each being an arc of 2 deg. on each side of the 
centre. As shown in Fig. 5, the two slides are 
connected by links 53—having ball-and-socket joints 
—to the equal arms of a lever 52, one arm of this 
lever being prolonged and coupled by double links 
to the nut of the distance screw 54. This screw is 
carried by a spherical bearing, and it is connected 
by bevel gear, as indicated in Fig. 4, to a rod 30, 
which we have already mentioned as passing through 
the tube of the telescope to the eye end. 

By desire of Dr. Gill the graduations of the 
object-glass slides—which are situated at 55—have 
been marked on thin plates of platino-iridium, 
which easily adapt themselves to the cylindrical 
surfaces of the slides. The two plates are placed 
close together, one on each side of the plane on 
which the object-glass is divided, and they can both 
be simultaneously seen in the reading microscope. 
This latter is within the telescope tube, and is fixed 
radially to the division plates, but is slightly in- 
clined to one side simply to give room between its 
eye-piece and the eye-piece of the telescope ; it is 
marked 29 in Figs. 2 and 4. The microscope is 
held in position by two rings, one situated at the 
smaller end of the conical tube 40, and the other 
near the head of the eye-piece ; ky loosening these 
rings the microscope can be removed. 

When measuring the distance between two objects 
of very different degrees of luminosity, it is often 
of advantage to be able to reduce the bright- 
ness of the more luminous object. To enable 
this to be done in the instrument we are 
describing, there are provided series of gauze 
screens of different thicknesses which can be 
brought in front of either half of the object-glass. 
One series of these screens consists of single, double, 
and treble wire gauze mounted on the segments of 
a light wheel 56 placed as shown in Figs. 4 and 5, 
so that any segment can be brought in front of 
either half of the object-glass. The wheel 56 is 





mounted on a pivot carried by the frame 41, and it 
can be rotated from the eye end of the telescope 
by means of the rod 32 and an intermediate pinion. 
The axis of the wheel is divided into six sectors 
separated by very light spokes. Five of these 
sectors are of equal size, and of these three are 
covered with single, double, and treble wire gauze 
respectively, while the two others are blank. The 
remaining, or sixth, sector is twice the size of the 
others and is also blank. By this arrangement 
either half of the object-glass can be covered by a 
screen of the desired thickness, or both can be left 
free as shown in Fig. 5. If it should be necessary 
two other gauze frames may be mounted on the 
wheel, thus giving further gradations. 

When the observer rotates the screen wheel by 
means of the rod 32, a disc at the eye end similarly 
divided to the screen wheel denotes in what posi- 
tion the latter is. Further provisions for screening 
the light have also been made. The wheel just 
described may be removed and a disc perforated by 
a round aperture may be placed in front of either 
half of the objective. The disc, or rather half-disc, 
is in this case hinged in a line with its diametrical 
edge to the small brackets 57, and it can then be 
turned over either half of the objective by bevel 
gear on the supporting pivot of the screen wheel, 
this pivot being actuated as before from the eye 
end by the red 32. Finally, provision is made for 
another mode of screening simultaneously with the 
use of the screen wheel. This consists of two light 
plates 58 (shown dotted in Fig. 4) which are sus- 
pended inside the objective, the arrangement being 
such that their line of suspension may be made to 
coincide with the line of division of the object- 
glass—in which case they exercise no screening 
effect—or may be more or less inclined to either 
half. The device is a little complicated, but an 
index hand near the eye-piece shows the observer 
the position which the plates occupy. 

We have mentioned that the divisions of the 
plates showing the positions of the two halves of 
the objective can be read frora the eye end by the 
microscope 29. In addition to this there is another 
microscope 60, placed as shown in Figs. 4 and 5, by 
which these divisions can also be read and compared 
with each other. This microscope 60 slides on the 
path 59 having a cylindrical surface, so that the 
microscope can be moved concentrically over the 
divisions, or shifted back out of the way of other 
observations as shown in Fig. 4. The micrometer 
61 of this microscope is not fixed directly to the 
microscope tube, but is mounted on a slipping piece 
which is moved by a screw of the same pitch as the 
micrometer screw. By means of this slipping piece, 
what would ordinarily be the fixed pair of wires of 
the micrometer can be adjusted to one division, 
and the other pair of wires, carried by the micro- 
meter frame, to the next, the drum of the micro- 
meter screw then showing the distance between 
them. By this arrangement one reading suftices for 
one line of each division, the not unreasonable 
assumption being made that the zero of the micro- 
meter will not change during short periods. 

In addition to being capable of being operated 
from the eye end of the telescope the object-glass 
slides can be moved by the key 62 shown in Fig. 4 
and 5. The same views also show the counter- 

poise 63 and the small mirror 64, which is carried 

y a light rod inside the objective, and which serves 
to illuminate the field. In Fig. 4is also shown acap 
64a, which is fixed at the side of the telescope tube 
and which contains a small incandescence lamp 
serving to illuminate the divisions of the objective 
slides, the light being directed on the latter by the 
small diagonal mirror shown by a dotted line at 
the end of the microscope 29. 


(Zo be continued.) 





GREAT LOCOMOTIVE COMPETITION. 
To THE Eprror OF ENGINEERING. 

Srr,—Referring to the paragraph under this heading 
in your last week’s Notes from the North, it will no 
doubt be of interest to your readers to learn that the 
invitations addressed to the seven chief locomotive 
builders in the United States by the Engineering Com- 
mittee of the Edinburgh International Exhibition, 1890, 
to send a representative American — engine for 
exhibition and practical trial, have all been declined on 
the ground that the expense would exceed any benefits 
likely to accrue. Since the success of an American 
engine in competition with those of the British build, 
would constitute a world-wide advertisement for its 
makers, the accuracy of this conclusion may be doubted. 
Even the famous Baldwin eas or decline on the score 
of expense. The invitations provided for the American 
engines being worked throughout by American engineers, 


and stated that fair play in every respect would be 
guaranteed. 

There can be no doubt that trials of an American 
engine over some of the British railways would be most 
interesting and pre niga to those concerned in railway 
working on both sides of the Atlantic, it being calculated 
to bring out the good and bad points of each type, and so 
lead to mutual improvement ; and the Engineering Com- 
mittee consider that if expense is the only obstacle it 
may still be possible to bring the trials about. A letter 
is now in the post inquiring of the Baldwin Company 
whether they would send an engine if all expenses were 
paid. It would not be possible for the Executive Council 
of the Exhibition to guarantee all the expenses, but it is 
expected that one of the great steamship lines trading to 
New York would undertake the transport to and from 
Great Britain free. This would be the chief item, and 
it is suggested that the balance re be made up by 
subscription amongst those interested in railway machi- 
nery on both sides of the Atlantic. When the idea was 
first mooted, Americans in this country hailed it enthu- 
siastically, and expressed confidence that an engine would 
not only be sent but that it would be backed to beat the 
British ones to the tune of hundreds of thousands of dol- 
lars. It would seem that a change has since come over 
these views; but still it might reasonably be imagined 
that a sufficient number of public-spirited Americans 
could be found to provide the necessary funds to recou 
the Baldwin Company for the outlay. Even shoul 
freight have to be paid on the engine, the total expense 
could not well exceed 5000 dols., a mere bagatelle to set 
against the loss of prestige to American builders which 
the declining of such an invitation must involve, 

I am, Sir, yours, &c., 
GEORGE E. Watson, Sec. 

40, Frederick-street, Edinburgh, Dec. 31, 1889. 





THE FORTH BRIDGE. 
To THE Eprror or ENGINEERING. 

Srr,—I have read in your issue of 6th inst. with ad- 
miration and pleasure Mr. Benjamin Baker’s address 
on his wonderful Forth Bridge, the greatest single work 
of modern engineering skill and knowledge and instructed 
daring. We on this side the water sympathise and re- 
joice with him and his colleagues in his success. 

As it is best that references in such standard publica- 
tions as yours be accurate, permit me to correct two 
slight errors in his remarks as reported. 

‘The Adda Bridge was, according to my common-place 
book of February, 1856, of 251 ft. clearspan, not only 237 ft. 
My knowledge of it is derived from an early volume of 
papers published by the Royal Engineers of England. 

Seeking for precedents in arch construction, this bridge 
—which stood for 130 years till destroyed by the Con- 
dottier Carmagnola—then encouraged me in designing 
and constructing the Cabin John arch of granite across a 
narrow deep ravine in the path of the Washington 
Aqueduct, of which I was chief engineer. 

tt stands tight and strong, having supplied water to 
this capital of 67 millions of people without a leak to the 

resent day. Its span is 220 ft. clear, and not 215 ft., as 
hee. Baker believes. Nor has any one here ever to my 
knowledge claimed that it is the longest stone span ever 
built. It remains, however, the longest now standing. 

Respectfully * obedient servant, 
. C. Metes, 
Brevet Major-General, U. 8S. Army Retired List, 
Builder of the Washington Aqueduct. 
Washington City, D.C., December 20, 1889. 





TRIPLE-EXPANSION ENGINES AND 
ENGINE TRIALS. 
To THE EprTor oF ENGINEERING. 

Srr,—I have read in your issue of December 13 an ab- 
stract of Professor Osborne Reynold’s paper at the Insti- 
tute of Civil Engineers on December 10. 

The examinations of engine performance are apparently 
so thorough, that it is to be hoped that more detailed 
accounts will speedily be in the possession of engineers. 

I observe the following statement in your account: 
‘‘One important source of loss which, with jackets, 
accounted for 5 per cent. of the loss, had been brought 
to light for the first time. This was the heat carried away 
from the surfaces.of the cylinder and passages in conse- 
quence of expansion after release.” : 

On this particular point, the investigation of M. 
Hallauer, published in the Bulletin de la Société 
Industrielle de Mulhouse in August, 1873, threw much 
light, and it will be interesting to know how far the 
recent inquiry at higher grades of expansion correct those 
of an earlier date. 

Yours truly, 


Gro. A. NEWALL 
Bristol, December 26, 1889. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

ow Pig-Iron Market.—When business was resumed 
after the Christmas holidays last Friday, there was a firm 
feeling amongst members of the ‘‘ ring,” but in the fore- 
noon there was not much business doing. In the after- 
noon, however, a smart demand set in near the close, and 
prices experienced a decided advance. Scotch iron im- 
proved in price 14d. per ton in the forenoon and 11d. in the 
afternoon—closing at 62s, 6d, per ton cash. Cleveland 
iron was dep d and the selling out of a holder’s stock 
added to the depression of prices, which gave way during 
the forenoon to the extent of 9d. per ton, which was, how- 





ever, subsequently recovered, the final prices being the 
same as on Tesmiay. Scotch iron thus closed 9d. per 
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ton above the price of Cleveland. Hematite iron was 
in good request. The price rose 5d. per ton in the fore- 
noon and 1s. 7d. in the afternoon, being a gain of 2s. on 
the day. The tone of the market was strong on Monday, 


and the weekly trade reports, together with the ship-| ¢ 


building prospects, were considered very satisfactory. 
The warrant market was firm at the opening, but prices 
got a slight check on the announcement that the k 
rate had been raised becoming known. They subse- 
quently recovered and closed at the best point. After 
being ild. per ton up, the price of Scotch iron declined 
64d., but recovered and closed at 63s. 44d. per ton, being 
an advance of 11d. from Friday’s vlose. The price of 
hematite iron was specially strong and rose 1s. 74d. per 
ton, closing at 78s. 3d., or 6d. above the highest quota- 
tion during the excitement at the end of November. 
Cleveland iron did not share in the buoyancy to the 
same extent as other irons, and the price closed at 
62s. 14d. per ton, only 44d. over last week’s close, and 
1s. 3d. under the price of Scotch iron. It was still 6s. Li ry 
under the highest quotation in November, and 16s. 14d. 
under the current price of hematite iron, while in November 
it got to within 6s. 3d. of the price of hematite iron. After 
the announcement of the rise in the Bank rate, the rate-for 
carrying over iron was advanced from 6 to 8 per cent. 
The settlement prices at the close were—Scotch iron, 
63s. 44d. per ton; Cleveland, 62s. 14d. ; hematite iron, 
78s. 3d. per ton. A somewhat buoyant feeling was 
evident in the pig-iron market yesterday forenoon, 
when the last meeting of the ‘‘ ring” for the year 1889 
took place. A large amount of business was done, and 
some excitement was caused near the close by the “‘ bulls” 
making a strong attack on the ‘“‘bears’” position, and 
running prices up fully 6d. per ton. Scotch iron closed 
for the year at 64s. per ton cash, being an advance of 74d. 
on the day, and only 104d. short of the best price touch 
during the speculative advance in the month of Novem- 
ber. Cleveland iron improved in price 44d. per ton to 
62s, 6d., still 6s. 3d. under the best price paid in Novem- 
ber. The price of hematite iron rose 14d. per ton, to 
78s. 44d., or 74d. above the best price ae during the late 
speculative panic. As contrasted with the closing price 
a year ago, Scotch iron is now 22s. per ton dearer, 
having risen from 42s. to 64s. per ton; the advance in the 
price of Cleveland iron over the year being 28s. 7d., from 
33s. 11d. to 62s. 6d., and that of hematite iron being 
33s. 6d., from 44s. 104d. to 78s. 44d. per ton. It willthus 
be seen that hematite iron, which on December 31, 1888, 
was only 2s. 104d. dearer than Scotch iron, has just closed 
at the end of another year 14s. 44d. per ton dearer, while 
Scotch iron, which a year ago was 8s. 1d. per ton higher 
in price than Cleveland, is now only ls. 6d. per ton 
dearer. The stock of pig iron in Messrs. Connal and 
Co.’s public warrant stores has risen in value fully 50 per 
cent. From being worth fully two millions sterling at the 
close of 1888, it is now worth fully three millions, the actual 
gain being about 1,030,000/. Cleveland iron in the public 
stores has risen in value during the year about 260,000/., 
and the value of the hematite iron in the companies’ 
stores has risen in value to the extent of 640,000/. The 
mproved value in the stocks held in public hands within 
the year is fully 2,000,000/., or about 75 per cent. in- 
crease. The imports of Cleveland pig iron into Scotland 
during the past year amounted to 265,367 tons, or 60,943 
tons less than the imports during 1888. It is stated that 
all the stocks of that commodity in Scotland have now 
disappeared. During the past week one ordinary furnace 
was damped out at the Gartsherrie Iron Works, so that 
the number of blast furnaces now in actual operation in 
Scotland is 87, as compared with 78 a year ago. The 
stock of Scotch pig iron in Messrs. Connal and Co.’s 
public warrant stores was reduced to the extent of 6396 
tons during the week ending last Saturday, notwith- 
standing the occurrence of the holidays. On Monday 
ia it stood at 937,066 tons. There is no market to-day 
(New Year's Day), nor will there be a resumption 
of business till Friday. 


Shipments of Machinery, d&c., from the Clude.—The 
foreign and colonial shipments of oe yg &c., from the 
Clyde reported last week included the following: 
Marine engines, sugar mills, &c., of the value of 13,800/., 
chiefly for Penang, Japan, New York, Calcutta, Peru, 
Melbourne, China, Boston, and Rio; blooms, plates, 
sheets, bars, and other steel goods, valued at 8600. 
chiefly for New York, Halifax, Baltimore, Bombay, and 
Melbourne ; pipes and other castings, plates, sheets, tubes, 
bars, and miscellaneous iron manufactures of the value 
of 21,0007. 


_ Imports of Iron and Steel Manufactures.—The foreign 
imports into the Clyde reported last week included 420 
ewt. of iron and steel goods from New York ; 395 cwt. of 
nails, 340 cwt. of bolts and nuts, 50 cwt. of wire, and 17 
ewt. of machinery—all from Antwerp. 


New Professorship in the Heriot-Watt College.—It is 
announced that the governors of the Heriot-Watt College, 
Edinburgh, intend to institute a professorship of physics 
and electrical engineering. They are now advertising for 
applicants for the post, the salary of which is fixed at 4000. 
per annum to begin with. 


Operations of the Glasgow Central Railway : Diversion of 
Gas Mains.—In consequence of the operations connec 
with the construction of the Glasgow Central (Under- 
ground) Railway, the position of the gas and water mains 
in the streets emb in the course of the railway will 
be so much disturbed that the municipal authorities have 
found it necessary to get surveys made by the water and 
gas engineers in order to determine what shall be done in 
each case. Those gentlemen have prepared reports on 
the subject, and it 1s found that the lifting of the mains 
and laying them in other adjacent thoroughfares will 
involve an outlay of about 21,000/. in the case of the water 
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mains, and 18,000/. in the case of the gas supply mains. 
As provided in the Act of Parliament the expense will 
be borne by the promoters of the railway. 

Electric Lighting Provisional Orders : bg by the 
lasgow Corporation.—The provisional orders for powers 
under the Electric Lighting Acts which are being asked 
by the Partick, Hillhead, and Maryhill Gas Company, 
and by the Brush and other three electric lighting com- 
panies, chiefly for the suburbs of Glasgow, are to be 
opposed by the Corporation of Glasgow. It will thus be 
seen that there is a lot of parliamentary fighting loomin 
in the distance. The civic authorities themselves inten 
to promote an electric lighting provisional order. 


Mid-Lanarkshire Collicries and Big Pays.—At many of 
the Mid-Lanarkshire collieries there were no pays going 
last Saturday, these having been suspended till yester- 
day, when the men knocked off work for the new year 
holidays, which last till the end of the present week. It 
may safely be said that the aggregate amount of money 
paid over by employers to their workmen was the largest 
in the history of the coal industry in Scotland. As an 
example, at one of the largest collieries in Blantyre, where 
the average fortnightly disbursement is 1500/. to 16007 , 
the total reached the sum of 2200/. The colliery was in 
existence during the ‘‘big times” of 1872, when fewer 
hands were employed, but neither then nor since have 
the men’s earnings come up to those of the past fortnight. 
The change is as remarkable as it is pleasing. In con- 
nection with this matter it may be stated that during the 
past year the advances made to the wages of miners 
throughout most of Lanarkshire have ranged from 35 to 
45 per cent., and the miners in og cases assert that 
they are not being paid according to the market value of 
coal, and that it is intended to press for another advance 
he wages at present 
earned by miners’ range, it is said, from 6s. 6d. to 9s. per 
day. The trade prospects are very good. 


Engineers’ Wages at Greenock, Paisley, and Johnstone. 
—In reply to a demand for an increase of wages the 
tternmakers in the Greenock engineering shops have 
se informed that an advance of $d. an hour will come into 
operation on6th January, making their wages 74d. an hour. 
he engineers and boilermakers have also received intima- 
tion of an advance of wages, which in their case is to be 
d. per hour, commencing on the same date, and another 
d. on 6th March, also together making 74d. an hour. 
esterday the employés of Messrs. Reid and Sons, engi- 
neers, Paisley, received intimation of an increase of 1s. 
per week on the rate of wages hitherto paid tothem. At 
a special meeting of the Johnstone Master Engineers’ 
Association, held on Monday evening, it was agreed to 
advance the wages of their workmen to the extent of 2s. 
per week, the advance to take effect after the holidays. 


Enginekeepers’ Wages.—The wages of enginekeepers in 
Scotland at present range from 3s. 8d. to 4s. 9d. per day. 
In the various districts they are as under: Rankinston, 
3s. 8d. to 3s. 10d. ; Baillieston, 3s. 10d. to 4s. 5d. ; Kil- 
marnock, 4s. to 4s. 6d.; Auchinleck, 4s. 1d. to 4s. 3d. ; 
Kilwinning, 4s. 1d. to 4s. 3d. ; Slamannan, 4s. ; Galston, 
Roslin Castle, and Dreghorn, 4s. 3d. ; Larkhall, 4s. 2d. to 
4s, 8d.; Hamilton, 4s. 5d.; Hurlford, 4s. 6d.; and 
Motherwell, 4s. 9d. 


Another New Tube Works at Coatbridge.—Ground has 
just been taken off for the erection of another tube 
works at Coatbridge, large enough, it is said, to give 
employment to between 500 and 600 hands. The concern 
is to be worked by a limited liability company. At the 
Clyde Tube Works, in the same district, employment is 
given to some 1300 or 1400 workpeople. 


Mining Institute of Scotland.—A meeting of this Insti- 
tute was held in Glasgow last Thursday evening. Mr. 
James Hastie, vice-president, presided. A ere Mr. 
Andrews to the discussion on his paper on “‘ Air Vessels” 
having been read the members proceeded to discuss the 
report of a committee of the Institute on ‘‘ Coal Clean- 
ing.” The information was collected by the various 
members of committee visiting the collieries in all 
parts of England, Scotland, and Wales, and the report 
contains numerous illustrations of the different machines ; 
and, ably compiled by the secretary (Mr. rowman), 
is a very valuable and altogether practical contribu- 
tion to the mining literature of the country. In the dis- 
cussion, Mr. ph Moore, late inspector of mines, 
described what he had seen in a recent extended tour 
amongst the collieries of America and Canada, noticin 
and describing a machine for separating stone from gold 

uartz, which he thought might be applicable to coal 
cleaning. He at the same time indicated the opinion that 
the Americans had nothing new to show this country as 
regards this important subject. He, however, called 
attention toa class of small coal in use in the United 
States which he thought might prove marketablehere. Mr. 
Drennan, Motherwell, speaking from recent experience 
as a colliery manager in the Midlands of England, stated 
that so popular and profitable was a similar material in 
the London market that they were in the habit of break- 
ing up their best coal to meet it. After some criticisms 
the discussion and the meeting were adjourned. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

_ Federated Institution of Mining Engineers.—Prepara- 
tions are being made for the visit to Sheffield on the 22nd 
inst. of the members of this Institution. A very im- 
portant exhibition will be given in the Cutlers’ Hall. 


Yorkshire Miners’ Association.—The annual meeting of 
this Association, which covers South and West York- 
shire, was held on Monday at Barnsley. There was an 
exceedingly large attendance of members. Mr. Corvey 





was re-elected president for the ensuing year. The ques- 
tion of colliery topmen’s wages was fully discussed, and it 
was decided to = rt the efforts of the men to gain 
advances, which make an all-round increase of 20 per 
cent. In connection with the latter class of employés it 
may be noticed that at some of the most important col- 
lieries their full demands have been conceded, and these 
hands will be levied on for the support of those who are 
on strike, as the men have resolved to fight the question 
to the bitter end. 


Sheffield Trade with the United States.—The volume of 
Sheffield trade with the United States during the past 
year has fallen short of the business done during 1887 and 
1888, but exceeds by a considerable extent the values ex- 
ported in 1885 and 1886. In 1885, Sheffield exported to 
the States goods to the value of 449,348/.; in 1866, 
523,187/. ; in 1887, 846,723/. ; 1888, 682,541/., and in 1889, 
597,990. These figures represent the yest ending Sep- 
tember. The total exports from Sheffield to the States in 
October of this year were 51,021/., and in November 
56,711. Thereis aslight falling off in the sale of steel, 
but an increase in that of cutlery and hardware. This 

ear’s ‘‘ fall” orders were, however, very late, and this 

as reduced the totals of 1889. 


Coal and Coke.—The whole of the miners of South and 
West Yorkshire are now working on the new 10 per cent. 
advance, making increases of wages to the extent of 30 per 
cent. in fifteen months. Only two days’ holiday have this 
been allowed at the pits, the demand being so heavy 

or fuel. There will be a rise in prices of both coal and 
coke within a few days. Of ‘‘ smudge” or small coal 
used for coke making, there is very great scarcity, and it 
is highly probable that coke will be 20s. per ton at the 
ovens in a very short time. The cokemakers threaten a 
strike for higher wages. The scarcity of coke prevents the 
blowing in of several blast furnaces in the district. 


Threatened Increase in the Price of Stecl.—Business is 
almost at a standstill and will be for a day or two in the 
steel trade, but converters of Bessemer and Siemens dis- 
tinctly refuse to book further orders at the closing prices 
of last year. Next week an announcement of the new 
quotations will be made, and there is much speculation as 
to what will be the increased prices demanded. It may 
be noted that there is a heavy volume of fresh orders 
ready for issuing, particularly for railway material, the 
trade in which, in this district, has never previously been 
so heavy. Some of the tyre and axle-makers are booked 
forward for six months to come. 


Armour Plates and Ordnance.—At the armour plate 
mills there is sufficient work to last for several years, both 
on home and foreign account. At Messrs. Vickers, Sons, 
and Co., Limited, the new crane and machinery for the 
manufacture of guns of the largest type will soon be com- 
pleted and in working order, and of the thirty large guns 
on order several are now approaching completion. The 
production of guns will be considerably expedited when 
the new machinery is finished. The manufacture of shot 
and shell still continues satisfactorily, but there is not 
the pressure noticeable in this department that there is in 
many others. There never were so many orders in the 
district as there now are for large shaitings, both on 
Admiralty and private account. e adoption generally 
of the twin-screw system in the new large ships is, how- 
ever, keeping down the diameter of the shafting, and it 
will take years of development before the sizes required 
rsa the power of the largest presses used in their manu- 

actule. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppLEsBRouGH, Wednesday. 
The Cleveland Iron Market.—Yesterday, considerin 

that it is holiday time, there was a very large attend- 
ance on Change. The market, although quite of a holi- 
day character, was very firm, and the tone was cheerful. 
The tendency in prices both of eis and finished iron was 
upwards, and, in fact, Cleveland pig iron advanced fully 
id. on the previous day’s quotation. Buyers were pretty 
numerous, and several large orders might have been oe 
if sellers had been dis to do business. The latter, 
however, preferred to hold off for the present, as they are 
quite sanguine that yi waiting they will be able to realise 
much better prices than those at pom ruling. The 
fact that Scotch iron is now dearer than Cleveland, and is 
becoming more so, is regarded as a very healthy sign. 
Continental inquiries for spring delivery of Cleveland pig 
iron are very good, and it is generally believed that ship- 
ments to the Continent will be better this month than 
they were last. The feeling with respect to the future is 
of a hopeful nature, and most people believe that 1890 
will be quite as prosperous, if not more so, than the year 
which is just ended. Merchants’ price for January 
delivery of No. 3 g.m.b. Cleveland pig iron is 62s. 6d. per 
ton, and for the first quarter they quote 63s. 6d., but 
makers who will quote at all ask, as a rule, 65s. for early 
delivery of No. 3. Producers are all well sold, and many 
of them do not care about taking fresh orders just at 
present. Middlesborough No. 3 warrants are 62s. 6d. 
cash, but there is very little doing in them. Grey forge 
iron is realising 62s. 6d. There is a good demand for 
hematite pig iron both for home consumption and export. 
Sellers vat 78s, per ton for Nos. 1, 2, and 3. 


Manufactured Iron and Steel.— Both these industries are 
very well employed, but few new orders are at present 
coming to hand. It is expected, however, that affairs 
will be brisker ere long. Prices are fully maintained and 
the tendency is upwards. Common iron bars are 8/. per 
ton, iron ship-plates 8/. 5s., and iron ship angles 8/., all 
less 24 per cent. Heavy sections of steel rails are 7/. per 
ton. 





details of which we also illustrate on the present and 
opposite pages. This engine has a single-cylinder 
39.4 in. in diameter with 5 ft. 10.8 in. stroke, and, as 
will be seen by our general views, it is of the Corliss 
type, modified, however, as regards the disposition of 


placed in the end covers and are so disposed as to / 
enable the clearance spaces to be reduced toa minimium, . ot i at ' 
this being a distinguishing feature in M. Farcot’s prac- rf pe \ 4a ' 
tice. In the case of he ' - ; 


cover exists between the face of each valve and the i ie 
interior of the cylinder, while the exhaust valves are | © H ~ NT 7S Glam 


fill up the recesses in the cylinder covers in which they qa H ar 13 
are placed, as shown on the left-hand end of Fig. 4. it tt i bi ti 


cylinder as shown at the right-hand end of Fig. 4, 4 .% *% r\ 


* the pipe causes a pulsation in the jacket, and thus La i 
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DETAILS OF HORIZONTAL ENGINE; PARIS EXHIBITION. 
CONSTRUCTED BY M. JOSEPH FARCOT, ENGINEER, SAINT-OUEN, SEINE. 
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Or the numerous fine examples of horizontal engines 
displayed in the Machinery Hall at the late Paris 
Exhibition, by far the largest was that constructed by 
M. Joseph Farcot, of Saint-Ouen (Seine), which forms 
the subject of our two-page engraving this week, and 
































the valves and details of the valve gear, in accordance | 
with M. Farcot’s own plans. j 
. The arrangement of the valves will be best seen from 
the longitudinal section of the cylinder, Fig. 4, on the 
resent page. From this view it will be seen that the 
our valves—two admission and two exhaust—are SI :f 





the steam valves only a short direct 





port through the thickness of the metal of the cylinder ' i Bia ': 
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designed so that when they are closed they practically 








When open, the exhaust valves project into the 3 14 i i} i 












































the piston being at such times so situated as to permit 
of this. 

The cylinder is well steam-jacketted, the jacket ii 
space being large and the supply passage being of 
large diameter and placed ina line with the steam pipe 
at the top of the lieden, so that each time an admis- i : 
sion valve closes, the arrested rush of steam through an ia H 











maintains a circulation in the latter. The cylinder 
covers are also well steam-jacketted, as will be seen oneal 
from the section, Fig. 4. 











The general arrangement of the valve gear is shown ’ 
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is keyed an arm g which is acted upon by a spring 
tending constantly to close the valve, and which, on 
the other side of the valve spindle, carries a steel 
catch-plate h (Fig. 9), arranged so as to engage with 
the corresponding steel plate j carried by the catch /. 
It will be readily understood how by this arrangement 
the oscillation of the arm d in one direction gives an 
opening motion to the valves, while the closure of the 
latter under the pull of the spring connected to the arm 
g will evidently take place whenever the steel plates 
j and h are disengaged from each other. 

The disengagement of the catches h j is effected, 
under the control of the governor, by an ingenious 
arrangement which we shall now describe, and which 
permits of the cut-off being varied from zero to 80 per 
cent. of the stroke. In the ordinary Corliss gear it 
will be remembered that the detachment of the valve 
must take place while the latter is opening, and thus 
if the detachment has not taken place before the valve 
is fully open the admission goes on to the full extent 
permitted by the undetached valve. In the Farcot 
gear, on the other hand, the detachment may take 
place on either the opening or closing strokes of the 
valve, the means by which it is effected being as follows: 
On the boss through which each admission valve 
spindle passes, are mounted two cams k k', as shown 
by Figs. 8, 10, and 11, these cams being coupled by the 
links //' to one erm of a bell-crank (see Figs. 3 and 8), 
the other arm of which is connected to the governor. 
The projections on these cams act upon the detent / 
as follows: The projection of the cam k acts directly 
on the finger m (Fig. 11) and serves to lift the detent f 
and release the valve during the opening stroke of the 
latter, thus cutting off the steam at — point from 
zero up to about 35 per cent. of the stroke ; the cam 
k', on the other hand, acts upon the movable finger 2, 
and serves to release the valve during its closing stroke, 
thus cutting off the steam at from about 35 to 80 per 
cent, of the stroke. 

Referring to Fig. 11, it will be seen that the finger n 
slides within m and is pressed out by a spiral spring. 
During the opening stroke of the valve, x is pressed 
within m by its end coming into contact with an 
inclined surface on the cam 4! giving the longer ad- 
missions, In this way the cam k' is prevented from 
interfering with the action of the cam * when the 
engine is working with short steam admissions. On 
the other hand, when the opening movement of the 
valve has taken place sufficiently far, the projection on 
k' completely passes the tinger », and the latter is then 
forced out by its spring ready to engage with the pro- 
jection of the cam k' during the return stroke of the 
valve, 

The wearing parts of the gear we have been describ- 
ing are of simple form and are readily renewable, while 
being made of hardened steel the wear on them is 
exceedingly small, As compared with the Farcot gear 
exhibited in 1878, that now described has the advan- 
tage that the arrangement for giving late admissions is 
not in continual use. When working with the short 
admissions usual with this class of engine the finger » 
remains projecting freely from m, and it is only thrust 
back within the latter when longer admissions are 
required, The slopes of the cams / and * also being 
very gentle, exceedingly little work is thrown upon 
the governor. 

A special arrangement of one of the cams also pre- 
vents the engine from running away in the event of the 
governor breaking down, this cam shutting off the 
steam completely in the event of the governor stopping 
and the balls closing. It will be noticed on reference 
to our detail views that the valve spindles are without 
stufling-boxes, the wer working in well-fitting gun- 
metal bushes fitted to the bosses through which they 


pass. 

Figs. 5, 6, and 7, on page 8, show the construction 
of the main crankshaft bearing, which possesses some 
special features. In the onlinaty arrangements of 
four-part crankshaft bearings, when the shaft becomes 
lowered by the wear of the bottom bearing, the side 
brasses cease to fit, and when tightened up, their 
lower halves only bear against the shalt. To 
avoid this, M. Farcot designed the arrangement 
we illustrate, Figs. 6 and 7 showing the main 
bearing of the rticular engine -under notice, 
and Fig. 5 a modification to which we shall refer 
presently. From these views it will be seen that 
the side brasses have cylindrical apper and lower 
surfaces, these surfaces being portions of a cy- 
linder the diameter of which is equal to the distance 
apart of the horizontal guiding faces between which 
they move, Thus, as the shaft sinks the side brasses 
are free to cant over and still maintain their full bear- 
ing. Atthe back of each side brass is a stiff steel 
block p, against which press a couple of screws with 
spherical ends, as shown. Thus the block p can cant 
with its brass, while the latter is free to slide on its 
front surface. In his more recent engines, M. Farcot 
adopts the pattern of bearing shown by Fig. 5; this is 
designed on the same principle as that just described, 
but the brasses are at the middle of their 


length to accommodate a loose oiling ring which sur- 
rounds the bearing at this point, and which dips intoa 





reservoir of valvoline. Thus the ring, as the shaft 
revolves, raises a constant supply of lubricant to the 
bearing. 

The engine under notice is provided with a flywheel 
32 ft. 9.7 in. in diameter by 4 ft. llin. wide on the 
face, and weighing 21 tons. This flywheel is of a very 
special construction, as will be seen by the details 
which we give in Figs. 12, 13, and 14, on page 9. 
The rim, which is of light section, is of cast iron, and 
was cast in a single piece, afterwards divided into four 
parts. This rim is connected to the boss by sixteen 
arms disposed in two sets of eight each. The two sets 
of arms are connected by li ht diagonal bracing as 
shown dotted in Fig. 2. The arms are of wrought 
iron and are of tapered elliptical section, each arm 
being composed of two plates rivetted together as 
shown. The plates forming the arms are each stamped 
to shape at one stroke by a hydraulic press. The 
manner in which the arms are bolted to the boss and 
rim is clearly shown by our illustrations. 

Of the remaining details of the engine we need say 
but little, as their design will be readily understood 
from our engravings. ‘The governor is of the well- 
known cross-armed Farcot type, which is now so 
largely used. The air-pump is horizontal and is worked 
from the crosshead through a rocking lever as shown 
in Fig. 1 of our two-page engraving. The whole of 
the details of the engine at Paris were beautifully 
finished, and the arrangements for lubrication were 
very complete and neatly carried out. 

The engine we have been describing was provided 
with a hand.starting gear, the arrangement of which 
we show by Figs. 15, 16, and 17, on page 9. In the 
arrangements of turning gears usually constructed, 
motion can be given to the flywheel in one direction 
only, but in Farcot’s year motion can be given in either 
direction, according as may be most convenient for the 
prompt starting of the engine or for other purposes. 
At the same time provision is made for automatically 
disengaging the turning gear as soon at the engine 
starts. The arrangement is as follows: To start the 
engine, the engine driver stands upon the pedal a (Fig. 
16), this pedal, by its connection with the lever b, then 

artially rotating the shaft c on which isfixed the arm d. 

he movement thus given to the last-named arm shifts 
the shaft e (see Fig. 17) longitudinally, and makes the 
pinion fenter into gear with a ring of teeth on the 
interior of the rim of the flywheel. At the same 
moment the engineman turns the handwheel g in the 
direction in which he desires movement to take place. 
This handwheel is fixed on a shaft carrying also a 
pinion / which gears into the wheel i fixed on the shaft 
e, the ratio of the gear being such that one man ope- 
rating the handwheel g can exert about the same turn- 
ing effort as ete A to twenty-five men pulling direct 
on the rim of the flywheel. The disengagement of the 
turning gear when the engine starts is effected by the 
spring / coiled around the shaft e, this spring—which 
is compressed by the weight of the man acting on the 
pedal a—throwing the pinion / sharply out of gear 
when the pedal is released. 

Engines of the type we have described, made by M. 
Farcot, have given very highly economical results, and 
we hope on some future occasion to be able to give full 
details of some trials which have been made with 
them. We shall also in future issues describe and 
illustrate some of the other engines exhibited by M. 
Farcot at Paris. 





SHIPBUILDING AND MARINE 
ENGINEERING IN 1889. 
No. III. —Ene@ianp (Nortu-East Ports). 


Ir is almost unnecessary to say that the great activity 
which has characterised the shipbuilding and engineer- 
ing trades in Scotland, as shown in our previous articles, 
has extended to the English districts. Indeed, the 
increased production on the Tyne and some of the 
other rivers is at a greater ratio than in the case of 
the Clyde, a circumstance which — be accounted for 
in one or two ways. It will doubtless be recognised 
that the builders on the north-east coast have now 
attained to a higher standard of excellence in the con- 
struction of first-class steamers and enter more dis- 
tinctly into competition with the Clyde builders than 
hitherto. It is true they have not yet made any con- 
tribution to the fleet of high-speed Atlantic liners such 
as have maintained the fame of the Scotch builders, 
but in other directions they have sent fast and econo- 
mical vessels, and so far as elegance and artistic work 
are concerned, possibly as good an example of naval 
architecture as has been produced, is the Alfonso 
XIL., constructed by Messrs. Wigham, Richardson, 
and Co., and illustrated in these columns. Another 
circumstance which partly accounts for the great in- 
crease in production is the large demand for cargo- 
carrying steamers, of which extensive fleets have always 
been built on the north-east coast. Indeed, with com- 

ratively few exceptions, the vessels constructed 

uring the year in the districts referred to have been 
for the general carrying trade of the world. 

In the north-east ports we include the Tyne, Wear, 
Tees, West Hartlepool, the Humber, Blyth, and 





Whitby, and the production in these districts was 
408 vessels of 739,420 tons, as against 305 vessels of 
514,371 tons, the previous year. Of the tonnage in the 
year just closed 135,966 tons were for foreigners, or 
18.¢ } pad cent. of the total, while in 1888 the foreign- 
owned vessels made up 98,239 tons, or 19 per cent. of 
the whole. The Clyde, it will therefore be noted, has 
a greater foreign clientele. 

n point of total bag the Tyne calls for first 
notice. From this river the output in 1889 is repre- 
sented by over 150 vessels, having an aggregate tonnage 
of 281,710 tons, which is unprecedentedly great. In 
1888 there were 132 vessels launched from Tyne yards, 
and these totalled 213,205 tons, showing an increase this 
year of twenty-one vessels and of 68,505 tons. The total 
in 1887 was only 104,296 tons, and in 1886, 82,760 tons, 
so that there has been an improvement of 200,000 tons 
on this latter year. Even in 1883, when the last wave of 
prosperity had reached the full, the production was 
only 216,573 tons, about 65,000 tons less than in the 
year which has just closed. Of the vessels included 
in the total only four small craft totalling 505 tons 
were sailing vessels, and in the preceding year there 
were twelve sailing boats of 1406 tons. It may be 
stated in a word that the north-east ports do not com- 
pete with the Clyde in the construction of those full- 
rigged four-masted ships which are now becoming 
popular. In the adoption of steel as the constructive 
material a good step in advance has been made, 
although it does not stand quite so well as Scotland, 
where the iron tonnage is only about 2 per cent. of the 
total. Much probably is due to the difficulty of getting 
quick delivery of steel. On the Clyde in 1888 only 4 
per cent. of the tonnage was of iron, while on the Tyne 
10,882 tons out of 213,205 tons were of iron. In 1889 
there were sixteen vessels of various sizes, totalling 
5109 tons built of iron, out of the aggregate of 281,710 
tons, which is a very good result, 

The steamers constructed on the Tyne numbered 149 
and the tonnage to over 281,000tons. Engines having 
a collective horse-power of 180,000 indicated were con- 
structed for these, and as this is considerably in excess 
of the previous year, it will be patent that marine con- 
structors on the Tyne have had a good year. Of course 
several of the firms who built the ships do not construct 
the engines; but these have for the most part been 
supplied from north-east coast works, and in addi- 
tion several ships had their old engines triple-com- 
pounded, so that the output of the Tyne marine 
engineers may be put at 200,000 indicated horse-power, 
which compares very favourably with the 301,000 
indicated horse-power—the total output of the west of 
Scotland, 

Tyne builders construct a large number of steamers 
for local owners, but the proportion of local-owned 
ships is by no means so great as in the case of the 
Clyde. In dealing with that river we stated that the 
Clyde ports absorbed one-third the tonnage. The 
north-eastern ports own 41,625 tons of the work turned 
out on the Tyne, which is nearly 14.8 per cent. of the 
total. In 1888 the proportion was a trifle over a tenth, 
19,176 tons of the vessels being for local firms. For 
Scotch owners the Tyne builders constructed seven 
vessels of 14,119 tons, against 19,176 tons in the pre- 
vious year. In addition to these there were seventy- 
five vessels of 158,204 tons for British owners, as com- 
pared with 115,425 tons last year, so that the propor- 
tion of vessels for the kingdom was 220,628 tons, 
including four vessels for the British Navy ; or about 
78 per cent. of the total production, while in 1888 the 
proportion was 72.7 per cent. The number of new 
vessels which left the Tyne for foreign owners was 
therefore thirty-five, measuring 59,777 tons, exclusive 
of a torpedo catcher for the Austrian Navy, or 21.2 per 
cent. of the total, whereas on the Clyde the proportion 
was about one-third. 

Regarding the dimensions of the vessels it is interest- 
ing to note that while the average size of the vessels 
included in the Tyne total may be, indeed is, consider- 
ably larger than in the case of the Clyde, the latter 
river sent forth many vessels of unusually large size, 
ten being over 4000 tons, and one of them over 7000 
tons. Of Tyne vessels over 4000 tons there were only 
three, and over 3000 tons, ten vessels, between that 
size and 2500, twenty-eight vessels; and over 2000 
tons, forty-two vane The corresponding figures 
last year were: over 2000 tons, twenty-four vessels ; 
over 2500 tons, twenty vessels; over 3000 tons, thir- 
teen vessels. One vessel over 4000 tons and another, 
the Alfonso XIT., over 5000 tons. 

The Palmer’s Shipbuilding and Iron Company, 
Limited, have headed the list of builders so far as total 
tonnage is concerned since 1883, with two exceptions, 
in 1887 and 1886, when Messrs. Armstrong, Mitchell, 
and Co. occupied the foremost position. This year 
Palmer’s Company has the largest total of any firm in 
the kingdom by 6000 tons. The total output from their 
two yards, Jarrow and Howdon, was twenty-eight 
vessels of 64,669 tons, all steamers, totalling in engine 
power 41,970 indicated horse-power, which is probably 
the largest tonnage known, as it is certainly the 
largest in the history of the firm. It is 17,600 tons 
greater than in 1888, and the power 11,270 indicated 
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horse-power less, and is more than 40,000 tons above 
the average in the four years preceding. In 1882 and 
1883 the totals were 60,379 tons and 61,113 tons re- 
spectively, while in 1881 the aggregate was slightl, 
over 50,000 tons. The vessels built include nearly all 
types of steamers, and a steel torpedo catcher named 
Planet for the Austrian Government. This vessel has 
a displacement of 405 tons, or 480 tons in complete 
trim, and the indicated horse-power of the engines is 
4200, giving the craft a speed of 214 knots. The hull 
around the machinery spaces is of 3-in. steel. 

Sir W. G. Armstrong, Mitchell, and Co., Limited, 
are second on the list, with a total of fifteen vessels, 
aggregating 34,415 tons and 39,710 indicated horse- 

wer. This compares with twenty-four vessels of 
32,541 tons and 25,050 indicated horse-power in 1888. 
Indeed the total is the highest for several years, 1883, 
the last outstanding year, having only 23,584 tons to 
credit. The year’s production includes two of the 
Australia (Pandora) cruisers, and two gunboats, also 
for the protection of the colonies. These, however, 
with the other vessels of the Australian squadron, were 
fully described in our last volume, so that it is not 
necessary to deal with them here. The other vessels 
on the list were owned —seven of 19,175 tons by 
foreigners, and four of 8620 tons at home. The largest 
was of 3498 tons, and the smallest of 1868 tons, giving 
an average of about 2300 tons. 

Messrs. C.S. Swan and Hunter, Wallsend, launched 
twelve steamers totalling 28,312 tons, with engines of 
15,610 indicated horse-power, as compared with eight 
vessels of 18,230 tons and 9810 indicated horse-power 
in 1888. The total is twice that of 1887, and about 
six times that of 1886 and 1884, and exceeds by 8000 
tons the aggregate in 1883. Messrs. John Readhead 
and Sons, South Shields, have constructed twelve 
steel steamers of 26,182 tons, with engines of 15,236 
indicated horse-power, a large proportion for local 
owners. This puts them in the same position as last 
year, fourth on the list, their total then being thirteen 
vessels of 23,045 tons. Prior to that the total 
averaged half that of this year, and in 1883, with 
18,614 tons, they took fourth position also. Messrs. R. 
and W. Hawthorn, Leslie, and Co., Limited, Hebburn 
Quay, come next with a total of eight vessels of 22,536 
tons and 20,700 indicated horse-power, and they stand 
alone so far as the Tyne is concerned in having a de- 
crease. In 1888 the number of vessels built was ten, 
the tonnage 27,830, and indicated horse-power of 
engines 19,450. These figures are far in excess of pre- 
ceding years, 1883, the former period of activity, 
having 17,617 tons. Messrs. R. Stephenson and Co., 
of the same district, have improved their total of the 
previous year to the extent of ‘‘cent. per cent.”—- 
seven vessels of 20,517 tons against five vessels of 
10,173 tons, while the horse-power is 10,200 against 
4650. For two or three years prior to 1888 the firm 
had not done much in shipbuilding. The well-known 
firm of Wigham, Richardson, and Co., Low Walker, 
built ten vessels of 20,353 tons, and engined these and 
two others, the collective power being 25,950 indi- 
cated. This is 4500 tons above the previous year, and 
11,700 indicated horse-powcr. It is more than double 
the average in the five years beginning °83. The 
Tyne Iron Shipbuilding Company, Limited, com- 
pleted at their yard at Willington Quay eight vessels 
of 15,547 tons, including one for Glasgow and 
another for Leith. In the preceding year the out- 
put of the firm was five steamers of 12,211 tons. In 
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this case also the production is the best since 1883, 
and even then the difference is only 217 tons. Messrs. 
Schlesinger, Dayis, and Co., Wallsend, have to their 
credit nine vessels of 13,029 tons, one of 243 tons being 
of iron, and the others steel. This is five vessels of 7733 
tons more than in the previous year. The total is the 
largest in the firm’s history. Messrs. W. Dobson and 
Co., Low Walker, exceed the previous year’s tonnage 
by 3455 tons, the total being 12,501 tons, the measure- 
ment of eight vessels, of which only two of 1530 tons 
were for ple The indicated horse-power is, how- 
ever, 1425 indicated horse: power less than 1888, being 
only 6730 against 8155. This firm in 1883 only built 
2190 tons. 





In 1883 nineteen firms contributed in different por- 
tions to the total production of 216,573, whereas in 
1889 the contributing firms numbered seventeen, and 
the total has increased to 281,710 tons. 

The output of the firms on the Tyne whose work we 
have not referred to above is given in the Table in 
the preceding column, which also gives the total for 
the preceding year and for 1883. 

In a word, it may be stated that the prospects are 
good, the work on hand including sixty vessels in 
various stages of construction. These include a large 
quantity of naval work. Palmers, as is now well 
known, are to construct two of the large first-class 
ironclads and three second-class cruisers, while Elswick 
has also a good supply of naval work. 


(To be continued.) 








MR. JAMES LESLIE. 

Mr. JAMES LESLIE, the oldest member on the roll of 
the Institution of Civil Engineers, has passed away 
at the ripe age of eighty-eight years, after a life de- 
voted to engineering, particularly as regards the con- 
struction of water works. Several years ago he met 
with an accident which disabled him; but he was still 
able to render assistance to his partners and clients on 

uestions where his great experience was beneficial. 

he little town of Largo was the place of his nativity, 
he having been born there twenty-one months after 
the beginning of the century. His father was a builder 
and timber merchant. After attending the parish 
schools he entered Mackay’s Academy in Edinburgh, 
and afterwards attended the mathematical, natural 

hilosophy, chemistry, and natural history classes at 

dinburgh University, where his uncle, Sir John 
Leslie, was professor of the first-named subject. When 
seventeen years old he was apprenticed to Mr. W. H. 
Playfair, a well-known Edinburgh architect in his 
day, and curiously eras, the principal work on hand 
was the new University buildings. 

In 1824 his engineering career commenced under 
favourable circumstances, for he secured an appoint- 


‘ment with the famous Rennies, who were then occupied 


with such works as the London Bridge, Hyde Park 
Bridge, Sheerness Docks, a breakwater at Plymouth, 
and the Liverpool and Manchester Railway. In com- 
pany with his uncle, the professor, the subject of our 
memoir, spent a part of his twenty-sixth year on 
the Continent, studying engineering practice in France, 
Belgium, and Holland. On his return he super- 
intended and in many cases also planned harbour 
works in the east of Scotland. In 1832 he became 
resident engineer at Dundee Harbour Works, and 
during the fourteen years he occupied that = 
many great improvements were made in the Tayside 
town. He also carried out works at Arbroath, Mon- 
trose, Kirkcaldy, and Leith ; and provided for an 
increase in the water supply of Dundee in 1854. 

It was with this latter branch of engineering that he 
was latterly closely identified, for in 1846 he became 
engineer to the Edinburgh Water Company, and after- 
wards to the Water Corporation of that city, occupy- 
ing that position with the greatest advantage to the 
city, until his death, a period of forty-three years. 
But his services were not confined to the metropolis 
of Scotland ; it would be difficult to point to any of 
the older water works without in some way identify- 
ing them either directly or indirectly with the late 
Mr. Leslie, for his special skill was in frequent 
request. The Glasgow Water Company requisitioned 
his services. His first great undertaking in Edin- 
burgh was the constructing of works by which the 
Pentland Hills were drawn upon to provide a supply 
for the city, requiring the construction of the Torduff, 
Clubbredean, Bonaly, and Logan Lee reservoirs, and 
the heightening of the embankment at Glencorse. 
Several extensions followed, the most impoftant 
being that made during the decade ending 1880, 
affording a supply of 8,000,000 gallons from Moorfoot 
Hills. Works giving a similar increase to Dundee 
were carried through later. In 1854, too, Paisley 
enlisted Mr. Leslie’s services, and as the water engi- 
neer for that town, he has constructed new works on 
Gleniffer and Rowbank. But there is no need of 
further evidence of Mr. Leslie’s right to be classed as 
one of the leading engineers of his day. It is worthy 
of note, however, that Mr. Leslie constructed the 
works in connection with the ferry which is now to be 
superseded by the Forth Bridge, an indication of the 
advance in engineering within his lifetime. He was 
not only a specialist, and as evidence it may be stated 
that forty years ago he designed and executed an 
arrangement in connection with the Monkland Canal, 
so that the bots could be conveyed up an inclined 
plane, thus saving time, labour, and a large expendi- 
ture of water. en years ago a commission sent by 
the American Government, and including Captain 
Eads, examined the scheme. 

Liberal in thought, and charitable in all things, in- 
dustrious, and with great powers of concentration, 
combined with sagacity and great experience, he has 
done noble work for engineering. 


MR. EDWARD FLETCHER. 

LittLE more than twenty-four hours after Mr. 
William Stroudley had breathed his last, as recorded 
by us last week, death carried off another locomotive 
engineer of eminence. This time we have not to 
mourn a man in the prime of life, and with the ex- 
pectation of many years of activity before him, but 
one who had long exceeded the allotted span, and who 
had earned the right to spend the evening of his days 
in rest. We refer to Mr. Edward Fletcher, who was 
so long and honourably connected with the North- 
Eastern Railway Company. He died on Saturday, 
December 21, at the age of eighty-three, having retired 
from active work some six yeurs ago, after forty-seven 
years’ continuous service with the same company. 

Mr. Fletcher was born in Reedwater, near Otter- 
burn, and went apprentice to George Stephenson in 
1825. His first situation was with the Canterbury 
and Whitstable Railway, which commenced operations 
with two stationary engines and some horses. Before 
he left, in 1837, the horses had been replaced by 
locomotives, and the undertaking developed. From 
Canterbury he went to the York and North Midland 
Railway, working at its construction ; and in 1845 he 
became locomotive superintendent of the Newcastle 
and Darlington Railway, which eventually developed 
into the North-Eastern. This position he retained 
until his retirement in 1882. He was elected a mem- 
ber of the Institute of Mechanical Engineers in 1847, 
the year of its formation. He never joined the Insti- 
tute of Civil Engineers, but he read a paper before 
them in 1865, for which he was awarded a Telford 
premium. 

Mr. Fletcher was particularly happy in the manage- 
ment of his men, and he succeeded in retaining the 
confidence both of the workpeople and of his directors, 
in spite of the severe labour crises through which he 
passed. In 1867 there was a strike of engine-drivers 
and firemen on the North-Eastern Railway, when 1080 
turned out. In spite of this, Mr. Fletcher managed 
to keep the traffic going with so much success that 
the directors presented him with a service of plate in 
acknowledgment of his exertions. When the famous 
strike for the nine hours’ system occurred in the New- 
castle district, Mr. Fletcher managed to keep his men 
at work, and in July, 1872, they presented him with 
an address, in which it was stated that he had been 
connected with every movement calculated to benefit 
the workmen in the service of the North-Eastern 
Railway Company. Mr. Fletcher was married in - 
1836 to Miss Fedarb, and leaves one son and two 
daughters. 





Gas at Parts.—It is estimated that the Paris Exhibi- 
tion has had the effect of increasing last year’s revenue 
of the Paris Company for Lighting and Heating by Gas 
by about 120,000/. 


THE PuLtsion TELEPHONE Company: Erratum.—The 
address of the British Pulsion Telephone Company is 22, 
Basinghall-street, E.C., not 24 as stated in our account of 
the experiment carried out at Hendon. 








InprAn Raitway Miteace.—The length of line in opera- 
tion in British India in 1859 was 626} miles. In 1869, the 
total been carried to 4291? miles, and in 1879 to — 
miles. This year it is returned at 15,245 miles. It wil 
be seen that the work of construction has proceeded 
more meley during the last ten years than in any pre- 
vious e. 





MaTHEMATICS FOR ENGINEERS. — Professor Perry is 
about to give a special course of thirteen lectures on the 
“Differential and Integral Calculus and its Applications 
in Mechanical and Electrical Engineering,” the date of 
the first lecture being January 7. Students are ex- 

ted to know elementary —— and trigonometry. 
rofessor Perry’s view is that all practical engineers use 
the notions and meth of the calculus in their daily 
work; those of them who think themselves ignorant 


dy 


of the calculus are merely afraid of the symbols re and 
x 


y.dx. 





Vicror1AN Rattways.—The annual report of the 
Victorian Railway Commissioners for 1888-9 discloses a 
satisfactory state of affairs. The revenue derived from 
working the lines in that fiscal year was 3,110,140/., as 
against 2,750,049/. for the previous year, and the expenses 
came to 1,945,836/,, which was equal to 62.56 per cent. 
of the income. After. paying interest accruing on 
the loan capital, there was a net profit of 34,060/. 
remaining. The balance would have been even 
large had not several items of unexceptional ex- 
penditure to be provided for. Moreover, remissions 
on rates of freight were made equal to 50,000/. A net 
return of 4.40 per cent. was shown on the borrowed money 
expended on all lines open for traffic, and 3.73 per cent. 
on the total amount of loan money and advances from the 
consolidated revenue expended on the lines open for 
traffic, as well as those in course of construction. The 
number of passengers carried on the railways for the year 
was 68,904,427, as against 55,911,394 the previous year, 
oods and live stock was 4,160,126 


and the tonnage of g 
tons, or an increase of 596,084 tons. The average length 





of line open for traffic during the year was 2143} miles, 
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NOTICES OF MEETINGS. 

INSTITUTION OF CiviL ENGINEERS. —Students’ meeting, Friday, 
January 10th, at 7.30 p.m. Paper to be read: ‘The Irrigation 
Works on the Cauvery Delta,” by Alfred Chatterton, B.Sc., Stud. 
Inst. C.E. Sir Bradford Leslie, K.C.I.E., Member of Council, in 
the chair. 

Tue Institute or Parent AGENTs.—Wednesday, January 8th, 
at 7.15 precisely. To further discuss Mr. E. Carpmael’s paper on 





“* American Interferences.” To further discuss Mr. Hardingham’s 
— on “The Working of French Patents.” To approve the 

raft of Royal Charter of Incorporation. And, if time permit, to 
read and discuss a paper by Mr. C. M.”"Owen, Assoc. Inst. P.A., 
“On Certain Features of Joint Proprietorship in Patents.” 

THE SuRvVEyors’ InstiTUTION.—Monday, January 6th, when the 
adjourned discussion on the paper read by Mr. E. Ryde t- 
president), at the meeting of November 25th, entitled ‘‘ The Tithe 

uestion, with Suggestions for the Redemption of the Rent- 
charge,” will be resumed. The chair to be taken at 8 o’clock. 

GEOLOGIsTs’ AssociaTION, Lonpoy.—Friday, January 3rd, in the 
Mathematical Theatre, at University College, Gower-street, W.C., 
when the following papers will be read: ‘‘On the Fossil Fishes of 
the English Lower Oolites,” by A. Smith Woodward, F.G.S., &c. 
Illustrated by specimens from the collection of Thos. Jesson, 
F.G.S. “A Short Account of the Excursion to the Volcanic 
Regions of Southern Italy,” by H. J. Johnson Lavis, M.D., F.G.S., 
&c. Illustrated by photographic views. A series of photographs 
taken on the excursion will exhibited by G, W. Butler, F.G.S. 
The chair will be taken at 8 p.m. 

CIVIL AND MECHANICAL ENGINEERS’ Society.—The annual general 
meeting for presentation of accounts will be held at the West- 
minster Palace Hotel on Wednesday the 8th of January at 7 A 
Afterwards an ordinary meeting will be held, when Mr. H. H. 
Parkinson, A.M.I.C.E., will read a paper entitled ‘*‘ Notes on 
Prices for Labour and Materials in India.” 

THE JuNIOR ENGINEERING Society.—Friday evening, 10th January. 
‘*The Introduction of Expansive Working in Locomotives by John 
Gray’s Expansive Motion,” by Mr. David Joy, M. Inst. C.E. 
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PROFIT SHARING IN BUSINESS. 
THE strike of the London gas stokers against the 
bonus system proposed by the South Metropolitan 
Gas Company has brought the subject of profit 
sharing to the front, as a means of averting labour 
disputes. Into the rights or wrongs of the gas 
stokers’ strike we do not now propose to enter. It 
is sufficient for cur purpose to say that the question 
of wages was not involved, as that had been practi- 
cally settled previously. Neither were the hours 
of labour in dispute, as the company had already 
conceded the eight hours, ere the strike began. 
Nor were overtime rates a matter of controversy, 
for these had been mutually arranged. The real 
question with the directors and the manager appears 
to have been how best to avert the possibilities of 
a strike in the future. Few men will be hardy 
enough to deny the wisdom of a decision the object 
of which was to prevent strikes if possible, espe- 
cially in connection with an undertaking where the 
results of any general cessation of work might be 
of the most deplorable character that could possibly 
happen, particularly in a district so densely popu- 
lated as any part of the metropolitan area. A 
plentiful supply of gas is nearly as much a necessity 
in modern life, socially, industrially, and com- 
mercially, as an adequate supply of water. The 
mere dislocation of trade is not, however, the 
greatest evil that might eventuate from the non- 
supply of gas, for the safety of the public, and the 
security of property, are absolutely dependent 
upon that supply to an extent not easily calculable. 
Hence a dispute between a gas company, or the 
gas committee of a corporation, and its employés, 
is a matter of public concern, and consequently the 
entire community affected by the dispute are sure 
to take sides in the controversy at a very early 
stage in the conflict. When it was a mere question 
of wages, or of the hours of labour, the general 
feeling, recently, appeared to be favourable to the 





68 | gas stokers, and against the company, or the cor- 


poration. Formerly this was by no means the 
case—quite the contrary. This change in public 
policy was no doubt due to the recognition of the 
fact that the work is laborious and exhausting, and 
in consideration of the circumstances that a general 
advance in wages is taking place all over the country, 
in nearly every other industry. There was indeed 
a general consensus of opinion in favour of the 
gas men sharing in the present prosperity of the 
country. But when it became a question of 
the mode of hiring, or methods of employment, other 
considerations arose, especially when the objects 
sought appeared to be the avoidance of strikes, by 
means of continuity of employment and a share in 
the profits of the undertaking. The precise terms 
of the engagement, or what might possibly be the 
ultimate results, to either the one party or the 
other, were not matters upon which outsiders 
could form a correct judgment. The one broad 
fact, sufficient for the day, was that the com- 
pany offered permanent employment at good 
wages and short hours, with a bonus at the end 
of a specified term. The men allege that the 
benefits offered were vitiated by restrictive condi- 
tions. In this view many seem to agree ; but they 
d» not consider that the differences were such as to 





justify a strike. It is contended that matters of 
detail were proper subjects for discussion, for 
mutual arrangement, and mutual concession. In all 
such cases it is more difficult to sit down and reason 
together after a strike than before it has occurred. 
The plunge was taken in haste, and now those 
concerned have the opportunity of repenting at 
leisure. 

The idea of profit sharing appears to have origi- 
nated in France ; certainly it has.there reached its 
highest and fullest development. Leclaire took 
the first step in preparing the way for his celebrated 
profit sharing concern in1838, by the establishment 
of a ‘‘ Mutual Aid Society,” in connection with his 
firm. In 1842 the profit sharing scheme was estab- 
lished. From that time to the present it has gone 
on and prospered. The foundations were laid 
carefully, and the structure was built thereon cau- 
tiously and gradually, the employés being trained 
as it were in the new scheme by degrees. If it had 
been rushed in the first instance the chances 
are that it might have failed. The men’s prejudices 
had to be overcome ; faith in the sincerity of the 
founder, and in the success of the scheme, had to 
be created and firmly established. All this was of 
slow growth ; but the institution is now, and has 
long been, a model of perfect harmony between 
what were formerly conflicting interests. The 
Maison Leclaire not only survived the Commune, 
but at the time of Paris’s direst straits it was the 
succourer and supporter of all those connected 
with it, and the helper of others outside its pale. 
Some ten years ago the subject of profit sharing, 
the modes in which it had developed and grown, 
the extent of its operations, and the results it had 
achieved, were brought prominently before the 
public by Professor Sedley Taylor, Mr. George 
Howell, and others, and some attempts were then 
made, not altogether without success, to introduce 
the system into British industrial undertakings. 
But some years prior to this the system was tried 
at the Whitworth Collieries, and in one or two 
other trading concerns. In some way or another 
the earlier efforts seem to have engendered a pre- 
judice against the scheme on the part of the work- 
ing men, on the ground that they were not, in the 
proper sense of the term, genuine examples of the 
Leclaire system, or of the other examples tried in 
France, Germany, and other countries. Professor 
Sedley Taylor, with the broadest possible sympathies 
for the working classes, contends that even the 
efforts of Messrs. Briggs were better than repre- 
sented, and that the breakdown reflected no dis- 
credit on the undertaking. A present good, on a 
small scale, in the shape of extra wages, was pre- 
ferred to a future benefit with larger advantages. 
When the subject was mooted ten years since, the 
chief opponents were to be found among the capi- 
talists, who thought. that they would bear all the 
losses and run all the risks ; now it appears that 
the workmen are its strongest opponents, if we 
may judge by the speeches of their leaders. 

The essential elements in any co-partnership 
scheme, whether for industrial purposes, com- 
mercial undertakings, or trading transactions are: 
(1) That the principles underlying the scheme 
shall be honest and fair to all concerned. (2) That 
the mutual principle shall apply to all, in whatever 
capacity they may serve or be interested. In other 
words, that there shall be an equitable distribution 
of the proceeds of the undertaking in proportion to 
risks and services, or other responsibilities involved 
therein. Some would appear to imagine that in 
schemes of this kind all the profits should be 
equally divided, whatever the varying risks or 
services. Equality there should be, but propor- 
tionately, according to equitable adjustments. In 
entering into a co-partnership, or a profit sharing 
concern, the guiding principle ought to be com- 
mercial and industrial, not charitable or philan- 
thropic. Each partner surrenders something of his 
individual claims for the common. good, or object, 
in which all are interested. In an industrial con- 
cern the capitalist who finds the money naturally 
wants security. He thinks that the security 
offered in this way is greater than in ordinary 
commercial speculation. In order to obtain this 
security he is willing to forego possible profits, 
for certain and permanent, but smaller profits, and 
other advantages. The workman wants his weekly 
wages, at current rates. He needs more—security 
of employment. To obtain this he ought to be 
willing to give something, as does the capitalist. 
The something required is, a personal interest in 
his work. Care and economy in the use of mate- 
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rials, punctuality in the discharge of his duties, 
and energy and skill in his task. If he is made a 
co-partner, he is bound, as an honest man, to fulfil 
his obligations, and perfurm his part of the con- 
tract, written or implied. Upon accepting a co- 
partnership, he must abide by the articles of the 
partnership, or he must forego its advantages. The 
question for a workman to consider is whether the 
share in the profits of the scheme will compensate 
him for the partial effacement of his individuality, 
for his extra labour, skill, care, efliciency, and 
responsibility as one of the firm. These are mat- 
ters for the two parties to the contract to decide for 
themselves. The details of arrangement must 
depend upon circumstances peculiar to each case. 
The only matter upon which the public can decide 
is whether some scheme of profit-sharing is desir- 
able ; and, if so, the general lines which might 
with advantage be laid down in order that justice 
shall be done to all concerned, and especially to 
the workmen, who are not admitted to a share in 
the management of the business, or to a voice in 
determining its general policy. 

Profit sharing is a mild forin of socialism, adapted 
to the present state of society, where the persons 
concerned, or a portion of them, are not equally 

laced. It is not quite so advanced as co-operation ; 
nut it is capable of almost infinite expansion. It 
does not abolish the capitalist, it does not efface 
the wage-earning classes; but it brings both to- 
gether on terms more generally advantageous than 
the bare competitive system. It provides a means 
of adjustment between profits and wages, the latter 
being augmented by a share or bonus at the end of 
the year, or any shorter period agreed upon. It 
is adapted for those among the workers who have 
not sufficient capital to start on their own account, 
or who may not be content to contribute to, and 
wait for the results of, some form of co-operative 
production. The capital is found ; what is then 
needed is that the workers shall produce the best 
results possible, in which capitalists and workers 
shall participate. Ia this way labour disputes ought 
not to arise, or if they arise they should be equitably 
dealt with by the board of management. That 
differences can be thus dealt with is obvious, for the 
wages boards in various parts of the country do 
manage to deal with them, under even greater 
difficulties, and with no common basis of arrange- 
ment except that afforded by a sliding scale, or some 
other expedient. In a profit sharing concern there 
is common ground, the conditions being in all 
respects more equal, 

One of the greatest possible advantages of the 
profit sharing principle is its tendency to give con- 
tinuity of employment. The curse of modern 
industrial life is the uncertainty of work. There 
can be no bond of union under a minute contract. 
How can it be said that the interests of labour and 
capital are one under such a system? Any method 
which will tend to promote a closer intimacy between 
the worker and his employer must of necessity be 
beneficial. A day’s engagement is better than an 
hour’s ; a week's is better than a day’s, and a 
monthly or quarterly arrangement, is better than 
either. And if, in addition to continuity of employ- 
ment, and certainty of work and wages, there is the 
further advantage of a personal share in the profits, 
in return for a personal interest in the success of 
the firm, then a great step has been taken towards 
reconciling capital and labour, and in promoting 
more friendly relations between employer and em- 
ployed. Without therefore expressing an opinion 
upon the details of Mr. Livesey’s scheme we may 
say that it contained the elements of a better 
understanding between the employés of the South 
Metropolitan Gas Company and the directors re- 
sponsible for its management, and consequently the 

ublic will regret if the scheme is ultimately with- 

rawn. It surely ought now te be comparatively 
easy to effect such modifications as will insure the 
scheme a fair and impartial trial. 








BOILER EXPLOSIONS AND THE 
BOARD OF TRADE. 

Tue ‘ Boiler Explosions Act, 1882,” passed at 
the instance of the late Mr. Hugh Mason, M.P., has 
proved a step in the right direction. Though not 
quite devoid of defects it has worked well and done 
good. By its provisions all explosions, both small 
and great, with the unfortunate exception of those 
occurring in coal and other mines, are subject to a 
‘* preliminary inquiry ” by the Board of Trade, and 
the reports, which are purchasable by the public 





at very moderate cost, give information that has 
doubtless proved of practical service. In addition 
to the ‘‘ preliminary inquiries,” the Act,* however, 
also gave to the Board the power of holding a 
‘* formal investigation” in the case of any explo- 
sion which might seem to them to require it, and 
they were further empowered to make the cost of 
such investigation, or any part of it, payable by the 
party or parties summoned. The Board had thus 
placed in their hands an efficient means of bringing 
home to careless boiler owners a sense of their 
responsibility, but unfortunately, full advantage 
has not been taken of this power, and until quite 
recently, we believe, that notwithstanding there 
have been nearly 400 ‘‘ preliminary inquiries,” only 
three ‘‘formal investigations” have been held, 
namely, those at Dudley, Yarmouth, and Wallsend. 
Now, however, we are glad to see that the Board of 
Trade show an intention of availing themselves of 
their powers, as they have within the past month 
held two ‘formal investigations,” with results 
which will aid in impressing upon boiler owners the 
fact that the working of a boiler imposes upon 
them certain responsibilities which they cannot 
with impunity shirk. All such inquiries, also, and 
the publication of the facts they elicit, have indi- 
rectly a good effect in instructing the public as to 
the causes of boiler explosions, and in proving that 
there is no mystery about such disasters, but that 
they are avoidable by attention to the teachings of 
science and practical experience. 

The first of the two formal investigations which 
have just taken place, was held on December 16, 
and dealt with the explosion which occurred near 
Northwich on October 19, on board the steam flat 
‘*Development,” recently purchased by the Salt 
Union, Limited, and engaged in carrying salt on the 
River Weaver. The Commissioners conducting 
the inquiry for the Board of Trade were Mr. 
Howard Smith, barrister-at-law, and Mr. W. C. 
Lang, civil engineer. 

From the report of Mr. Lavington E. Fletcher, 
chief engineer to the Manchester Steam Users’ 
Association, who was called in by the coroner, it 
appears that the boiler was of the single furnace 
tube, multitubular, marine type, cylindrical both 
in the shell and furnace tube, and about twelve years 
old. It gave way at the bottom of the furnace 
tube, a large opening being formed therein, through 
which a torrent of steam and hot water issued, 
driving the boiler backwards, with the result that 
the flat was sunk and the engineman killed. There 
was only one safety valve, of simple lever con- 
struction, and this was found to be gagged, a 
wooden wedge having been inserted between the 
top of the lever and the top of the guide, the effect 
being to hold the lever down and prevent the valve 
blowing. The engineman had evidently gagged the 
valve to obtain a higher pressure of steam, and this 
was the primary cause of the explosion. The safety 
valve was ordinarily loaded to 68 Ib., but Mr. 
Fletcher points out that the working pressure of 
the boiler should not have exceeded 30 lb., as the 
plate at the bottom of the furnace tube which gave 
way was laid longitudinally and was wasted to a 
thickness of } in. and in some places ;'; in., so that 
the boiler was not fit for the pressure to which the 
valve was loaded, independently of the gagging. 

The Board of Trade Commissioners, after taking 
evidence, pointed out in their judgment that the 
boiler had undergone considerable repairs. That 
the Salt Union, who had recently purchased the 
boat, could not have known the safe working pres- 
sure at the time of taking possession, and that it 
was their duty to have found it out by examina- 
tion. -The superintending engineer, moreover, see- 
ing that the pressure, with the weight at the end of 
the safety-valve lever, was 65 Ib. to 70 1b., should 
have been on his guard ; while, further, as he had, 
by his own evidence, found that the captain of 
another vessel belonging to the Salt Union had tam- 
pered with his safety valve, and that it had been 
weighted down, he ought to have reported the 
matter to the directors. There was no doubt that the 
deceased engineman had gagged the valve on board 
the ‘*‘ Development,” and thus increased the pres- 
sure, but the Salt Union were to blame for not 
having taken steps to find out how the boiler was 
worked. The superintending engineer was, they 
considered, very much to blame for not having 
ascertained whether the boiler was fit for the 
pressure ordinarily carried, and for not having re- 
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ported to the directors that ‘‘there were rumours 
that captains were working boilers on board their 
craft with the safety valves gagged down.” Under 
the circumstances the Commissioners ordered the 
Salt Union to pay the sum of 401. towards the cost 
of the investigation. 

This explosion will naturally be brought forward 
as an argument in favour of examining and certifi- 
cating boiler attendants, as proposed in the Bill 
introduced in Parliament some time ago by Mr. 
Broadhurst, M.P., and others, on behalf of the 
trades unions. We do not see, however, that the 
argument is a valid one. The engineman in this 
case was a trained mechanic and would probably 
have passed the examination suggested in the Bill 
referred to, No amount of cramming, and no cer- 
tificate, or any number of certificates, will prevent 
a man being utterly reckless if he chooses and if he 
has the opportunity. In fact the greater the intelli- 
gence the more ‘‘ method is there in the madness.” 
We have known a case where the boiler attendant 
at a large mill, one who could easily pass an exami- 
nation, had gagged the safety valve so as to increase 
the pressure, and not only had he done this, but he 
had black-leaded the wedge in order to prevent its 
being seen. How can such ingenuity be met? Evi- 
dently a certificate would not be sufficient, nor 
prevent a man being culpably foolhardy if inclined. 
The only remedy appears to be an efficient system 
of inspection enforced by law, with authority to 
compel the adoption of all necessary fittings. Had 
the Northwich boiler been subject to such a system, 
the weakness of the furnace tube would have been 
discovered, and a lock-up safety valve, placed beyond 
the power of the attendant, would have been applied, 
thus meeting the two main points involved in the 
explosion. Until we have compulsory inspection we 
fear there will still be defective boilers waiting to be 
blown up, and reckless enginemen waiting the 
opportunity for a display of their ‘‘ stupid inge- 
nuity.” 

The Charlesworth explosion is of a different 
character. We gave in our last issue (vide page 
749) a detailed report of the formal investigation, 
and we propose now to deal with one or two ques- 
tions involved, to which we think attention should 
be drawn. 

The boiler was a small one of the Cornish type, 
worked at a pressure of 401b., and gave way in the 
shell from external corrosion, the plates, where 
resting on the brickwork, being wasted almost com- 
pletely away. The works were partially wrecked, 
and one of the partners, as well as a manager, killed. 

The boiler was laid down second-hand about 
fifteen years ago, and no thorough examination had 
ever been made to ascertain its condition. It went 
on in a sort of ‘‘ happy-go-lucky” way until it failed 
from what may be called sheer exhaustion. Mr. 
John Booth, the surviving owner, stated before 
the Commissioners, that his firm insured the 
boiler in May last with the Engine, Boiler, and 
Employers’ Liability Insurance Company, Limited, 
Manchester, the amount of the policy being 3001. 
and the premium 20s, They did this thinking 
the boiler would be inspected, and thus that they 
would be safer. No examination was made by 
the insurance company at the time, beyond a 
superficial examination while the boiler was in 
work. In August a further examination was made 
by appointment, with the boiler at rest, but the 
inspector did not pass over the bridge nor examine 
the plates in the external flues, owing, as he stated, 
to the bridge not being taken down or the flues 
cleaned ; but this is in direct opposition to the 
sworn evidence of Mr. Booth, and of his man who 
prepared the boiler for inspection. In their report 
the insurance company pointed out that the boiler 
was of great age, that rain had found its way into 
the bottom flue, that the plates below the water 
line internally were pitted by corrosion, that the 
examination was unsatisfactory, that it was desir- 
able a re-examination should be made so as to ascer- 
tain the condition of the plates in the external 
flues, and that Messrs. Booth should make an 
appointment so that the inspector could be sent. 

othing further was done, however, and the boiler 
remained insured, though liable any hour to be 
blown up. Possibly the note printed in large 


type on the insurance company’s report to the effect 
that ‘‘ The insured are under no obligation to adopt 
any suggestions that may be made, nor will the 
non-adoption of such suggestions in any way affect 
the validity of the policy, so long as the stipulated 
pressure on the safety valve is not exceeded,” may 
have tended to weaken the force of the report in 
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the estimation of the boiler owner. Mr. Gough, the 
Board of Trade solicitor, called the attention of the 
Commissioners to this note, and pointedly asked 
whether such had not been the case. Mr. Long- 
ridge, however, stated that he did not think the 
note would have such an effect, and explained that 
it was added by his company in order to protect 
their business, as ‘‘if they insisted upon their sug- 
gestions being carried out, those who insured would 
say they were trying to get out of their responsi- 
bility.” Whether or not Messrs. Booth were in- 
fluenced by this note, it is certain that neither they 
nor the insurance company troubled themselves any 
further after the examination and report made in 
August. A few weeks passed, and then the boiler 
was the first to move in the matter, for it exploded 
on November Ist with the disastrous consequences 
narrated. 

We do not propose to enter here on a full review of 
all the circumstances of the case, nor is this necessary 
with the report of the formal investigation before 
our readers. The facts speak for themselves. The 
point most deserving of attention is that the 
boiler was insured for several months without a 
thorough examination, although during the whole 
of that period it must have been in a dangerously 
defective condition. Mr. Booth stated that when 
the insurance company accepted his premium he 
thought that was a guarantee that the boiler was 
safe. This we believe is the view taken by ninety- 
nine out of every hundred steam users who insure 
their boilers, The general impression is that an 
insurance company will not accept a boiler if it is 
seriously defective, and that, therefore, if they 
accept it, all is right. Mr. Longridge, however, dis- 
tinctly informed the Commissioners that ‘‘a policy 
was no guarantee that a boiler was in safe condi- 
tion. It simply meant that the company took the 
boiler as a good risk.”” We thank Mr. Longridge 
for this plain statement. It lets in the daylight, 
and will come as a surprise to those steam users 
who hitherto have had such perfect faith in boiler 
insurance. We trust they will note the point and 
reap a corresponding benefit by determining that, 
whether they have an insurance policy or not, their 
boilers shall above all other considerations be safe. 

We have previously pointed out in these columns 
that it is cheaper for insurance companies to take 
the risk of a few explosions than to faithfully 
inspect every boiler enrolled on their books. But 
hitherto we have never seen it stated in evidence in 
such unmistakable language by the representative 
of an insurance company that ‘‘insurance is no 
guarantee of safety,” and we would suggest that all 
the boiler insurance companies should send a circular 
round totheir clients informing them that such is the 
case, and also that they should have the statement 
printed prominently across every policy. This 
would assist the companies in obtaining careful 
examinations, and at the same time the exact posi- 
tion of boiler owners under an insurance policy 
would be clearly detined. 

The boiler insurance companies in their pro- 
spectuses state that one of their main objects is to 
give steam users ‘‘ responsible and efficient inspec- 
tion of their boilers.” With the present severe 
competition in boiler insurance, and with the facts 
of the Charlesworth explosion staring us in the 
face, we shall perhaps be excused if we are slightly 
sceptical on this point. The boiler, as we have 
stated, was dangerously corroded. It was accepted 
as a risk, without ‘‘ responsible and eflicient in- 
spection,” and on the system of averages ; the good 
boilers must pay for the bad ones, but yet a surplus 
must remain for dividend. This may satisfy the 
shareholders, but it cannot conduce to the safety of 
boilers or to the saving of human life. The very 
word ‘‘ insurance ” admits the principle of ‘ risk.” 
We fail to see why risk should be allowed. If a 
boiler is risky it is time for it to be condemned. 

The Commissioners severely blamed Mr. Booth, 
the owner of the boiler, and ordered him to pay 
75l. towards the cost of the investigation. It is 
true he was neglectful, but we quite believe that 
he was ignorant of danger, and that having placed 
the boiler in the hands of a respectable and respon- 
sible insurance company, he felt, as he indeed 
stated, that he had a guarantee of safety, and thus 
shared the current superstition that where there is 
insurance there is security. The sting of the 
judgment was pointed at the owner, but we think 
more of the onus for the explosion might have been 
fairly laid upon the insurance company. The Com- 
missioners, however, took care to clearly state that 
they did not think that the way in which the in- 





surance business was conducted was likely to induce 
people to keep their boilers in the best possible 
condition, adding that ‘‘having regard to human 
life it would be well that companies should not 
insure boilers unless they were perfectly safe.” 

The Commissioners state in their judgment that 
there is nothing to prevent an insurance company 
insuring any: boiler they choose, and that they may 
even insure one that is absolutely rotten, as they 
are bound to make the best they can of their busi- 
ness. This, of course, is regarding the matter 
purely in the light of a speculation in risks. We 
accept this view of the case and admit that from a 
commercial standpoint a boiler insurance company 
has just as much right to accept a dangerous boiler 
on the doctrine of averages, as any other body of 
shareholders has the right to accept certain risks, 
but what we insist upon is that boiler owners 
should not be led away by the false impression that 
they are safe from explosion when all the time 
they are only safe to receive a certain pecuniary 
recompense in the event of explosion. Let it be 
clearly known that the policy only means that the 
risk has been accepted, and let the statement of 
the insuring company that they offer ‘‘ responsible 
and efticient inspection” to the insured, be replaced 
by some less ambiguous declaration. 

Though we admit the right of a boiler insurance 
company to take risks as a commercial transaction, 
we cannot admit its right to do so from the stand- 
point either of science or humanity. Dangerous 
boilers should not be worked, neither should lives 
be placed in jeopardy. But insurance says, ‘‘ we 
will take the risk of the boiler, pay for the lives 
lost, and for the damage done, as well as meet the 
cost of the ‘formal investigation,’ up to, of course, 
the amount of the policy.” These are the ‘‘ advan- 
tages” offered by the joint stock insurance system. 
But we maintain that no boiler ought to be allowed 
to explode, insured or not insured, and that no life 
ought to be sacrificed even though the widow and 
children may receive three years’ wages as a 
solatium. 

We trust the Board of Trade formal investiga- 
tions will act as a wholesome check on the present 
method of insuring boilers. Indeed we should be 
surprised if another explosion or two, similar to 
the one at Charlesworth, did not lead to some 
Governmental action for the proper regulation of 
boiler insurance by joint stock companies. A Bill 
with this object in view was prepared and brought 
in by Sir William Houldsworth, M.P., in the last 
session of Parliament, but was postponed till next 
session. We shall watch its progress with much 
interest. 

There is still one point, worthy of notice, to which 
we may refer. In his evidence Mr. Longridge 
stated that his company sometimes insures boilers 
on an external examination when in work, but sub- 
sequently, on having a thorough examination, they 
are found in dangerous condition, and though the 
insurance is continued for the twelve months for 
which the premium has been paid, no certificate is 
granted, and the policy is dropped by the company 
at the end of that time. We may ask, and should 
like to know, what becomes of those boilers? Are 
they permitted to work on, at the risk of the lives 
of the workpeople and of the public? Probably 
this is the case, and very probably, too, the 
‘*risk” is offered to, and accepted by, some other 
less scrupulous competing company, struggling for 
a dividend. We are constrained to think that this 
is a matter that can only be grappled with by com- 
pulsory inspection or legislation of some nature, and 
the sooner this is done the better. 





THE WEATHER OF DECEMBER, 1889, 

THE wintry severity which characterised the 
latter days of November continued till the 8th of 
December. These eight days were very cold 
generally, and at Greenwich averaged daily 10 deg. 
below the normal values. Otherwise, with few 
exceptional fine days, or cold days, the month 
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has been mild, dull, 





misty, or foggy, with very 





little sunshine. The mean pressure and tempera- 
ture of the atmosphere at extreme positions of the 
British Islands, to which the Isle of Man is central, 
are as given above. 

The distribution of rainfall, in frequency and 
amount, may be roughly inferred from the follow- 
ing results : 














| . 
Places. | Rainy Days. Amount, | sous Secon 
| in. | in. 
Sumburgh .. ee 26 5.31 | more 0.98 
Scilly .. ‘ Ja] 18 2.21 less 1.89 
Valencia a ie 27 7.22 more 1,40 
Yarmouth .. 18 1.02 less 1.93 


The daily general directions of the winds over 
these islands give a resultant from S. W., the normal 
resultant being from W. by S. The month was 
notably mild in Ireland and Scotland, where the 
rainfall was frequent and excessive. In England 
the rainfall was much below the normal quantity, 
and the temperature on the whole was seasonable. 
The highest temperature, 59 deg., was reported at 
Cambridge on the 17th; the lowest, 16 deg., at 
Lairg, on the 12th. Throughout the month the 
west of Ireland has been the warmest part of 
Europe. The observations at 8 a.m. show remark- 
able contrasts of temperature; on the 2nd, 
Valentia 52 deg., Rothampstead 12 deg. ; on the 
3rd, Valentia 48 deg., Oxford 24 deg., Paris 19 deg. ; 
on the 4th, Valentia 46 deg., Oxford 22 deg., Paris 
20 deg.; on the 5th, Valentia 45 deg., Nairn 
25 deg. ; on the 8th, Belmullet 51deg., Lough- 
borough 25deg. ; on the 12th, Valentia 47 deg., 
Loughborough 24deg., London 26deg.; on the 
29th, Roche’s Point 47 deg., Loughborough 20 deg. ; 
on the 30th, Valentia 49 deg., Cambridge 22 deg. ; 
on the 31st, Valentia 52 deg., Loughborough 
27 deg. The atmospherical pressure was greatest, 
30.7 in., on the Gth; least, 28.8in., on the 10th. 
The greatest daily rainfall, 1.05in., was measured 
on the 20th at Roche’s Point. The periods from 
the 14th to the 17th, and from the 29th to the 31st 
inclusive, were very foggy. Fair days may be esti- 
mated at four, overcast at twenty. During the four 
weeks ending the 30th, the duration of bright sun- 
shine, estimated in percentage of its possible 
amount, was for the Cinited Kingdom 15, south 
Ireland 21, south-east England 20, Channel Isles 
19, north Ireland 17, east and north-east England 
and west Scotland 15, south and central England 
and east Scotland 14, north-west England 11, 
north Scotland 7. The weather chart of the 
6th afforded a good illustration of what was 
formerly regarded as an atmospheric wave. A belt 
of atmospherical pressure above 30.6 in. extended 
from Denmark south-westerly across England and 
much beyond the south of Ireland., To the north- 
westward the pressure gradually descended to 
30.2 in. north of the Hebrides; and across this baro- 
metrical gradient, the winds were south-westerly. 
To the south-eastward the pressure gradually de- 
creased to 30.1in. at Toulon, and across this gradient 
the winds were north-easterly. If this system ad- 
vanced either north-westerly or south-easterly, it 
would have the appearance of a wave to each station 
within its influence. However, it does not so ad- 
vance, but progresses according to the laws of 
cyclones ; and is not a wave, but opposed portions 
of two gyrations of air. 





VICTORIAN GOLDFIELDS. 
SANDHURST. 
(By our Spectat CoRRESPONDENT.) 

Or all the colonies of the Australian group 
Victoria has produced by far the largest quantity 
of gold. Mining operations began in 1851—very 
shortly after the gold discoveries of California in 
1848-49. The official records of the quantity of 
gold found in Victoria show that from the first 
discoveries up to June 30, 1889, some 59,961,126 oz. 
were obtained ; this quantity represents the enor- 
mous money value of 223,844,504/. sterling. Of 
this amount a total of 9,648,980 oz., value 
38,590,494/., was obtained from the district of 
Sandhurst between the end of 1855 and June 30, 
1889. Prior to 1856 official records were not kept 
of the gold found on each individual field ; but it is 
estimated that 2,219,128 oz., value 8,876,5121., were 
collected by the early diggers and miners on the 
Sandhurst field. This, added to the foregoing, 
would bring the total yield from the district, from 
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the earliest discoveries in 1851 to the end of the 
last half-year, up to11,868,1080z., value 47,476, 0061. 

To ‘‘the old identy,” or dweller in this country 
prior to about the year 1855 or 1856, there is no 
such place as Sandhurst; he will persist in 
speaking of the locality by its older name of 
Bendigo. Old Bendigonians are as proud of their 
early knowledge of the field as the old Californian 
‘‘ forty-niner ” is of having reached his El Dorado 
prior to the closing of that year; yet all the same 
the town and mining district of Sandhurst lies 
at an altitude of about 700 ft. above sea level, in 
or about the centre of the colony and distant from 
Melbourne about 100 miles. To reach the field 
is an easy journey by rail, and when there, the 
visitor finds a somewhat scattered congregation 
of dwellings, but the centre of the town is com- 
posed of one handsome wide street well and closely 
built upon with two or three strikingly fine buildings 
amid the rows of shops, hotels, &c., while the 
public gardens are so situated as to form at one 
part one of the boundaries of the main street. 
From this main thoroughfare there are perhaps 
half a dozen streets leading into it at various angles, 
but only built upon for business purposes for short 
distances on either side, then at irregular intervals 
fine private houses, surrounded by gardens or 
ground, are built along these roads. All along 
these streets and roads for some distance from the 
centre of the town, the sidewalks are formed, and 
channel drains made, outside which trees are 
planted in rows. A visitor is of course apt to 
notice all sorts of local peculiarities, but one very 
striking feature of these boulevards is that the 
triangular fences surrounding these trees have in 
many instances such legends painted thereon as: 
‘* Hell ;” ‘‘Died yesterday ;” ‘‘ Life is short, eternity 
long ;” ‘‘ Judgment come ;” *‘ Hell hasno back doors ;” 
and other interesting and epigrammatical sentences 
of similar purport. Whether this has been necessi- 
tated by reason of the peculiar unholiness of the 
hardy miner, and as a danger signal to warn him 
into another method of life, or that it is a common 
form of conveying information to the people 
of the district, or for some other reason unstated, 
there is no evidence to show. Climbing the small 
ridges which surround the main town, and looking 
on all sides, the prospect is mining, mining every- 
where ; there is no mistaking this. On all sides 
for a distance of three or four miles the ground has 
a yellow barren appearance, it is clear of all under- 
growth, and even away in the distant blue hills 
thickly covered with the everlasting Australian 
gum tree, patches of this yellow-looking barren soil 
show down the gullies and ravines where the 
timber has been cleared. Then across the country 
in three distinct lines bearing north and south are 
innumerable ‘‘ poppet heads ” constructed of round 
forest timber painted white, until when looked at 
by a foreshortened prospective they seem almost 
like one continuous lofty erection of timber trestles. 
These are the large trestles, built near the openings 
of the mineshafts, over which winding gear is worked. 
Amongst the trestles appear tall brick chimneys and 
galvanised iron roofs, showing where the milling 
plants are built, On the opposite page is a view of 
the Sandhurst goldfield taken from the Belmont and 
Saxby Mine, Snobs’ Hill, Eaglehawk, looking about 
south-east towards the town of Sandhurst. Near 
where the photograph is taken two of the main 
lines of reefs come close to each other ; the ‘‘ poppet 
heads” to the right are on the New Chum on. 
those in the centre are on the Garden Gully, and 
those in the far distance to the left are on the 
Hustlers line of reef; the contrivance in the 
immediate foreground, in the centre of the photo- 
graph, is a horse ‘‘ whim.”” Nearing the mines the 
observer is struck by the enormous heaps of grey 
tailings piled everywhere, hundreds of thousands of 
tons of white quartz and grey and black slate ground 
to powder, the matrix that for so many ages locked 
up the gold that the old Bendigonian and Sandhurst 
gold miller worked so hard to win. These tailings 
are everywhere, piled in high heaps around the 
mills, around the dwelling houses ; in the ‘‘ creek ” 
beds (in Australia a stream, or what would be a 
stream in wet weather, is called a ‘‘ crick”’) back 
from the main town some of the gullies and flats 
are covered for more than half a mile wide down 
the slope of the country, filled up in many places to 
depths of 30 ft. or more with this grey sand. Sand, 
all of it holding gold to the value of from 8s. to 
12s. a ton; could this be taken out for a few 
shillings a ton, what a new goldfield lies there to be 
opened out. Passing along by such a place one of 





the gentlemen who kindly ‘‘showed me round,” 
said, ‘‘ See there, a boss Chinaman went into these 
sludges about twenty years ago, walked in umbrella 
and all, and hundreds of people were close about. 
We've never got him out yet.” The sludges were 
then soft, and the sun had dried a crust on top; 
now they are hard, and the flood waters pass over 
their surface and sweep them miles and miles down 
the country. The yellow-looking country which 
seems so arid and uninviting was once a place which 
made men’s eyes glisten, and wrought in their 
minds many varied feelings; to some it brought 
thoughts of home and country, bright prospects of 
happiness and love with little ones or loved ones 
left behind, to others a road to avarice and lust, 
all sorts of evil deeds, reaching even to murder. 
Tons of the bright yellow metal which men fight 
for, die for, live for, and worship, came out of 
these now barren hillsides ; they are all turned over 
and over and washed and washed until only traces 
of the god remain. Now a few Chinamen sluice the 
ground in wet weather, or perhaps a solitary white 
man, ‘‘a hatter,” turns over the ground and gets 
in return only what will purchase him his ‘‘tucker ;” 
there is little now made from the alluvial around 
Sandhurst, all attention is turned to quartz mining ; 
time was when the order of things differed ; men 
then thought nothing of mining, digging was their 
trade. 

In the early part of 1851 the valley of Bendigo 
Creek, and all the districts surrounding it, were 
solely used by and known to pastoralists, the 
gullies and flats were covered with green grass and 
box trees, the intervening ridges with grass and a 
quantity of flowering shrubs and timbered with 
ironbark. Before the middle of the year it pre- 
sented avery different sight. The hillsides, hitherto 
practically untrodden by either man or beast, were 
covered with a soft friable soil ; when it was re- 
ported that gold was to be found there in quantities, 
men from all parts of Australia began to arrive 
there. They came in ones and twos from neigh- 
bouring cattle runs, then in tens and twenties; a 
rough strange lot these were. Mostly shepherds 
and station hands, squatters’ servants taken from 
the chain gangs of the penal settlements, men who 
were on ticket-of-leave, those who had ‘‘ done their 
time,” run-a-way men-o’-war’s men, all those who 
had sought the solitude of the bush with a desire 
to leave the old life behind; it was not then advis- 
able to inquire too closely into a man’s antecedents. 
Few of these ever had, until then, known what 
entire liberty meant, none knew the meaning of 
unlimited money. In the wake of this crowd, 
separated only by a few weeks, came another 
class, men from the town, clerks, labourers, 
bankers, publicans, tradesmen, sailors and officers 
from the ships in port, all classes of the com- 
munity. They came on horseback, in spring- 
carts, by coaches, by bullock drays, on foot— 
at first quietly, then with a rush, at last in a 
wild stampede, all striving to be there first. How 
every one got along even those who joined in the 
rush can hardly tell now ; the tales that caused men 
to rush like sheep also excited them beyond the 
knowledge that they were suffering manifold priva- 
tions. As they drew near the spot where the gold 
was, the tracks leading to the locality were cut up 
with the feet of men and animals and wheeled 
vehicles of all descriptions ; it was as though men 
had reached roads strewn a foot deep in flour——foot- 
falls were only heard by a small dull pattering, 
clouds of dust covered everything, and the motley 
crew looked stranger than ever. There was no law; 
each man made his own law, and no one was with- 
out some sort of protective or aggressive arm. 
Many—indeed, the majority-—-were like walking 
arsenals, their belts stuck full of pistcls and knives. 
Some had tents—more had none. In those days if 
a man heard a noise in the night outside his tent 
he simply fired a shot in the direction—the mystery 
now is how so few were killed. By-and-by this 
crowd began to settle down ; they had their work- 
ing ground, and they formed a canvas town, directed 
into something like regular form by the Govern- 
ment officials, who shortly appeared on the scene. In 
1851 the ship Thomas Arbuthnot sailed from Sydney, 
and about December of that year arrived in England 
with the news of the new El Dorado. Shortly, 
ship after ship arrived in Melbourne Bay (Port 
Phillip), in Sydney, and in Adelaide ; thousands of 
the flower of England, Ireland, and Scotland came, to- 
gether with an omnium gatherum of all men ; “‘ Jack 
was as good as his master,” each had only a pair of 
hands to work with, education and knowledge gave 





no advantage. A new rush took place and thousands 
poured in a stampede into Bendigo. During the 
year 1852 carriage to Bendigo from the port of 
Melbourne, 100 miles distant, was 801. per ton. In 
1853 there were 60,000 men on the goldfield and 
hardly 100 women ; to keep order amongst this 
extraordinary assemblage of men there were three 
or four head Government officials with an available 
force of about 300 men, including police and 
soldiery. Mr. J. A. Panton, now one of the police 
magistrates of Melbourne, was chief of this force ; 
Resident Commissioner was the title. Whether it 
was necessary or not, every man on the field, even 
then, considered it advisable to be prepared to 
protect himself, so none were without some sort of 
shooting weapon. After their day’s work was done 
and the evening meal finished, the time came to look 
to their arms for the night. It seemed to be thought 
necessary to freshly charge these shooting weapons 
every night, consequently guns, pistols, and re- 
volvers were fired off, sometimes not only once, but 
three or four times successively, while often some 
individuals who were elated with their successes or 
had dined not wisely but too well, thought fit to 
mark the sense of their enjoyment by keeping up a 
continuous firing until far into the night, so by 
degrees it grew that each evening, about sun-down, 
a fusilade began, which could only be likened to 
the noise of a mighty battle ; this, together with 
the noise of those drinking, gambling, and singing, 
blended with musical and unmusical instruments, 
as varied as the men for whom they were sounded, 
made night on Bendigo seem to the stranger as 
though he had suddenly left the world he had 
hitherto lived in to sojourn in a place peopled with 
evil spirits. 

In those days each digger was allowed 8 ft. 
square of ground, for which he had to pay the 
Government 30s. monthly ; in fact, the right to be 
on the goldfield cost the same; the 30s. monthly 
license was enforced with all, digger, storekeeper, 
publican, and all others alike. The diggers sunk 
square holes the size of their ground, and after 
taking off the surface loam and 7 ft. or 8 ft. of soil 
came to the ‘‘ wash-dirt” which contained the gold; 
this wash-dirt was the last 8 in. or 10 in. overlying 
the bed rock. They then began ‘“‘ nuggeting” with 
a butcher’s knife. This meant picking out the 
lumps of gold like plums out of a cake ; the rest 
was carried to the creek and the earth and soil 
washed off, first in a cradle and then in a tin dish. 
Kighteen and twenty pounds weight of gold was 
not an uncommon return to a party of four men 
for a morning’s work ; in such a case they rarely 
worked in the afternoon. Men worked generally 
in parties of four; in the evenings they gave in 
their gold to one of their number, who dried and 
cleaned it, at least that was the name they 
gave the operation of blowing it—to separate 
any surplus earth or grit, in fact anything fine. 
Fine gold to them was as nothing; sure there was 
plenty of coarse that needed little trouble either in 
handling or getting, and the fine stuff was only 
looked upon as sand. At the ‘‘ Red Hill,” Eagle- 
hawk, about the middle of 1852, the gold was seen 
on the surface shining among the grass roots and 
found in the first 8 in. or 9 in. of soil. This created 
the wildest excitement; men rushed there by 
thousands ; pegging out claims was out of the 
question; might was right. They struggled, 
fought, and swore and tore each other like wild 
beasts; the first comer had no better claim than the 
newer arrival unless he was strong enough to hold 
it, men threw themselves on the ground and claimed 
what they could cover, and pistol or knife in hand 
defied others to move them. This was all that 
could be done as far as upholding one’s claim to 
the ground until the commissioner and his patrol 
came along, which they did in a few hours ; then 
by rough and ready law they were allotted each a 
few feet of ground, and others more uproarious than 
the rest were arrested and hauled off to the guard- 
room. Similar surfacing was subsequently fre- 
quently found near the heads of gullies, and wher- 
ever this occurred, if it was traced up, a gold-bearing 
reef was invariably found on the upper portions of 
the watershed. A piece of ground a man could 
cover by lying on it was worth from 701. to 150l. or 
more ; it was worth fighting for, for an hour or 
two, as in the case of the ‘‘Red Hill” excitement. 
And this was the wild crowd who sold their gold, 
worth 41. an ounce, to the publican for 2/. 8s. ; who 
squandered their money, actually flung it away ; 
flung showers of small nuggets, instead of bouquets, 
on the stage at the feet of a favourite actress ; 
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men, many of whom before had worked hard from 
year’s end to year’s end for their liberty alone, 
liberty only in so far that their life was not spent 
within the prison walls ; men who had slaved for 201. 
a year, or even less ; others who had starved in the 
older countries ; others, again, who had previously 
squandered fortunes, and had afterwards known 
what poverty and hardship meant. Strangely con- 
stituted men ; most of them were half wild beast, 
half child. One night in the theatre, when it was 
densely crowded, one solitary flash of lightning 
broke over the roof, and burst through it, into and 
through the floor of the stage, setting fire to the wings 
and some shavings underneath. They rose in one 
panic-stricken mass, when Lola Montes, a well- 
known actress, ran to the footlights raised her hand 
and cried out, ‘‘She would brand them asthe cowards 
of Bendigo if they left the building,” they all sat 
down like frightened schoolboys and the fire was 
put out, and yet those men fought amongst each 
other like tigers and seemed to care no more for 
risking their lives than joining in a ‘“ shout”— 
Australian for a drink all round. 

Things went pretty well until the publicans and 
storekeepers, the doctors and the lawyers, everybody 
on the field, each and all had more gold than the 
digger ; the rich ground was coming to an end, money 
and gold could not be thrown about like water, and 
the most expensive things could not be bought simply 
because they were the most expensive; they found 
the 1/1. 10s. monthly license an irksome tax, the 
commissioner’s officers had difficulty in enforcing it, 
and so it went on until many of these men, who 
really played with fortunes as a child would play 
with a pretty fragile new toy, had not even 1I. 10s. 
to pay for the right of being on the goldfield. 
They protested individually when the commis- 
sioner’s officers came to collect the money, the 
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as the diggers wanted, the license for which the 
Government debited the chief officer with 1l, 10s., 
just as if they were so many bank-notes. The 
diggers decided on holding a meeting to protest 
collectively; one day they gathered in force ; the 
officers knew it and were prepared for a siege 
should a disturbance break out. Along came the 
diggers, some 20,000 of them, sweeping past in 
their march under the hill where the barracks stood, 
full-bearded and heavy-browed men hardened and 
tanned by hard work and Australia’s sun, roughened 
by exposure and struggle, healthful and strong from 
their life in open air with a bountiful supply of good 
food. A magnificent ragged army, with improvised 
banners, and all the musicians and musical instru- 
ments they could call to their aid ; broad-chested, 
strong-throated, and brawny-armed men, every one 
with some kind of a weapon capable of inflicting in- 
finite mischief ; past the hill they went, about twenty 
deep, insome semblance of martial formation, then 
the regiments of tatterdemalions grouped into their 
nationalities, halted in one of their main thorough- 
fares. About a dozen were chosen to speak to the 
commissioner. He pointed out how it was out of his 
power to reduce their license fee, but he expressed 
sympathy with them, and promised to submit their 
case to the Government in Melbourne and press 
for the reduction ; he asked them to go back to work 
and continue as before until he could obtain autho- 
rity to accede to their wishes. They marched back 
as they came, and dispersed quietly ; he posted 
notices calling on all well-disposed persons to keep 
the peace ; the licenses were paid and for a few 
days all went well. But before the chief com- 
missioner’s report could reach Melbourne, the 
Government heard of the demonstration, they met 
suddenly, and acted precipitately ; they were afraid 
of the power they knew existed ; in hot haste were 
notices printed on calico, under the hitherto all- 











powerful symbol V.R. and crown, giving notice of 
the reduction of the license to 10s. ; mounted police 
were sent off armed with hammers and tacks to 
fasten the notices on the trees. They reached 
Bendigo, the diggers did not understand it ; troopers 
seeing them rode post haste to the commissioner, 
informing him of these Government proclama- 
tions, some even nailed to the opposite trees 
bearing his notice ; he thought it some ruse of the 
enemy ; but no, soon the foremost of the heralds 
which bore the white feather of the Government 
arrived and reported themselves, and all Bendigo 
was excitement. Democracy that day was startled, 
it awoke to find its strength, and to this day it has 
not lost in Victoria the knowledge and advantage 
gained by that one action. The men who were 
thus suddenly forced into the knowledge of their 
power, had hitherto never dreamt of it; they were 
mostly, as before described, convicts and those to 
whom Government meant omnipotence ; workers 
from the older countries, where poor and rich lived 
as two separate peoples in days before democracy 
began to raise itself from long servitude ; men who 
came from a stock which always ruled and even 
then were loyal to family traditions, and would not 
side with the multitude; all these went to make 
up the thousands who were thus proclaimed the 
masters of the situation. Afterwards things did 
not go so well. There were, of course, the usual 
few who live by organising discontent, and who kept 
simmering some of the gall stirred up by the hard- 
ship of the prohibitive license fee—prohibitive only 
to the miner when he was not getting gold. One 
of these agitators named Brown, a man full of 
high-falutin style and ideas, organised, or got the 
credit of organising, a band whose duty it was to 
watch the interests of the digger. He attempted by 
threats to levy blackmail on storekeepers and others 
for a fund to keep his schemes alive ; he had a guard- 
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room, with sentries who called for passwords to those 
visiting his quarters. A warrant was out for his 
arrest, but it was not thought advisable to enforce 
it, so he grew stronger and more defiant daily. 
One night a young cadet, named Brooke Smith, 
quite a boy, with a very quiet, hesitating manner, 
without saying a word to any one, left the officers’ 
quarters, dressed himself in digger’s clothes, and 
sallied off to interview ‘‘Captain” Brown, who 
lived right in the heart of the diggers’ quarters 
nearly a mile away. ‘‘ Capn. Brown at home ?” said 
he to the sentry. ‘‘ Capn. Brown was in, but please 
give the password.” ‘‘ Did not know the password, 
but business of the greatest importance !” At last 
the ‘‘capn.” was informed that a young stranger 
wanted him most urgently ; he came out thinking 
verhaps it was important news from some outpost. 
baad by the young fellow’s air of mystery, he 
went into the centre of the main street, when 
Smith drew up to him to whisper, and, pulling a 
long navy Colt out of his shirt, said, ‘‘ Capn. 
Brown, you are my prisoner; I’m a Government 
officer, and arrest you.” ‘‘Capn.” Brown started, 
and began to strike an attitude and make a speech 
to the effect that at his call or if he raised his hand 
twenty thousand would spring to his rescue ; Smith 
reminded him that before he could do so his brains 
would be blown out. The gallant captain took in 
the situation at a glance, and quietly marched at 
pistol point right into the centre of the guard room. 
ro all the Government men the capture of this 
pirate chief was as though a bombshell had fell into 
their midst ; caught, and by young Smith, too; 
impossible! yet there he was. A hurried council 
was held, and a decision arrived at that it would be 
inadvisable to keep Brown there, as a rescue might 
be attempted ; so that night Brown was bundled, 
handcuffed, into a spring cart guarded on either 
side by two mounted troopers— Poles who had 
fought with Kossuth—and, driven by a wild 
Irishman who loved the fun and cared little for 
risking his neck, — for miles over the bush 
roads towards Melbourne ; they pulled up at the 
end of the first stage to change horses, and found 
that the life had been nearly jolted out of poor 
Brown. However, they reached Melbourne almost 
before the gang knew of his capture. He was tried 
and sentenced to three months’ imprisonment. 
Nothing was ever again heard of the gang, they 
vanished, sentries and all; the ignominy of the 
capture threw a ridiculous air on the whole thing, 
and ridicule, more fatal than bayonets, killed the 
movement, 
(To be continued.) 





THE DANGERS OF ELECTRIC 
LIGHTING. 


By S. Z. pe Ferranti and Francis Ince. 


Tue time has now arrived when it is absolutely 
necessary for the public generally to clearly under- 
stand one or two matters connected with electrical 
science, and we propose to explain to the unini- 
tiated, certain electrical terms, and having explained 
them, to show what are the ‘‘dangers of electric 
lighting,” whether a high tension or a low tension 
system is used. 

In the first place it is of primary importance to 
understand that, when dealing with an electric cur- 
rent, two things require immediate attention ; 
first of all, the ‘‘tension” or ‘‘ pressure” of the 
current ; and secondly, the ‘‘quantity,” and to 
understand fully the meaning of the terms pressure 
and quantity, take water by way of illustration. 
With water no one has any difficulty in understand- 
ing that, with a pipe of a given size, and with water 
flowing through it from a cistern placed 20 ft. above 
it, a certain quantity of water would flow through 
the pipe in a minute ; but if the cistern were then 
placed 40 ft. above the pipe, a considerably larger 
quantity of water would flow through the same pi 
in a minute, this result being brought about by the 
extra pressure due to the water falling through 
40 ft. in lieu of 20 ft. Tension or pressure of an 
electric current, technically called “volts,” ma 
be taken as similar to water pressure. Now, wit 
regard to quantity, here again a pipe of a certain 
size will, at a given pressure, allow a certain 
quantity of water to flow through it in a given 
time, and if the water pressure be doubled, about 
twice the quantity of water will flow through 
it in the minute. So again with the electric cur- 
rent, if a conductor, or bar, or tube of copper of a 
given size be taken, the quantity of current 





which will pass along it varies with the pres- 
sure, that is to say, that if the current is sent 
into the conductor with a pressure we will call one, 
agiven quantity of current passes along the con- 
ductor in a minute, and if we have a pressure of 
twice one, or two, twice the quantity of current 
will pass along the conductor in the minute. Quan- 
tity is technically called ‘‘ ampéres.” 

We will now pass to another matter; we must 
consider what work—or useful energy—can be got 
out of acurrent. This is arrived at by multiplying 
the pressure and the quantity together, and the 
result is called ‘‘ watts,” and watts, therefore, 
represent the actual work—or energy—any given 
current will give. Now let us explain clearly what 
this means: A horse-power is a power capable of 
raising a weight of 33,000 1b. 1 ft. high in a minute, 
and to perform this work 746 watts are required, 
that is to say, the pressure of an electric current 
multiplied by the quantity must give the answer 
746 to make the electric power equal one horse- 
power ; thus a current with a pressure 1 (1 volt) 
and with a quantity 746 (746 ampéres) will equal 
one horse-power, or a current with a pressure 2 
(2 volts) and with a quantity 373 (373 ampéres) will 
also give one horse-power, as 2x373=746; or 
again, if we have a pressure of 746 (746 volts), anda 
quantity of 1 (1 ampére), the two multiplied to- 
gether still give 746, and thus we should still have 
a power equal to one horse. 

Now, it will be remembered that when dealing 
with water passing through a pipe, the quantity 
passed in a minute was about doubled if the pressure 
was doubled, therefore if you wish the pipe only to 
deliver a certain quantity of water in a minute or 
to do a certain work, the size will be reduced, .if 
your pressure is increased. So with electricity, if 
you increase your pressure you decrease the size of 
your conductor, as the quantity of electricity always 
passing will be less, to do certain work. 

To make ourselves clear, let us give an illustra- 
tion: The pressure at which electricity is used 
ordinarily for lighting incandescent lamps is 100 
(100 volts), and the quantity of current a 10 candle- 
power lamp consumes is .35 (about 7% of an 
ampere), therefore to light 5000 of such lamps a 
current is required at the constant pressure of 100 
(100 volts) and the quantity that would be required 
is 5000 x.35, or 1750 ampéres, the energy con- 
sumed in watts being equal to the pressure (100 
volts) multiplied by the quantity 1750 ampéres, the 
result is 175,000 watts. 

Thus to light 5000 lamps, the current being sent 
out from the central station at a pressure of 100 
volts, a conductor would have to be provided which 
would carry in quantity 1750 ampéres, thus the 
pressure 100 x by the quantity 1750 gives 175,000 
watts, the power required to do the work. Now, 
if the current were being sent out from the cen- 
tral station at a pressure of 10,000 volts, a con- 
ductor would have to be provided which would 
carry in quantity 17.5 rl. cnly ; thus again 
the pressure 10,000 x by the quantity 17.5 would 
again give 175,000 watts, the power required to do 
the work, and the size of the conductors required 
therefore in the two cases to do the same work 
would be in the proportion of 1750 to 17.5, that is 
to say, that with a pressure of 10,000 volts the size 
of the copper conductor would be about one- 
hundredth of the size required if dealing with a 
100-volt current only. 

It is now only necessary for us to point out one 
other scientific fact, and we shall then be in a 
position to clearly consider ‘‘the dangers of 
electric lighting ;” that fact is that for heating pur- 
poses the quantity of the current only has to be 
considered and not the voltage or pressure, as it 
is, the passing of too great a quantity through a 
conductor that causes it to heat, and ultimately to 
melt irrespective of the voltage or pressure, which 
has nothing whatever to do with heating. A pipe, 
if too much water for its strength was being forced 
through it, would burst, the electrical conductor 
with too much quantity through it heats and ulti- 
mately melts. Thus, if a conductor is put under- 
ground of a size sufficient to carry current for 
5000 lamps only, and we turn on 10,000 lamps, the 
conductor will heat, and if we go on turning on 
more and more lamps, the conductor will ulti- 
mately melt at the weakest point, when the con- 
tinuity of the conductor will be broken, no more 
current will be passed, the a go out, and no 
further danger exists. Now, ides giving a con- 
ductor too much work by putting on too many 
lights, there is a second way in which an under- 


ground conductor may be made to do too much 
work, and so to heat or melt, that is to say, if the 
conductor is so constructed that it can, and is so 
placed in the ground that it may, and it does 
come into contact with another conductor, such 
as a telephone or telegraph wire, a gas or water 
pipe, the current will leak into and through such 
other conductor, and will find a short way back to 
the central station from whence it came in pre- 
ference to going through the lamps or doing other 
work, the resistance in going back through the 
earth by the short cut being less than the resistance 
of the work to be done ; just in the same way if a 
pipe bursts, the water will spout out at the burst 
point in every direction, as the resistance is less 
at that point to the water than the resistance in 
the further length of pipe, if the water were to 
proceed to do its work ; again, as before pointed 
out, the pipe bursts under the pressure, but the 
main at the point of contact with another main or 
wire, where the rush of the current takes place 
heats, and finally melts, setting fire to or melting 
anything in its neighbourhood. Here is the danger 
of fire. Now let us see how this danger is got over 
in this country. As before pointed out, if too 
many lights are put on any main, or conductor, 
the main heats and finally melts at the weakest 
point ; and in the second case, where the conductor 
comes across another conductor, as above pointed 
out, there is an enormous rush of current through 
the conductor, it heats and ultimately melts at the 
point of contact; now, howisthisdanger to beentirely 
got rid of? This question is in fact answered by 
the above statement, which must be clear to any 
one, that when too many lights are turned on the 
conductor heats and melts at the weakest point. 

What have we to do then? We place at our 
central station, close to the dynamo which generates 
the current, the weakest point in every main or 
conductor that leaves the station; this weakest 
point is a short bridge of copper so slight and of a 
so carefully calculated capacity that if a conductor 
is of such a size that it should be used for lighting 
5000 lights only, if 6000 lights are turned on, the 
rush of current is too great for the bridge, and it 
melts or fuses (hence the bridge is technically 
called a fuse), and that main or conductor is cut 
out long before any part of it even becomes 
warm ; but you say, What occurs if it is not too 
many lights that are turned on, but is a contact, 
as suggested, with another conductor or a gas 
pipe? Consider for a moment what happens 
at the point of contact; there is a too great 
rush of current to that point, and the result there- 
fore is the same as turning on too many lights ; if 
there is a too great rush of current from any cause 
it must all pass over the bridge into the conductor, 
and the bridge cares not for the reason that causes 
the great flow, but the great flow instantly causes 
the bridge to fuse, and with a conductor so arranged 
accident by fire is an impossibility. Mr. Edison 
has said, in a recent article by his pen on the same 
subject as that on which we are writing, that 
‘*near the corner of William and Wall-streets, New 
York, the underground conductors of the Edison 
Illuminating Company became crossed (by which he 
means they came in contact), and the current which 
was passing through them at a pressure of 110 volts 
melted not only the wires but several feet of iron 
tubing in which they were incased, and reduced the 
paving stones within a radius of 3 ft. or 4 ft. toa 
molten mass.” Now no man knows better than 
Mr. Edison that the tension of the current in the 
mains to which he refers had nothing whatever to 
do with the heating effect of the current ; it was 
the quantity, and the quantity alone, that caused 
the heat. Now, if his main were lighting 5000 
lamps of 10 candle-power at 110 volts, the quantity 
of his current would have been, roughly, about 
1700 ampéres, and by the contact, this quantity 
would have been enormously increased, whereas if 
he had been using a 10,C00 volt current his quan- 
tity, as we have seen, would have been only 
17 ampéres about, and the heating power of his 
current would have been 100 times Jess ; but where 
was Mr. Edison’s bridge or fuse at his central 
station ? 

It is clear he could have had none, or it would 
have melted before any damage could by any possi- 
bility have been done; and his statement proves, 
as the reader will see, not that a higher ten- 
sion would have been more dangerous (it would 
have been safer), but that the work at the station 
to which he refers must have been done on most 





incorrect and inefficient principles. Mr. Edison 








JAN. 3, 1890. ] 


ENGINEERING. 





19 








may argue that with increased pressure it is pos- 
sible to force a greater quantity through a main, 
and that therefore a 10,000 volt pressure is more 
unsafe than a 100 volt pressure, but this is not the 
fact, as the conductor to be melted is in size only 
one-hundredth of the size of his main it will 
heat and melt sooner, and there is not the same 
quantity of molten mass to deal with ; but the real 
answer is, that the bridge or fuse at the station, if 
used, is with either low or high pressure, the real 
safety, as it will never allow so large a quantity of 
current to pass over it as is necessary to cause the 
conductor to heat, no matter whether the pressure 
be 100 or 10,000 volts. Take again the calorific 
effect of the low tension system. We have seen 
that to do the same work, the low tension system 
requires 1750 ampéres against 17.5 on the high 
pressure, and thus if an accident does happen on 
the low tension system the immediate calorific 
effect of 1750 ampéres is called into play. Now, if 
on the high tension system such an effect could be 
reached, our engines would be called on to do an 
absolute impossibility, as they would be required to 
give 100 times their nominal power before the 
quantity and equal heating effect of 1750 ampéres 
could be reached. 

Then comes the further question, How did Mr. 
Edison’s mains become crossed, or rather in contact, 
with another conductor crossing his mains at right 
angles apparently at a street crossing? This must 
have arisen through the negligent way in which the 
Edison mains were placed underground without 
sufficient protection. It is idle to suggest that this 
is a danger that cannot be guarded against. It is 
easy enough to protect one conductor underground 
from by any possibility coming in contact with 
another crossing it, and we should be wasting the 
reader’s time if we were to attempt to describe the 
thousand and one ways in which this may be done, 
for many ways will suggest themselves to every 
reader. But the further question arises, Is it not 
possible to construct your mains or underground 
conductors in such a manner that the passing of 
another main or conductor at an angle above and 
in contact with it will produce no harmful result 
whatever? The answer is Yes, distinctly yes. 

(To be continued.) 








NOTES. 
Low TEMPERATURE OBSERVATIONS IN Norway. 

At some of the inland meteorological stations in 
Norway very low temperatures have at times been 
read, and the observations appear to have in some 
instances been carried about a hundred years back. 
This, for instance, applies to Ténset. After a 
heavy fall of snow on January 27, 1799, the ther- 
mometer fell on January 30 to —32.5, and on the 
31st to —34.7, but on the morning of February 1 the 
quicksilver was found to be frozen. Asa further 
test about }0z. of quicksilver was placed in the 
open air on a saucer and was frozen in the course of 
sixteen to seventeen minutes. At noon the ther- 
mometer showed —32.5 and fell in the evening to 
—-37.5. The next morning the quicksilver was 
again frozen and in the evening the thermometer 
showed -—38.8. The weather was fine, the baro- 
meter high, and aurora borealis were observed. 
The winter was altogether a very cold one, and at 
Tornea a spirit thermometer (quicksilver, it will be 
remembered, freezes at about —40 deg.) showed 
—42. At Ténset even lower temperatures than the 
above have been registered during later years. In 
1878 the thermometer showed both on January 11 
and February 19, —43.2, and in December 1, —38.6. 
On January 13, 1881, the thermometer fell to 
—43.7, and on February 14, same year, to —40.8. 
On December 17, 1882, the reading was —39.3, on 
January 15, 1885, —39.0, and on December 27, 
1887, —41.4. 


THe BeTHLEHEM [Ron Company. 

The Bethlehem Iron Company, of Bethlehem, 
Pa., U.S.A., established, three years ago, a 
department for the manufacture of high-class 
steelwork, particularly in guns and armour 
plate. The new works cover an area of 
several acres, and are filled with new and special 
tools. The company has supplied all the shaft- 
ing for the cruisers Philadelphia, Newark, and 
San Francisco, and is at work on that for the 
armoured coast defence vessel Maine. The 
war and navy departments of the United States 
have placed with the company orders for 8-in., 
10-in., and 12-in. rifled guns, and the contract for 
the armour for the vessels. As an example of what 





the works can turn out, they show at the Maritime 
Exhibition, Boston, a crankshaft, a gun tube, and 
agun hoop. The shaft is hollow, of the following 
dimensions : Length of body, 29 ft. 1} in. ; extreme 
length over cranks, 30 ft. 74 in. ; diameter, 16in. ; 
throw of cranks, 4ft. ; weight, 17,4341b. It was 
manufactured for the new South Hecla hoisting 
gear of the Calumet and Hecla Mining Company. 
The gun tube is for a 10-in. breechloading rifle. 
It is 27 ft. 2in. long, 20$in. in diameter at the 
largest part, and weighs 23,000lb. The third 
forging is for a strengthening hoop of the 12-in. 
gun for the army ; it is 6ft. 3$in. long, 474 in. in 
diameter outside, and 38% in. inside; it weighs 
12,940 1b. These exhibits were prepared by Lieut. 
Jaques, who is the director of the Ordnance Works, 
and who is actively endeavouring to render the 
United States independent of foreign aid in the 
manufacture of war materials. 


A New Gravine Dock ror Giascow. 

The Clyde Navigation Trust are promoting a Bill 
in the next session of Parliament which seeks 
power inter alia for the construction of a new and 
unusually large graving dock, alongside of the two 
which are situated on the south side of the harbour 
near Govan. In the designing of the new dock, 
Mr. James Deas, C.E., the Clyde Trust engineer, 
seems to be anticipating the developments in 
marine construction, for he is making the dock 
very much longer than the old docks. Indeed the 
new one will rank amongst the largest in the king- 
dom. The length of floor will be 950 ft., whereas 
the present one is 575 ft. from the inside caisson ; 
the width at the bottom 65 ft., against 52 ft. 4 in. 
in the latest constructed dock in Glasgow ; and the 
width of top is relatively greater, being 106 ft. 
against 92 ft. At the entrance the width will be 
80 ft., the one opened in 1886 being 67 ft. The depth 
on centre of the sill at average high-water level of 
ordinary spring tides will be 25 ft. The wing walls 
and apron of the entrance will be carried on triune 
concrete cylinders, sunk about 25 ft. or so into the 
ground and filled up with concrete. This is the 
method for foundations adopted in connection with 
recent works in Glasgow Harbour, and fully de- 
scribed and illustrated by us in our issue of 
August 9 last (page 167). The dock will be con- 
structed largely of concrete, excepting the side 
walls of the entrance, the stairs, timber slides, top 
altar courses and cope, which will be of granite, 
and all the other altar courses of granolithic, 14 in. 
on the tread and 18} in. rise. Unlike the dock 
finished in 1883, which has a caisson at the entrance, 
the proposed dock will have gates. 


Exectric Licutine or SuHIps. 

The closing year has been notable for the large 
proportion of vessels fitted with the electric light, 
and also for the progress made in the economical 
and eflicient production of that light. The speed of 
dynamos has formed one of the most important 
subjects of study by the electrician, and while in 
the case of almost all other engines greater speed is 
the desideratum, here the reduction of the number 
of revolutions is the aim sought after, for thereby 
is the life of the machine lengthened. We are now 
within a short distance of attaining 200 revolutions. 
The arc lamp, because of the great care it requires 
—and which is seldom given on shipboard—is being 
superseded by sunbeam and groups of high candle- 
power lamps, which are adopted specially for cargo 
working. The relative advantages of single and 
double wires in ships is a bone of contention 
amongst electrical engineers ; but the tendency is 
regarded as towards the single-wire system, where 
with due care on the part of the engineer there is 
no likelihood of the compass being affected. Dy- 
namos for incandescent lighting are of such low 
pressures as to insure complete safety of life. 
Danger alone lies in improper qualities of materials 
and indifferent workmanship. Steamers of all 
types now adopt the electric light, and this year 
the number of cargo vessels fitted with an instal- 
lation has been most marked. It is used for all 
purposes, and in one particular respect in which 
the development is most noteworthy; it is the 
fitting of cargo boats with long cables which may 
be run from the ship over the wharves to light 
them up when cargo is being moved. It is too late 
in the day to speak of the general advantages of the 
electric light over the paraffin lamp. 


CaBLE HavuLaGE on CANALS. 
M. Criolle, a French engineer, has lately fur- 
nished the French Society of Civil Engineers with 





a note on a system of cable haulage which he has 
recently installed at Tergnier on the St. Quentin 
Canal. At this point the canal is peculiarly suit- 
able for an experimental installation, as within a 
length of three kilometres there are no less than 
three locks, two bridges, and two curves, one of 
less than 320 ft. radius, and also four enlargements 
of the waterway. An endless cable has been strung 
on suitable supports erected along the outside edge 
of the tow-path, so that the posts shall not inter- 
fere with ordinary horse haulage should it be 
necessary to again revert to this system. The 
cable is worked by a fixed engine on the usual way, 
and the boats are hauled by connecting them with 
it. The motor used at Tergnier is a 30 horse- 
power portable engine, which drives the cable 
pulley by a belt, and by means of a friction clutch 
this pulley can be disconnected from the engine 
at any moment and the cable stopped. To dimi- 
nish the wear of the cable, a bed of pitch-pine 
is dovetailed into the pulley on which the cable 
bears, and this bed can easily be removed and 
replaced by new wood when worn. In order to 
obtain sufficient friction to drive the cable, the 
driving pulley has three grooves, and the cable, on 
passing one half-way round the first of these 
grooves, is carried over an idle pulley filted to 
the same frame, and back again over the second 
groove on the driver. Thence it passes over a 
second idle pulley and a third time over the driver, 
and finally over a compensator, by which the work- 
ing tension of the cable is fixed. This compensator 
consists of two pulleys placed on horizontal axes a 
slight distance apart, over which the cable is car- 
ried, and a third pulley, weighted with 600 kilog., 
is suspended on the cable between the two pul- 
leys first mentioned. The cable itself is composed 
of six strands of seven steel wires each, the wires 
being about .09 in. in diameter, surrounding a core 
of tarred hemp. Its weight is about 2.8 Ib. per lineal 
yard. The most important point to be attended 
to in an installation of this kind is, that under no 
conditions shall the cable leave the pulleys. In 
most previous work of this character this has 
been accomplished by greatly increasing the ten- 
sion of the cable, but at Tergnier the same end 
is attained by simply slinging the pulley from a 
sort of universal joint which allows it to change 
its position with the direction of the pull on it, 
a device which has proved perfectly successful. 


AMERICAN Mitt Froors. 

The method of constructing a mill floor by build- 
ing flat brick arches between iron beams is almost 
unknown in American mill practice, although similar 
floors are in limited use in some of the new office 
buildings in American cities. The flat concrete 
and iron floor of later use in England is unknown 
in America, with the possible exception of the 
floors built twenty years ago by Mr. W. KE. Ward, 
at Port Chester, N.Y., of combinations of béton 
and iron, which were as a matter of invention 
undoubtedly the precursor of the English concrete 
and iron mill floor, the difference between the 
two being merely in the modern substitution of con- 
crete made up with broken brick in place of béton. 
The standard American mill floor is a very simple 
structure, consisting first of beams, generally of 
southern pine, measuring from 10 in. by 12 in. up 
to 14 in. by 16 in. according to conditions of span 
and load. These beams were formerly of a single 
piece of timber, but later practice inclines to make 
them of two pieces bolted side by side and separated 
about an inch apart, as this form involves the use 
of sizes of timber more readily obtained, and more- 
over is considered somewhat more secure against 
difficulties arising from warping and also from dry 
rot. These timbers are placed from 8 ft. to 104 ft. 
apart, according to the limiting conditions of the 
building, and the floor plank is spiked upon them. 
The beams rest upon iron plates in the wall, being 
held by transverse ribs which fit into grooves across 
the beams. These floor planks are generally of 
spruce, 3 in. to 4 in. thick, and grooved on both 
edges. A piece of hard wood large enough to fill 
both grooves, termed a spline, makes a tight joint 
between the two. These floor planks are long 
enough to reach from the middle of one beam to the 
middle of the second one from it, in that way cover- 
ing two spaces or bays and adding very materially 
to the strength and rigidity of the floor over what 
would be attained if the floor beams were only long 
enough to reach from the middle of one beam to the 
middle of the next. Upon this floor plaster or 
asbestos paper is laid before the upper floor is 
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placed. The results of running high-speed ma- 
chinery upon such floors are considered very satis- 
factory. We have ourselves largely used floors of 
this type, made of planks 4 in. thick bolted down 
to iron girders in place of being spiked to wooden 
beams, as in the American practice, and we have 
found them most satisfactory in every respect. 
This type of floor is infinitely superior to the joisted 
floor covered with thin boards, and it readily ac- 
commodates itself to any alterations incident to the 
changes of machinery; fulfilling in many ways to 
the highest degree the conditions required of a 
floor for the support of machinery, and accomplish- 
ing this purpose at a very moderate cost. 


Sream Surprinc ENTERPRISE. 

The progress of steam shipping enterprise is 
illustrated by the fact that the Royal Mail Steain 
Packet Company is now building two steamers— 
the Thames and the Clyde—of 5600 tons each, 
while the burthen of the largest vessels of its 
existing fleet—the Magdalena and the Atrato—is 
5140 tons each. The Magdalena and the Atrato 
were probably regarded in their time as marking a 
great step in advance, as the burthen of the next 
~— vessel owned by the mig, <n ge Orinoco 
—does not exceed 4478 tons. The company owns 
nine other steamers of a registered burthen of 
between 3000 tons and 4000 tons each, viz., the 
Don, the Para, the Medway, the Tagus, the 
Moselle, the La Plata, the Elbe, the Nile, and the 
Neva. Its fleet also comprises six other vessels— 
the Tamar, the Trent, the Derwent, the Avon, the 
Eden, and the Esk—of between 2000 tons and 3000 
tons each; but all its other vessels are of less 
tonnage than 2000 tons each. The profit realised 
by the company from working in the first half of 
last year exceeded the corresponding profit in the 
first half of 1888 by 14,1291., notwithstanding the 
higher cost of coal. At the close of June there was 
a balance of 52,4841. at the debit of the company’s 
repair and renewal account. To partly clear off 
this debit balance, the directors made a special 
transfer to the repair and renewal account out of 
profits for the first half of this year. The present 
state of the repair and renewal account arises from 
the policy pursued by the company in altering the 
engines of several ships to the triple - expansion 
system, as well as giving these vessels new boilers 
and a general refit. The amount expended in the 
repair and renewal of vessels and machinery in the 
first half of last year was 66,5451. In this amount 
ships figured for 43,043/., and machinery for 
23,5021. The 66,545/. includes, it should be ob- 
served, a heavy outlay made in re-constructing and 
refitting the Don, which, since these alterations, 
has yielded satisfactory working results. The 
company’s largest existing vessels—the Magdalena 
and the Atrato—have been employed of late upon 
a direct service from Lisbon to Monte Video and 
Buenos Ayres. The existing contract between the 
Imperial Government and the company for the 
performance of the West India mail service has 
been extended for five years from July 1, 1890, in 
consideration of an annual payment of 85,0001. ; 
but it has been stipulated that the company shall 
carry the mails at an increased speed of one knot 
per hour. The company reserves to itself the 
right of changing the meeting place of the com- 
pany’s steamers from Barbadoes to St. Lucia; 
should this right not be exercised, the routes will 
be similar to those now followed. Hitherto the 
amount reserved on the insurance account has been 
fixed at 220,000/. It is now proposed that in 
future this 220,000/. shall be confined to risks in- 
curred by the company upon its ships only, and 
that, instead of the 220,0001. being liable to be 
encroached upon for losses on coal and other pro- 
perty abroad or in transit, 50001. shall be set apart 
as the nucleus of a fund to meet such losses. 


MISCELLANEA. 
TELEPHONIC communication has been established in 
a between Vienna and Prague, a distance of 220 
miles. 








The executive committee of the Manchester Exhibition ae 


are to be congratulated on the 1 surplus of 43,000/., 
which has been the result of the Exhibition. This surplus 
is to be handed over to the Whitworth Institute. 


On Saturday, December 21, the employés of the Elec- 
tric Construction Company, Limited (late Elwell-Parker, 
Limited), presented a silver tea-service to Mr. Thomas 
Parker, 

According to the official return just published the im- 
ports of Belgium last year amounted to 3,087,300,000 francs, 
and the exports to 2,800,000 francs. The increase on the 








whole as compared with the preceding year was about 
5 per cent. 


The Danish Admiralty, after much experience of the 
Thornycroft tubulous boiler in torpedo boats, has decided 
to fit the cruiser Geiser, now being built by Messrs. Bur- 
aw and Wain, of Copenhagen, with eight of these 

ilers. 


The steamship City of Paris arrived at 
Tuesday afternoon last from New York, having accom- 
plished the passage in 5 days 22 hours 50 minutes. This 
is the fastest recorded eastward passage, and beats by 
seven minutes the best record of the same vessel. 


The Electrical Review of New York, one of the leading 
United States electrical journals, has now taken offices at 
Bridge House, 181, Queen Victoria-street, London, E.C., 
where in future all editorial communications, advertise- 
ments, or subscriptions are to be addressed to the London 
editor and manager, Mr. Charles F french. 


The seventy-second anniversary of the Institution of 
Civil Engineers occurred on Thursday in this week, when 
a revised list of the members of all classes showed that 
the numbers now on the books amounted to 5804, repre- 
mr an increase of 3} per cent. in the past twelve 
months. 


In Pittsburg alone there are 500 miles of main for the 
conveyance of natural gas, which supply 40 iron-working 
factories, 37 glass-houses, 83 foundries and shops, 450 
enterprises of various kinds, and 4268 private houses. 
The amount of gas consumed is represented by an annual 
consumption of about 7,000,000 tons of coal. 


The gross receipts of the 23 principal railways in the 
United Kingdom, for the wee aaties December 22, 
amounted, on 16,132 miles, to 1,379,934/., and for the 
corresponding period of 1888,on 16,014 miles, to 1,839,312V., 
an increase of 118 miles, or 0.7 per cent., and an increase 
of 40,622/., or 3 per cent. 


Messrs. Merryweather and Sons, of Long Acre, 

ndon, are now manufacturing an armoured hose 
which is oonrgg a A flexible, and will withstand very 
high pressures without showing any signs of failure. 
This hose has been adopted by one of the large West of 
England dock companies, for their hydraulic work. 


The circulars issued for the current quarter from the 
Enigrants’ Information Office, 31, Broadway, West- 
minster, state that there is a demand for a few railway 
navvies in Natal, and in general an opening, without a 
special demand, for mechanics in all the colonies. This 
is particularly the case in the inland towns of Cape 
Colony. 


The total number of personal accidents which occurred 
on the Belgium State railways in 1888 was 745 against 
555 in 1887. Of the 745 accidents 118 proved fatal. On 
the other railways the personal accidents numbered 107, 
of which 34 resulted in death. The total length of the 
State railways is 6,338,006 metres, and of the other rail- 
ways 2,151,501 metres. 

A submarine telephone line has been laid down between 
Monte Video and Buenos Ayres by the International 
Telephone and Telegraph Company. The line is in all 
187 miles long, but of this but 28 miles are under water, 
being laid across the bed of the River Plate. The line 
has a resistance of 582 ohms and a capacity of 18 micro- 
farads, and has proved perfectly successful in working. 


The St. Pancras Vestry held a special meeting on 
January 1, to consider the unanimous recommendation of 
its Lighting, Parliamentary, and General Purposes Com- 
mittees to carry out an installation of electric lighting 
under their provisional order obtained in 1883 he 
vestry, by a large majority, adopted the recommendation 
and instructed their engineer, Professor Henry Robinson, 
C.E., to prepare the necessary plans and specifications 
for a first installation of 10,000 private lights and ninety 
public lights, involving an outlay of about 60,0001. 


There are at potest in France nearly 2900 miles of 
waterway navigable for vessels drawing 64 ft. of water. 
Of this total 1550 miles are canals, the remainder being 
river navigations. It should be stated, however, that the 
whole of this is not navigable all the year round, but 
deducting the mileage in which the depth only reaches 
64 ft. in certain seasons of the year, there still remain 2480 
miles navigable at all seasons. On 2250 miles of the above, 
the locks are not less than 126 ft. long by 17 ft. broad, 
and of this figure 1030 miles are river navigation, the rest 
being canals. 


Orders have been received at Sheerness Dockyard 
directing the new first-class torpedo gun vessels Gossamer 
and Gleaner, 2735 tons, 4500 horse-power, to be launched 
on January 9. The vessels are sister ships, and both were 
begun on Jannary 21 last year. They are in a very for- 
ward state, and the Gossamer, it is supposed, will be ready 
for sea by the end of the present financial year. The order 
for the machinery of the vessels was given to the engi- 
neering department of Sheerness Dockyard, which had 
never before been called upon to engine the ships built at 
the establishment. The engines of the er are 
ready, but the machinery of the Gleaner is not so far 
vanced, The inspection of the engines of the Gossamer 
has given satisfaction to the Admiralty authorities. The 
cae : ner and Gleaner are to steam at the rate of 

nots. 


The new cruiser, Basilisk, which has just been com- 
— for sea, from the designs of Mr. W. H. White, 

director of Naval Construction, was begun in May, 1888 
and has therefore been nineteen months in the dockyard 
hands. She is 195 ft. in length, 30 ft. in breadth, with a 
displacement of 1170 tons, and has cost 72,000. She has 
been fitted with triple-expansion engines of 2000 horse- 


ueenstown on 





power, mein’ by Messrs. J. and G. Rennie and Co., 
which, at her recent machinery trials, worked in a very 
satisfactory manner, developing a speed of 144 knots 
under forced draught and 13.5 knots under natural 
draught. The Basilisk is amerees with eight 5-in. steel 


breech loading guns, two of which are mounted on the 
poop, two on the forecastle, and four amidshi She 
also carries an auxiliary armament of eight Gardner and 


Nordenfelt machine guns, which are mounted in various 
parts of the ship. 

An important pumping plant has been laid down by the 
harbour authorities at Liverpool for raising water level 
in some of the various docks, in which vessels of a large 
draught could not hitherto be accommodated during neap 
tides. The plant has been manufactured by Messrs. J. 
and H. Gwynne, London, who have laid down three sets 
of tandem compound engines driving centrifugal pumps. 
These pumps have each a fan 90 in. in diameter, whilst 
the suction and delivery pipes are 54 in. in diameter, and 
the pump casing casing 16 ft.6 in. The pe are coupled 
direct to the engines and run at 85 revolutions per minute 
on an average lift of 9ft. 84in., the discharge under 
these conditions reaching a maximum of 1185 tons of 
water per minute. Steam at a pressure of 100Ib. per 
square inch is supplied to the engines by a range of ive 
Lancashire steel aes, each 30 ft. long and 7 ft. 6 in. in 
diameter. 

During the past year only ten fatal explosions of fire- 
damp were reported as having occu in British coal 
mines, the number of deaths resulting therefrom reaching 
a total of 128. There were several non-fatal explosions 
causing injury to a large number of persons, and two men 
were suffocated in an accumulation of gas. In the nine 
consecutive years during which the Press Association has 
circulated the now familiar colliery warnings throughout 
the provincial mining districts, there have been 211 
colliery explosions, causing 1361 deaths, as against 
353 explosions and 2387 deaths in the nine preceding 
years. The corresponding totals for the thirty years 
down to the end of 1880 were 1790 and 7364 respectively. 
On the average, therefore, the annual loss of life is recent 
years has decreased by 114 on the short period com- 
parison, and by 94 on the long period. The years 1884 
and 1888 contributed between them only 114 deaths, 65 
and 49 respectively. In Continental mines last year at 
least 300 lives were sacrificed in explosions. 


The effective force of the United States Navy, when all 
the ships now authorised are completed, excluding those 
which by the process of decay and the operation of law 
will by that date have been condemned, will comprise 11 
armoured vessels, of which only 3 are battle-ships, and 
31 unarmoured vessels, making a total of 42. The follow- 
ing statement shows the number of war vessels on the 
effective list of the principal foreign powers, built, 
building, or projected, at the present time, and exclusive 
of sailing and practice ships : 


Unar- 
Country. Armoured. ceil Total. 
England 76 291 367 
France 57 203 260 
Russia... 49 119 168 
Germany 40 65 105 
Holland 24 70 94 
Spain ... 12 78 90 
ly es 19 67 86 
Turkey.. 15 66 81 
China ... ss we 7 66 73 
Sweden and Norway 20 44 64 
Austria.. bl 12 dt 56 


The Table shows that even when the present building 
programme is completed the United States cannot take 
rank as a naval power. 





LAUNCHES AND TRIAL TRIPS. 

On Saturday, December 28, there was launched from 
the shipbuilding yard-of Messrs. John Readhead and 
Sons, West Docks, South Shields, a steel screw steamer 
of the following dimensions, viz.: 230 ft. by 33 ft. 6 in., 
by 17 ft.10in. She is fitted with triple-expansion engines 
having cylinders of 18 in., 29 in., and 48 in. in diameter 
by 30 in. stroke. 


Messrs. C. S. Swan and Hunter, of Wallsend, launched 
on December 28, a steel screw steamer for the Mercantile 
Steamship Company, Limited, of London, for their 

meral trade, built under the superintendence of Mr. 

errot Glover, of Sunderland. Her dimensions are: 290 ft. 
over all, by 37 ft. 6 in., by 21 ft. 8in. moulded. The 
engines will be fitted by Messrs. Blair and Co., Limited, 
Stockton, with cylinders 22 in., 36 in., and 59 in. in dia- 
meter, by 39 in. stroke. The vessel was named Moldava. 





Messrs. Raylton, Dixon, and Co. launched from their 
Cleveland dockyard on December 28, a steel screw 
steamer named the America, which has been built for 
Messrs. 8. M. Kuhnle and Son, Bergen, Norway, of the 
following dimensions: Length over all, 204 ft. ; breadth, 
28 ft.; depth moulded, 21 ft. 10 in.; with a carrying 
capacity of 1070 tons. Her engines are being built by 
Mr. John Dickinson, Sunderland, and have cylinders 
174 in., 28in., and 47in., by 33 in. stroke. 


On Monday, Messrs. Raylton, Dixon, and Co., Middles- 
brough, launched a steel screw steamer named the Para- 
nagua, which has been built for the Cie. Chargeurs 
Reunis, of Havre and Paris. This vessel is of the 
following dimensions : Length overall, 305 ft. ; breadth, 
38 ft. ; depth moulded, 24 ft. 6 in. Her engines are 
being built by Messrs. T. Richardson and Sons, Hartle- 

1, with cylinders 23 in., 37 in., and 61 in. in diameter 








y 42 in. stroke. 
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EDDY’S TURRET HEAD CHUCKING LATHE. 
CONSTRUCTED BY MESSRS. HILL, CLARKE, AND CO., ENGINEERS, BOSTON, U.S.A. 








WE illustrate on the present page Eddy’s 36-in. 
turret head chucking lathe, constructed by Messrs. 
Hill, Clarke, and Co., of Boston, U.S.A., who are 
represented in England by Messrs. Charles Churchill 
and Co., of 21, Cross-street, Finsbury. This lathe has 
a forged steel spindle, with a 1} in. hole through its 
length. The spindle is driven by a three-step cone, 
each step being wide enough for a 4-in. belt, and the 
largest being 12 in. in diameter. The turret is 10 in. 
in diameter, and the slide has an automatic feed 27 in. 
long provided with three changes for a 1}-in. belt. It 
has a stop motion which can be set to work automati- 
cally at any point. The turret can be revolved by 
hand ; its base can be clamped to the bed by a lever, 
and is easily moved to any position on the bed by a 
pinion and rack. The chucking rest is bored to receive 
bushings to support long cutter bars. The total weight 
of the tool is about 3000 lb. 





ENGINEERING NOTES FROM NORTH- 
WESTERN INDIA. 
Suxkur, December 9, 1889. 

In spite of the dull exotic character of Indian Christ- 
mas festivities, there is to be a great, and let us hope, 
gay gathering inthe holiday week at Delhi, for which 
oe preparations are being made by the staff of the 

alka Umballa Railway, and a large body of engi- 
neers have promised to attend with their families. 
Beside beef and pudding, and visits to the master- 
pieces of dead vv gone master builders that stud this 
historic neighbourhood, the free intercommunication 
of ideas between railway, canal, and provincial engi- 
neers cannot fail to benefit all parties, and it is a 
thousand pities that discussion must necessarily turn 
very largely upon the hardships that fall on civil engi- 
neers owing to the depreciated value of rupees. 
Grievance mongers are such dull company that nothing 
but the close association that exists between engi- 
neers’ work abroad and the engineering trades at home 
can justify the intrusion of a subject that is so eminently 
unsatisfactory. Indeed it is not easy for people at 
home to grasp the fact that India, as a whole, has to pay 
in its own money either half as much again, or else aa 
only two-thirds of what it would otherwise do; that 
railways have to earn 6 per cent. in order to pay their 
English shareholders 4; and that children at school, or 
sick wives at home, can only have 201. spent on them 
instead of 30/. That this state of things cuts engineers 
doubly hard, by reducing in effect the earnings of 
those who are employed, and by equally reducing the 
amount of employment that the country of their 
adoption offers, is a serious matter, not only for engi- 
neers in India, but, as has already been said, for all 
the great industries at home with which they 
co-operate, 

A smaller form of congress is at present sitting in 
Lucknow, a sort of Master Car Builders’ Association, 
which has been invited to advise Government on the 
question of making railway rolling stock more easily 
interchangeable, both as a whole and indetailed parts. 
If it be true that the most recent type of North-Western 








the older systems, which are already laid with double 
lines that cannot now be spread, except with an enor- 
mous expenditure on enlarging stations, bridges, and 
tunnels, it is high time that some definite limit 
should be put to the ambitions of stock designers. In 
Indian engineering circles much interest attaches to 
recent American developments, such as the tubular- 
framed cars lately advertised. 

The Indian phase of the problem is not an easy one. 
Owing to the sparks thrown off by most Indian fuels, 
and owing also to the amount of depredation that goes 
on, closely covered wagons are used for everything 
but the carriage of railway and building materials, 
The covered wagons are necessarily made high enough 
to hold cattle, horses, and even in the emergencies of pil- 
grim traffic and war, men, and owing to the risk of fire, 
the ravages of insects, and the amenities of the climate, 
the wagon bodies, as well as their frames, are made of 
iron throughout. Under these conditions it is not easy 
to reduce the rates of dead load to paying load much 
lower than 7 to 10, and it generally runs about 3 to 4. 
Singularly enough the present bogie stock stands at an 
even worse ratio than that of the four-wheeled stock, 
and there is a strong feeling in the locomotive and car- 
riage departments in favour of removing this reproach 
by the simple expedient of putting heavier axles and 
wheels under the present wagons, and then marking 
them for pro tanto higher loads. This process the 
roadmaster branch of the profession very naturally 
resists tooth and nail, and if it be true that even the 
more modern girders are only designed for trains 
weighing 18 cwt. per foot run gross, drawn by engines 
and tenders averaging 27 cwt. per foot, they do well 
to object to the trains of 24 cwt. and engines 36 cwt. 
per foot that the locomotive department are said to 
demand. 

In this connection it would be interesting if home 
and American experts would inform us through your 
columns what gross loads per foot run of wagons and 
engines are now used, and what net loads per square 
foot of wagon floor are common. In this connection 
the side depth of coal wagons is a point of interest. It 
is not impossible that the maximum load marked on a 
wagon may, in some cases, exceed that which it is usual 
or even possible to load with staples of average density. 





NOTES FROM THE UNITED STATES. 

PataDELPHIA, December 20, 1889. 
THE present blast furnace production in the United 
States is 9,000,000 tons per annum. During the past 
three months the weekly capacity has increased 
18,000 tons. Within the next twelve months twenty 
new furnaces will be started, in addition to the thirty 
now building. Northern ironmakers are investing 
their money in southern’ properties. At present 
there are 330 furnaces in blast, against 286 on 
fons, on 1. Bessemer pig has advanced in Chicago to 
24 dols. to 25dols. No. 1 foundry, 20 dols. ; No. 2, 
18 dols. Southern irons are advancing every week, 
and profits reach now from 4 dols. to 5 dols. per ton. 


t k : | The stimulus to demand will probably continue for 
Railway wagons is too wide in the body to pass over | 


some months to come, Eastern furnaces are holding 





Bessemer at 22 dols. ; buyers have offered 21 dols. and 
21.50 dols. for the entire furnace product for 1890. 
Sellers are unwilling to name prices for next year, and 
are, in many instances, offering to furnish their cus- 
tomers with iron when they want it at prices to be 
named on delivery of iron. The latest pig iron tariff, 
fixing freight rates from southern furnaces to northern 
markets, makes prices 4 dols. to 5 dols. per ton 
freight, to about 20 points from 500 to 700 miles 
distant from furnaces. Iron is hauled 1500 miles to 
Denver, Colo., for 11 dols. per ton; to St. Paul, 
Minn., 1000 miles, for 6 dols. per ton. Furnace 
building in the south, and, in fact, throughout the 
country, has not enjoyed such a stimulus for twenty 
years. Open hearth furnaces are projected at various 

ints. Soft steel is in very great demand. Pro- 
jections of new blast furnaces are of such frequent 
occurrence that they cease to be of interest. Money 
is readily found for their construction. The Greens- 
burg Steel Company, at Greensburg, Pa., has just 
been established with a capital of 100,000 dols. ; it is 
32 miles east of Pittsburg. The Allegheny Bessemer 
Steel Company, nine milcs east of Pittsburg, will 
increase its rail capacity from 500 tons to 900 tons per 
day. A soaking pit will be added to the blooming 
mill. A basic steel plant and two new iron furnaces, 
arod mill, a light sheet mill, and a nail plant, are to 
be erected at the new iron centre, Middlesbrough, Ky., 
in which so much English capital is invested. There 
is no limit to the coal ore and lumber within easy 
reach of that point. Another furnace is to be built at 
Fort Payne, Ala., and another at East Birmingham, 
Ala. Pittsburg capitalists have taken steps to build 
a large steel works with a capital of 1,000,000 dols. 
The Carbon Iron Company is putting in two more 
30-ton open-hearth furnaces. A large open-hearth 
plant is being erected at McKeesport, 14 miles south- 
east of Pittsburg. 

The steel rail mills are very busy with orders that 
will occupy them the greater part of the winter. 
C. P. Huntington, of the Southern Pacific road, is 
about contracting for two large steamships to carry 
freight to foreign countries, which his trans-continental 
road will furnish. Steel rails are 35 dols. per ton. 
Southern forge iron, 15 dols, at furnace. 

The volume of railway traffic continues at about 
10 per cent. in excess of last year. The excess of 
business over last year, as indicated by clearing 
house reports, is about as great. A general revision 
of the tariff will take place this winter, 








INDUSTRIAL NOTES. 

THE year that has passed away has been an eventful 
one in the history of labour. There is scarcely any 
branch of industry that has not participated in the 
growing prosperity of the country, and the increasing 
expansion of our trade. The most notable exception 
has been some branches of the textile trades, to which, 
for various reasons, the flowing tide has not yet fully 
reached. But even in these branches the record of the 
year 1889 is not without hopeful signs of a new career 
of prosperous activity. In the coal, iron, and engi- 
neering trades generally, the conditions of employ- 
ment, of wages, and of output, remind us of the times 
when our trade expanded by leaps and bounds, so 
often referred to with a kind of gloomy regret as days 
gone by never to return. Faith in the future is not a 
national characteristic, in so far as the trading com- 
munity is concerned. We are prone to regret the 
past, to grumble at the present, and to look forward 
to the future with doubt and forebodings of evil. 
The worst feature in our vast trading and commercial 
transactions is the spasmodic character of many of our 
undertakings. A flush of prosperity, then depression. 
But, as these crises occur and recur with periodical 
regularity, prudence whispers, prepare for them. 





In the coal trade the new year commences with a 
further advance to the mining population of 10 per 
cent. on the current wages in the various districts, an 
advance conceded without a strike, so far. Within a 
little over a year the wages of miners have risen 25 or 
30 per cent. But, in estimating the effect of sucha 
rise, it should be remembered that the extra cost of 
getting each ton of coal will only amount to about 6d. 
per ton, in most cases. The increase in price at the 
pit mouth, taking the same percentages, will be from 
2s. 6d. to 3s., and the extra charge by merchants will 
increase in a like proportion. If, as is anticipated, 
the price of coal goes up enormously during the next 
few months, the public must distinguish between the 
actual rise in the wages of labour, and the real rise in 
price to the consumer. ‘The agitation for cessation of 
work on “‘ baff Saturday” has been abandoned, in view 
of the concession in wages ; had this been granted the 
miners in Northumberland and Durham would only 
have worked ten days in a fortnight, of eight hours 
each. But in some counties there seems to be a deter- 
mination to push the eight hours’ day by legislation— 
a movement fraught with evil consequences, to say 
nothing of its political difficulties. As a social move- 
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ment many will rejoice at its success; but as a poli- 
tical move it is destined to be a failure. 


In the engineering trades there has been great 
activity and prosperity during the past year, and the 
most cheering sign of all is that the pressure of orders 
and of work increased towards the end of the year. 
Work has not been so plentiful for a long time, and 
wages have risen in various parts of the country. 
Overtime has been general, and, in most instances, the 
extra payment of time and 2, half has been cheerfully 
given. There have been but few disputes of any con- 
sequence in the engineering trades proper, the advance 
in wages being either conceded without any actualstrike, 
or after a strike of a very brief duration. With the 
dawn of the new year commenced a rise in the wages 
of all those employed along the north-eastern coast, 
while, in some other cases, the second instalment of a 
previously conceded advance will come into operation 
on the first pay-day in the year 1890. It speaks well 
for the Amalgamated Society of Engineers that very 
few disputes have arisen in the course of the past year 
of any serious character, notwithstanding the fact that 
it is the wealthiest and strongest of all the trade 
unions in the country. The new year begins with 
confidence and hope. There is plenty of work, wages 
are good, the general conditions of employment are 
favourable to still further progress, and the men, we 
trust, are disposed to treat with moderation all labour 
questions—wages and the hours of labour. 


Iron shipbuilding has progressed with an activity 
which is aeianly without parallel. In all our ports 
there has been an abundance, a superabundance one 
might say, of work. Overtime has been resorted to 
very generally in order to keep pace with the orders 
on hand; but even this device has not been sufficient 
for the purpose. Wages have gone up in all branches 
of the iron shipbuilding industry, in all the shipyards 
and boiler shops of the country. The actual wages in 
some districts, especially of the piecework hands, are 
described as enormous ; and yet, it appears, the profits 
of speculators have been still more marvellous. All 
along the north-eastern coasts the men begin the new 
year with a further advance in wages, and there and 
elsewhere with trade sufficient in hand to carry them 
over, or nearly over, the year 1890. Several strikes 
have taken place in connection with this branch of 
industry, in various parts of the country. But they 


have not been serious as compared with former strikes 
in the iron —t 


trade. Generally the con- 
cessions have been made in a friendly spirit, and a 
better feeling prevails than was ever displayed before. 
The employers often seek the aid of the union to supply 
men, and to enforce contracts, and insure constant 
attention to work; and the union has uniformly 
endeavoured to do its duty in these respects, in so far 
as it was able todo so. All concerned begin the new 
year with every sign of prosperity throughout the 
whole of the trade. 

The ironmoulders in Scotland, and the ironfounders 
in England, Wales, and Ireland, have had a year of 
almost unexampled ceag A There are — no 
body of men in the United Kingdom who have made 
greater personal sacrifices to keep up their unions than 
those two bodies of working artisans. Oftentimes they 
have doubled their contributions, paying 2s. per week, 
and even more; and, in times of great pressure, the 
members have lent the whole of their little savings to 
keep their union from insolvency ; while the outlook at 
the time was far from encouraging. The past year has 
to a great extent repaid them for all their sacrifices. 
Trade has been prosperous, employment has been plen- 
tiful, overtime has been general, and wages good in all 
branches. Strikes have been infrequent and of brief 
duration when they have occurred ; while on the other 
hand all demands have been favourably met by the 
employers. The society is strong in numbers and the 
funds are approximating to the highest level ever 
before reached. In all parts of the country trade is 
active, and the men start on the new year with every 
prospect of a full year’s work, under more favourable 
conditions than they have seen for fifteen or sixteen 

ears. ‘The only possible cloud that appears on the 
come sal at present is the increasing scarcity of material 
—-puddled iron being in great demand all over the 
country, greater than the furnaces in blast can eupply. 
However, even this difficulty is being grappled with, 
and the mills are busier than for a long time past. 


In the whole of the coal, iron, and engineering trades 
of Scotland there are signs of healthful activit, 
and general prosperity. Wages have gone up in all 
branches, and some will participate in an advance 
with the advent of the present year, 1890. Work is 
plentiful, overtime is general, and wages are un- 
commonly good, The Scotch area thrifty people, and 
there is less complaint in Scotland of loss of time 
through drink than in some of our northern ports, but 
even in Scotland the cry is heard of gratuitous holidays 
other than those sanctioned by custom. 


The only strike of any importance, if, indeed, a 





strike it can now be called, is that of the London gas 
stokers, lately in the employ of the South Metro- 
politan Gas Company. Most people are agreed in the 
opinion that the strike was a foolish one, and most 
disastrous to the men. Many, even of their friends, are 
now found to be condemning a policy in which neither 
wages, hours of labour, nor general conditions of work 
were involved. The pretext for the strike was that 
the bonus, or profit-sharing scheme, would break u 
the Gas Stokers’ Union. That, of course, woul 
depend upon circumstances, in any case; but it is 
obvious that there would be plenty of useful work for 
the union to do under the agreement or arrangement, 
should necessity arise. A trade union does not, and 
should not, exist merely for strikes. However, the 
men are great in manifestoes and the directors in 
replies, and these may be left to speak for themselves. 
Meanwhile, the families are suffering, and have had a 
sad, instead of ‘‘a merry Christmas.” The funds are 
low, little is coming in, and the relief by the union is 
totally inadequate to the occasion. The strike at 
Manchester and Salford has utterly collapsed, and 
much suffering has been endured, only to be relieved 
by the public. One of the saddest things in connection 
with it has been the declaration of the ‘‘ union ” that 
the strike was not promoted by it. Having got into 
the difficulty, and having lost the day, the officials are 
left to bear the blame of the failure, and get out of the 
mn as best they we No real union of the men 
would have so acted. The lesson may be a useful one, 
if learnt aright, to all and sundry, 


The men who have won most in the labour struggles 
of the year are the dockers and the unskilled workmen 
in general. The ‘‘ dockers” all over the country have 
improved their position, increased their wages, and 
laid the foundation fora more equitable distribution of 
their earnings jointly and severally. The men em- 
ployed in various other industries of the labouring 
class have shared in the increased prosperity in trade. 
‘* Hard work,” as contradistinguished from ‘skilled 
work,” never before shared to the same extent in 
periods of industrial activity. Their wages now may 
not admit of many of the luxuries of life, but they 
will better permit of comforts than formerly. The 
one thing needful for this class of men is that they 
shall, by thrift and otherwise, prepare for times when 
work is less abundant, and when wages have a down- 
ward tendency. 

Apart from the present gas dispute in South London, 
the employés at gas works generally throughout the 
kingdom have had their wages increased and their 
hours of labour reduced, in many instances to eight- 
hour shifts. Firemen and sailors, banksmen at col- 
lieries, the enginemen at collieries, and numerous 
other sections of workers, have gained substantial 
advantages during the past year. These gains cannot 
be sae ase | gauged, but in all cases they have 
approximated to the advance given in the skilled 
trades, more or less closely associated with the in- 
dustry in which the unskilled are employed. 


The railway servants, in many instances, start the 
new year with better wages and with diminished and 
more regular hours of work. Fortunately, whatever 
advantages they have gained have been conceded 
without resort to a strike. Some of the larger com- 
panies, such as the Midland, have revised their scale 
of payments, and made concesssions as to hours of 
labour, which will doubtless become general in connec- 
tion with all the chief lines early in 1890. On the 
Scotch lines there has been some talk of a strike, but 
the men preferred to await the dawn of the new year 
before taking an irrevocable step which might operate 
disadvantageously for the public, injuriously for the 
companies, and disastrously for the servants. The 
postponement of a strike is often tantamount to its 
abandonment ; in this case we cannot but hope that it 
will have the effect of averting it, with no loss to the 
company and with gain to the employés. 


The London Chamber of Commerce has been for 
some time formulating a scheme for dealing with 
labour disputes, and the prevention of strikes. There 
is nothing new in the scheme, but it has the advantage 
of being promulgated at a time when the public mind 
is favourably disposed to its consideration. It is prac- 
tically little more than a revival of the proposals by 
the late Lord St. Leonards, who brought Bills into 
Parliament for the purpose of instituting councils of 
conciliation and arbitration. For a period of nearly 
twenty years there was an organisation in existence 
for the promotion of such councils, but it was unable 
to effect much, as public opinion was not ripe for it. 
In 1872 a very important Arbitration Act was passed, 
but it has remained a dead letter up to the present 
time. There is now a yearning for some equitable 
court or council, or committee, to whom all questions 
in dispute shall be referred. The pro ls of the 
Chamber of Commerce are fair and well conceived ; 
but the two parties mostly interested—namely, the 
employers and employed—show no sign of being ready 





for the institution of such a council, certainly not in 
London. Perhaps, with public pressure, the opinions 
of the disputants may mature and ripen for a trial 
of the scheme. After the experience of the Mansion 
House Committee, both parties might well be disposed 
to give such a tribunal a trial. In the iron and coal 
trades such boards of conciliation have done much, 
_ their extension to other industries is very desir. 
able. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—Business in steam coal has been interrupted 
during the last few days by the Christmas holidays ; 
prices have, however, continued firm, best qualities 
making 14s, to 14s. 6d., and good “7 coal 13s. to 13s. 3d. 
per ton. There has been an active demand for household 
coal; No. 3 Rhondda has made 13s. to 13s. 3d. per ton. 
Patent fuel has shown little change. Coke has ruled firm 
at 24s. to 25s. per ton. 


Timber at Bristol.—The imports of foreign timber, deals, 
&c., into Bristol last year amounted to about 81,000 tons. 
The corresponding imports in 1888 were 69,143 tons; in 
1887, 69,942 tons ; in 1886, 62,660 tons; in 1885, 78,942 
tons ; in 1884, 85,668 tons; and in 1883, 84,055 tons. 

The North Wales Collieries.—At a meeting of the 
North Wales Coalowners’ Association on Monday, it was 
resolved to grant an increase of 10 per cent. asked for b 
the colliers employed at the various mines in Nort 
Wales. The increase does not apply to the surface men, 
but only to those employed underground. 


Low- Water Pier at Avonmouth.—It was expected that 
at Monday’s meeting of the Bristol Docks Committee the 
reports of the docks engineer and the haven master, upon 
the practicability of providing a low-water pier at Avon- 
mouth, for the accommodation of Atlantic liners, would 
be presented. It was, however, reported that these docu- 
ments were not ready for presentation, but that they 
would be laid before the committee a fortnight hence. 


Taff Vale Railway.—On Wednesday a new station was 
opened at Ynysybwl, on the Taff Vale Railway. As at 
— arranged, three trains will be run daily between 

nysybwl and Aberdare Junction. 


Dock Accommodation at Newport.—A dry dock, which 
is being constructed for Messrs. Mordey, Carney, and 
Co., adjoining their existing graving dock, is making 
00 progress, the greater part of the excavation having 

n completed. 


Sir G. Elliot, M.P.—On Christnias Eve the Khedive of 
Egypt favoured Sir G. Elliot, M.P. for the Monmouth 

roughs, with a lengthened private interview at the 
palace of Abdeen. 


The Sliding Scale.—A meeting of the sliding scale joint 
committee for the associated collieries of South Wales and 
Monmouthshire, was held on Saturday at Cardiff. In 
the absence of Sir W. T. Lewis, Mr. W. Abraham, 
M.P., occupied the chair. The meeting was held for the 
further consideration of a proposed revision of the sliding 
scale. The committee sat until a late hour. 


Plymouth, Devonport, and South-Western Junction Rail- 
way.—This line has been nearly completed by the con- 
tractors, Messrs. Relf and Pethick. The length of the 
line from Lidford to Devonport is 22} miles, or within a 
few hundred yards the same length as an existing line of 
the Great Western Railway. The steepest gradient is 
1 in 72. Throughout the whole distance about fifty 
bridges have been built over the line for occupation and 
public roads. Since the cutting of the first an 2,200,000 
=— of rock and earth have been shifted, and for the 
ast two years 2000 men have been employed on the works. 
The line is laid throughout with double rails, and except 
in the cuttings, where excavations have yet to be com- 
—_ the construction is either finished or in a very 
orward state. The joint engineers for the undertakin 
have been Messrs. Galbraith and Church (London), an 
Mr. J. W. oy (London). The resident engineers 
have been Mr. Masterton, at Devonport, and Mr. W. 
Sylumper, at Tavistock, 


Four Lines for the Great Western Railway.—The Great 
Western Railway Company, which has four lines at pre- 
sent from Paddington, as far as Maidenhead Bridge, pro- 
poses to carry the widening down to beyond Reading. 


Dock Wages at Newport.—The (Newport) Alexandria 
Dock Company has decided to increase the payment of its 
dockmen 10 per cent., as from January 1, 1890. It is in- 
tended, at the same time, not to allow any gratuities to be 
given to the company’s employés. 

Barry Dock,—The shipments of coal and coke last week 
at Barry Dock amounted to 27,783 tons. 'Phis tonnage 
was ship on board fifteen steamers and six sailing 
vessels. The imports of the week comprised 750 tons of 
iron ore and 327 tons of steel rails. 

The Pontypridd Coalfield.—A company has been regis- 
tered under the style and title of the Universal Steam 
Coal Company (Limited). The whole of the capital has 
been subscribed privately, and arrangements are being 
made to sink two Lyng at once. These will be the largest 
in the district, and it is expected that they will be ready 
in about eighteen months. The minimum output will be 
1000 tons per day. The Taff Vale Railway Company 
will apply in the ensuing session of Parliament for 
powers to construct a branch which will serve the new 
pits. 





GERMAN Ratts.—The a of rails from Germany in 
August were 7928 tons. e aggregate exports in the 
first eight months of this year were 68,320 tons, 
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DEVELOPMENT AND APPROPRIATION OF 
HEAT IN THE BLAST FURNACE.* 
By Dr. C. R. ALDER WRIGHT. 

In the previous discourset it has been indicated how 
retined scientific inquiries have been made in connection 
with the chemical phenomena attending the smelting of 
pig iron in the blast furnace, with the result not only of 
clearing up our knowledge of the character of the compli- 
cated changes connec with the action of this form of 
chemical engine, and the peculiar balance of affinities 
occurring at each and every part thereof, but also of gain- 
ing much valuable knowledge as to the particular sizes 
and dispositions of furnace and accessories, and the 
general conditions of working, requisite to effect economy 


of fuel in a employing heated air instead of 
cold blast being one most important source of such 
economy. 


If it were possible to carry out the smelting of iron 
under such conditions that all carbon oxide formed at the 
base of the furnace became converted into dioxide in pass- 
ing through the mass of materials therein contained, it is 
obvious that the net chemical change would be that 
expressed by the equation 


Fe,0; + 3 CO = 2 Fe + 3 CO,, 


so far as the iron oxide is concerned, that being regarded 
as sesqui-oxide. Hence 36 parts of carbon would cause 
the reduction of 112 of iron; or 100 parts of pig iron (con- 
taining, say, 95 to 96 parts of iron and 3 of carbon) would 
be obtained by the consumption of 33 to 34 parts of carbon, 
or, say, 36 parts of char or coke, allowing for the ash 
therein contained. In point of fact, however, at least 
double this quantity of carbon, and frequently much 
more, is requisite in actual working, owing to the im- 
possibility of converting more than a fraction of the 
carbon-monoxide into dioxide in the furnace itself. It 
hence results that, as a large quantity of combustible gas 
escapes from the top of the blast furnace, this can 
made to take the place of coal, &c., as fuel for raisin 
steam for working the blowing engines, hoists, &c., an 
for heating the blast. The effect of using hot blast in- 
stead of cold being primarily to raise the temperature of 
combustion at the tuyere level, one result of heating the 
blast is to facilitate the reduction of impurities by sub- 
sidiary reactions (silicon, phosphorus, &c.); and accord- 
ingly for a long time cold-blast pig was regarded as 
superior to hot-blast metal made from the same ore for 
the subsequent manufacture of wrought iron. The saving 
of fuel effected by hot blast, however, is so considerable, 
that at the present day but little cold-blast pig is made 
compared with the quantity of hot-blast metal run, the 


more so as the oo of wrought iron has been |} 


largely supersed 
“ingot metals.” 

The heat developed in the blast furnace is obviously 
due to two causes—first, the formation of carbon-monoxide 
at the tuyere level by the action of the oxygen of the blast 
on the fuel—in round numbers, one part by weight of 
carbon thus burnt evolves enough heat to raise the tem- 
perature of 2400 parts by weight of water 1 deg. Cent. ; 
second, the transformation (as the end result of a series 
of changes) of more or less carbon-monoxide thus formed 
at the base of the furnace into carbon-dioxide whilst Layer 
ing upwards—in round numbers one part by weight of 
carbon contained in carbon-monoxide (% parts by weight), 
when burnt further to carbon-dioxide, evolves enough 
heat to raise 5600 parts by weight of water 1 deg. Cent. 
Besides these two sources of heat, the hot blast also 
brings in heat in quantity proportionate to its tempera- 
ture. The total heat thus developed in, and brought into, 
the furnace is expended in the following way: part is 
employed in heating the products that escape from the 
furnace, viz., the waste gases and the molten pig and 
cinder ; part is used up in effecting the dhanieel nate 
positions that occur as the net results of the varied 
chemical actions going on, viz., deoxidising iron oxide 
reducing the non-metals (silicon, phosphorus, sulphur) 
taken up as impurities by the pig, and separating the 
carbon present in the pig from carbon-monoxide ; and to 
a small extent in producing other actions, more especially 
decomposing calcium carbonate (when limestone not 
wholly calcined previously is used as flux) ; decomposing 

ueous vapour contained in the blast, the hydrogen of 
which mostly escapes free in the issuing gases; and 
evaporating water from moist coke, &c. e remaining 
balance of heat is lost in a variety of ways; by radiation 
from the furnace walls, cooling by air convection, conduc- 
tion to the earth from the base of the furnace, &c. ; and 
in the water used for cooling the tuyere nozzles to prevent 
their fusion. 

Certain of these heat expenditure items are constant in 
amount for a given character of pig made, issuing molten 
from the furnace at a constant temperature, whilst the 
other items necessarily vary ; thus the heat carried out 
of the furnace by the waste gases depends on their com- 
position and temperature; that by the cinder, on the 
nature of the ore and flux used, which influence the 
weight and specific heat of cinder produced (its tem- 
pene may be taken as constant=that of the pig) ; that 
ost by conduction and radiation, &c., on the size of the 
furnace, and the thickness of its walls. The following 
Table represents some of the latest figures published by 
Sir Lowthian Bell, being recalculated from hens given in 
his presidential address this autumn to Section B of the 
British Association ; the numbers represent the heat ex- 
penditure expressed in parts by weight of water heated 
1 deg. Cent. during the formation of one part by weight 


by the manufacture of soft steels or 





* Abstract of discourse delivered on Monda 
cember 16, at University 
t See page 724 ante, 


, De- 
College, Gower-street, W.C. 





ENGINEERING. 
of 


ig iron smelted from calcined Cleveland ironstone 
with incompletely calcined limestone as flux :* 
Constant Requirements. 
Heat absorption during reduction of Fe from Fex0s = 


” ” 


sulphur, sili- 


























”» ” 
con, and phosphorus .. a 09 
Heat convied away by molten pig 330 
2266 
Variable Requirements. 
Height of furnace in feet 4 st 48 80 80 
Temperature of blast (Centigrade) ..| atmo- | 485 | 485 | 695 
spheric | deg. | deg. | deg. 
Heat carried away by molten cinder..| 930 866 | 836 | 778 
” 90 as waste gases ..| 1474 924 | 552] 445 
»» lost by radiation, &., and cool- 
ing tuyeres ee se «-| 285 350 | 351] 472 
Causticising limestone flux 333 296 | 253 | 204 
Evaporation of moisture incoke .. 31 21 16 15 
D position of vapour in 
blast a op 8 167 | 136} 120 
3324 | 2624 | 2144 | 2034 
Constant requirements. . 2266 | 2266 | 2266 | 2266 
Total 5590 | 4890 | 4410 | 4300 
Coke employed per unit of pig ..| 2.25 | 1.446) 1.116] 1.062 
a in ewts. per ton of pig) 45.00 a 21,240 











These results are simply a few examples out of many 
similar sets of observations, selected in order to illustrate 
the saving in fuel effected by a increments in 
the temperature of the blast, and also by increase in the 
size of furnace from 48 ft. to 80 ft. in height. With cold 
blast the coke employed amounted to 45 cwt. per ton of 
metal, which was reduced to about 29 cwt. by employing 
hot blast at 485 deg. By raising the height of the furnace 
from 48 ft. to 80ft. the coke consumption was further 
reduced to about 224 cwt., whilst by increasing the blast 
temperature to 695 deg. a further fw Barn of fuel of more 
than 1 cwt. per ton was effected, the consumption now 
being 21} cwt. of coke per ton of pig. 

In the case of furnaces smelting Cleveland ironstone, 
the effect of raising the blast temperature from below 
500 deg. to 700 deg. and upwards appears to be somewhat 
less marked than when other ores are employed ; for 
example, two furnaces employing a mixture of Gavcend 
ironstone and hematite, and similar in all respects except 
that one was driven with a blast at 455 deg. and the other 
at 718 deg., were found to require respectively 22? cwt. 
and 18 cwt. of coke per ton ofiron. Many similar results 
ave been recorded, the precise amount of saving effected 
by intensely heating the blast varying considerably in 
different cases ; but in general the economy effected is so 
far marked that 7 stoves capable of furnishing 
high temperature blast (700 deg. or upwards) are now 
largely —- in preference to the older forms of 
heater capable only of giving blast at 450 deg. to 500 deg. 

In the instance above mentioned, where Cleveland ore 
was smelted in an 80-ft. furnace, with blast at 695 deg., 
so as to diminish the coke consumption to 21} cwt. per ton, 
the total heat requisite (4505 units) was furnished as 
follows: The coke used contained about 92.5 per cent. 
of carbon, and 7.5 per cent. of ash, sulphur, moisture, 
&c. ; whence the pal wn burnt to carbon-monoxide at the 
tuyeres was about .972 parts per unit of pig. Of this 
about .2205 parts ultimately me CO, (exclusive of 
the CO, due to the limestone), so that the heat develop- 
ment was: 


Heat brought in by hot blast 732 


Carbon burnt to CO .972 x 2400 = 2333 
eda Ridrs .2205 x 5000 = 1235 
4300 


indicating that ~ = 22.7 per cent. of thecarbon burnt 
to carbon-monoxide at the tuyeres became ultimately con- 
verted into carbon-dioxide whilst passing through the 
furnace. Of course this percentage does not represent 
the gps gona of carbon-dioxide to monoxide subsisting 
in the exit gases, as the former is increased therein by the 
amount due to the limestone flux, whilst the latter gas is 
diminished because a portion becomes reduced to free 
carbon (which is taken up by the pig), so that it does not 
pass out with the exit gases ; making allowance for these 
two sources of variation the proportion of carbon in the 
form of CO, to the total carbon contained in the gases 
would become raised to nearly 30 per cent. 

The preceding figures refer to the production of the 
same kind of pig in each case (No. 3); when other kinds 
of pig are e the figures will be a little different. Thus 
to produce a more crystalline pig, No. 2 or No. 1, aslightly 
larger coke consumption is practically found requisite ; 
roughly about 2 to 2.5 per cent. of the weight of the pig 
(some x ewt. per ton) for each rise in the numbered scale, 
1.¢., from 4 to 3, 3 to 2, or 2 tol, whilst, on the other 
hand, white iron could be produced with a somewhat 
lessened consumption of fuel. Analogous results have 
been observed in the case of furnaces smelting ores other 
than Cleveland clay ironstone, e.g., hematite. This 


* Sir Lowthian Bell regards the carbon dioxide con- 
tained in the flux as becoming entirely converted into 
monoxide in the uppe part of the furnace by acting on 
the carbon of the fuel ; and hence introduces another item 
of heat consumption for this p 





; t into the table of 
requirements ; this further complicates the calculation 
as the carbon of the fuel thus gasified must be subtracted 
from that fed into the furnace to find that actually burnt 
at the tuyere; whilst all the CO, leaving the furnace 
must be regarded as formed by further oxi ing CO, 





largely arises from the fact that, in order to produce a 
larger-grained crystalline pig, the metal must issue from 
the furnace at a higher temperature, so that the heat 
expenditure is increased in proportion to the rise of tem- 
emcee requisite; the metal, being hotter, takes a 
longer time to cool, and consequently develops a larger 
crystalline grain by permittin phite to exfoliate more 
readily prior to and during solidification. Possibly also, 
in some instances, the larger-grained pigs contain a larger 
proportion of total carbon, but this is not invariably the 


The result of various observations of similar character 
made with furnaces smelting Cleveland ironstone has 
been to show that no marked advantage in the Von ey oe 
of carbon monoxide converted into dioxide is obtained by 
increasing the height beyond 80 ft., higher furnaces 
up to 104 ft. producing no better results in this respect, so 
that 80 ft. may be taken as the limit of height of column 
of materials for this kind of ore. But lower limits than 
this are found with other classes of ores, especially those 
of more easily reducible character, so that 50 ft. to 60 ft., 
or even less, in height is practically found to be more 
advantageous in such cases; for instance, the following 
sets of observationt may be noticed, made at Askam-in- 
Furness and at Wrbna by Crossley and Tiinner respec- 
tively. In the first case the height was 67 ft., and the ore 
smelted was a mixture of hematite and Red Bay ore (an 
aluminous ore), coke being the fuel; here the nature of 
the earthy impurities contained in the ores used was such 
as proses Aon : to diminish the quantity of limestone 
requisite as flux, and consequently to decrease the 

uantity of heat carried away by the molten cinder. In 
the second case, the furnace was only 36 ft. high, and the 
ore used was a spathic ore (calcined), the other mineral 
constituents of which were such that no limestone at all 
was required as flux, whilst the percentage of iron in the 
ore was much greater than in the case of Cleveland iron- 
stone ; the quantity of cinder formed per unit of pig was 
consequently still further diminished, and the heat 
coiod away by the molten cinder proportionately de- 
creased. Seeaeeak the lesser admixture of inert earthy 
matter (and ibly also a more susceptible physical con- 
dition) enabled the ferric oxide present to act more 
rapidly on the furnace gases, so that a notably larger 
fraction of the carbon-monoxide formed at the tuyeres 
became converted into dioxide whilst passing through the 
furnace than was possible with Cleveland ironstone, not- 
withstanding the much smalller dimensions of the 
furnace. 

Constant Requirements. 
Askam. Wrbna. 
Heat absorption during reduction 
of Fe from Fe,O, and of carbon 


from CO ... oa ie .. 1751 1620 

Heat absorption during reduction 
of Si(P and 8 practically absent) 120 50 
Heat carried away by molten pig 330 340 
2201 2010 

Variable Requirements. 

Heat carried away by molten 
cinder ee Ate ‘cog .. 413 308 
Heat carried away by waste gases 609 330 
Other sources of heat expenditure 9811 292 
1833 930 
Constant requirements 2201 2010 
4034 2940 
Coke (or charcoal) per unit of pig 1.1375 0.7 

a a in ewts, per ton 
of pig ts adi ra .- 232 140 


In the case of the Askam furnace, the fuel consumption 
was notably less than with 48 ft. furnaces smelting cal- 
cined Cleveland ore, but slightly greater than the same 
when 80 ft. in height ; whilst with the Wrbna furnace the 
fuel used was less than % of that requisite for the Cleve- 
land ore furnaces even under the most favourable condi- 
tions. In each case, owing to the smaller amount of heat 
carried away in the cinder and in other ways, the total 
variable requirements were lessthan with 80 ft. Cleveland 
ore furnaces ; whilst the constant requirements were also 
less, owing to the absence of phosphorus and sulphur 
from the pig ; but with the Askam furnace the proportion 
of carbon-monoxide converted into dioxide in the furnace 
was considerably less, and in the Wrbna furnace distinctly 
greater, than with the Cleveland 80ft. furnaces: thus, 
- unit of pig in the Askam furnace 1.0625 parts of car- 

m were burnt (contained in 1.1375 parts of coke), and in 
the Wrbna furnace .63 parts contained in .70 of charcoal), 


the heat developments being respectively— 
Askam, 
Total C burnt to CO 1.0625 x 2400 = 2550 
Part of C burnt to CO, .162 x5600= 907 
Heat brought in by hot 
blast i oh ~ 577 
4034 
Wrbna. 
Total burnt toCO _... .63 x 2400=1512 
Part of C burnt to CO, .. +217x5600=1215 
- Heat brought in by hot blast 213 
2940 
Hence :162_— 


1.0695 71>? per cent. of the carbon-monoxide 
formed at the tuyere level was converted into CO, in the 


Askam furnace, whilst Pe 34.4 per cent, was so con- 
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verted in the Wrbna furnace, the larger proportion ob- 
served in the latter case, as compared with Cleveland 
furnaces, working under the best conditions, being 
chiefly due to the more easy reducibility of the ore, but 
partly also to the circumstance that white iron was run 
instead of grey ; whilst the smaller proportion found with 
the Askam furnace was mainly due to the tact that a very 
ey Bessemer pig was made. The same furnace was 
Cael to make forge iron (lowest quality of grey metal) 
with an expenditure of about 10 per cent. less coke than 
when making this Bessemer pig; in which case, taking 
the total heat requirements and the heat brought in by 
the blast as being the same as before, the proportion of 
carbon-dioxide formed in the furnace would not materially 
differ from that observed with the Cleveland furnace. 


Total C burnt to CO ... .» -956 x 2400 = 2294 
Part further burnt to CO, ... .208 x 5600=1163 
Heat brought in by blast 577 
4034 

os =21.8 per cent. 


It may be noticed that American experience with fur- 
naces employing charcoal or anthracite does not point to 
any marked difference in the end result, as compared with 
European practice, so far as fuel consumption is concerned. 
More easily reducible ores enable somewhat larger frac- 
tions of the CO formed at the tuyeres to be converted 
into CO, in the furnace when of the most suitable dimen- 
sions ; but even in the most favourable instances no par- 
ticular superiority over European results is observable, 
whilst in some cases, owing to more difficult reducibility 
of ores and other unfavourable conditions, the fuel con- 
sumption is distinctly increased owing to the smaller pro- 
portion of CO, formed. On the whole the general result 
of investigations on the subject is to show that 33 to 40 
per cent. of the CO formed at the tuyeres may under the 
most favourable conditions be converted in the furnace 
into CO, ; but when limestone is requisite as flux, and 
ores largely mixed with earthy matters are employed, the 
evolution of carbon-dioxide from the flux and the 
mechanical retarding action of earthy matters in diminish- 
ing the rate at which reduction goes on in the upper 
region of the furnace (perhaps also aided by peculiar 
physical conditions of the iron oxide present), jointly pre- 
vent so ee a proportion of CO, being formed, 20 to 25 
per cent. being a usual average in such cases, and still 
smaller fractions in the most extreme instances, 

When only 25 per cent. of the fuel is burnt to CO, and 
75 to CO, the effective heat production, or ‘‘ duty,” is 
largely decreased as compared with what would be de- 
veloped were all burnt to CO,, Thus: 


100 parts burnt to CO .. 100 x 2400=240,000 
25 parts further burnt to 
eae wee 25: 5600 = 140,000 


2 vee 

otal meer 380,000 
burnt entirely to 

: dss ... 100 x 80,000 =800,000 


Duty = so =47.5 per cent. 
, 


T 
100 parts 
CO, 


i.c., less than half the useful effect due to the quantity of 
fuel employed is produced inside the furnace. 

Did time permit, many other interesting points might 
be brought Some in connection with this subject ; but 


what has been said will suffice to give a general idea of 


the anee of, and objects attained by, the application of 
scientific inquiry to the process of blast furnace 
smelting.* 


The importance, not merely from a national, but even 
from acosmopolitan point of view, of technical investiga- 
tions like those a faint sketch of which I have endeavou 
to lay before you, cannot be overrated, as tending to 
cheapen the production and improve the quality of the 
most indispensable material used in civilised life. Tech- 
nical education in its highest form and in relation to the 
chemical industries might be defined as that kind of in- 
struction that is calculated to teach intelligent men how 
to carry out analogous inquiries in other directions, and 
how to make use of the results thereby obtained. 





DOUBLE SHELL MARINE BOILERS. 


The Construction of Marine Boilers with a View to the use 
of Higher Pressures.t 
By Cuar_es Bastow CaSEBOURNE. 

In placing before the members of this Institution a 
design of a new form of boiler suitable for higher 
pressures of steam than those now in general use, it 
would be as well for the writer, before explaining the 
design, to point out the many advantages, in his opinion, 
that won accrue from the use of higher pressures. 

During the last four or five years the struggle for 
economy has been marked by the extensive adoption of 
the triple-expansion or a engine, working at 
»ressures from 140 1b. to 180 Ib. 

as been almost exclusively adopted in new vessels, and 
in many instances compound engines have been con- 
verted into triple-expansion by the addition of a third 
cylinder and higher pressure boilers. 

And here it may be stated that before the introduction 


* For further information as to the development and ap- 
propriation of heat in blast furnaces and allied points, 
vide ‘*Chemical Phenomena of Iron Smelting,” by I. 
Lowthian Bell (Rotate) Also the lecturer’s mono- 

aph on “Iron and Steel,” in the recent edition of the 
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of this class of engine, 80 lb. was the most generally 
adopted pressure. 

The well-known Trevithick was the first engineer to 
introduce steam of high pressure; and although his 
engines were non-condensing and his boilers of poor con- 
struction, yet he successfully proved their superiority in 
economy of fuel over the low-pressure engine, thus 
showing that steam of high pressure could us 
advantageously ; and when he and Woolf joined together 
in introducing the compound engine, it is said they used 
steam of 60 Ib. pressure. 

Steam of higher pressure than he ever anticipated is 
now being used, both with land and marine engines, and 
the object of this paper is to attempt to prove that steam 
of still greater pressures than those now generally adopted 
may be used with economical results, and that with few 
alterations the present type of marine boiler may be 
adapted to safely withstand these higher pressures. 

The superiority of the triple-expansion engines over 
the compound is due to the following causes : 

To the higher pressure of steam used, and the higher 
rate of expansion consequent. 

Great variation of temperature in the cylinders, great 
initial strains, and sudden ‘‘ drops” in the receivers are 
thereby avoided. 

These apply also to quadruple-expansion engines, 
Increased pressure of steam is easily obtained by a very 
slight addition in the consumption of fuel, and the 
efficiency of steam rapidly increases with the increased 
pressure, 

This may be proved : 

1. The total heat of evaporation of 1 lb. of water, from 
100 deg. Fahr. and at 312 deg. Fahr. (80 lb. absolute) is 
1108.6 deg. Fahr. 

2. The total heat of evaporation of 1]b. of water, from 
100 deg. Fahr. and 358 deg. Fahr. (150 lb. absolute) is 
1122.4 deg. Fahr. 

3. The total heat of evaporation of 11b. of water, from 
100 deg. Fahr and at 401.1 deg. Fahr. (250 Ib. absolute) is 
1135.3 deg. Fahr. 

If in each case the steam be expanded to a terminal 
pressure of 10 Ib. absolute, the ratios of expansion will be 
(1) 8, (2) 15, (3) 25, and the mean pressures corresponding 
to these initial pressures and rates of expansion will be (2) 
30.7, (2) 37.08, (3) 45. If the volume of steam vari 
exactly as the inverse ratio of the pressure, then these 
figures would give the comparetive values of the steam at 
the pressures indicated. But as the volume of steam does 
not vary exactly as the inverse ratio of the pressures, the 
following will be found to be the more exact relative 
values in whole numbers: (1) 31, (2) 39, (3) 47. 

From this it will be seen that steam of 250 lb, is capable 
of doing 20 ~ cent. more work than steam of 150 lb., 
and steam of 150 lb. 25 per cent. more work than steam of 
801b. The latter has been proved by actual practice, and 
is now an acknowledged fact. 

To use steam of 150 lb, pressure with a compound engine 
would be very little more economical than to employ steam 
of 80 lb., and the same may be said in the case of using any 
higher pressure than 160 1b. for triple-expansion engines. 
Yet when 160 1b. pressure is used in the case of triple-expan- 
sion engines, it may be said that there is a saving of 25 per 
cent. over the ordinary compound ; and supposing a boiler 
was adopted with 250 lb. pressure it might be anticipated 
with some certainty that a saving of 20 per cent. would 
be effected over the triple-expansion engine. At the pre- 
sent time quadruple-expansion engines are working at a 
pressure of 180 lb, only. This is accounted for by the fact 
that hitherto it has not been found ible to construct a 
marine boiler capable of withstanding a higher pressure 
without either considerably reducing the diameter or in- 
creasing the thickness of the shell P ates, 

With respect to the reduction of the diameter, it may 
be generally known that boilers of the locomotive ty 
have frequently been tried, and many engineers are look- 
ing to this class of boiler as offering some advantages in 
point of weight in comparison to marine boilers, as well as 
their adaptability for higher pressures. Their perform- 
ances have, however, not been found satisfactory, and in 
many instances where large boilers of this type have been 
in use they have had to be taken out and replaced by the 
ordinary type of marine boiler. 

Two of the principal objections to the locomotive boiler 
for marine purposes are : 

1. That they require the purest of water, as from their 
construction they are much more difficult to clean and 
scale than an ordinary marine boiler. 

2. 'They are apt to prime, owing to the small diameter 
and limited steam space, whenever the vessel is rolling 
and pitching in a seaway. 

Again, the writer questions very much whether this 
type of boiler, if required for a certain horse-power, could 
be made to occupy the same space of boiler-room as a 
marine boiler of the same horse-power. 

Ina er read before the Institution of Naval Archi- 
tects by Mr. W. Parker, March 27, 1885, he says: ‘I 
have conferred with the principal steelmakers in the 
kingdom on this subject, and am able to say that they 
ree with me and are decidedly of opinion that steel 
shell plates of over an inch in thickness, and having a 
tenacity of over 30 tons, must contain so much carbon as 
to render them unsuitable for boiler-making purposes 
although they may the necessary tenacity and 
ductility to withstand the usual tensile and cold bending 
tests ” 


Since this paper was read the uniform quality of steel 
plates for boiler making has considerable improved, and 
they are now able to turn out — up to 1} in. and 
12 in. thick, but this is about the li 

i r read before 


imit. 
“That these 


Mr. J, T. Milton also remarks in a pa 
the same Institution, March 30, 1882: 
pressures of 140]b. and 180]b. are not likely to be in- 
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_| creased for some time to come, unless some type of boiler 








is introduced which will not necessitate the present style 
of casing for containing the steam and water, nor the 
present method of internal firing, as with the ordinary 
pressures the thicknesses of plates for these portions have 
reached the maximum ietelie of being worked on the 
one hand, and of being used for the transmission of heat 
on the other.” Taking these matters into consideration 


sed |it would appear that before higher pressures can be 


=o some improved type of boiler is necessary to 
withstand these higher pressures, and this must be so con- 
structed that shell plates of excessive thickness are not 
uired, nor has the diameter of boiler to be reduced. 
aving regard to these requirements the writer ventures 
to introduce to your notice a form of boiler which will 
bear the strain of these — pressures without increas- 
ing the thickness of shell plates, or reducing the dia- 
meter. This is a boiler having two shells, which will 
hereafter be named as “outer” and “inner” shells. The 
space inclosed between the shells is termed a “jacket,” 
so that the whole may be termed a “‘jacketted” boiler. 
The object of providing a double shell is to charge the 
incl space with steam of a lower temperature than 
that generated within the inner shell, which is thus 
relieved of the full pressure of steam within, and is only 
subjected to the excess of the pressure of steam within, 
over the pressure of the steam between the two shells. 
As for example—we have a boiler with a shell calculated 
to stand a working pressure of 150 lb. to the square inch, 
employed as the inner shell of a boiler in which steam is 
generated to a working pressure of 250 lb., the extra 
100 lb. being neutralised or balanced by an external pres- 
sure of the same amount exerted by the steam inclosed 
between the two shells or jacket. 

As the object of providing a s 
shells is to provide a means of app ving a neutralising or 
balancing eee to the inner shell, any fluid or gaseous 
body may be used, but for many obvious reasons steam is 
the most convenient for the purpose. 

It is at once evident that the pressure in the jacket 
must be constantly and regularly maintained, and in 
order to provide for this it is necessary to have one or 
more re valves between the two shells. These 
are constructed on the principle of an ordinary spring- 
loaded safety valve mounted on valve seats in the inner 
shell, and so regulated that when the pressure in the 
jacket falls below that required to be maintained, the 
valve lifts, admitting steam from the boiler until the re- 

ui ressure is reached, when the valve again closes. 

he valve is loaded to 150 lb., and is externally adjust- 
able. This is effected by having a screwed spindle pass- 
ing through the cover by means of which the sprin 
may be compressed or released as desired. A valve woul 
be necessary to provide against collapse of the inner 
shell, should the pressure in boiler from any cause be 
suddenly reduced. Safety valves of ordinary construc- 
tion would have to be provided for both boiler and 
jacket. Condensed water would be drawn away from the 

ttom of the jacket to feed the pumps. Tubes would 
have to be thicker, but not much more so than those 
required for 150 lb. pressure, as their diameter could be 
—, reduced. 

he same may be said of furnaces. These could be used 
of a thickness of § in. and diameter of 3 ft., and of a thick- 
ness of ;% in. and diameter of 2 ft. 6 in., of Fox’s patent 
corrugated type. Longitudinal stays would have to be 
pitched closer together and of rather larger diameter, but 
they need not be of lesser pitch than 14 in., which would 
afford — room for examination and cleaning inside of 
boiler. ombustion chamber stays would have to be 
pitched closer together and of rather larger diameter. 

Tubeplates need not be of any excessive thickness, if 
more screwed stay tubes are put in. In fact, there seems 
to have been nage! of room for adapting the present style 
of marine boiler to higher pressures, in all directions with 
the exception of the shell, and the writer is of opinion 
that the double form of shell would overcome this diffi- 
culty. Although a boiler with two shells will naturally 
weigh more than a boiler with one, yet the extra weight 
will not be so much as might at first be supposed, for by 
using steam of high pressure a boiler of smaller diameter 
is possible, the weight of water evaporated being less. 
Two forms of rivetted circumferential seams have been 
devised, one the ordinary lapped joint double-rivetted 
and the other a ~— joint, flanged externally in the 
case of the “‘ outer” shell and internally in the case of the 
“inner” shell. 

The latter form of joint has been suggested in event of 
any difficulty being experienced in repairing an ordinary 
lap joint should occasion rise. 

t has been previously mentioned that this type of 
boiler is specially adaptable for steam of 250 1b. for 
quadruple-expansion engines which are at present only 
using steam of 180 Ib. 

This class of engine is becoming more popular every 
day, and may in time supersede the present triple-expan- 
sion, even as the latter has taken the place of compound 
engines. 

fhe writer has not thought it necessary in this paper to 
go into all the minor details of a new design of boiler, but 
is anxious to have an expression of opinion from the engi- 
neering members of this Institution as to the feasibility of 
constructing a marine boiler with a double shell to stand 
much higher pressures than those now in actual use, 


between the two 





THe GerMaNn Navy. — The German Legislature has 
placed 1,600,000/. at the credit of the German Navy De- 
partment for new men-of-war. Of this sum 700,000/. is 
voted on account of vessels now in course of construction, 
being a second ig i cigg se for that purpose. e re- 
maining 900,000/. forms a first appropriation towards the 
building of two ironclads, three cruiser-corvettes, one 
cruiser, and three despatch boats, 

















Jan. 3, 18¢0.] 


ENGINEERING. 


25 








‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD 


CompiLep By W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1888. 

The number of views given in the ification Drawings is stated 
ee note oe Oe re aon none are mentioned, the 
Specification is not illustrated. 

Where Inventions are communicated from abroad, the Names, 
c&c., of the Communicators are given in italics. 


pves when both cylinders B and C receive high- ure steam 
‘rom the boilers direct, and the other, h2(which is of less diameter), 
being substituted for h when the engine is to be worked as a triple- 
expansion engine—the piston being changed to correspond to the 
diameter of the liner employed. When the cylinders B and C 
both receive high-pressure steam direct, they both exhaust into 
the space or exhaust chamber ¢ which surrounds the cylinder B 
(or may exhaust into the low-pressure cylinder slide valve casing 
by a pipe direct), the steam from the cylinder C being conducted 
into the said space by the exhaust pipes D, D. The space ¢ forms 
part of the valve chest kof the low-pressure cylinder A, and the 


pormse of steam from this ages to the said cylinder is governed 
yy the slide valve/. After the steam has done its work in the 
cylinder A, it exhausts into acondenser or into the atmosphere. 





Copies of Specifications may be obtained at 38, Cursitor-street, 
Chance hate: E.C., either personally, or by letter, enclosing 
amou' ice and postage, addressed to H. READER LACK, Esq. 

The date the advertisement of the acceptance of a complete spe- 
cification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
t 7 


net 


advertisement of the acceptance of a comp specification, 
give notice at the Patent Ofice of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS. 


15,495. J. Hilton, E. Jackson, and G. C. Hilton, 
Improvements in Furnaces for 

the Better Economisation of Fuel and the Consump- 
in Boilers or Apparatus for 

Steam and Heating Water. (8d. 4 Figs.) 
October 27, 1888.—According to this invention the back part of the 
ashpit is divided from the front by a division plate @ running 
across from side to side and so constituting a heating chamber a}, In 
or above this plate a the front ends of a double set of longitudinal 
tubes ) of large area are supported, the lower set of these tubes 
opening at the back into a hot-air flue ¢ constructed in a hollow 
fire casing d whicn forms the back wall of the furnace, and which, 
at the top, extends over, whilst the hot-air flue ¢ itself opens into, 
the furnace chamber z above the fire. The tubes } thus pass 
through the upper part of the heating chamber a! and take their 
supply of air from the outer atmosphere from the ashpit y in front 
of the boiler. Immediately above these air tubes a set of hollow 
firebars e are connected at front to a cast iron or steel casing Jf, 
which in its turn is in communication with the water space 2 of 
the boiler through the branch pipe g. At the back the firebars e 
open into another cast-iron or steel casing h which communicates 
with the boiler by an upright pipe i carried up and terminating 
just below the ordinary water level and protected at its 





Fig.1. 





























outlet by an overhanging canopy #1. A full and constant circula- 
tion of water is thus induced through the hollow firebars, and 

revents the same becoming burnt out or injured by the great 

eat. The fireclay back of the furnace c is carried down beneath 
the level of the air tubes b, b, where a space j is left for the pro- 
ducts of combustion to into the rear part of the boiler flue k 
under the influence of the exhaust fan or chimney draugi t. The 
front division plate a is fitted with an adjustable door a2, so as to 
regulate the admission of air if it be desired to —— the 
supply entering through the before-mentioned air tubes and for 
cleaning out the heating chamber a}. The fresh fuel is fed on to 
the ordinary firebars u in front of the furnace, and soon becomes 
incandescent. In this state itis pushed back in the furnace on to 
the hollow firebars e, which practically form a second furnace. 
By the action of the exhaust fan or the draught of the chimney 
there is not only induced adraught through the front firebars u 
into the furnace and down between the hollow firebars ¢ into the 
chamber a! below, but by admitting heated air through the air 
tubes b combustion is assisted, and intense heat is produced 
within the furnace z, and by passing the products of combustion 
directly through the highly incandescent fuel lying upon the 
hollow firebars e into the heating chamber a1, the same become 
thoroughly consumed. (Sealed mber 17, 1889). 


8998. A. Leckie, West Hartlepool, Durham. Im- 
rovements in Steam Engines. (8d. 4 Figs.] May 30, 
889.—This invention relates more especially to marine steam 
engines. Aisa low-pressure cylinder, B an ordinary high-pressure 
cylinder, and C an additional high-pressure cylinder. The cylinders 
BandC have each independent valve chests b, a, ively. 
The valve chests a, b, are separated by a partition e provided with 
faces f, f2, against which the backs of the valves c,d work. The 
valves may be double or single-ported or piston valves as preferred. 
Live steam from the boilers is conducted into the valve chests a, b, 
by a pipe G having branches g, g?, leading respectively into the 
said valve chests, the branch g? being provided with a valve g! for 
cutting off the supply of steam to the chest b when required. The 
additional cylinder C is of greater diameter and is provided with 
a larger removable liner h of such diameter as to leave a 
between it and the cylinder, which then constitutes a jacket to 
reduce loss of heat by radiation, The cylinder C isshown provided 
with two liners h, h?, of different diameters, the one, h, being em- 





The arrang t of pipes or passages for the steam to and from 
the cylinders may be varied as required to suit different arrange- 
ments of the cylinders, and may be provided with cocks or valves for 


Fig.1 

















directing the steam in the required direction, When the engine is to 
be worked as a triple-expansion engine, the liner h is removed 
from the cylinder C, andthe liner h? fitted in place thereof, which 
is of smaller diameter proportional to the new boiler pressure 
intended to be used. The valve gi in the branch g? leading to 
the valve chest } of the cylinder B is closed, the connections of 
the exhaust pipes D with the space i being broken at D! and con- 
nected as shown by dotted lines to a passage at D? with the slide 
valve chest b. Steam from the boiler is conducted by the branch 
Pipe g into the valve chest a, and, after doing work in the 
cylinder C, exhausts by the pi D and passage D? into the valve 
chest b of the cylinder B in which it then works expansively, and, 
after doing its work therein, passesinto the valve chest k, and 
thence by the valve / into the low-pressure cylinder A, where it 
acts by further expansion on the piston therein, and finally ex- 
hausts into a condenser or into the atmosphere. (Accepted October 
16, 1889). 

14,241, I, F. Thompson and W. L. Palmer, San 
Francisco, Cal., U.S.A. Improvements in Automatic 
Cut-Off Engines, (8d. 2 Figs.] September 10, 1889.—A recipro- 
cating engine is provided, according to this invention, with inde- 
pendent steam and exhaust valves at each end of the cylinder a, 
which are actuated by arms fixed upon the eccentric-rod A. These 
arms have two forks, one of which is fixed to the exhaust valve 
stem b, and reciprocates the exhaust valve H within the chamber 
R. The other fork B! operates the steam valve G within the 
steam chamber Q through the piston F, to which is hinged a 
trigger C, asmall wheel T being rigidly attached to this trigger. 
When the arm B! comes in contact with the end of the trigger C, 
it presses the piston F in the same direction as long as the con- 
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tact is maintained, thereby keeping the valve G open throughout 
the stroke of the engine piston ; but if the trigger C is lifted the 
valve piston F will be forced back by te pressure of the steam, 
while the arm B! will ti its recip tion with the move- 
ment of the eccentric. A wedge-shaped foot D is moved by the 
bell-crank lever E, which is connected to the governor, toward or 
is drawn away from the wheel T as the speed of the engine varies; 
thus when the engine runs rapidly the wheel T will be raised by 
the foot D, and will lift the {rigger C, allowing the arm B! to pass 
beneath, when the valve piston F will return and close the steam 
inlet port. A piston J, fitting within an air cushion cylinder J', re- 
ey the shock of tho piston F and valve. (Accepted October 16, 





RAILWAY PERMANENT WAY. 
. Hancock, West Ham, Essex. Im- 


or Wedges 
Railway Chairs. (8d. 6 Figs.) October 20, 1888,.—a is 





the chair, b the rail, and ¢ an improved wedge, which latter, 
according to this invention, is formed with a groove cl, and with a 
slot c? along one side leading into the groove cl. The latter is 
formed at an inclination with the side of the wedge, so as to form 
the lips c3 of the groove of ually increasing thickness, the 
thicker ends being at the smaller end of the wedge. A hole a? is 
formed in the outer cheek a! of the chair, and a bolt d is passed 
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i 
through the hole with the head of the bolt inwards, so that when 
the wedge c is inserted in the chair, the head d! of the bolt will 
enter the groove c!, and after the wedge c has been driven home, the 
nute is screwed up tight, or the bolt may be secured by means of a 
cotter. To facilitate the re of the bolt through the hole a2, 
the latter is formed as a slot, the height of which is greater than 
the width. (Sealed December 17, 1889). 


13,516, A.C. Nickloy and W. W. Whitaker, Glovers- 
ville, N.Y., U.S.A. Improvements in and relating to 
mstruction of Railroad Ties or Sleepers. (6d. 
4 Figs.) August 27, 1889.—The tie or sleeper a is constructed of 

late steel wound helically about a mandrel and flattened to sub- 
stantially the shape shown ; but any process of manufacture may 
be adopted in order to obtain a metallic sleeper split or divided 
spirally throughout its length. The divided edges may stand 
away from each other or they may be in close contact. A sleeper 
so constructed will yield in the direction of its length to a very 








slight extent, but insufficiently to spread the rails, and will also 
yield transversely in order to afford the desirable paper er 
effect in that direction. The sleeper is provided at each end wit 

pairs of holes b, and the bases c of the rails d are provided with 
corresponding holes through which bolts e are passed. The bolt- 
heads may rest upon the upper surfaces of the bases of the rails, 
and the nuts f be arranged within the sleepers as shown at tlie 
right-hand side of the figures, or the reverse arrangement may be 
ion as shown’ at the left-hand side. (Accepted October 16, 


TREATING METALS AND ORES. 


17,614. B, J. B. Mills, London. (7. A. Edison, Llewellyn 
Park, N.J., U.S.A.) Improvements in Methods of and 
Apparatus for Separa’ Ores or Metals from 

jated Gangue, (8d. 11 Figs.) December 3, 1888.— 
Referring to the arrangement shown in Figs. 1 and 2, A is a straight- 
sided box or hopper, whose bottom is a thin brass plate B. This 
chamber may be placed at or near the top of a closed chamber C, 
or the material may fall in the open air. Below the hopper is 

laced an electro-magnet D, so that the material falling from the 

opper, falls past the poles of the magnet. Below the magnet are 
placed two bins or receptacles E and El. When a stream of 
mingled magnetic and non-magnetic particles falls from the hopper, 
the attraction of the magnet alters the direction of falling of the 
magnetic particles, so that these fall into the receptacle E, while 
the non-magnetic portion of the mixture falls vertically into re- 
ceptacle El. The bottom B of the hopper has either a row of 
small holes a, across its middle part, as shown, or a single narrow 
slit. Fig. 2 shows approximately how the material falls from the 
holes. The mingled material, of which the hopper is kept full, 
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falls through each hole in a straight stream, such streams being at 
first distinct from one another, but the particles gradually spread 
out, so that at a distance of about a foot from the hopper, the 
streams all unite into a wide thin sheet, the particles composin 

which are separated from one another. At this point is Srasnd 
the magnet which draws the magnetic particles aside from the 
rest, as illustrated in Fig. 1. It is best in some cases to vibrate 
the bottom of the hopper. One way of doing this is shown in 
Fig. 1, im which F is a roller revolved by suitable power, and 
covered with leather coated with resin. Over the roller F are 
stretched a number of wires c, c, which are attached to the bottom 
plate of the hopper, and whose other ends are rigidly secured by 
screws d. The turning of the wheel under the wires gives them 
longitudinal vibrations which impart molecular vibrations to the 
plate of the r, and the vibrations thus imparted to the particles 
of the material will cause the same to fall freely through the 
opening. In the modified a us shown in Fig. 3, there is 
peed at a short distance below the hopper, the wide flat bar 
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magnet B, whose pole extends the whole width of the stream from 
the hopper. C is a pipe extending from a fan adapted to produce 
a gentle current of air. It is divided into two branch pipes D and 
DI. The branch D extends beneath the ho per, a short distance 
below it, and terminates in a long cross-pi ipe E, which extends 
the whole width of the hopper, is provided with an aperture 
or series of apertures, through which the current of air is directed 
against the falling particles. The pipe D! extends below the 
magnet B, and terminates in a cross-pipe El, whereby the air 
current is also directed against the falling particles at this point. 
On the other side of the opening in the hopper, and just below 
the pipes D and D1, are placed inclined partitions F and Fl. As 
the stream of mingled magnetic and non- etic particles falls 
from the hopper, the air current from the p = E se tes from 
it the very light non-magnetic particles, and these will pass to the 
left of the partition F and fall into the receptacle formed by that 
partition. Any light particles which are not removed at this point 
will receive the air current from the pipe El, and will be blown 
past the partition F1, The magnet B alters the direction of falling 
of the magnetic peste of the material, so that it falls to the right 
of the partition G, while the non-magnetic particles which are too 
heavy to be affected by the air current will fall vertically from the 
hopper into the space between the partitions Fl and G. The 
widely diffused magnetic field of the bar et acts upon the 
material more effectively than the concentrated field of a horse- 
shoe magnet. Fig. 4 illustrates an electrolytic method. A is a 
cell with a solution B of a salt of iron, a, a! positive and negative 
electrodes of iron connected with a source of electricity, repre- 
sented at C, and b, b metal particles placed in the cell between the 
electrodes. The inventor has found that when any piece of metal, 
no matter how small, is placed in this way between the electrodes 
of an electrolytic cell, there will be a deposit produced upon one 
side thereof only. There is a convergence of the conducting lines 
from the poorly conducting liquid to the highly conducting metal, 
anda sharp difference of potential between the liquid and the 
metal at the points where the current enters and leaves the metal, 
so that there is a deposit of metal on the side where the current 
enters the particle. The convergence of the lines of conduction is 
indicated in the , and the heavy shading on one side of each 
of the icles b, b indicates the deposit on such particles. (Sealed 
December 17, 1889). 


7013. L. Petit-Devaucelle, Paris. Improvements 
in the Manufacture of uminium and Alloys 
thereof. (8d. 1 Fig.) April 26, 1889.—To obtain an alloy, say 
of aluminium and copper, a suitable quantity of copper is placed in 
the rotary furnace A, which is heated by a fire in the fireplace F 
with the help of a forced draught. The fireplace is lined with 
refractory bricks. As soon as the copper is melted, and the dirt 
or slag floating thereon has been removed, a suitable quantity of 
an aluminium salt or compound—a silicate of aluminium for 
example—is introduced therein and the furnace basin or hearth is 
set in rotation. The quantity of aluminium salt or compound used, 
necessarily depends upon the percentage of aluminium contained 
in the salt or compound and upon the proportion of aluminium 
to copper required in the alloy. The mixture of the copper with 
the aluminium compound is effected all the more intimately by 
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adding to the rotary motion resulting from the rotation of the 
furnace, an endwise motion due to a spirally arranged rib or 
flange B within the furnace. The double action resulting from the 
rotary motion and the motion in the direction of the axis 
of the furnace, produces an energetic stirring or agitation, which 
favours the decomposition of the aluminium compound and the 
combination with the molten metal of the aluminium disengaged. 
The spirally arranged rib or flange B, which extendsalong a portion 
of the length of the rotating furnace, is made of pureiron ; if, how- 
ever, the melting point of the metal to be alloyed is higher than 
the melting point of pure soft iron, this rib or flange may be made 
of refractory bricks having a sufficient projection. There may be 
several spirally arranged ribs or flanges with a very long pitch. 
When the mixing and stirring operation is finished, the casting is 
effected in the ordinary manner through the neck of the manhole 
T. (Accepted November 13, 1889). 


GUNS. 

7,561. E. von Skoda, Pilsen, Austria, Improve- 
ments in Quick-Firing Guns, (8d. 10 Figs.) December 
1, 1888.—The barrel A is provided with two lateral fillets a parallel 
to the axis of the barrel, by means of which it is guided in a 
support B resting by means of the trunnions bin the gun carriage 
(not shown), so that the gun barrel A can trained in a vertical 
sense as required, and can always move parallel to its own axis 
during the recoil. The barrel is returned from the position it 
occupies at the termination of the recoil again into the firing 
position by means of springs 01, which are compressed during the 
recoil, and after completion of the recoil will move the barrel 
again into the firing position. Each spring is inclosed in a cylinder 


BI, and presses against a piston b? that is connected with the 
barre! by means ofa piston-rod 63, The employment is assumed 
of a breech-closing device which can be opened and closed by 
means of alever C. The lower and shorter arm c of this two- 
armed lever can, for the purpose in view, be constructed in various 
ways. The barrel A, when the gun is fired, moves back, the 
breech remaining closed during of the recoil. The lower 
short arm of the breech lever C then strikes against the pro- 
jection b4 on the support B, is caused to ly rotate in 
such a manner as to effect the opening of the breech-closing 
device (Fig. 2) and the extraction of the cartridge. When the 
breech has been opened the barrel A has completed its recoil 





during which the spring 6! is anges ; this spring is kept in 
compression by means of a catch b5, which, being continually 
ressed against the barrel by a spring, falls into a notch a on the 
1, and arrests the barrel, preventing its forward movement. 
While the barrel is in this position the cartridge is inserted by 
hand. The catch b5 is now released by pressing upon the lever 
b6 connected therewith ; the barrel is by the action of the freed 
spring b! caused to move forward, and the breech-closing device is 
operated to close the breech owing to the other portion of the 
fork of the lever arm c¢ striking against the projection b4, thus 
making the leverand mechanism act in the reverse manner to that 
in which they acted to effect the opening of the breech. As the 
opening of the breech is effected only during the concluding a 
tion of the recoil, so also during the corresponding, i.¢., the first, 
portion of the return movement of the barrel, the closing takes 
place, hence the breech will always be closed before the barrel 
assumes the firing position, in which firing can also take place in 
an automatic manner. To fire the gun, when the gun is in the 
firing position, the trigger g is rel by means of a lever gl by 
pulling a cord fixed to the said lever. If this lever g! be fixed in 
the position shown, so that the 1 in its forward movement 
shall at the end of its course strike inst the said lever, the 
trigger will be released and the gun fired automatically. (Accepted 
November 6, 1889). 


ELECTRIC MOTORS. 


18,659. Siemens Brothers and Co., Limited, Lon- 
don, (A. M. Taylor, Baroda, India.) An Improvement 
in Electric Motors Worked by Alternating Currents, 
(8d. 1 Fig.) December 20, 1888.—The accompanying illustration 
shows diagrammatically the arrangement according to this inven- 
tion for starting an alternate current electric motor, assumed to 
be of the kind which has stationary field magnets indicated by the 
coil M and a revolving armature having its coils connected to the 
plates of a commutator C, on which bear the two brushes B, B!, 
which are connected to the field magnet coils M. On the revolving 
shaft of the machine are placed two insulated rings R, R!, the one 
ring R being electrically connected to the first, third, fifth, and 
other odd plates of the commutator C, and the other ring R! being 
connected to the second, fourth, and other even plates of the com- 
mutator C. On the rings R, R!, bear respectively two brushes 
D, Dl. These brushes and the brushes B, B! are connected re- 
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spectively to four terminals d, d!, b, bl, presenting contacts for a 
double switch 8, S!, connected to the main leads L, L1, for the 
alternate currents. For starting the motor, the switch arms §S, S! 
are moved simultaneously, so as to make contact with b, b1, thus 
exciting the field magnets by the alternating current, while the 
current for the armature coils is rendered constant in direction by 
the commutator. Thus a strong starting force is obtained which 
shortly brings the motor be | to speed. When the desired speed is 
attained, the switch arms 8, S! are moved simultaneously to con- 
tact with d, d!, thus sending the alternating current by the brushes 
D, D!, and rings R, R!, to the plates of the commutator C and 
thence partly to the armature coils and partly by the brushes 
B, B! to the field magnet coils. The armature coils are now 
excited by the alternating currents, but owing to the action of the 
commutator C the field magnets M receive a commuted current of 
constant direction and the motor is thus maintained in rotation. 
(Accepted October 30, 1889). 


MISCELLANEOUS, 


13,004. T. Routledge, M«:..haster. An Improved 
Fastener. (6d. 3 Figs) « | ‘st 17, 1889.—a, b are two 
plates to be fixed to the upper anc!» ver sashes al, b! respectively, 
of a window as shown. To the pluie « ‘4 pivotted an arm c, which 
at its outer end carries a spring ca‘ce that can en with the 
ratchet teeth d of a rack e carried by the plate b. The plate b is in 
the example shown of cast metal, and the rack e is cast in one 
piece therewith. The spring catch comprises a bolt having a stem 
g and nose, loosely mounted ina recesst inthe arm ec. Around 
the stem g is a coiled spring j, one end of which abuts against a 
shoulder at the outer end of the recess i, and the other against a 
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collar j on the bolt g. The nose is constantly pressed cgnteat 
the ratchet teeth d when the arm c is in position to lock the 
window sashes, but can be withdrawn from contact therewith by 
means of a knob or handle k when it is desired +o move the arm c 
into its inoperative position to release the window sashes. The 
knob or handle & is secured to the stem g in any suitable manner, 
as for example by screwing as shown. The nose is bevelled on 
one edge to allow of its ily passing over the ratchet teeth d in 
one direction. 1 is a spring that serves to hold the arm ¢ in its 
locked or unlocked positions ; it is secured to a flange mon the 
plate @ and acts against an anti-friction roller » mounted on the 
inner end of the armc. (Accepted November 3, 1889). 


18,806. R. A. Kiskadden, Alleghany City, Pa., 
U.S.A. Buprovers ents in Devices for Car 
Brakes. [6d. 3 8.) September 2, 1889.—A cylinder A is 
secured rigidly beneath the floor b of a railway or other car. In 
this cylinder A are two pistons c, each having a piston-rod D, 
connected with a lever ¢, adapted to operate the brake (not shown) 
of an ordinary car. At each side of this cylinder A, and integral 
therewith, are two smaller cylinders f, each having a port or open- 
ing g communicating with the interior of the 1 cylinder A. 
Operating in each of these smal cylinders f is a valved piston h, 
pe 2 soe to which is a rod ¢, extending ee to end of 
the car b, at which — the rods ¢ are attached to a vertically 
pivotted hand lever & projecting above the floor of the car. At a 





suitable point on one of the small cylinders f is placed a relief 
valve 7, which can be opera’ by means of a wire cord m and 
small foot-lever o from either end of the car. This valve / serves 
to relieve the vacuum, and thereby release the brakes. A check 
valve r in each of the small cylinders prevents the air from return- 
ing into the large cylinder A through the port g. In operation, the 
hand lever k, at either end of the car, is operated, which action 
moves the valved piston h horizontally in the small cylinder /, 



































and pumps the air from between the two pistons ¢, thereby form- 
ing a vacuum. The pressure of the atmosphere on the other side 
of the pistons c forces the same toward the centre of the cylinder 
A, thereby moving the brake levers ¢, and putting on the brakes. 
When it is desired to release the brakes, the small iever o is moved 
forward, which operates the relief valvel, thereby admitting air to 
the cylinder A, which instantaneously relieves the brakes. (Sealed 
December 17, 1889). 


15,413. F. J. Taylor, Liverpool. Machinery for 
“Punching” or Rivetting together the Edges of the 
Plates of Sheet Iron, et Tin, or other Sheet 
Metal Kegs, Cans, Cases, and other like Goods. 
(8d. 6 Figs.] October 26, 1888.—In the improved machine there 
are shown eight rivetting dies a and four ‘‘ holding-up blocks” c. 
The holding-up blocks are moved in a horizontal plane radially 
from a common axis, and thedies are moved backwards and for- 
wards between the same guides b, but outside the blocksc. In 
operation the keg to be treated is placed with the rivets in posi- 
tion over the per ted blocks c, which are then forced radially 
outwards until their edges c? bear upon the rivet heads. ile 
in this position the dies a are caused to move radially inwards 
and press upon the ends of the rivet shanks and form them into 
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heads. Fig. 2 shows the parts in position for closing up the rivets. 
The holding-up blocks c are moved radially outwards by the action 
of the head of the spindle d, when raised by means of a con- 
necting-rod Y and crank X on the revolving shaft V. The hold- 
ing-up blocks ¢ are returned to their normal central position 
shown in Fig. 1, by means of compression springs c3 (Fig. 2). The 
dies a are moved inwards for rivetting by means of arms ¢ pivotted 
near their upper ends to the table of the machine, and provided 
at their lower ends with anti-friction rollers bearing upon inclined 
parts Z?, which are adapted to be moved down » means of a 
connecting-rod Z! operated by a lever Z actuated by a cam on the 
shaft V. On the ascert of the parts Z? the dies a are returned 
outwards by the action of tension springs e (Fig. 1). (Sealed 
December 10, 1889). 
16,927. R. 

tid Apparetas horckor Applica’ 
am pparatus therefor, Applicable to Fur- 
naces, or the Heat Chambers or Flues of Steam 
Boilers. [8d. 6 Figs.] November 21, 1888.—The figures show the 
application of this invention to a stationary steam boiler. The hydro- 
carbon is kept in a closed tank A under pressure maintained by 
means of steam pipe D a ae the boiler G. The hydro- 
zarbonis forced ee the pipe Binto a steam injector or ejector H 
(shown in section in Fig. 3) to which boiler steam is supplied by a 


R. Hutchinson, London. Improved 
Hydro-Carbon Oils, 





pipe F, and in which the hydro-carbon is pulverised by reason of the 
Sled motion imparted by the spiral we or rib a. rom here the 
mixture of or thee Seep and steam passes by a pipe B! to adecom- 
posing chamber K and generator J, arranged at the further end of 
the boiler furnace = (also shown separately in Fig. 2) to form 
the fire bridge of the furnace, and expose¢ to the full heat of the 
fire. The generator J consists of a coil of pipe, in which the 
atomised mixture becomes gaseous, and whence the perfect fixed 

passes m9 ie) pipe L to any desired point for use. (Sealed 
p soc ae ve a . 
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Descriptions with illustrations of inventions patented in 
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ELEVATOR AT STOCKHOLM. 
(For Description, see Page 32.) 








MODERN FRENCH ARTILLERY. 
No. II. 

Wuitst in England, France, and the United 
States, the respective processes of making guns by 
built-up wrought-iron coils, by cast iron reinforced 
with steel rings, and by cast iron alone, were followed, 
Mr. Frederic Krupp, of Essen, had commenced 
the manufacture of ordnance upon an altogether 
different principle which, in later years, was to be 
amalgamated with the English, and subsequently 
with the French system, and form the type upon 
which the most powerful ordnance of the present day 
is constructed. As early as 1851, Krupp had made 
guns forged out of solid steel ingots, and the first 
example of this kind of gun construction was seen 
in this country at the great Exhibition of that year. 
Following this direction, Krupp gradually increased 
the means of production at his disposal, not only as 
regards quantity but weight also, and at the London 
Exhibition of 1862 he surprised the world by forged 
ingots of crucible steel, as well as by finished guns, far 
larger that had ever been turned out before in a single 
piece ; the 21-ton steel ingot which he displayed 
would look but small beside the 100-ton ingot that 
was exhibited last year at the Paris Exhibition by 
the St. Chamond Company, but it was, for its time, 
quite as marvellous a production. In January, 
1861, the capacity of the Essen works was consi- 
derable, judging from the fact that they were able 
to produce daily two steel ingots suitable for 8-in. 
guns, or larger numbers of smaller bores ; they 
also possessed a steam hammer of 40 tons, which in 
those days was of tremendous proportions. Besides a 
number of smal]-calibre guns which Krupp was then 





manufacturing in large quantities for foreign coun- 
tries—Belgium, Austria, Russia, &c.—he showed 


at the Exhibition of 1862 a 7-in., an 8.12-in., and | 


a 9-in. gun; the latter was then by far the largest 
gun ever forged solid, and was intended to fire 250-1lb. 
projectiles ; it weight was 18,000 lb., and its price 
about 2000/1. ; it was either intended as a breech- 
loader or as a muzzle-loader if the breech end were 
closed by a solid plug. 
number which Krupp was then making for the 


Russian Government, an order which included | 
| would not put the capability of his steel through a 


5,9-in. guns, besides a quantity of 8-in. and 6-in. 
bores ; in addition to these he was also construct- 
ing for the same Government some 11-in. breech- 
loading guns, while others of 15-in. bore were 
under consideration. Although, as was to have 
been expected, a certain percentage of this class of 
ordnance failed under moderate tests, its general 
powers of resistance were unusually great. In 
1862 the British acquired three Krupp breechload- 
ing guns, a 20-pounder, a 40-pounder, and one of 
110 lb., the latter being of 7-in. bore. These guns 


were tested at Woolwich towards the close of 1862 | n 
| shot, from two in the first series to seven in the 


and the beginning of 1863, with very favourable 


results, while on another occasion a 12-pounder | 


was filled to the muzzle with powder, shot, and 
broken shell, and could not be burst. Several years 
before, in 1857, two guns of similar calibre, but not 
rifled, were also put to extreme test in Paris; 
these were each fired 3000 times without injury, 
and afterwards one of them was used as a target 
and thus broken. The other was fired twenty 
times (after the 3000 rounds above referred to) with | 
6.6 lb. of powder and two shot; ten times with 
6.6 lb. and three shot, and six times with 13,2 Jb. | 


This gun was one of a large | 


and six shots ; after these extended trials the gun 
was found to be uninjured, and it was determined 
not to test it further. An experimental gun of the 
same type had previously endured 2000 rounds 
with heavy charges, when with a second series of 
tests it burst with the fourth round. 

About 1863 the Bessemer process was attracting 
much attention and great things were expected from 
it for producing gun material. It was not probable 
that at a time whenimprovements in ordnance formed 
the burning question of the day, Mr. Bessemer 


practical test for this purpose; accordingly quite 
early in the course of his practice—too early for 
the success of his experiment—he constructed a 
Bessemer steel gun, of which the principal dimen- 
sions were as follows: Length of bore, 7 ft.; dia- 
meter of bore, 4.75 in.; maximum outside dia- 
meter, 9.5 in.; thickness of walls, 2.37 in.; 
weight, 1070 lb. This gun was altogether 
too light, nevertheless it resisted severe tests 
before it failed. Five series of three rounds each 
were fired with an increasing number of spherical 


fifth ; after these, two rounds were fired with 
eight shot, the powder charge being 2.2 lb. 
throughout ; the gun burst violently during this 
last series owing to the wedging of the shot. 
It should be mentioned that although Mr. Bes- 
semer’s nameis but slightly associated with 
the early history of modern ordnance, his influence 
and investigations—to say nothing of the revolution 
which he had made in the steel industry—assisted 
greatly in the rapid progress of gun construction, 
and it was Mr. Bessemer who was one of the first 
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to propose to the Third Napoleon, the use of steel 
for heavy guns in France. In fact at one time it 
appeared that he was going to rank amongst the pro- 
minent gunmakers of the world, for in the London 
Exhibition of 1862 he showed a 24-pounder steel gun 
which was the ninety-second that had been made by 
Messrs. Henry Bessemer and Co. ; the prices charged 
at that time for gun steel varied from 4.5d. to 
6.5d. a pound. Both Messrs. John Brown and 
Co., and Messrs. Naylor, Vickers, and Co., of Shef- 
field, manufactured comparatively large quantities 
of steel ingots for making guns ; the latter works 
in 1864 were able to produce 10-ton steel forgings. 
A 20-pounder Armstrong gun made with a steel 
tube supplied by Vickers and Co., fired 100 rounds 
with a service charge of 2.5 lb. and with cylin- 
drical projectiles, increased every tenth round from 
20 lb. to 200 lb. ; the length of the last series of 
these shots was only 15 in. shorter than the bore. 
We have seen that the French lay claim to the 
first proposal of rifling guns, on behalf of Captain 
Treuille de Beaulieu; and that in 1840, Pro- 
fessor Treadwell, an American, was advocating a 
similar device ; both these inventors, however, 
appear to have been anticipated by some years, 
and it would seem that the idea is due to a Belgian, 
Montigny, who, after vainly endeavouring to per- 
suade his own countrymen to experiment with his 
idea, found better fortune in Russia, where trials 
were conducted with 12-pounders rifled under 
Montigny’s directions ; the results, however, were 
unfavourable, and the scheme was abandoned not 
to be revived. Cavalli, a Sardinian, in 1845, and 
Wahrendorf, a Swede, in the following year, both 
roposed methods of rifling; the device of the 
atter is worth recording, since it consisted in coat- 
ing the projectiles with lead, which, in a modified 
form, was largely adopted ata later day. Beaulieu’s 
method of rifling, which was in practical use during 
the several Algerian campaigns, and afterwards, in 
1859, on a much larger scale in the Franco-Austrian 
war, was afterwards adopted by the British Govern- 
ment. The system consisted in the use of twelve 
metal studs, arranged in two rings around the pro- 
jectile so as to project in the surrounding grooves 
formed in the bore of the gun; on being fired 
these studs took their bearings within the grooves 
so as to give the desired location to the projectile. 
This method answering so well with smaller calibres, 
the French began to apply a modification of the 
system to heavier ordnance. First they com- 
menced with two shallow elliptical grooves opposite 
each other, a uniform twist being given in some 
cases, and a gaining twist in others. It was soon 
found that this method was entirely imperfect, and 
that the shot would not centre themselves on 
the two bearings thus provided; this led to 
the adoption of three grooves within the bore 
and the definite employment of the gaining 
twist, while the projectiles were cast with circular 
pace covered with white metal to take their 
searing in the grooves. In this way a number of 
cast-iron 30 and 50-pounders, strengthened with 
rings as already described, were manufactured. 
The old 30-pounder, reinforced with steel and 
rifled, constituted in 1861 the French standard 
naval gun ; it weighed 8240 lb. and was of 6.5 in. 
bore ; its charge varied from 8 lb. to 26 lb., and it 
threw 99-lb. projectiles ; it was rifled with three 
grooves of the form shown in Fig. 3. Both the 
Austrian and Russian governments, who naturally 
followed with the deepest interest the experiments 


that were proceeding in France, very quickly 
adopted the French system of rifling and studded 
projectiles with certain modifications suggested by 
their special requirements; the same remark 
applied in fact to so many European countries that 
the method may be said to have become universal. 
In England for many calibres it was substantially 


adopted, and the time had not yet come for Krupp 
to take the lead in manufacturing ordnance for 
many of the great powers of Europe. The Whit- 
worth system, which was patented as early as 1855, 
was wholly different ; the bore of the gun was, 
broadly speaking, hexagonal, and a projectile which 
was first turned cylindrical, was afterwards cut 
with a corresponding number of flat sides to fit 
the rifling ; in the early days results were obtained 
with this system which surpass anything pre- 
viously obtained. In 1862, a 130-lb shell of this 
type, with a bursting charge of 3.51b., wasfired with a 
27-lb. charge of powder; it passed through a 5.5-in. 
plate representing the armour protection of the 
Minotaur ; this shell penetrated the target, burst- 
ing in the backing ; the range was 800 yards. A 
form of rifling very early adopted by Krupp was 
that known as the compression system, in which 
the shot was larger than the bore of the gun, and 
was passed through the breech into an enlarged 
loading chamber ; the projectile in this case was 
surrounded by a number of leaden rings, which 
were kept in place by corresponding grooves in the 
shot. This was an improvement on Wahrendorf’s 
plan that was proposed in 1846, and was quickly 
followed by Armstrong and the Royal Gun Factory 
at Woolwich. The Prussian rifling consisted of a 
large number of yery shallow and narrow grooves 
which were intended to give the leaden rings a large 
bearing. The early form of the grooves in the Prus- 
sian system of rifling was practically rectangular, as 
shown in Fig. 4; the Armstrong modification is also 
shown in Fig. 5. As this system involved making 
the chamber in the gun larger than that of the bore, 
it was obviously unsuited for muzzle-loaders, and to 
overcome this difficulty, Mr. Armstrong invented 
his system of shunt rifling, which was so arranged 
that the shot could easily be forced home from the 
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muzzle with the shot going in by Fig. 7, and the 
same section with the shot vege. beng by Fig. 8. 
The grooves at the muzzle are slightly wider than 
they are lower down, and are stepped at two levels, 
the lower level corresponding with the entire rib, 
and the higher level being narrower, so that the 
projectile will only enter by the low level or deeper 
part or portion of the groove. The high level runs 
into the muzzle parallel for 8 in. in a 7-in. gun, 
where an incline commences running off to the low 
level 14 in. lower down the bore. Supposing the 
spiral direction of the groove to be such that the 
shot in going down would hug the right side of 
the groove as viewed from the muzzle, then in 
coming out it would hug the left side, because the 
rotation would be in a contrary direction ; as the 
shot goes down the right side it runs against a curve 
or switch, which deflects it to the side upon which 
the high level is situated. But at this point the 
high level has become extinct, so that the shot 
runs easily without compression all the way 
down. In coming out the shot is regularly re- 
volved by the straight side of the groove, but 
slides along the sides and bottom of the bore until it 
reaches the incline, when the compression commenc- 
ing gradually squeezes it up into the middle of the 
bore, so that it leaves centred and tightly nipped.” 
Aftera veryshort timethe use of zine strips gave way 
to a series of brass studs arranged in rows and of 
different forms to serve the special purposes re- 
quired ; one row round the base guided the shot as 
it entered the gun, the second row rested on the 
bottom of the grooves to allow the shot to run home 
easily, while in the larger calibres, strips were intro- 
duced to bear against the sides of the grooves and 
insure rotation. This method of rifling was speedily 
adopted in Russia in a somewhat modified form. A 
curious system of rifling was very largely and suc- 
cessfully adopted in the United States, known as 
the expansion system ; the lands and grooves were 
almost of equal width and varied from @ in. to ? in. 
and about zs) in. deep for smaller calibres, the 
dimensions for larger guns being about twice as 
great ; the rifling, excepting in the Parrot guns, 
was always of a uniform twist. The projectiles 
were of cast iron and were made with a number of 
longitudinal slits, converging from the outside of 
the shot into a central opening ; these slits were 
filled with soft metal, and when the gun was fired 
the pressure of the powder gases within the central 
opening forced the soft metal outwards and 
made it take its bearings in the grooves. The 
late Mr. Hotchkiss, whose name has become 
famous in connection with his system of revolving 
cannon and rapid-firing guns, adopted a somewhat 
different system; in his projectile the base was 
cast of a reduced diameter and a cast-iron cap was 
fitted to it, leaving a circular space between the top 
of the cap and the body of the shot ; this space was 
filled with lead, and when the charge was fired 
the powder pressure forced the cast-iron cap further 
upon the socket made in the projectile, at the same 
time squeezing out the lead and forcing it to enter 
the grooves; from the commencement of the 
American War up to the end of 1863, Mr. Hotch- 
kiss had delivered more than a million and a half of 
these projectiles to the United States Government, 
and was at that time still turning them out at the 
rate of 3000 a day. It may be mentioned that 
ranges up to 6000 yards were commonly made with 
field guns fired with these projectiles, and that very 
accurate practice was obtained at that distance. 
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muzzle and then turned round, so that when it was | Fig. 10 is a section of the Hotchkiss projectile, which 
fired it would take its bearing on a shallower part | was very closely followed by Mr. Lynall Thomas 
of the grooves, and so receive the necessary rotation. in this country ; it was with a projectile of this 
This method is illustrated in Figs. 6 to 9, taken character that the greatest range recorded up to 
from Holley’s ‘‘ Ordnance and Armour,” and may be | that date (1864) was obtained — 10,070 yards, or 
described in detail, as it was an invention of some nearly six miles ; the projectile was a 175 lb. shot 
considerable importance at the time. ‘‘ The projec- | fired with a 27-lb. powder charge at an elevation 
tile is fitted with three bars of zinc abutting against of 35 deg. from a7-in. steel gun weighing 7 tons 
and projecting above iron ribs cast on the shot. and rifled with seven ves, made by the Mersey 
The tops of the zinc bars are sometimes notched, as|IronCompany. The Blakeley Ordnance Company, 
shown, to facilitate compression. The outsides of which, during the American War, did a very large 
the zinc bars bear against the lands of the gun and business in ordnance and projectiles, made great 
rotate the projectile. The development of one of quantities of shot and shell to be used in their own 
the grooves is shown in Fig. 9, a section of the and in Confederate guns, attached a copper cup by 
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means of a screw to the base of the shot, which was 
expanded by the pressure of the powder gases ; the 
forward part of the shot was supported by a number 
of soft metal studs. The first idea of this kind ap- 
pears to come from America, where large quantities 
of shot and shell were used both by the Federal and 
Confederate armies having brass cups cast into 
their base. In the Parrot rifles a thick brass ring 
was placed at the base of the projectile, which 
served the same purpose as the lead ring in the 
Hotchkiss system. It is needless to say that 
invention was as busy in designing projectiles as 
in scheming guns, but with the exception of the 
Whitworth flat-fronted steel shell, all the numerous 
forms and methods proposed are about as obsolete 
as the guns of the same period ; the chilled cast- 
iron shot of Sir William Palliser, which for so 
many years were, and still are, the standard pattern 
adopted by the British Government, were not then 
invented, though in 1864 he had already made 
experiments in casting spherical shot with a chilled 
surface. 

It is rather interesting to recall the fact that 
while for small calibres Mr. Armstrong had shown 
conclusively the advantages of breechloading, it was 
not considered possible in England to adapt it with 
success to large guns ; the general opinion on the sub- 
ject is embodied in a report of a Select Committee of 
Ordnance in 1863, which states, ‘‘That the prepon- 
derance of opinion seems to be against any breech- 
loading system for the larger guns.” A want of 
reliable material appears to have been recognised as 
the principal obstacle to successful breechloading, 
both Armstrong and Krupp had made 7-in. guns, 
throwing 110-lb. shot and loaded from the breech, 
but the powder charges were low and the weapons 
inefficient. All the great authorities at that time 
were advocates of muzzle-loading, and the conclu- 
sions to which they came, influenced gun construc- 
tion, in this country, for many years. Mr. Arm- 
strong, Sir Joseph Whitworth, Captain Coles, were 
all unanimous in advocating muzzle-loading for 
heavy guns, chiefly on account of the structural 
weakness involved by the modes of construction 
of breechloading systems then in use. 





HELIOMETER AT THE CAPE OF GOOD 
HOPE OBSERVATORY. 


(Concluded from page 6.) 

WE have now to speak of some further details 
connected with the sleeve 16 shown by Figs. 2 and 3 
on page 4 ante. In addition to the friction wheels 
35 already mentioned, the flange of this sleeve next 
the objective carries two indices, 65, for the position 
circle, while two other indices, 66, for the declina- 
tion circle are carried by the central portion of the 
sleeve as shown in Fig. 3. Both the circles just 
mentioned are read from the eye end of the tele- 
scope by the microscopes 37, 37, whieh are carried 
by mountings 67, a prism 68, occupying half the 
field, being provided for reading the declination 
circle, while the line of sight through the other half 
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of the field passes direct to the position circle. By 
this arrangement the provision of separate micro- 
scopes for each circle is rendered unnecessary. The 
micrometers with which the microscopes 37 are 
fitted resemble that provided for reading the divi- 
sions of the object-glass slides. They are, however, 
provided with duplicate screws and sets of wires, 
one set for each half of the field of view. The 
image of the divisions of the two circles, with the 





two sets of micrometer wires as seen in each micro- 
scope, is shown in Fig. 7 annexed. From this view 
it will be seen that a diaphragm has been inserted 
in each half of the field, one diaphragm having a 
semicircular and the other a triangular notch in it 
so as to clearly distinguish the scales of the two 
circles. The necessary illumination of the field is 
given by an incandescence lamp contained in a 
casing having two bull’s-eye lenses 70, throwing 
the light on diagonal reflectors 69 provided at the 
ends of the cross-tubes of the two microscopes. 

The arrangements for rotating the telescope tube, 
and thus adjusting the line of division of the 
objective to any desired angle, are also shown by 
Figs. 2 and 3, page 4, and by Fig. 6, page 3. Four 
different movements may be imparted. The 
quickest movement is effected as follows: At the 
eye end of the telescope (see Fig. 6, page 3 ante) 
is a hand ring 73, which runs between friction 
wheels, and is provided with teeth on its inner peri- 
phery. These teeth transmit motion to a pinion 
on a spindle carrying at its other end another 
pinion, which through an intermediate wheel gives 
motion to the inner occular tube, the end flange of 
the latter carrying a geared ring 72 (see Figs. 2 and 
3). The transmission spindle just mentioned 
carries at its end a head 74 (see Fig. 6), which if 
turned directly affords the second speed. The 
fourth, or slowest speed, is given by means of a 
tangent screw 75, Fig. 2, which is carried by a ball 
bearing on the flange of the telescope sleeve, while 
its nut is double-jointed to a ring 76, which encircles 
the flange of the inner occular tube. This ring is 
provided with a clamping screw 77, which through 
the intervention of bevel gear and rods is operated 
from the eye end by means of the handwheel 78, 
Fig. 6. Inthe same way the tangent screw 75 is 
also operated from the eye end by the handwheel 
79. Finally, the handwheel 80 is connected by 
gearing to the rod carrying the handwheel 79, and 
it can thus be used to give the latter a more rapid 
motion than if used direct; this constitutes the 
third speed of movement. 

It will thus be seen that near the star-shaped 
head of the outer eye-piece tube, which is not 
capable of rotation, we have the hand ring 73 and 
the four handwheels 74, 78, 79, 80 giving position 
movements to the object-glass mounting ; also the 
bearings for the four keys 18, 19, 20, and 21 by 
which the declination clamp and slow motion, and 
the right ascension clamp and slow motion are 
respectively operated ; and also the supports for 
the microscopes 37 by which the declination and 
hour circles can be read. Close to the microscopes 
will be likewise seen two small slates 81, for record- 
ing observations, and near them are also two knobs, 
82, for moving the telescope by hand. 

The finder 83 (see Fig. 1, page 12, and Fig. 6, 
page 3 ante), is of 3.15 in. aperture and 1 ft. 7 in. 
focal length ; it has a field 4 deg. in diameter, and 
is provided with a micrometer in which a right and 
left-hand screw shifts two wires simultaneously 
from the centre to the borders of the field. This 
arrangement enables the observer to take in the 
large field of the finder an approximate measure of 
two objects to be afterwards dealt with in the tele- 
scope. The object-glass of the finder was made by 
Dr. Schroeder. 

The various parts of the eye-piece end with which 
we have just been dealing are fixed, as we have 
said, to the outer casing tube, which does not 
revolve with the telescope. Adjoining these, but 
moving with the telescope, are the ordinary micro- 
meter 84 (see Figs. 1 and 6), the registering micro- 
meter 85 at the end of the microscope for taking 
readings of the divisions of the object-glass slides ; 
and the three keys 30, 31, and 32 respectively 
operating the object-glass slides, the screen-wheel, 
and the radial screen shutters. The key 31 carries 
a finger moving over a graduated scale, and it also 
moves a small wheel shaped like the screen-wheel 
and moving with the latter. 

The registering micrometer 85 is mounted on a 
slipping piece, so that its fixed wires can be adjusted 
in the same way as those of the micrometer 61 
(for examining the divisions of the object-glass 
slides) already described. This micrometer 85 is 
so arranged that instead of taking the readings 
from the drumhead of the micrometer screw and an 
adjacent are showing the total number of revolu- 
tions, an impression is made upon a travelling 
paper slip. The impression is produced by the 
action of a quick-threaded screw. 

The illumination of the ordinary non-registering 
micrometer is so arranged that the light of an 





incandescent lamp enters from behind. The drum 
of the micrometer screw has its figures reversed, 
and the readings are taken by means of a small 
mirror in which the illuminated graduations are 
reflected. The arrangement is such that a far- 
sighted observer scarcely has to move his head to 
read the micrometer ; when required, however, a 
small magnifying lens can easily be added. 

The electrical leads for the illumination of the 
instrument and for bringing the head at the eye- 
piece end into communication with a chronograph, 
comprise four wires which emerge from the upper 
part of the column, as shown in Fig. 1, page 12. 
Two of these wires split into two pairs, of which 
one pair convey the lighting current to the two 
microscopes for reading the hour circle. The re- 
maining four wires pass down to the counterpoise 
11, the current entering there through four contact 
rings to leads which pass through the polar axis. 
At the large opening in the declination sleeve the 
current is again transferred by suitable contact 
arrangements to leads passing through the declina- 
tion axis whence two wires pass to the chronograph 
contact apparatus at the eye end. The remaining 
two wires again split, one pair of wires passing to 
a switch near the end of the outer occular tube, 
while the other pair pass to the two large contact 
rings 39 behind the position circle, thus conveying 
the current to the revolving part of the telescope. 
Three incandescencelampshave to be illuminated by 
these last-named leads. Of these lamps, one, 64 4 
(Fig. 4, page 5), has already been dealt with ; the 
second (at the eye end) illuminates the drum of the 
micrometer 84 at the eye end, the divisions of 
the occular draw-tube and the disc and hand denot- 
ing the positions of the screens and shutters at the 
object-glass end ; the third (also at the eye end) 
sends its light on to the small mirror 64 (Fig. 4), 
which, by reflection, illuminates the field. The 
light of this last-named lamp can be reduced at 
pleasure by the introduction of resistances ; the 
two others can be turned on or extinguished inde- 
pendently by means of a switch on the inner occular 
tube. Another switch on the outer occular tube 
conveys the current either to lamp 69 on the cradle 
16 of the central tube (see Fig. 3, page 4), and 
simultaneously to two lamps for the microscopes 
for declination and position readings (lighting also 
the small slates 81); or alternatively to a light for 
the micrometer of the finder. This last current, of 
course, has to be conveyed through contact rings 
as the micrometer has a movement of rotation. 

The clockwork by which the telescope is given its 
diurnal motion in right ascension stands at the 
foot of the central column, as shown in the general 
view, Fig. 1, on page 12 ante. From the clock- 
work the motion is transmitted by the shaft 87, 
and the arrangement of bevel gear already men- 
tioned to the worm 4 which drives the hour wheel. 
A noticeable feature in the clock-driving arrange- 
ments is the form of governor used. This is an 
elastic pendulum 89 consisting of a long steel rod 
rigidly fixed at its lower end, and carrying at its 
upper end a heavy weight. At the top of this 
weight is a small knob which is caught by a fork 
projecting from the last vertical driving shaft of the 
clockwork. The weight is prevented from occupying 
an exactly axial position, and thus when driven 
round by the clock it describes a circle, the radius 
of which is dependent upon the speed of rotation 
and the resistance to flexure of the steel rod by 
which the weight is supported. The increase in 
the radius of this circle due to the action of cen- 
trifugal force consequent on a slight increase of 
angular speed thus produces a much greater 
increase in the actual velocity of the weight, and 
thus enables the inertia of the latter to equalise 
considerable variations in the relation of the driving 
power to the resistance. The capability of this 
governor for absorbing surplus power depends upon 
the molecular friction set up by the bending of the 
steel rod. This governor is identical in principle 
with that long used on the Hughes printing telegraph 
instruments, but we believe that it was pera wer oy 
invented by Messrs. Repsold, whose application of 
it to the driving clockwork of telescopes is certainly 
original. Its performance is, we understand, most 
satisfactory. 

The observing seat used with the heliometer we 
are describing is clearly shown by the general view, 
Fig. 1 on page 12 ante, and it is of the same pattern 
as that supplied by Messrs. Repsold to the 30-in. 
refractor at the Pulkowa Observatory. The timber 
frame 91, slightly raised above the floor line, runs 
on four wheels, the axes of which, if produced, 
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TORPEDO BOAT BOILER FOR PETROLEUM FUEL 
CONSTRUCTED BY MESSRS. W. DOXFORD AND SONS, ENGINEERS, SUNDERLAND. 


(For Description, see Page 32.) 
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toothed wheels 95 engaging the racks 94 fixed on 
the other edges of the inclined timbers. The weight 
of the platform 93 and of the observer is approxi- 
mately balanced by the counterweight 98 attached 
to a rope which passes over the pulley 97. By 
means of the handwheel 96, or the hand rope 104 
amc over it, the observer canreadily raise or lower 

imself as required. The platform 93 is provided 
with the seat 102, the steps 101, and the small table 
103. The observer can either sit on the seat or on 
the platform 93 itself. To give the whole carriage 
movement in azimuth the observer uses the hand 
rope 100 which runs over a series of pulleys, the 
last of which operates a pinion, the teeth of which 
engage with teeth formed on one of the large 
wheels supporting the carriage as shown. 

We have now completed our account of the very 
beautiful instrument which the skill of Messrs. 
Repsold has supplied to the observatory at the 
Cape. Thatthis instrument will, in the able hands 
of Dr. Gill, do excellent work is certain, and we 
hope on some future occasion to give an account of 
some of the results obtained with it, 





PASSENGER ELEVATOR AT STOCKHOLM. 
In the beginning of the year 1881, Captain K. Lind- 
mart applied on behalf of a company, and obtained a 
concession, to construct an elevator with a connecting 
footway between the Stiidsgarden and the Moselbacke 
Place in the city of Stockholm, The works were 
pushed on with such energy that the company were 
able to open the elevator to the public in March, 1883. 

The ground for the works was ceded asa free gift by 
the municipal authorities. It was further agreed that 
no one, except the municipality, should be allowed to 
construct a similar elevator within a distance of 500 ft. ; 
that the authorities were not to be held liable for any 
loss the company might sustain; and that they re- 
served the right of buying the elevator, with all its 
machinery, at the end of twenty years, for a sum not 
exceeding the cost of construction. 

The elevator is divided into two parts; the lift 
itself and a footway connecting it with the Moselbacke 
(see engraving on page 27). The length of the foot- 
way is 498 ft. It is constructed of lattice girders, 
and has four spans, the longest, which extends over 
houses, measuring 275 ft. The wrought-iron work was 
made and erected by the firm of Lecoq et Cie., Bel- 
gium, and cost 24. oa ton ; the total weight was 212 
tons. The weight of passengers on the footway was 
computed at 75 lb. per square foot ; the coefficient of 
safety was taken at 5. The maximum wind pressure 
was reckoned to be 31 lb. per square foot of vertical 
surface, but twice that amount of strain was allowed 
for. As the pressure of wind observed at the Meteoro- 
logical Institute at Stockholm has never exceeded 
18 lb. per square foot, it is evident that a structure 
based upon the above data was quite strong enough. 

At the test before the opening, it was found that 
the different spans, when weighted, showed little or 
no deflection. The authorities, however, decided that 
not more than 500 persons should be admitted on the 
footway at the same time, although there is room for 
five times that number. 

The machinery for the elevator was constructed on 
the hydro-pneumatic principle invented by Mr. George 
Johnson, an American, and was supplied by the 
American firm of Weeks and Halsey, of Brooklyn. 
The total height is 115 ft. ; the greatest speed is 2.5 ft. 
per second, and the time occupied for the whole ascent 
45 seconds, 

There are two cages, each capable of containing 
eleven passengers, besides the conductor. The greatest 
number of passengers yet recorded has been 11,000 per 
day of fifteen working hours. This figure was reached 
during the first year, when not more than nine persons 
at a time, besides the conductor, were allowed to 
ascend or descend. The cages are driven by two steel 
wire cables, working independently of each other, and 
are balanced by counterweights in the tower of the 
elevator. The cables are constructed under Lang’s 
patent. They are ;; in. in diameter, and contain six 
strands ; each strand has eight wires, grouped around 
a central strand composed of four wires 1mm. in dia- 
meter. The breaking weight 0° each cable is at least 
ll tons. At first it was stipulated that if one wire 
broke in working the whole cabie must be condemned. 
Under these stringent conditions it was found neces- 
sary to 1e1ew the cables very frequently during the 
first year. Of late, however, this rule has been relaxed, 
and a cable may now be worked so long as not more 
than 10 per cent. of the wires are broken, at intervals 
of not less than 10 ft. from each other. A cable lasts 
from fourteen to sixteen months. 

The machinery consists of a double air compressor, 
driven by a double-cylinder non-condensing steam 
engine. ‘The diameter of the steam cylinders and of 
the compressor is 1 ft. ; the stroke is 14in. The steam 
pressure is about 601b. per square inch, and the air 
pressure about 80 1b, per square inch, The consump- 





tion of coal has averaged less than a ton per day of 
fifteen working hours. 

The air from the compressor is delivered into two 
air receivers each 12 ft. long and 5.18 ft. in diameter. 
When one elevator rises, the double cable fastened 
to the roof of the cage runs over a pulley fixed to the 
roof of the tower. From thence it runs down into the 
engine room at the base of the tower over a system of 
ten pulleys. Five of these run on a fixed axis, the 
other five on an axis driven backwards and forwards 
by a piston connected at the other end with the 
hydraulic cylinder. Parallel with the hydraulic 
cylinder is the water tank. 

When the elevator is to be raised, the conductor by 
means of a small wire rope opens a cock connecting the 
air and water cylinders. The air pressure drives the 
water into the hydraulic cylinder, thereby setting 
the piston and pulleys in motion. In descending the 
connection between the air and water cylinders is 
cut off, the weight of the cage drives the water back 
from the hydraulic cylinder into the water tank, and 
the lift descends. 

The cages are provided with a safety brake, consist- 
ing of two wedges fixed to the sides of the cage; in 
case of accident, these spring out and catch in the 
teeth of a rack running up the lattice-work frame. 
Thus the cages cannot run down. 

The cost of the whole undertaking amounted to 
9956/., and the working expenses for the year 1885 were 
18162. The expenses of administration were 253t. 
The traffic during the same year amounted to 1,667,000 
persons, or 4570 per day. The elevator forms a con- 
spicuous object in the centre of Stockholm. At the 
top is a restaurant or café, from the roof of which a 
magnificent view is obtained of the city with its pic- 
turesque environs of lake, hill, and forest. 

Our illustration on page 27 has been prepared from 
a photograph, and for the above account we are in- 
debted to a description of this interesting elevator 
given by Mr. Lindahl in Teknisk Tidskrift, published 
at Stockholm. 


TORPEDO BOAT WITH PETROLEUM FUEL. 

Our two-page engraving this week illustrates a tor- 
pedo boat recently built by Messrs. William Doxford 
and Sons, of Pallion Yard, Sunderland. Fig. 1 is a 
general view of the vessel, Fig. 2 is a longitudinal 
section, Fig. 3a deck plan, and Fig. 4a sectional plan. 
Figs. 5, 6, 7, 8, 9, and 10 show the position of machi- 
nery. Figs. 11 to 21, on pages 30 and 33, illustrate the 
boiler. Indicator diagrams taken on progressive trials 
are shown on page 31. Fig. 22, page 33, is a diagram 
giving curves of speed, power, &c. It will be remem- 
bered that we have already noticed a preliminary trial 
of this boat made at Portsmouth in the early part of 
the year.* Since then, during a recent visit to the 
north, we have had an opportunity of seeing the boat 
under way upon a more extended trial made in the by 
no means placid waters of the Northumberland coast. 
A very complete series of progressive trials have been 
carried out, the results of which we are now enabled to 
lay before our readers, together with particulars of the 
vessel herself. 

Our illustrations will show the character of the boat. 
She is 137 ft. long by 13 ft. 9 in. wide by 9 ft. 3 in. 
deep. She is built of galvanised mild steel and is of 
exceptionally strong construction. As stated in our pre- 
vious notice, the plating and genera] construction are 
so good that it is hard to believe the boat was not built 
on the Thames; a statement which, we believe, some 
of our north-country friends took at the time as a very 
left-handed compliment. The cabin accommodation 
and machinery space is as shown. <A point which 
may be mentioned in connection with the con- 
struction is that the bottom is double, forming 
a series of tanks, the positions of which are shown in 
Fig. 2. These are primarily intended to carry the 
liquid fuel, which forms the most striking feature in 
the design of the boat, but they can be used for water 
ballast. In either case they add greatly to the sta- 
bility of the vessel. There are eight of these built-in 
tanks, which together will hold 13.82 tons of liquid fuel. 
The arrangement is such that any one tank can be 
—— out separately, or the whole can be operated 
simultaneously. All are fitted with filling, air, and 
sounding = ump shown 
in the stokehold which supplies the iquid fuel to the 
burners is constructed for pumping oil from any craft 
alongside into these tanks or from one tank into 
another, 

The conning tower, in which is fitted the steam 
steering gear, engine-room telegraph, &c., is built of 
steel armoured plates, strongly supported by hollow 
steel stanchions carried down to the ship’s floors. 

The stem of the boat is of cast steel, having pro- 
jecting shelves for connecting to fore and aft keelsons, 
and is carefully supported for ramming. The bottom 
end is shaped and scarfed to take the forward keel 

late. The stern frame is also steel, with large sur- 

aces worked inside for firm connection with the whole 
of the boat. The rudder frame is of forged steel 
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* See ENGINEERING, vol. xlvii., page 236, 





0 with galvanised steel sheets on each side, and 
aving the centre space filled in with teak. The frames 
of the boat are of galvanised steel angles, 24 in. by 
1} in. by 5 in. and 21 in. apart. The floor plates are 
9 in. deep by ;’; in. thick, and increase in depth, neces- 
sary for forming various seatings for engines and 
Sotbes The fore and aft keelsons are formed of T bars 
3 in. by 24 in. by 7 in. with flanged _— carefully 
fitted on butts, and all rivetted to double reverse bars. 
Intercostal keelsons also extend right fore and aft 
formed of solid flanged plates rivetted to the shell, 
and with the keelson bars rivetted to the reverse 
frames. At the fore and aft ends these keelsons are 
worked out, and carefully connected with the shell 
and stern-posts. 

The plating, which presents a uniform and even sur- 
face, varies considerably in thickness according to the 
position occupied, and is single-rivetted at the edges, 
and double and treble-rivetted through the butt straps. 
The latter are properly shifted clear of one another. 
The thickest plates are those on the keel, the ram, and 
round the stern tube. - There are eight water-tight 
bulkheads in the boat, and each compartment is fitted 
with either one or two ejectors according as its capacity 
demands. The engines are of the triple-compound 
type, with cylinders 15 in., 22 in., and 334 in. in 
diameter by 18 in. stroke. The engines do not present 
any special features of novelty, but are good examples 
of torpedo boat machinery, the large bearing surfaces 
and well balanced parts, together with the lightness of 
the reciprocating parts, enabling them to be run at 
the high speed required. The arrangements for lubri- 
cation are very complete. Every working part ex- 
cepting the reversing weighshaft, and the back end 
of the drag links, has a separate oil pipe leading to 
the front of the cylinders, where it terminates in a 
small sight cup and oil valve. The latter are fed from 
a continuous horizontal oil pipe running from end to 
end of the cylinders, which in turn communicates with 
an oil tank placed immediately under the deck. This 
tank is fitted with a cock, which enables the whole 
lubrication to be stopped by a single movement. 

Each cylinder has a piston valve with deep packing 
rings and springs. The valve spindles are specially 

uarded against the pull and shove of the drag links. 
he pistons are of cast steel of the usual dished form, 
fitted with Ramsbottom packing rings, and have a 
clearance of } in. at the top and jin! at the bottom 
with a view of economising the steam to the greatest 
ssible extent. The reversing links are of the double- 
Sor type, with solid pins forged on for receiving’ both 
the eccentric-rod double eyes and the draglinks. The 
connecting-rod bottom ends are forged solid with the 
rectangular body of the rod, and afterwards slotted 
through and fitted with bolts and nuts for adjustment. 
Parson’s white metal is used for the bearing surfaces. 
The bedplate is of cast steel, and consists of six ’thwart- 
ship girders of the box-section, and two fore and aft 
girders of section. The ’thwart-ship girders are 
recessed to receive the main bearing brasses, which are 
half round on the bottom for the purpose of easy with- 
drawal. These brasses and their keeps are also cast 
steel lined with Parson’s white brass, and are of a total 
length of 563 in. 

The crankshaft is in one piece of forged steel 5} in. 
in diameter, with a 2-in. hole drilled through the 
crank-pins, and 14-in. hole drilled from end to end of 
the body of the shaft. It runs in Parson’s white metal 
throughout. The eccentric sheaves and strapsare of cast 
steel, the latter being lined with Parson’s white brass. 

The air pump is single-acting, 164in. in diameter 
and 6 in. stroke, driven by levers and connecting-rod 
from a crank forged solid on the fore end of the main 
crankshaft. It discharges its water into a hotwell, 
from which it is in turn pumped by a Worthington 
type of feed pump into the boiler. The levers also 
drive a bilge pump 2} in. in diameter and Gin. stroke 
at one end of the air pump crosshead, and at the other 
a similar pump is used for circulating water through 
the guides of the main engine and other places. 

The condenser, which is placed at the back of the 
engines, is of sheet copper, and flanged in sections, 
these being bolted together with stiffening rings 
between the flanges, so as to readily resist the external 

ressure. It contains 1745 square feet of cooling sur- 
ace. The tubes, which are of brass, are 862 in number, 
and in. outside diameter. They are secured in the 
tubeplates by screwed ferrules and cotton packing in 
such a way as to effectually prevent them becoming 
displaced. The condensation water is obtained . by 
natural circulation, the quantity being regulated by 
injection and discharge valves on the outside of the 
boat. These valves are adjustable from the inside by 
screws and handwheels. These are peculiar in them- 
selves, inasmuch that they open in such a way as to 
form scoops for collecting or discharging the water as 
the case may require, and also opening only to the 
extent necessary to collect or regen that water, 
thus offering no more resistance to the forward motion 
of the boat than is necessary for circulating the water 
through the condenser. This is a great advantage 
over the ordinary fixed scoop. In addition there is a 
4-in, centrifugal pump fitted for circulation, 
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Triat Data or TorPEDO Boat ‘‘SuNDERLAND.” 
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The speed of 21 knots was attained with the vessel carrying extra weight to the extent of 21 tons. Draught of vessel 4 ft. 2 in. aft, 
8 ft. 10 in. forward, mean 4 ft. Displacement at 4 ft. draught 86.2 tons. Immersed midship area at 4 ft. aft, 40 square feet. 


The thrust-block has a series of twelve rings all faced | mean pitch, and is of solid cast steel. Each of the three 
with Parson’s white metal. Each ring has a separate | blades are — upon both their faces and their backs 
sight cup and oil valve, similar to those already de- | to an absolutely true and smooth surface and knife- 
scribed on the front of the cylinders. The thrust is | edge, and each blade is planed an exact counterpart 
transmitted direct to the fore and aft girders of the | of its neighbour both in form and in weight. This is 
main engine bedplate. It is in this way distributed | effected by a planing machine designed by Messrs. 
over no fewer than five of the ship’s ordinary floors, | Doxford for the purpose, and illustrated by us on 
and seven special floors forming part of the attach- pages 82 and 83 of our forty-fifth volume. 
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ment of the bedplate to the skin of the boat. It may 
be remarked that the whole the boat’s construction 
here is of solid flanged steel plates, not a single piece 
of angle bar existing in the whole of the engine seating. 
The only other attachment between the thrust-bloc 
and the boat is one which communicates no more strain 
than that necessary to prevent the block turning with 
the shaft, the result being that there has been no sign 
of heating throughout the trials. The block accom- 
modates itself to the slightest alteration of the shaft 
when forcing the boat through a heavy sea. 

The propeller is 6 ft, in diameter, and 8 ft, 3 in. 


The boiler is of the ordinary locomotive type, having 
a wet furnace bottom as shown. The furnace front is 
arranged to receive the oil burners, which are 31 in 
number. The boiler contains 419 tubes, 2 in. in dia- 
meter and 9 ft. long between the plates. The total 
heating surface of the boiler is 2173.8 square feet, and 
the steam capacity is 305 cubic feet. 

It is in the stokehole of this boat that the chief 
novelty lies. The liquid fuel used is pun.ped by the 
small Worthington pump already referred to, from 
the double bottom of the boat, and discharged into a 
small cylindrica] tank near the vessel’s side, where it 








is subjected to an air pressure of 35 1b. per square inch, 
and from whence it flows direct to the burners. The 
stokehole also contains an air compressor, which dis- 
charges into cylindrical air tanks placed near the 
vessel’s side, and forming a group of four inclusive of 
the oil tank already referred to. The working pres- 
sure of air in these tanks is 40 lb. per square inch, and 
it is conveyed here for the purpose of disintegrating 
the oil as it leaves the burners. Each jet of oil results 
in a clear bright flame about 6 ft. 6 in. long and 9 in. 
in diameter if burning alone. When the jets are 
combined in the firebox there results a bright mass of 
fire about 2 ft. from the furnace mouth to the tube- 
plate. The flame entirely fills this portion of the fur- 
nace, and gives forth neither smoke, smell, sparks, nor 
flame, so that neither soot nor dust are deposited in the 
tubes, and therefore no sweeping is required. Each 
burner can be made to consume from 25 lb. to 75 Ib. of 
oil per hour, andeach may either be shut off individually 
or the whole collectively by the quarter turning of a 
pair of cocks, the operations being under the complete 
control of one man. 

The usual fan for forced draught is fitted in the 
stokehole. A water pressure of 6} in. is used with 
twenty-one burners, resulting, as will be seen from the 
table of particulars hereafter given, and also the dia- 
gram Fig. 22, in a speed of slightly over 21 knots and 
1203 horse-power. 

One of the most noteworthy features is that the pro- 
tection which the builders have found necessary to 
give the furnace plates from the high temperature of 
the furnace, most effectually prevents leaky tubes and 
rivets. To illustrate to what extent this prevention of 
leakage —. upon the occasion of a recent trial, 
made for the representatives of some foreign govern- 
ments, the boat was driven at 2] knots per 
hour, and suddenly the engines were stopped. 
The fire, consisting of twenty-one burners, was 
shut off instantly, after which the steam did 
not rise enough to lift the safety valves. There 
was not the slightest sign of leakage of the 
tubes at the time, or of dampness in the fur- 
nace when it was examined on the following 





day. 

- the course of experiments made to brin 
their system of oil-burning to perfection, an 
since the final arrangements have been made, 
Messrs. Doxford have had a good deal of run- 
ning with the vessel ; some of it, by-the-by, in 
very rough water. The boat has made one 
voyage to Portsmouth and home again to 
Sunderland in addition to the running about 
she has done in the North Sea. Through the 
courtesy of Messrs. Doxford we have been able 
to be present on some of the trials of this 
interesting vessel, and so far as our experience 
goes, can fully confirm their statement that 
they have experienced no difficulty in the run- 
ning of the boat since the arrangements have 
been perfected. 

In the accompanying Table we give data of 
some progressive trials made with this boat. In Fig. 22 
these data are displayed in graphic form. From the 
figures quoted it will be seen that the boat attained a 
speed of 21.032 knots, with the development of 
1203 indicated horse-power. The regularity of the 
power curve will be noticed in this diagram. The 
indicator cards corresponding are given on page 31. 

With regard to fuel consumption, Messrs. Doxford 
are unfortunately not able to give us very exact 
figures relating to more recent trials. On one occasion, 
however, the boat was run for a considerable time at 
20 knots speed, 1001 indicated horse-power being deve- 
loped. The consumption was 1001 lb. of heavy oil per 
hour. It is stated, however, that since these figures 
were ascertained modifications in the arrangement 
have led to greater economy, and it is anticipated that 
far more favourable results will be reached. 

For the purposes of torpedo warfare the following 
are the advantages which are claimed by the advocates 
of the system of burning liquid fuel which we have 
here described. 

Firstly there is the greater efficiency of this descrip- 
tion of fuel, weight for weight, as compared with coal. 
This quality can be made use of either by carrying the 

same weight of fuel as would be carried were coal used, 
| and so increasing the radius of action, or by retaining 
| the same radius of action, and, in consequence of the 
less weight, being able to steam at greater speed. Ait 
10 knots speed it is calculated that the boat would 
steam for a distance of 1800 miles on her normal carry- 
ing capacity of fuel tanks, viz., 13.82 tons. It is usual, 
| however, in torpedo boats, when making a passage, to 
take extra coal in bags. Extra oil could be carried on 

this boat in casks. 

The manner in which the fuel is stowed in the 
bottom of the boat allows of two important advantages 
being obtained ; namely, increased stability and in- 
| crease of available space. It is needless to emphasise 
| the importance of the former in view of the recent 

overturning of the two French boats. With torpedo 
| guns, torpedoes, machine guns, to say nothing of a 
| number of men standing on deck, a torpedo boat is 
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always apt to have a small reserve of stability. The 
low position of the centre of gravity of the mass of oil 
in the tanks relieves this defect. The boat has consider- 
ably more stability with her tanks full than when 
empty ; whilst filling the coal bunkers of an ordinary 
torpedo boat has a contrary effect. With regard to 
increased room put at the disposal of the designer by 
the liquid fuel system, the point is too obvious to need 
comment and is very apparent when one goes on board 
the boat. 

In manceuvring under steam it may be often desirable 
to stop suddenly and lay by for a greater or less time 
—perhaps a few minutes, perhaps an hour or more— 
and to be ready to go on at full speed at a second’s 
notice. The diffien ty of effecting this with a coal fire 
is well known to every engineer and naval officer. If 
the fire be kept at full capacity, with the fan running 
hard, it is difficult to get rid of the steam, in addition 
to which coal fires can only be kept in good order for 
a limited time. If a considerable portion of that time 
be spent in waiting for an opportunity to act, when 
the opportunity arrives the fire may be in such a bad 
condition that steam cannot be kept up. If, on the 
other hand, the fire be let down, it cannot be got into 
condition again until some time has elapsed. With 
liquid fuel, however, any number of burners may be 
put out of use instantly, and may be lit again as 
quickly. Thus, if the boat were running at a speed of 
21 knots per hour, and were stopped suddenly, half 
or three-quarters of the burners could be put out, 
only sufficient being kept alight to maintain the 
steam at the maximum working pressure without 
lifting the safety valves. On the order being _ 
to go ahead the other burners would be lit and the 
pressure of steam thus maintained. In fact it may be 
said that once steam reaches any required tension— 
maximum or otherwise—it may be kept at that tension 
so long as the fuel supply lasts, no matter whether the 
boat be kept running all the time, or whether she be 
intermittently stopped and started for any intervals, 
uncertain or otherwise. 

The arrangement of the furnace is such that steam 
may be raised and lowered as suddenly as possible 
without causing leakage to the tubes or other parts of 
the boiler. In other respects the boiler is not subject 
to the well-known causes of deterioration which are 
consequent upon using coal in a furnace. In fact the 
life of the boiler ceases to be in this vessel a measure 
of the life of the boat. In most torpedo craft the 
boiler may be expected to give out first and is the 
source of the greatest anxiety. With this system of 
firing such is not the case. It may be noticed in pass- 
ing that in order to increase the durability of the 
engine, to bring it nearer to that of the boiler, in- 
creased bearing surfaces have been given to all rubbing 
= For the same reason adjustable bearings have 

en fitted to all parts so as to take up in case of wear. 
In short a higher efficiency of boiler with regard to 
durability has called forth a higher efficiency of engine 
(in the same respect) than has hitherto been considered 
necessary for such vessels. 

With this system stokers are of course unnecessary. 
One man is more than sufficient to attend to the 
burners ; he has nothing to do after the furnace is once 
put in operation. The fact that the system is auto- 
matic would doubtless be a great benefit in action. 
The advantage of not having to stoke, when steaming 
in a heavy sea, especially a beam sea, will be appa- 
rant. There is of course no coal-trimming required, 
and the advantage of perfect cleanliness is obvious. 
The boat can be kept as clean on deck as a sailing 
yacht. The sweeping of the boiler tubes is not re- 
quired. 

In conclusion, Messrs. Doxford maintain that the 
system of liquid fuel burning which they have adopted 
is the only one 4 EOE to torpedo boats. This is in 
the main due to the fact that air is used in place of 
steam for the injection of the fuel. There are many 
systems of steam injection, but they are not suitable to 
torpedo boats on account of the loss of boiler water. 
Very large and heavy evaporators would be required 
to compensate for this loss, and they would be quite 
inadmissible on such boats. 

It only remains for us to thank Messrs. Doxford and 
Sons for the liberal manner in which they have, through 
our columns, placed the results of their labours so 
unreservedly before the engineering world, and for the 
facilities they have given us for watching the trials of 
the interesting vessel we have described. 





Tue Exsctric Licnt at MELBOURNE.—The rapid exten- 
sion of electric lighting at Melbourne has had the effect of 
directing the attention of the insurance companies to the 
necessity of promulgating rules and regulations to control 
the manner in which electric installations are applied to 
buildings in the Victorian capital. 


Water Suppty or San Francisco.—Mr. Von Schmidt 
has prepared a scheme for improving the water supply of 
San Francisco. Mr. Von Schmidt’s project guarantees a 
delivery of 30,000,000 gallons of water daily from Lake 
Tahoe, 250 miles distant from the town. The outlay for 
steel pipes required in connection with the scheme is 
estimated at no less than 3,000,000/, 





PORTABLE HOISTING ENGINE. 


CONSTRUCTED BY MESSRS. RANSOME, SIMS, 


WE give above a perspective view of a very handy 
form of portable hoisting engine recently brought 
and Jefferies, 
As our engraving shows, the 


out by Messrs. Sims, 
Limited, Ipswich. 
hoisting gear is mounted with a vertical engine 
and its boiler on a wrought-iron bedplate, carried 
by four wrought-iron wheels, which allows the 
whole fmachine to be easily transported to wher- 
ever its services are required. As it carries its 
own feed tank inside its framing, this hoist can 
used be even in those situations where a supply of 
water cannot readily be attained. The hoisting 
drum is driven through the gearing shown on the 
right, and is designed to lift loads up to 2 tons 
in weight, while by means of the warping cone, shown 
on the prolongation of the drum axle on the left, still 
heavier loads can be dealt with if necessary. In lower- 
ing, the drum is freed by a disconnecting clutch, and 
controlled by a foot brake, but reversing gear can be 
fitted if desired. All the handles are grouped together, 
convenient to the hand of the driver, who has thus 
perfect control over the working of the machine. 


Ransome, 





THE REV. S. J. PERRY. 


ASTRONOMICAL science has suffered a very heavy loss | 
in the person of the Rev. Stephen J. Perry. This) 


eminent Jesuit had been sent to South America to 
observe the solar eclipse of December 22nd last, and 
hardly was his work completed when he was carried 
off by dysentery. 

Father Perry was born in London in August, 1833. 
At an early age he was sent to the Benedictine College 
at Douai, where his attention was confined to classical 
studies, for which he evinced neither liking nor apti- 
tude. At the age of twenty he was sent to Rome, 
where he joined the Jesuit order, and took up the 
study of mental and moral philosophy, a study some- 
what more congenial to his tastes. He was subse- 
quently sent to Paris to study mathematics and 
physics, and in the pursuit of these branches he dis- 
played uncommon ability. 

In 1860 he was appointed director of the Stony- 
hurst Observatory, a position which he held up to his 


untimely death. His merit as a man of science was 
early recognised. In 1869 he was elected Fellow of the | about 700,000 gallons 
Royal Astronomical Society, and in 1874 the doors of | The cost of the new w 
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the Royal Society were opened to him. His chief re- 
commendation to the notice of the Council was a mag- 
netic survey of France which he very successfully 
carried out. He had prepared himself for this under- 
taking by three years of systematic work at the 
Greenwich Observatory under Sir George Airy. 

Father Perry was a member of the Royal tae 
logical Society, and also of the Accademia dei Lincei 
of Rome, and he was an astronomical observer of 
unusual skill and of great precision. He would 
never accept results that were not carried out with 
minute care and every possible degree of accuracy. 
This is well illustrated by the high character of 
the solar work which has been done at Stonyhurst 
Observatory. 

His excellent qualities for observation, coupled with 
his amiable manners and cheerful disposition, made 
Father Perry a great favourite among his scientific 
colleagues. In 1874 he was sent to Kerguelen Land 
to observe the solar eclipse of that year; in 1882 he 
was at Madagascar ; in 1866 we find him out in the 
West Indies; in 1887 he was sent to Moscow; and 
lastly, in 1889, he was despatched to the Salut Islands 
off the coast of French Guiana. Here the task assigned 
to him was to secure photographs of the solar corona 





and to make photometric measuremsnts of its intensity. 

According to a telegram just received the weather 
| conditions were moderately favourable, so that it may 
| be hoped that Father Perry’s last work will be a sub- 
stantial contribution to the physics of the sun. 





Port ADELAIDE.—The South Australian Marine Board 
has decided to further deepen the river at Port Adelaide, 
so as to secure a depth of 23 ft. at low water. The cost 
of the necsssary works is estimated at 62,1141. 


Ponrerract Water Works.—A quicksand fissure has 
been met with in the sinking at the depth of 107 ft., and 
an investigation has proved that it extends right up to 
the surface under the site of the foundations of the per- 

|manent machinery. The engineer, Mr. George Hodson 
| M. Inst. C.E., of Abbey-buildings, Westminster, an 
| Loughborough, has therefore decided to sink another well 
| in the same field, as this course will involve less cost than 
| securing the engine-house foundations. The yield of the 
| well, so faras it has been already sunk, proves to be 
r day of most excellent water. 
at will probably be about 1000/, 
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RANKIN’S DISCONNECTIVE QUADRUPLE- 
EXPANSION LAND ENGINES. 

WE illustrate on page 38 a set of disconnective 
quadruple-expansion engines recently erected by 
Messrs. Rankin and Blackmore, of Greenock, at the 
City Roller Mills, Limerick, belonging to Messrs. 
James Bannatyne and Sons. These engines have been 
constructed on the same principle as those the makers 
fitted into the steam yacht Myrtle and the cargo 
steamer Falls of Inversnaid, which were fully de- 
scribed in ENGINEERING, vol. xliii., page 546, and 
vol. xlvi., page 502. We need, therefore, say nothin 
further as to their general features, save that in the 
— instance there is no condenser, and the cylinders 

ave been placed in a horizontal position. The design 
generally has been specially adapted for land purposes, 
while retaining some féatures more peculiar to marine 
engines, such as double-web cranks, instead of the 
overhung single cranks, and connecting-rods' with 
T-ends for the crank-pin bushes, 

The cylinders, which are unjacketted, are covered 
with non-conducting material and lagged with polished 
teak ; they are 12in., 16in., 22in., and 28in. in dia- 
meter respectively, all — a piston stroke of 36 in. 
Each pair is bolted to a bedplate of box section, with 

ned seats for the cylinders and pedestals. These 
atter are four in number, strongly bolted to the bed- 
plates, and can be adjusted by means of wedges. They 
are fitted with heavy gun-metal bushes, each cast in 
four pieces, rendered easily adjustable by a couple of 
wedge bolts. The crankshaft is 10in. in diameter at 
the inside journals, and 74 in. in diameter at the out- 
side journals; it has been constructed on the ‘‘ built” 
principle, and is fitted with two sets of double-web 
cranks placed at right angles to each other. The 
heavy flywheel, 16 ft. in diameter, is built in eight seg- 
ments bolted together ; the rim has fifteen grooves suit- 
able for ropes 5} in. in circumference. The valve gear 
is of the usual slide-valve pattern, for all the cylinders 
except the high-pressure one, which is fitted with 
Proell’s automatic expansion gear and governor, 
specially constructed for these engines by Messrs. 
Thomas McCulloch and Sons, of Kilmarnock. The 
exhaust from both ends of the cylinder is tontrolled 
by a single piston valve worked by an eccentric and rod 
off the crankshaft, and the new combination, the 
makers inform us, answers its purpose admirably. The 
pistons of the high-pressure and first intermediate 
cylinders are fitted with Ramsbottom packing rings, 
while the second and intermediate ol low-pressure 
pistons have Rowan’s rings and springs. The feed 
pump, which is 2 in, in diameter by 36 in. stroke, is 
worked off the low-pressure piston-rod crosshead and 
connected by strong copper pipes to the boiler and 
feed-heater. The latter was made by Messrs. John 
Hastie and Co., Greenock, on Atkinson’s principle. 

The boiler is of the marine return tubular type, and 
is made entirely of steel to suit the Board of Trade re- 
quirements for a working pressure of 1801b. It is 
11 ft. Gin. in diameter and 9 ft. 8 in. long, and is fitted 
with two of Fox’s patent corrugated furnaces 3 ft. 5 in. 
in diameter. 

The outside shell plates are 1,°; in. thick, and were 
bent cold to avoid the risk of local heating. There 
are 52 stay and 114 common tubes 3} in. in external 
diameter and 6 ft. 8in. long. The stay tubes are 
screwed into both tubeplates, thus doing away with 
nuts. The circumferential seams of the boiler are 
double rivetted, and the longitudinal seams are treble 
rivetted with butted joints and double straps. The 
outside shell rivets are 1} in. in diameter, and all the 
holes were drilled in ition while the rivetting was 
effected by an hydraulic machine. 

The above machinery was erected at the City Roller 
Mills, Limerick, and a start effected on April 12, 1889, 
but as the boiler and piping were not covered, and as 
Messrs. J. Bannatyne and Sons were extremely busy 
trying to make up the leeway they had lost through 
stoppage, it was found impossible to obtain a romeo 
satisfactory trial. After nearly a couple of months’ 
delay the makers were enabled to test the consumption 
of coal, but unfortunately by this time a coating of 
lime had gathered on the boiler tubes, thus seriously 
interfering with their conducting power. However, in 
spite of this, and the fact that the engine had been 
working night and day ee the above-mentioned 
— a test of three hours brought out, we are in- 

ormed, the very moderate figure of 1.65 lb. of good 
Welsh coal per indicated horse-power per hour with 
75 revolutions and 350 indicatec horse-power, the 
stoking being done by the ordinary firemen belonging 
tothe mills. It must be admitted that this is excep- 
tionally good work under the circumstances for a non- 
condensing engine, and it is to be hoped that it may 
be possible to carry out a longer trial. 





ENGINEERING NOTES FROM NORTH- 
WESTERN INDIA. 
Detui, December 18, 1889. 
Tux North-West Provinces have been lately jubilatin 
over the great Nadrai aqueduct which carries a cana 


& | 268 wells went on without a throughout the 





150 ft. wide or thereabouts across fifteen arches of 
60 ft. span. The figures concerned in so vast a struc- 
ture are rily im , as will be more readily 
understood when it is stated that the foundations, which 
are on circular wells, all go down some 55 ft. below 
the bed of the river which the aqueduct crosses. The 
fifteen arches are divided by abutment piers into three 
groups of five spans each, the abutment piers have 





each two rows of wells, and the single piers one row. 


Thanks to the simple expedient of building the work 
in a pit dug out of dry land through which the river 
was subsequently diverted, the work of sinking the 


ear. It is probable that no other well-sinking job 

as been so systematically worked out--and, indeed, 
in the beds of active rivers there is no such chance of 
careful administration—for as the river rises and falls 
the conditions to be dealt with change completely. It 
is understood that Mr. Good, the engineer in charge, 
found that working two shifts of eight hours each 
per twenty-four hours, gave the t results in 
combined economy and expedition. Thelog diagrams 
of results attained with steam sinking are pecu- 
liarly instructive and show that very great importance 
attaches to using the largest dredging tools that the 
well shaft will admit of. In wells of 12 ft. external 
and 5 ft. internal diameter, dredgers (not unlike 
Priestmann’s diggers, but worked by a single chain) 
of 10 cubic feet capacity averaged twenty-seven hours 
actual working for each foot sunk by the well, 
while a 40-ft. dredger of the same type sank a 20-ft. 
well at the rate of a foot in nine hours. At this rate 
the smaller wells threatened to delay the project very 
seriously, and it was found desirable to discard the 
10 ft. tools in favour of new ones of 25 cubic feet 
capacity, which it was found could just be got into the 
wells when the corners of the scoops were slightly 
modified. By dint of this change the same engines 
with one or two extra coolies succeeded in sinking the 
same wells a foot in eight hours instead of twenty-seven 
as formerly. 

Even at 55 ft. depth, and carefully plugged with 
concrete, these groups of circular wells are not per- 
fectly satisfactory foundations for such a massive 
superstructure as a 60 ft. arch, and it is rumoured 
that some very slight settlements have occurred at 
Nadrai, but not so great as to cause serious 
anxiety or involve heavy repairs. That some settle- 
ment would take place was humanly speaking inevit- 
able, and reflects no discredit on either the design or 
on the workmanship, which latter is undoubtedly of 
extraordinary excellence. 

The aqueduct carries the Lower Ganges Canal across 
what is known locally as a nuddee—i.e., a water- 
course that draws its water supply from the plains of 
Hindustan, and not like what are here known as the 
rivers proper from the mountains. The canal that 
— over the top draws in ordinary years a revenue 

rom the land it waters of some 50,000/. a year, and a 
work that secures that revenue at a cost of 300,000/. had 
much need to be pushed on with the utmost expedi- 
tion. Fortunately, owing to favourable rainfall 
during the four years that the aqueduct was under 
reconstruction, the loss of revenue actually ex- 
= was but a tenth of the total. Had the case 
een the other way the loss of food crops in even one 
year would have far overtopped the price of the work. 

At Lahore a few days ago some engineers of stand- 
ing assisted at a dinner given to Mr. H. E. King, the 
Parliamentary champion of the Uncovenanted Services 
of India. The whole question is an exceeding muddle, 
due mainly to the difficulty with which the English 
language lends itself to accurate definitions. In the 
East India Companys time—while highly educated 
civilians were imported from England—young military 
officers with no more schooling than the average 
English lad possessed at sixteen were also brought out 
from home to join the army, or to transfer their services 
to such duties connected with police, surveys, road- 
making or what not as they had aturn for. Being 
exotic and imported articles, the pay, furlough, 
pension, and status generally of both military men and 
civilians so imported stood necessarily on a different 
footing to the practically subordinate officials who 
were mainly natives proper, and all of whom were 
domiciled in India. By way of defining these positions 
in mass the terms Covenanted and Uncovenanted grew 
up, and having grown up when the Queen’s Govern- 
ment started and required young English policemen 
of exactly the same class and origin as its military 
men and English engineers, foresters, geologists, 
meteorologists, &c., of the same class, origin, and 
similarly costly education, to its civilians or its surgeons, 
and to all of these it calmly says: Are you covenanted 
civilians, because if not, notwithstanding your having 
entered into contracts or covenants with the Secretary 
of State, you are in a Government of India sense un- 
covenanted, and subject to the strictest possible inter- 
pretation of any written covenant youare to be treated 
to. No more holidays and no more claim to compen- 
sation for loss by exchange than is fairly claimable 
by men whose original and final home is in India. 

This is, of course, a very serious view for men whose 





children at home cost in rupees 50 per cent. more now 
than they did a few years ago, and, so far as remedy 
oes, the case divides itself into two heads, for some 
nglish uncovenanted have either got contracts or an 
organisation such as Cooper’s Hill College at their 
backs, while others, like police officers, for instance, 
are in this sense absolutely at the mercy of the 
Administration. = 
In the case of surgeons for service in India, a very 
similar course was taken by the Government, but the 
medical profession took the question up, and proper 
rules had to be given before the necessary recruitment 
of the medical service was allowed to go on. Similarly, 
too, engineers as a profession took up their disabilities, 
and in many points the rules for engineers have been 
made more favourable, and, indeed, if all the promises 
of various Secretaries of State were worked too, they 
would have little to complain of. Here it is clear 
pea, a have as a class specific and quasi-legal claims 
to benefits that in the case of other departments are 
mere matter of equity and less matter of right, and so 
far as this profession is concerned, the question to 
which Mr. King mainly addressed himself, turned on 
how far independent action by engineers will make for or 
against the claims of educational and other specialists. 
The engineers are clearly of opinion that they ought 
not to merge specific claims in general ones, and that 
anything er get will certainly make the equity of 
the case of others. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—When business was resumed 
after the holidays last Friday there was a considerable 
amount of excitement evident, with quite a boom in 
prices. Extensive orders were forwarded from the re- 
cently instituted London warrant market, and makers 
were reported to have raised the prices of some special 
brands, of which the stocks are well-nigh exhausted. At 
the opening Scotch iron was 64d. per ton up from Tues- 
day’s closing price, and then in the course of a few 
minutes the price went bounding up to the extent of 
ls. 5d. per ton. A slight relapse was caused by some 
realising sales, but the closing quotation, 65s. 53d. per 
ton buyers, was 1s. 6d. above the closing price when busi- 
ness left off on the last day of the old year. The price of 
Cleveland iron ran up 2s. 6d. per ton, and closed at 
64s. 105d. per ton, or 2s. 44d. up on the day. At one time 
the price of hematite iron was 2s. 10jd. per ton up, and 
closed at 80s. Gd., or 2s. 14d. over last year’s final price. 
Friday’s closing quotation for Scotch iron was 74d. per 
ton above the highest price paid during the boom last 
November, and the closing price of hematite iron was 2s. 9d. 
above the top price in November, while that of Cleveland 
iron was still 3s, 9d. from touching the syndicate panic price 
of two months ago. A firm tone characterised the market 
on Monday, when business was a little irregular. Trade 
reports were considered satisfactory, and shipments 
showed a fairly large improvement considering the occur- 
rence of the holidays. Some orders to buy were in brokers’ 
hands, and warrant irons started with — advances in 
price, but orders to realise coming in about noon, there 
was a fall in prices. On the day the price of Scotch iron 
lost 5d. per ton, while Cleveland made 14d., and hematite 
iron 5d. perton. The closing settlement prices were, re- 
spectively, 65s. 04d., 65s. 04d., and 80s. 103d. per ton. At the 
opening yesterday, the market had a somewhat flat tone, 
and it was a little irregular. Prices went down and up 
by turns, but just before the close there was some good 
buying, and prices met with a smart recovery, closing 
better than on Monday, the settlement prices at the close 
being—Scotch iron, 65s. 6d. per ton; Cleveland, 65s. 3d.; 
hematite iron, 81s. 9d. It will thus be seen that the 
nag of Scotch iron was again above that of Cleveland. 

he advance in the price of finished iron—Staffordshire 
and Scotch—announced this morning had a hardening 
influence in the pig-iron market to-day. Scotch iron at 
the forenoon meeting of the “‘ ring” touched 66s. cash per 
ton. hen the buying ceased, realising set in, the desire 
to secure profits and the fears of dearer money inducing 
some heavy selling, and the price declined to 65s. 1d., 
being 5d. under the close rate of yesterday. Cleveland 
was dull at 64s. 9d., with buyers at 64s. 6d., which 
was a drop of 9d. per ton. Hematite iron opened at 
3d. per ton of rise, but left off unaltered at 81s. 9d. per 
ton cash. In the afternoon business was done in Scotch 
iron at 64s. 10d. to 65s. 5d. cash per ton, in Cleveland at 
64s. 4d. to 64s. 74d., and in hematite iron at 81s. 6d. down 
to 81s. and then up to 81s. 74d. cash. There are still 87 
blast furnaces in actual operation in Scotland, as com- 
pared with 73 at this time last year. For several brands 
of makers’ iron, No. 1, the price is 80s. or 80s. 6d. Last 
week's shipments from all Scotch ports amounted to 5242 
tons, against 4815 tons in the corresponding week of last 
year. They included 100 tons for India, 152 tons for 
France, 150 tons for Italy, 150 tons for Germany, 350 
tons for Holland, 170 tons for Belgium, smaller —— 
for other countries, and 3848 tons coastwise. e stock 
of pig iron in Messrs. Connal and Co.’s public warrant 
stores stood yesterday afternoon at 930,594 tons, as com- 
pared with 937,066 tons yesterday week, thus showing for 
the week a decrease of 5472 tons. 


Shipments of Machinery, &c., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from 
the Clyde, reported last week, included the following : 
Locomotive engines for Sydney and Africa, valued at 
22,000/. ; rice, sugar, and other machinery, of the value 
of 6500/., for Penang, Bombay, Spain, an eyaney 3 sew- 
ing machine parts, for Sevi e, Valencia, Bombay, and 
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Sydney, valued at 8348/.; blooms, billets, plates, bars, 
sheets, and other steel goods, of the value of 6600/., chiefly 
for Halifax, Bombay, Sydney, Baltimore, Bilbao, and 
the Cape; pipes and other castings, plates, sheets, bars, 
tubes, sleepers, bridgework, and miscellaneous iron manu- 
factures, valued at 18,100/. 


Imports of Iron and Stecl Goods.—In the Clyde imports 
reported last week there were included 1260 cwt. of wire 
rod, 195 ewt. of nails, 53 cwt. of bar, 60 cwt. of nail rod, 
and 366 cwt. of steel from Gothenburg ; 360 cwt. of girders, 
333 ewt. of bolts and nuts, and 133 cwt. of steel from Ant- 
werp ; and 1100 cwt. of steel and iron from New York. 


Imports of Spanish Iron Ore at Clyde Ports.—The 
arrivals of steamers within the Glasgow and Greenock 
Customs districts from Spanish ports during the month 
of December numbered 32 vessels, with 47,144 tons of 
Spanish iron ore. This shows an increase of 9855 tons of 
ore over the import in December of 1889. During the 
year 337 steamers arrived with 477,334 tons, an increase 
for the year over the preceding one of 61,090 tons, and 
an increase of 184,248 tons, or 624 per cent., over the 
import during 1886. Of the 337 arrivals the only foreign 
vessels were 22 belonging to Spain. Of the others, 133 
hailed from Glasgow ; Cardiff vessels come next, then 
Tyne, London, Liverpool, Leith, and Hull owned vessels. 
The returns for the month and year were : 


Month. Year. 
Vessels. Tons. Vessels. Tons. 
1889 32 47,144 337 477,334 
1888 26 37,089 318 416,244 
1887 24 32,828 325 406,647 
1886 19 25,054 247 293,086 
1885 24 30,159 282 354,147 


The Local Coal Trade.—Business in the Glasgow coal 
market to-day was very firm. Owing to the good demand 
for all purposes, the holidays, and an extra demand for 
French ports, resulting from the colliers’ strike in 
Belgium, the tone of the market was exceptionally 
strong. Of course the last two causes referred to are 
only temporary. In the mean time main coal has ad- 
vanced 3A. to 6d. a ton, and ell coal 6d. to 9d. above the 
prices that were current before the holidays. Splint and 
steam coals are unchanged. The following are to-day’s 
quotations at Glasgow Harbour : 

F.o.b. per ie 
S &  & & 


Splint 10 6to10 9 

ain coal 96 ,,. ¢ @ 
Steam... pr sé ae 1066. HG 
Ell 9 9 10 3 


Ayrshire coal 9s. 6d. to 10s. f.0.b. at Ayrshire ports. 
There is a very active inquiry for dross, which sells at 
4s. 6d. to 6s. at the collieries. The coke trade is very firm 
and active at advanced prices. 


Prices of Iron and Steel.—The makers of finished iron 
have raised the price of bars this week 5s. per ton. No 
formal intimation has been announced of any alteration 
in the price of steel, but advances of 10s. and upwards 
per ton are understood to have been asked within the past 
few days on rivet bars and ship and boiler plates. 


New Engineering Firm. —Messrs. Cameron and Mills, 
who were connected for upwards of eighteen years with 
the management of the dock, engine, and boiler works, 
Glasgow, carried on by the late firm of William King and 

., have resolved on starting a similar business at 
Stanley-street, Paisley-road West, under the designation 
of Cameron, Mills, and Co. 


Engineers’ Wages in the Coatbridge District.—Since the 
close of the New Year’s Day holidays there has been some 
stir amongst the engineers of the Coatbridge district 
about wages. At the Vulcan Engineering Works there 
was a brief strike, which was settled yesterday, on the 
footing that the machine men and turners should at once 
get an advance of 1s. per week, with a similar advance to 
the fitters on February 1. At the other works in the 
town the men have got an increase of 4d. per hour, with 
the promise of a like amount in March. The pattern- 
makers at the S well Iron Works, Whifflet, were out 
on strike yesterday. 


The Scotch Railway Servants.—Mass meetings of rail- 
way servants were held throughout Scotland last Sunday 
for the purpose of considering the result of a vote recently 
taken on the ten hours’ movement, and for deciding 
future action. The vote showed that while 3468 were in 
favour of meeting the directors of the various companies, 
2990 were in favour of total cessation of labour. The 
Executive Committee of the Amalgamated Society of 
Railway Servants for Scotland recommended that, in view 
of the figures submitted, they considered the best method 
of procedure was to get deputies appointed as early as 
possible to meet the directors’ committees. At several 
of the meetings it was urged that Mr. Tait, the secretary 
of the Servants’ Association (a Glasgow town councillor), 
should be admitted to the various conferences with the 
railway directors. 


Royal Society of Edinburgh.—A meeting of this Society 
was held on Monday night, Lord M‘Laren, vice-presi- 
dent, in the chair. Bailie Russell read an obituary notice 
of the late Sir James Falshaw, Bart., referring parti- 
cularly to his connection with the Town Council of Edin- 
burgh and the North British Railway Company. Pro- 
fessor Tait afterwards made a communication to the 
Society on the effect of friction on vortex motion. He 
referred to an investigation by Helmholtz, which showed 
that when there is a vortex motion in a frictionless 
liquid, it is always associated with perfectly definite lines, 
which are the axes of rotation of each successive element 





of the fluid through which they pass, and he discussed 

the question what would be the nature of the effect of the 

communication of rotation from those parts of the fluid 

- — surrounding parts if there was viscosity in the 
uid. 


Proposed New Shipbuilding Company for Dumbarton.— 
A movement is on foot to form a limited liability ship- 
building company to acquire one, or other, or all of the 
three shipbuilding yards on the west banks of the River 
Leven at Dumbarton, and at present lying empty. The 
yards alluded to are ‘‘The Woodyard,” belonging to the 
firm of Messrs. Birrell, Stenhouse, and Co.; one belonging 
to Messrs. Burrell and Co., shipowners ; and the Sand- 
point Yard belonging to Messrs. Archibald M ‘Millan and 
Sons, Dumbarton. The Woodyard originally belonged to 
the well-known firm of Messrs. William Denny and Bro- 
thers, who, however, on acquiring the Leven Shipyard 
removed thither. Since then it has been in about half a 
dozen hands. The death of Mr. Stenhouse last year has 
once more brought it into the market. The middle yard, 
which also has had a somewhat chequered career, was 
very largely carried on by Messrs. Burrell and Co. up till 
the death of Mr. Burrell, Sen. Since then it too has 
been in the market. The Sandpoint Yard was formed by 
Messrs. Henry, Murray, and Co., who found their yard 
at Port-Glasgow unsuitable. Their occupancy in the 
Sandpoint was short-lived. On their giving it up it was 
purchased by Messrs. Archibald M‘Millan and Co., and 
since then has lain in disuse. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Federated Institution of Mining Engincers.—At the 
meeting of this body at Sheffield, on the 22nd inst., the fol- 
lowing papers will be read: “‘On the Geol of the 
Yorkshire Coalfields,” by Mr. R. Russell, F.G.S. ; ‘‘On 
Coal-gettin by Machinery,” by Mr. G. Blake Walker ; 
and “On Electricity as Applied to Mining Operations,” 
by Mr. Albion T. Snell. Among the places the members 
may visit are Messrs. Locke and Co.’s St. John’s Colliery, 
Normanton (electric power applied to underground opera- 
tions), Messrs. Bower’s Allerton collieries, Woodlesford 
near Leeds (colliery machinery, driven by electricity) ; and 
the Wharncliffe Silkstone Colliery (machines driven by 
compressed air). The programme embraces a'reception by 
the Mayor and Master Cutler of Sheffield, at the Cutlers’ 
Hall, where a mining exhibition will be held. On the 
23rd there will be visits to works and collieries in the 
neighbourhood. 


Conference of the British Steel Smelters’ Amalgamated 
Association —This body has held a three days’ conference 
at Sheffield. The most important business was as follows: 
They decided to-day to request their employers on the 
13th to concede another advance of 10 per cent. in wages. 
A motion in favour of eight hours’ work per day was de- 
feated, as likelyto unfavourably handicap British industry 
in the struggle against foreign competition. Wednes- 
bury urged that, ‘‘ As it impossible to earn fair wages on 
certain furnaces through no fault of the smelter, that the 
payment should be per day and not per ton.” It was 
stated that through the use of old-fashioned plant the 
men sometimes had to wait six hours before they got their 
furnace tapped. The suggestion was agreed to, subject 
to the consent of each district being obtained for the 
alteration. An important resolution was arrived at with 
regard to “‘extra turns.” It was moved and carried that 
no member of the society should work extra turns, for the 
reason that he was injuring himself physically and was 
unable to do justice to his master, and that it was also an 
injury to the great body of the unemployed. It was 
agreed to hold the next_conference at Swansea in July. 


New Dock at Grimsby.—It is stated that the Manchester, 
Sheffield, and Lincolnshire Railway Company are about 
to construct a large, new, deep-water dock at Grimsby in 
the district known as the West Marsh. The water space 
will considerably exceed that of the existing dozk, the 
proposed area being put down at 100 acres, with a lock 
600 ft. long by 80 ft. wide. The boundary will probabl 
be low-water mark, and it is estimated that the depth 
of water at neap tide will be 30ft. and at spring tide 38 ft. 
Messrs. Logan and Henning, the contractors for most of 
the existing docks at Grimsby, are accredited with having 
received the contract for the present undertaking. The 
works will necessarily be of a very extensive character, 
and when completed the dock will be one of the finest in 
England. 


The Iron Trade.—Owing to the steady rise of hematite 
ig iron during the last two or three days, the prices of 
aeee steel tyres and axles have increased 5s. to 10s. per 
ton on recent quotations. Hematite pig iron cannot be 
bought under 95s. a ton at Sheffield. e quotations for 
common forge and foundry iron are increased in a corre- 
sponding degree. 





NOTES FROM THE SOUTH-WEST. 

Cardif.—The steam coal trade has shown a good deal 
of activity, and prices have been well maintained. The 
best qualities have made 14s, to 14s. 6d., and good dry 
coal 3s. 3d. to 13s. 6d. per ton. Household coal has 
been in strong demand ; No. 3 Rhondda has made 13s, 6d. 
to 14s. per ton. The manufactured iron and steel trades 
have continued active, and previous prices have been 
fully supported. 

An Old Flagship.—On Tuesday the Royal Adelaide, 
flagship at Devonport, was paid off after a very lengthened 
service in that capacity. the Royal Adelaide, one of the 
old ‘* wooden walls,” was first commissioned December 
10, 1835, at Devonport, or as it was then called, Plymouth 





Dock. On the 11th of January, 1836, the Royal Adelaide 
was taken from the dockyard to moorings in the stream, 
and rehoisted the admiral’s flag on February 15, 1836, 
when the San Josef was paid off. Since that date the San 
Josef, the Caledonia, and the Impregnable, have in turn 
been the flagships of the port. The Royal Adelaide was 
last commissioned on the Ist of April, 1859, and she has 
been flagship ever since. The Royal Adelaide was built 
at Devonport, and never went out of harbour. 


The Barry Dock.—The shipments of coal thus far from 
the Barry Dock have been at the rate of about 2,500,000 
tons be annum. At present this quantity cannot be 
exceeded, as all the machinery and tipping powers are 
strained to their utmost limit. The preponderance of 
steamers over sailing vessels entering the dock is re- 
markable, the difference being about three to one in 
favour of the steamers, and the tonnage is also three 
times greater. The shipments of coal during the past 
week reached 43,685 tons, while the shipments at Penarth 
were only 21,500 tons. Those who are interested in the 
success of the Barry undertaking are not satisfied, how- 
ever, with a large exportation of coal. They have a large 
timber pond, which they are about to utilise immediately. 
In order to do this a number of capitalists, at the head of 
whom is Mr. D. Davies, of the Ocean Steam Coal Com- 
pany, have joined together for the purpose of carrying on 
the business of timber merchants on a lnee scale. 


Bristol Docks.—The dock revenue collected at Bristol 
last year amounted to 69,103/., as compared with 65,2400. 
in 1888, showing an increase of 38637. City dues produced 
19,1102. last year, as compared with 19,5527. in 1888, 
showing a decrease of 442/. last year. The combined 
revenue from dock and city dues last year will be seen 
to have been 88,213/., as compared with 84,792/. in 1888. 
With regard to dock works carried out last year, it may 
be added that cattle lairs have been reconstructed at 
Avonmouth, and that refrigerators have been completed, 
the result being a large increase of the cattle trade. Two 
plots of land have been let at Avonmouth to oil-trading 
companies. The Canons’-marsh scheme for providing 
deep-water berths is now completed, and it is likely to 
become an important adjunct to the trade of Bristol, in 
view of an application, contemplated by the Midland 
Railway Company, to Parliament for authority to pur- 
chase the Port and Pier Railway. If this purchase is 
carried out, it will give the Midland Railway Company 
advantageous access to Canons’-marsh wharf, from whic 
it would probably obtain, in conjunction with the Great 
Western Railway Company, communication round the 
city docks. 


New Landing Stage at Cardif.—The Bute Docks 
Company has decided to build an additional landing 
— at Cardiff, south of one already existing. The 
bridge will jut out from a point known as “the Dump,” 
about midway between the present stage and the Mount 
Stuart graving dock. It will be 150 ft. in length, and 
it will sufficiently wide to admit of four persons 
pence abreast upon it. The further end of the bridge 
from the shore will be connected with a floating stage 
80 ft. long by 30 ft. wide. The necessary dredging is to 
be commenced at once. 


The Monmouthshire Coalfield.—In the course of an 
inquiry at Blackwood, on Tuesday, before Mr. A. D. 
Berrington, chairman of quarter sessions, with reference 
to a proposed conversion of the Bedwellty Rural Sanitary 
Authority into an urban district, it was stated that the 
Powell-Duffryn Colliery Company, which has two pits at 
New Tredegar, had lately leased 2000 acres of land for 
mineral a from Lord Tredegar, and that every 
acre in the Monmouthshire coalfield was now leased. 
One witness said he had been commissioned by a gentle- 
man interested in colliery enterprise in South Wales to 
secure 2000 acres in the district, Pat be found on inquiry 
that everything was already taken. Mr. Hann, engineer 
to the Powell-Duffryn Company, spoke of the obligations 
his company was under to open new pits in the Black- 
wood district. 


Bath and West and Southern Counties Society.—The 
prize sheet and regulations for the Rochester meeting of 
this Society, on June 5, 6, 7, 8, 9, and 10, have been issued. 
Prizes are offered to the aggregate extent of 27501. 


Pengam.—Messrs. F, F. Cartwright and T. G. Cart- 
— are about to sink a rew pit to the Mynyddislwyn 
coal, which is the last of that celebrated vein of house 
coal. Messrs. Cartwright are successors to the late Mr. 
W.S. Cartwright, of Newport. 


The Great Western at Cardiff.—The town clerk of Car- 
diff has received a letter from Mr. H. Lambert, the 
general manager of the Great Western Railway, to the 
effect that the directors, at a recent meeting, had under 
their consideration the question of making an approach 
to the Cardiff station from Wood-street, and that they 
had authorised the necessary expenditure. The engineer 
had consequently been instructed to prepare plans and to 
proceed with the work at once. 


Avonmouth.—The docks engineer and haven-master at 
Bristol have presented reports to the Bristol Docks Com- 
mittee on the subject of constructing a low-water pier at 
Avonmouth, with a view to attracting Atlantic passenger 
steamers to the port. The reports laid before the com- 
mittee state that the scheme is quite practicable, but 
that it would involve considerable outlay. The committee 
is accordingly somewhat doubtful whether the Town 
Council or citizens would approve the expenditure. It 
has, however, been decided that the general manager of 
the docks shall draw up a report upon the proposed 
scheme. 
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RAILWAY TRAFFIC AND RAILWAY 
RATES. 

Ir is one of the prominent features of the new 
schedules of maximum rates and charges proposed 
by the railway companies of the United Kingdom, 
that they will specially affect, and affect injuriously, 
the great mineral and metal trades of the country. 
These trades are not alone aimed at, but they are 
of such magnitude and importance that they are 
likely to be specially subjected to inconvenience, 
if not to actual danger, by the proposed consolida- 
tion of the different Acts proposed for the con- 
sideration of the Board of Trade, and now the 
subject of inquiry by that department. The rail- 
way companies are, in their own opinion, and from 
their own point of view, warranted in taking the 
action they have done. They were called upon by 
Parliament to submit a schedule of maximum rates 
and charges which should embody the powers con- 
tained in their existing Acts. It happens, however, 
that each of the principal railways has a large 
number of Acts affecting and applying to particular 
parts of the system which it owns. Some of these 
Acts provide for powers that are exceptional. 
Hardly any two of them are alike in the rates 
which they authorise. In Acts applying to lines 
that run through agricultural districts where the 
mineral traflic is light, the population sparse, and 
the possible revenue hardly equal to defraying the 
cost of working, the rates authorised by Parliament 
were, of course, much higher than those provided 
for in cases where a different order of things exists. 
Naturally enough, the railway companies do not 
care to sacrifice these exceptional powers, and if 
they are to he preserved under any satisfactory 

lan of consolidation, they can only be so by 
dte the consolidated schedules of rates so 
framed as to provide for a higher range of rates 
than would be required or proposed if the lines to 
be dealt with were mineral lines only, or even lines 
where there was a tolerably dense traftic otherwise. 
On the other hand, the traders who are engaged in 
the mineral industries object to be indian out for 
a higher scale of maximum rates in order that the 
exigencies of agricultural lines, with which they 
have so little in common, may be provided for. 
And they claim, with good reason, that as they 
are the greater, they should not be made sub- 
ordinate to the less. An obvious. and inherent 
difficulty thus stands in the way of any complete 
and satisfactory plan of consolidation. The traders 
are naturally resisting to the utmost the attempts 
that the principal railway companies are making 
to expose them to the liability of being called on to 
pay a higher scale of charges than they are now 
doing, and, although the railway companies declare 
that these higher charges are only demanded in 
order that they may be enforced in cases where the 
traffic is light and exceptional, the traders would 
seadiaaiig ts liable to have to pay them, in every 
case, at the discretion of the companies, if they 
once received Parliamentary sanction. 

The difficulty of dealing with the matter in ques- 
tion is complicated and accentuated by the different 
circumstances of the railways of the United King- 








dom. Although there are between 400 and 500 
different railways in all, the actual business of the 
country may be said to be carried on by six or 
seven great companies, which not only carry the 
lion’s share of the traftic, but earn the lion’s share 
of the profits resulting therefrom. What would 
probably pay these large companies in the way of 
average rates, having regard to the immense volume 
of traffic which they carry, would not be likely to 
prove sufficiently remunerative for the smaller 
lines, whose volume of traffic is very much lighter. 
But manifestly, if the schedule of maximum rates 
is placed at a high figure, the great companies 
would be entitled to charge more than they require, 
while if it was fixed at a lower figure, the smaller 
companies would be likely to suffer, and in many 
cases might carry at a loss, which would hardly be 
fair to them. The one must get more and the other 
less than they are fairly entitled to, having regard 
to their special circumstances. It is, however, im- 
portant to distinguish between mineral and general 
merchandise traftic, as we shall presently show. 

The amount of, and receipts received from, the 
traffic carried on the principal railways in 1888 were 
as under : 


Percentage 


Tonsof | Goods 








Name of Railway. Traffic Traffic | = 
Carried. | Receipts. Receipts. 
- ee aes! 7 
London and North-Western 35,922,000 | 6,203,000 _ 
Midland... ee ses, 26,185,000 | 5,213,000 — 
Great Western ee 25,017,000 4,214,000 _- 
North-Eastern 39,053,000 | 4,302,00€ — 
Great Northern... --| 10,588,000 | 2,169,000 | _- 
Manchester, Sheffield, and 
Lincolnshire - --| 11,299,000 | 1,304,000 — 
Lancashire and Yorkshire) 16,647,000 | 2,401,000 — 
Totals.. FS . 164,711,000 | 25,806,000 78 
Totals of all railways, Eng- | | 
land and Wales .. .. 239,282,000 | 32,886,000 


It will be observed that the traftic carried by the 
above seven railways amounted to 69 per cent. of 
the total, and that their receipts represented 78 per 
cent. of the aggregate receipts of all the railways of 
England and Wales in 1888. 

These figures prove conclusively that the above 
seven railways, although not owning a preponde- 
rating share of the mileage of the railways in the 
United Kingdom, are really by far the most im- 
portant factor in our railway system, and ought to 
domiuate, if they do not actually do so, the situation 
of the system as a whole in the matter of rates and 
charges. 

In reference to mineral traffic, however, the 
dominance of the seven selected railways is even 
more striking. The tonnage of minerals carried by 
the principal railways already specified, and the 
total receipts therefrom in 1888, were as under : 














Tons of aa Average Re- 
Name of Railway. Mineral M eased | ceipts per 
Traffic. ‘ Ton. 
iz mal £ ! 8 
London and North-Western; 27,898,000 | 2,285,000 1.6 
Midland i << .-| 16,191,000 | 2,343,000 2.8 
Great Western es --| 18,762,000 | 1,968,000 2.09 
North-Eastern es --| 80,531,000 | 2,235,000 1.4 
Great Northern... ..| 5,689,000 803,000 2.8 
Manchester, Sheffield, and 
Lincolnshire We ..| 6,917,000 524,000 1.6 
Lancashire and Yorkshire 11,339,000 803,000 | 1.4 
Totals .. —..| 117,327,000 | 10,961,000 1.8 
Totals of all lines, England 
and Wales.. é< - 171,433,000 | 13,995,000 1.6 





It appears that about 70 per cent. of the traftic, 
and close on 80 per cent. of the receipts from this 
source, go to the above companies, leaving for the 
others so small a relative share of both, that they 
are ‘‘not in it.”” That share would be much smaller 
still if one or two other lines of smaller extent, such 
as the Furness and the Taff Vale, were eliminated. 

Coming now to the subject of general merchan- 
dise traftic, as distinguished from minerals and 
cattle, we find that the amount of general merchan- 
dise traftic carried on the seven principal railways 
in England and Wales, with the total and average 
receipts therefrom, were, in 1888, as given on the 
next page. 

Although the average receipts per ton trans- 
ported appears to be higher, in the case of both 
goods and mineral traffic on the principal lines, than 
on the railways of England and Wales as a whole, 
it must not thereby be concluded that the average 
ton-mile rates are higher. Pretty nearly the whole 
of the long distance traftic goes over these seven 
lines, so that the actual ton-mile charges will pro- 
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bably be lower, and may even be materially lower, 
than those of the other railways, whose lead will 
generally be much less. 


Tons of 














| 
. Average Re- 
z a GeneralMer-| Receipts A 
Name of Railway. | chandise | therefrom. —e" 
Carried. 3 
£ 8. 
London and North-Western) 8,024,000 3,638,000 9.1 
Midland .. es | -9.994,000 | 2,782,000 6.5 
Great Western --| 6,255,000 | 2,113,000 6.7 
North-Eastern .-| 8,522,000 | 1,968,000 4.6 
Great Northern... - | 4,899,000 1,308,000 5.3 
Manchester, Sheffield, and | 
Lincolnshire .. ..| 4,382,000 763,000 | 3.4 
Lancashire and Yorkshire | 5,308,000 1,552,000 | 5.8 
Totals .. .. —..| 47,384,000 | 14,174,000 | 5.9 
Totals of England and | } 
Wales so es 


+, 67,849,000 | 18,001,000 | 5.3 
| 


In the next Table the different proportions of 
the total revenue of the same companies, received 
from goods and passenger traftic, respectively, are 
compared ; 


Receipts of the Seven Principal Railways in England and 
Wales from Goods (excluding Minerals) and Passenger 
Traflic respectively, with Percentage of Total Traffic Re- 
ceipts received from Goods Traffic. (1l.=1000.) 

















| | Percent- 
, Passen- | age of 
Name of Railway. ose | ger Total. Total from 
| * | Traffic. | foots 
| raffic. 
e | #& £ 
London and North-Western..| 6,203 | 3,409 9,612 64.5 
Midland. . ;. is oo] Sinis 1,950 7,163 | 72.7 
Great Western. . - «| 4,214 2,978 7,192 | 58.5 
North-Eastern .. Pe o-| 4,802 1,537 6,839 | 73.7 
Great Northern a --| 2,169 1,269 3,438 | 63.0 
Manchester, Sheffield, and | 
Lincolnshire. . af .-| 1,804 374 | 1,678 77.7 
Lancashire and Yorkshire ... 2,401 1,406 3,807 | 65.6 
Totals .. be .-| 25,806 | 12,923 | 38,729 | 66.6 
Totals for England and we, 32,886 | 22,622 | 55,508 | 59.1 





It is clear from the above figures that the seven 
principal railways—the dominating factors in the 
English railway problem—are in quite a different 
category, as regards their relative dependence on 
merchandise and passenger traflic, from the other 
lines of the country. Many of the southern and 
western lines derive but a small revenue from goods 
traflic, and as their passenger traftic is incapable of 
much greater expansion, they are unable to look 
for the dividends which in some cases have never 
yet come, to any other source than that of ‘‘sweat- 
ing” the goods traftic of those who are unfortunate 
enough to dwell upon their systems. 

The few Tables that have just been presented are 
sufficient to show how very much the general cir- 
cumstances of the railway interest are controlled by 
the railways in question. These railways have, in 
general, at any rate over the past few years, been 
highly remunerative concerns—much more so. than 
the trading interests of the country as a whole. 
Their stocks and shares are generally at a high 
premium, and their debentures are regarded by 
trustees and executors as affording a security which 
is practically as safe as Government stock. The 
mineral and metal trades are therefore entitled to 
demand that the Board of Trade and Parliament 
shall fix the maxima of rates and terminal charges 
by these leading lines, and by these alone. These 
lines carry 59 per cent. of the total merchandise 
traffic of the kingdom, and if the well-known 
aphorism that the greater should include the less is 
to be acted upon, the course of the State, in settling 
the rate question, would seem to be clear. They 
are bound to consider whether there is anything in 
the circumstances of the lines already cited to justify 
any considerable increase of rates, and if they find 
that there is no such justification they must act 
It would not do to confer special 
powers and privileges upon the railways of the 
country generally, in order that a minority who 
are in low water may be lifted up into a prosperity 
to which their circumstances disentitle them. 

The mineral traffic is, like the general merchandise 
traftic, mainly carried by the seven principal railways 
already specified. In 1888 these lines transported 
117,327,000 tons, or 53 per cent. of all the mineral 
traffic carried in the United Kingdom, and earned 
therefrom 10,961,000/., or 67 per cent. of the gross 
revenue. This meant that these lines carried an 
average of over 13,000 tons of minerals per mile 
open, as against rather less than 8000 tons per mile 
for the other railways. On the Taff Vale Railway, 
which is an almost exclusively mineral line, the 





average tonnage of minerals carried per mile open 
in 1888 reached the remarkable figure of 103,000 
tons, but on this line the circumstances are, of 
course, altogether exceptional. It is remarkable 
that the most important mineral-carrying lines are 
the most financially successful, in spite of the fact 
that the ton-mile receipts, and generally also the 
train-mile receipts, are lower than in the case of 
other descriptions of traffic. Minerals have, in- 
deed, been the mainstay of British railways within 
recent years, having increased as an item of tratlic 
to a much greater extent than other heads. The 
following figures show the increases under each 
principal head in the years 1873 and 1888 respec- 
tively : 














ss | Increase in 
1873, | 1888. 1888, 
| 
£1=1000. | £1=1000. | £1=1000. 
Minerals - a a : ¢ as 12,605 16,158 8553 
General merchandise eh 18,047 21,239 3190 
Live stock ax oe 1,144 1,357 213 
Passengers .. se ve 23,853 26,473 2620 
‘ ! 





If, however, we compare the quantities carried, 
the increase in mineral traffic appears to be much 
more remarkable still, the difference as between 
1873 and 1888 having been as under, taking the 
classified figures only : 

















| 1878. -_, Tae 

|1=1000tons.)1= 1000 tons.|1 =1000 tons. 
Minerals - one Me 112,618 201,576 88,958 
General merchandise e 53,384 80,171 26,787 








It is sufficiently evident from these figures that 
the railways of the United Kingdom have been 
under very great obligations to mineral traffic. It 
is but fair to add that up to the present time they 
have acknowledged and met those obligations, and 
that they have endeavoured to assist the growth 
of the mineral trades by special rates, and other- 
wise to a very reasonable, and often to a generous 
extent. 





THE WEATHER OF 1889. 

THE monthly summaries of the weather during 
1889 give, for the annual mean pressure and tem- 
perature of the atmosphere at extreme positions of 
the British Islands to which the Isle of Man is 
central, the following results : 








| | | 
. Mean * 
sas Mean Difference | Difference 
Positions. | Pressure. | from Normal. | —" from Normal. 

| in. | in. | deg. | deg. 
North | 29.81 | above 0.4 | 47 | above 1 
South 30.00 | » 03 | 52 | nil 
West “ 29.93 | en 06 | 51 above 1 
East .-| 2094 | 4 04 | 48 | belowl 
Central | S008 |. a 1006 50 | abovel 





The distribution of rain in frequency and amount 
during the whole year may be inferred from the 
following results : 

















Places. Rainy Days. Amount, oa 
| in. | in. 
Sumburgh .. re 234 36.91 ; less 0.56 
le a 206 28.18 5- AreD 
Valencia 255 | 55.42 see 
Yarmouth | 23 8©6| = 26.92 » (1.69 
| 








The resultant of the daily general directions of 
the winds over these islands for the year is 
N. 86 deg. W., equivalent to a wind from that 
direction during 102 days. Taking the estimated 
force of the wind into the computation the resultant 
is from S. 84 deg. W. at the average rate of 
23 miles per hour. 

The duration of bright sunshine, estimated in 
percentage of its possible amount for the year, was 
for the United Kingdom 27, Channel Isles 37, 
south-west England 31, south Ireland 20, east 
England 28, south England and west Scotland 27, 
central and north-west England and east Scotland 
26, north Ireland and north-east England 24, north 
Scotland 20. 

The year was deficient of sunshine, and there 
was less rain than usual, especially in England ; but 
the temperature was nearly normal. 

The months may be concisely characterised as 
follows: January was genial though much mist 
and fog prevailed. February was damp with 





frequent snow. The winter was temperate but 
late. March was stormy and changeable. April 
was cold, dry, and changeable. May was mild and 
rainy. The spring was seasonable, but with fre- 
quent thunderstorms. June was dry and very fine 
with much sunshine. July and August had season- 
able temperature. The summer commencing dry 
and warm changed into wet and stormy with fre- 
quent thunderstorms, and gave a large hay crop. 
September was dry and seasonable. October was 
seasonable though very variable. November was 
very mild. The autumn was seasonable, and the 
harvest an average yield. December was mild. 

The notable events as regards the weather of 
1889 may be specified as follows: The year was 
remarkable for the number of thunderstorms. The 
highest temperature, 86 deg., was reported at 
Greenwich on August 1st; the lowest, 6 deg., at 
Hillington on February 12th. The greatest atmo- 
spherical pressure, 30.7 in., occurred on January 3rd 
and December 6th ; the least, 28.5, on February 2nd 
and October 7th. Much snow fell over the south 
midland counties of England on February 10th. 
Floods were reported in the Severn and Trent 
about March 10th. A heavy snowstorm occurred 
in Westmoreland on March 21st. Floods were 
reported in Worcestershire about April 12th. 
Dense fogs prevailed over London on April 10th 
and llth. A very severe thunderstorm occurred 
over the London district late on June 6th, On 
July 12th, 2.54 in. of rain fell at St. Alban’s in 
129 minutes ; and on the 13th, 3.65, at Henley-in- 
Arden in 65 minutes. On August 3rd a cyclonic 
storm over south England prevented the Naval 
Review ; on the 20th a cyclonic gale prevailed over 
the whole of these islands ; on the 22nd a tornado 
wrought havoc in Shropshire, The last week of 
November and the first week of December had 
weather of a severe wintry type. 





THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS. 


(From our New York CorRESPONDENT. ) 


No one but a resident of New York City realises 
the difficulty in providing a series of entertain- 
ments and excursions for visiting engineers, which 
shall prove attractive and instructive, and the 
reason for this is not difficult to find. New York 
being the one metropolis of the United States, is 
visited so constantly and at all seasons of the year, 
owing to its delightful location so near the ocean, 
that it would be hard to find a resident of this 
country who had not been here many times, and 
seen a great deal of its attractions and resources. 

The East River Bridge, the work at Flood Rock, 
and the Croton Aqueduct, were in their day the show 
places to engineers ; but the energy of our city is 
so great that these works have been completed, and 
visitors have, for the most part, examined them at 
the various stages of their existence, so they are 
quite familiar with the work. The statue of 
Liberty, too, has ceased to be a novelty, and it may 
be remarked here that the Mechanical Engineers 
were the first body of scientists to ascend this great 
work, 

When Sir John Fowler and Mr. Baker shall have 
put the Hudson River Tunnel in a shape to receive 
guests, no doubt that will prove an object of great 
interest. The American Society of Mechanical 
Engineers, however, visited that in its early days 
of construction, many of them went through the air- 
lock to the headings, and were decorated with the 
clay which adhered to their clothes with such a 
loving embrace as to make it a grave question if it 
were not a permanent bond. They also, in many 
instances, carried in their ears a ringing sound for 
several days. In the present instance, the local 
committee resolved to find some new points of me- 
chanical interest to show their guests, but learned, 
just before the meeting, that the great attraction 
of the steamer Bergen would be unavailable, owing 
to the necessity for making some repairs to her 
boiler, which could not be completed in time for the 
meeting. The writer thinks it but fair to note this, 
for the labours of a local committee are never 
appreciated, and in this instance the announcement 
of failure came the day before the meeting. 

Like all New York meetings, the present one 
was well attended, and by representative engineers 
from all parts of the United States. The initial 
step in the programme on November 18, was what 
had been happily termed by the secretary as the 
‘*house-warming.” The society, now numbering 


over 1Q00 members, found its rooms entirely 
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inadequate for its needs, and had moved into a 
house (64, Madison Avenue), which was furnished 
in a most tasteful and, at the same time, substan- 
tial manner, under the supervision of some of our 
ladies, and was now for the first time thrown open 
to the members at large. 

On the walls two very attractive portraits at once 
drew the visitors’ attention, One was a coloured 
vhotograph of England’s great scientist, W. J. M. 

nkine, who seemed to watch over the interesting 
group below him as a tutelar divinity, the other 
was the poetical and kindly face of one of America’s 
great engineers, who was alwaya the life of such 
gatherings, just as he was of all scientific bodies, 
and who was more beloved here and in England 
than any other American, Alexander L. Holley. 
The tables were strewn with souvenirs of the late 
trip to England and France, in which so many of 
the Mechanical Engineers took part, and the 
reunion of ship companions was frequent and 
enjoyable. The good words and kindly expressions 
of pleasure at this most successful of trips would 
have made the ears of England’s engineers tingle 
from Liverpool to London and from Dover to 
Edinburgh. 

The universal sentiment expressed was the anti- 
cipated pleasure of welcoming our hosts in our 
turn in 1892 at the World’s Fair in New York 
City. The next morning the real business of the 
session began by the address of the retiring Pre- 
sident, Mr. Henry R. Towne, who made so many 
and such happy responses while in England this 
summer. He touched on the pleasure to all of the 
European trip, and seemed so impressed by the 
magnitude and elegance of the French Exposition 
as to declare the United States had not time «to 
prepare what would be equal to France’s display, 
or even worthy of itself, from an artistic point of 
view. Mr. Towne stated that, as Columbus did not 
land till August, 1492, and as it was undesirable to 
open the Exhibition in the winter, there would be 
no impropriety in having the formal opening in the 
spring of 1893, which would, in his judgment, give 
ample time. Mr. Towne ought to be a judge of the 
push and energy of this eastern section of the 
United States ; and the writer thinks he has under- 
estimated what the country can do under pressure, 
and it may be said that already many designs are 
prepared, and, if submitted to a wise committee, 
no doubt something very excellent and superior 
artistically would result. 

The writer must also take issue with Mr. Towne 
on his idea of an Academy of Science, or its equi- 
valent. The present arrangement in engineering 
matters seems to answer all cases. There are a 
sufficient number of engineering societies, each 
having its own branch of this great field in its 
charge, to enable any specialist to find men of 
kindred tastes and pursuits with whom to mingle, 
and from whom to obtain, or to whom to impart 
information. To create a privileged class, an 
academy whose membership carries with it a 
guarantee of ability and integrity, is not only un- 
American, but likewise impossible. The bitter 
expressions, evidences of heart-burnings that one 
encounters to-day in French literature, show that 
this system is far from filling the demands of the 
nation. Daudet himself is a shining example of 
this, and, if he is to be believed, the most unworthy 
means are resorted to in order that one may obtain 
the coveted honour. The United States can yet 
learn many things from the years of experience of 
other nations, and especially from that one with 
whom we have the inseparable bond of a common 
language. The arrangement and adjustment of 
the various scientific pursuits so that the balance 
of power should be nicely adjusted and carefully 
maintained, is a task of itself that seems about as 
hopeless as any of the various ones which would at 
once be presented to those desirous of forming such 
a body. Mr. Towne’s other recommendations, of 
suitable facilities for following special investiga- 
tions, and for increasing the Society’s library, met 
with much favour. Under Mr. Towne’s administra- 
tion, the society has gained 178 members, and the 
writer desires to offer his congratulations to Mr. 
Towne for the admirable administration he has 
carried forward, and to say further, that the mem- 
bers at large fully appreciate it. 

Following Mr. Towne’s address came the trea- 
surer’s report, showing that 13,585 dols. had passed 
through his hands, and that thus far he had seen 
no need of going to Canada ; the balance on hand 
being no temptation to such astep. One thing which 
has given the Mechanical Engineers such pre- 





eminence is the fact that so much money has been 
spent on the Transactions. To many a member 
they represent the entire value of his membership, 
aside from the personal vanity of being associated 
withthe other distinguished members of the Society. 
Now, it has been the aim of the publication com- 
mittee to spend all the surplus funds on these 
Transactions, and thus to bring them up to the 
highest state of efficiency, and the result has proved 
their wisdom. The Committee on Uniform Test 
and Test Pieces reported that they would report 
later, and this by one journal has appeared as ‘‘a 
voluminous report,” a rather premature statement 
in view of the facts in the case, and itis to be hoped 
that the report itself when presented will not bear 
out the statement. The report of the Committee 
or. Standards followed, and it advocated an applica- 
tion to Congress to establish a bureau of standards 
where engineering societies could register their 
standards. Suitable resolutions and the draft of an 
Act to Congress were then submitted and were 
adopted, while an appropriation of the Society’s 
funds has been made to bring the Act before 
the proper parties by printing and circulating the 
draft among engineers and others likely to be 
interested. 

The tellers having announced the election of the 
following ticket for the ensuing year: For President, 
Oberlin Smith, Bridgeton, N.J. ; for Vice-Presi- 
dents, Joel Sharp, Salem, Ohio, George W. Weeks, 
Clinton, Mass. ; De Volson Wood, Hoboken, N.J.; for 
treasurer, William H. Wiley ; for Managers, James 
EK. Denton, Hoboken, N.J.; Carleton W. Nason, 
New York, and H. H. Westinghouse, Pittsburg, 
Pa., and the time and the piace of the next meeting 
being fixed on May 20th at Cincinnati, the meeting 
proceeded to give and take scientific knocks from 
some of our mechanical pugilists, whose motto is 
like that of the Irishman at Donnybrook Fair, 
‘* Wherever you see a head, hit it.” 


Tue PROPERTIES OF STEAM. 


The first paper presented was prepared by M. V. 
Dwelshauvers-Dery, of Belgium, entitled, ‘‘ Table of 
the Properties of Steam—their Use in Study of 
Steam-Engine Experiments.” From the formidable 
sound of the author’sname, the meeting was prepared 
for almost anything in the shape of deep research 
and mathematical formula, but the paper only re- 
corded a series of experiments, the deductions from 
them and their applications. The work of Pro- 
fessor R. H. Thurston, who had. translated it, was 
well done, and he presented an introduction to the 
paper. The professor stated that the author did 
not intend his work to be considered as complete 
but only tentative. The author had prepared a set 
of steam tables to be used in the work, and had 
consented to lay them before this Society. The 
text embodies the theory of M. Hirn, and the 
author shows by a graphical construction of the 
process and results the quantity of heat and of 
equivalent work produced, the quantity lost by 
the cylinder walls, and the amount of remaining 
losses ; the total of these quantities measures the 
amount of heat and energy supplied to the engine, 
and by these data the engineer could determine in 


advance of construction the probable demand of an 


engine doing a specified quantity of work. 


Ture DesiGN or CHIMNEYS. 


The next paper was the ‘‘ Theory and Design of 
Chimneys,” by Professor H. B. Gale, of St. Louis, 
Mo. The author, although a young man, has long 
since been recognised as one of marked ability and 
great promise, yet such is the standard of the 
Society, that any one laying himself open to criti- 
cism is sure to find the weak point of his defence 
searched out. Professor Gale, at the outset, 
invited criticism because he characterised the 
theories of Peclet, Rankine, Morin, and Weisbach 
as containing certain errors, and to be based on 
formule not supported by practice. This was of 
itself a direct challenge to every one, who had not 
discovered the so-called errors, to come out and 
either disprove Professor Gale’s statements or 
admit that this young man had discovered where 
they had failed. Professor Gale concluded as fol- 
lows: ‘‘In proportioning furnaces it is well to keep 
in view the object of making the coeflicient of 
resistance as small as practicable. For this reason 
the access of air under the grate should be as 
direct and free as possible, the tube calorimeter 
should not be excessively contracted, and the pas- 
sages leading from the boiler to the chimney should 
be as nearly circular as possible ; smooth, with nu 





sudden changes of cross-section, sharp bends, or 
currents entering at right angles. The same rules 
used to determine the cross-section of the chimney 
may be applied also to the horizontal smoke flues. 
A damper for regulating the draught should be 
placed either in the chimney or main flue, according 
to convenience, and, to obtain the best results, 
should be controlled by an automatic regulator.” 

The principles developed indicate that in the 
matter of draught there is very little choice between 
an iron and a brick chimney, the more rapid radia- 
tion of heat from the former being in a considerable 
degree offset by the greater frictional resistance and 
liability to leakage of the latter. The question as 
to which material to use should therefore be settled 
generally by considerations of cost, durability, and 
architectural fitness. In regard to the shape of 
cross-section of a chimney it may be said that the 
circular form is theoretically the best, on account 
of economy of material, and as offering the least 
resistance to the passage of the gases, and the least 
cooling surface. The difference between the 
draught obtained from a round chimney, and that 
from a square one of the same height and sectional 
area, is, however, only one or two per cent., and 
brick chimneys may frequently be built more 
cheaply in the square form. 

The best shape for a chimney cap is probably one 
that will deflect the wind upward, thus making it 
tend to help, instead of hindering, the draught. 
The statement is sometimes met with that a better 
draught can be obtained if the chimney is not made 
uniform in its inside cross-section, but tapering ; 
some contending that the largest diameter should 
be at the bottom, others, that the top should be 
largest. In view of the fact that the total frictional 
resistance of a well-proportioned chimney is usually 
less than one-tenth of the resistance of the furnace, 
and in view of the very slight variation that can be 
made in the draught by a moderate change in the 
cross-section of the chimney throughout its whole 
height, it is apparent that any improvement that 
might be made in the draught by tapering the 
chimney would be almost imperceptible ; and while 
there might be no serious objection to the tapering 
form, its advantages, if any, would certainly not 
warrant any additional expense in construction. 

The author stated that the formulz in this paper 
had been tested by comparison with the results 
obtained in a number of actual cases, and in so 
far as the writer was able to observe, had becn 
fairly sustained by the facts. 

Professor Gale’s paper was sharply attacked, the 
point being that to take out the friction against the 
sides of the chimney was an unnecessary refinement, 
and that Rankine’s formula was good enough fer 
ordinary practice. As Professor Gale was not there 
to defend his position, of course no conclusion can 
be drawn, but this statement of itself would seem 
to confirm his position that chimneys were largely 
built on ‘‘ rule-of-thumb” methods. 


CoMPOUND ENGINES. 


Professor R. H. Thurston followed with a paper 
called ‘‘ Philosophy of the Multi-Cylinder, or Com- 
pound, Engine ; its Theory and its Limitations.” 
The author stated that if an engine could be con- 
structed of which the theory would be a thermo- 
dynamic one, in which the only loss would be the 
thermodynamic one, its theory would be most 
simple. He then proceeded to show the causes of 
waste in the steam engine, grouping them as follows: 
External waste, that is, losses of heat without 
transformation such as that due to conductivity and 
radiation, which he placed at 5 per cent. ; internal 
waste due to losses of heat rejected at the lower 
limit of temperature of working fluid, and to waste 
by internal conduction and storage of heat, followed 
by later rejection with the exhaust steam, and 
waste of mechanical energy. This last he con- 
sidered a small one in well-constructed engines, 

robably 5 per cent., but the thermodynamic waste 
ie heat rejected he placed at 75 to 80 per cent. 
His remedy for internal waste was by superheating, 
steam jacketting, and compounding. 

The last he considered a practical question with a 
limit, and he deduced three facts on which he based 
his theory of the multi-cylinder engine. These are: 

1. Economical expansion in a single cylinder has 
a limit, due to increasing internal waste, which is 
found at a comparatively low ratio of expansion. 

2. The method of expansion may be, for practical 
purposes, such as are here in view, taken to be 
approximately hyperbolic ; the terminal pressure 
being something above that which corresponds to 
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the sum of all useless resistances, and which may be 
here taken, as, for example, about 10 lb. per square 
inch above a vacuum. The division of the initial 
pressure by this terminal pressure will thus give an 
approximate measure of the desirable ratio of total 
expansion for the best existing engines. 

3. All steam entering any one cylinder will be 
rejected, as steam, into the succeeding cylinder, 
external waste being neglected, and into the con- 
denser ; and the full amount of steam condensed at 
entrance by absorption of heat by the interior sur- 
faces of the cylinder, will be re-evaporated later, 
and will pass into the condenser or into the next 
cylinder, and heat transferred in the one direction, 
in the one process, will be transferred in preasely 
equal amount in the opposite direction in the other. 

The first principle shows that a limit existing to 
economical expansion in a single cylinder, the ad- 
visable number of cylinders in series may probably 
be determined, when that limit is ascertained, 
either by experiment, by general experience, or by 
rational theory and computation. The second 
principle shows that we may find a tentative 
measure, at least, of the desirable total ratio of ex- 
pansion for maximum density, when the best 
terminal pressure for the chosen type of engine is 
settled upon. This total range is divided by the 
admissible range for a single cylinder, or, perhaps 
better stated, the total ratio is a quantity which 
should approximately equal the admissible ratio for 
a single cylinder, raised to a power denoted by the 
number of cylinders. Combining thus the two 
considerations referred to, we obtain a determina- 
tion, probably fairly approximate, of the proper 
number of cylinders in series. The third principle 
permits an estimate to be made of the probable 
internal wastes of the series, and the probable total 
expenditure of heat and of steam, and a solution of 
all problems of efliciency for the compound engine, 
of whatever type. 

The first step is the determination of the best 
ratio of expansion considered from the standpoint 
of commercial efficiency. Expansion in a single 
cylinder may be economically taken as two and a 
half expansions for unjacketted engines with wet 
steam, and three or four for the best class of engines. 
The total expansion ratio thus becomes for several 
types of multi-cylinder engines as below : 


No. of cyls. 1 2 3 4 
r 25to3 6.25to9 16 to 27 40 to 81 
P: —-Wto30lb. GOto1001b. 120t0300Ib. 3500800 Ib. 


Expansion is here assumed to be approximately 
hyperbolic, and the terminal pressure to be 8 lb. or 
10 lb. per square inch. General experience to date 
thus indicates that a triple-expansion engine should 
do best work up to a pressure of about 250 Ib. or 
300 lb., and that the four-cylinder engine should 
be adopted from that point up to the highest pres- 
sures likely to be adopted in the steam engine, the 
double-expansion compound serving its purpose 
well below the lowest figures above assigned to the 
triple engine. Any of the four types of engine may 
be made to overlap the range assigned its labour by 
suitably providing against wastes occurring within 
the engine by increased speed, by superheating, by 
expedients giving higher effectiveness to the jackets, 
or other methods of improvement. Any system 
which increases the efficiency of the simple engine 
will improve the efticiency of the compound, and 
will correspondingly increase the range of pressure 
through which it will give satisfactory gain as com- 
pared with the former. 

The influence of the several economical expedients 
recognised as useful in other forms of engine, as 
superheating, jacketting, and high speed of engine, 
may readily be perceived when the method of the 
operation of the multi-cylinder engine is understood 
in its relations to heat transfer and heat tranforma- 
tion. We may consider them in their order. 

In respect to superheatiug the author did not think 
‘tin practice, it was possible to secure safely and eco- 
nomically so much superheating as is needed to 
keep the steam dry throughout the stroke,” 
although he stated, at the high-pressure cylinder it 
would produce a favourable effect all through the 
series, but cylinder condensation would cumu- 
latively increase. 

In regard to steam-jacketting, Professor Thurs- 
ton remarked: ‘‘ We are intereste1 in the answer to 
the question, To what extent and iu what manner is 
the jacket advantageous in the compound or multi- 
cylinder engine ? Authorities disagree, even where 
they have themselves had large practical expe- 
rience. It is sometimes advised to Jacket only the 





high-pressure cylinder ; sometimes to jacket only 
the low-pressure cylinder, and sometimes to jacket 
the whole series, whether one, two, or three or 
more. The philosophy of the multi-cylinder 
engine, as above outlined, would obviously indicate 
that, to secure maximum good effect, assuming the 
jacket on the whole desirable at all, the best sys- 
tem is the latter, and that, since the waste of the 
engine is measured by the waste of its most 
wasteful member, to omit the jacket from any one 
cylinder insures that the aggregate loss of heat in 
the whole engine will be increased by just the 
amount by which waste is increased in that one 
cylinder by such omission.” 

In respect to high engine speed, which the author 
denominated ‘‘ the most modern device for reducing 
internal waste, as well as of decreasing costs of engine 
construction and weights of machines,” Professor 
Thurston says: ‘‘It is evidently a matter of less 
serious importance as the number of cylinders is 
increased ; yet it is equally evident that, to secure 
maximum efliciency, it is essential that the time of 
exposure to the action of the wasteful influences 
in any one cylinder be made a minimum. At 
modern and customary speeds of piston and rota- 
tion, the value of the other expedients for improv- 
ing performance is much less than formerly ; but 
all are to be adopted where it is hoped to secure 
such high efticiency as is coming to be demanded 
of the designing and constructing engineer.” 

‘* Non-conducting cylinders would do away with 
the necessity of compounding on the ground of 
thermodynamic gain, but would leave unaffected 
the advantages of the compound engine on the 
score of better division of stresses and work. 
What may be done in this direction it is as yet 
impossible to judge. How many cylinders will it 
pay to introduce is the question the engineer must 
solve. The considerations involved are the follow- 
ing: It may be taken as the result of general 
experience in good practice that under the best 
customary conditions of operation a good simple 
engine, working at high pressure, condensing, and 
at the best ratio of expansion for maximum engine 
efficiency, may be fairly expected to give as good a 
result as 2 1b. of fuel of satisfactory quality per 
horse-power and per hour. Under similarly favour- 
able conditions we may obtain better work with 
multi-cylinder engines in somewhere about the 
following proportion : 

Con- Gain, Gain, 
ie a total. diff. 


Engine. 
p. cent. p. cent. 


Simple, one cylinder... 2 

Siathe-euptution 1.6 20 20 
Triple : i 1.4 30 10 
Quadruple-expansion... 1.25 40 10 
Quintuple a ce 5 45 5 


In conclusion, the author gave approximate solu- 
tions of the various problems he had cited, show- 
ing cases arising in the practice of most engineers 
in endeavouring to ascertain the best designs for 
special cases. 

The topic of Professor Thurston’s paper proved 
to be a most interesting one, and fruitful in sug- 
gesting ideas to all present. Several questioned the 
accuracy of the results of steam-jacketting as set 
forth in it, and in one instance the speaker claimed 
widely different results. Professor Thurston, in 
answer, recognised the difficulty of obtaining accu- 
rate results on this point, but adhered to his state- 
ment, his results being obtained from actual and 
the best practice, and which was representative up 
to the present time although not ultimate. 

This being a question of experience and of 
deduction between some of the best experts in the 
profession, and your correspondent being a layman, 
sv to speak, it does not become him to venture an 
opinion. Probably each man was right from his 
own data. Nor could the questions be solved as 
the old Dutch judge did in ‘‘ Knickerbocker,” by 
weighing the books cited on both sides, and giving 
the ‘*‘weight of evidence” to the heavier. Had 
this been applied to the speakers, Professor Thurs- 
ton, who is small and wiry, would have been thrown 
through the roof of the house, but being wiry, and 
enabled by his lightness to shift his ground with 
ease, it may be said he maintained his position in 
this case as well as the minister, who declared after 
the death of his fourth wife, that the Lord was 
having a controversy with him, and was congratu- 
lated by a deacon on the ability with which he was 
keeping up his end of the argument. 


(Zo be continued.) 





THE DANGERS OF ELECTRIC 
LIGHTING. 
By 8. Z. pe Ferranti and Francis Ince. 
(Concluded from page 19). 

In order to use the electrical current, two mains 
or conductors are required, an out main, from the 
central station, and a home main (and one inter- 
mediate or third main is also required where the 
three-wire system is used), and each lamp that has 
to be lighted has one end of the filament joined 
to the one main (say the out main) and the other 
end to the other main (say the home main), the 
passage of the current from the one main to the 
other, through the carbon filament, causing the fila- 
ment to incandesce, and to give light. Now, if the 
mains from the central station are constructed 
with one tube of copper within another, and with 
insolation between, as shown in the figure, the 
central ring, marked A, being the out main say, and 
the outer ring, B, being the return or home main, the 
shaded part between the two being the insulation, 





the only leakage of current that can ever take place 
is, say, from A to B,if there is any defect in C, and 
the current returns to the station through the leak 
by B, without passing through a lamp, or doing 
any work, and if the leak is so serious between A 
and B that it causes a larger quantity to go back 
to the station than the bridge there will stand, the 
bridge melts before any damage is done to A or B; 
and if another main or wire actually comes in con- 
tact with B the current will not leave B and find a 
way back by the earth (as it would do if two separate 
out and home conductors were used), but it is con- 
trolled by A, and any leakages can only be to A. 
Hence, with a conductor constructed, as above 
shown, with a current passing through it of 10,000 
volts, any one may hold B in their hands and they 
will receive no shock, and no current will pass into 
them. This has been practically demonstrated by 
atest on the Underground Railway, where one of 
the writers of this article held, as many others did, 
B in their hands, while a current of great pressure 
was passing through it, a pressure that would have 
meant instant death if it had been possible for the 
current to leak from B and pass through the body 
to earth. Thus we have the double safety, the 
bridge and nature of the conductor used, this 
safety being not only, as the reader will observe, a 
safety against fire, but it is an absolute safety to 
human life. And thus a man may work in close 
proximity to a conductor constructed as suggested, 
in fact, he may sit on it while he is working, and he 
will be out of all danger, and he is no longer, as 
Mr. Edison suggests, in fear of a ‘‘ death-dealing 
current,” for the current, whatever its pressure, 
whatever its quantity, is so controlled as to be 
absolutely harmless. Thus, to sum up the meaning 
of the above concentric mains, we may say that, 
whatever fault may occur, the whole effect is pro- 
duced and contained in the main itself, and it is 
impossible, that there can be and there is in fact no 
danger, and no damage done outside. We have 
thus a perfect protection for life and property from 
all forms of current. 

Again, Mr. Edison says, there is ‘‘no known 
insulation which will confine these high tension 
currents for more than a limited period ;” and 
again he says, ‘‘the influence of the air or of gas 
or other agents renders it (the insulation) finally 
very susceptible of being pierced by a spark of 
static electricity.” Mr. Edison would have been 
more accurate if he had said that there was no 
insulation known to him which would confine these 
high tension currents for more than a limited 
period ; and again, how can the air, gas, or other 
agent get at the insulation if it be confined between 
two tubes in the way suggested and they are pro- 
perly joined the one tube to the next ? Again, if the 
mains be constructed according to the figure and a 
spark of static electricity did pierce the insulation, 
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what would be the effect? There would be no danger, 
no external damage ; too great a quantity of current 
would flow over the bridge and the bridge would 
give way, and, as before explained, no detrimental 
effects would be produced. But there is an insu- 
lating substance known which was manufactured 
before the commencement of the Christian era, of 
which specimens that have been exposed to the air 
for centuries still exist in perfect preservation. How 
will such an insulator stand when hermetically 
sealed between two tubes? Then again, Mr. 
Edison says, ‘‘ the risk, too, is greatly increased by 
the fact that consumers who are supplied with cur- 
rent from a low tension system are accustomed to 
handle their electrical appliances freely, knowing 
them to be harmless ; I say nothing of the injustice 
2 vendors of harmless supplies of electricity.” 
Here, again, Mr. Edison knows, and no ont better, 
that even if the current is sent out from the central 
station at a tension of 10,000 volts the tension is 
lowered at distributing stations by a suitable 
device, and that current the consumer has to 
handle is only at a pressure of 100 volts, and the 
pressure is so lowered and controlled that by no 
possibility whatever can the higher pressure get 
into any house. What, therefore, is the difference 
in the danger to the consumer whether the current 
has an initial pressure of 100 volts or 10,000 ? 

Mr. Edison speaks of the alternating current as 
being more dangerous to life, and no doubt it is, 
if a high pressure were used in the customers’ 
houses ; the writers were, however, both present 
when Colonel Armstrong, as the representative of 
the Board of Trade, called upon them, for the pur- 
pose of trying the effect of shocks from an alter- 
nating current at varying pressures, and in our 
presence he first of all took a shock from an alter- 
nating current machine at 50 volts, he then had 
the pressure increased to 100 volts, and then to 
150 volts, and then toa pressure of 200 volts, at 
which pressure he said he was satisfied, and he 
could bear the 200 volt shock with perfect ease, 
being a pressure of twice that used in consumers’ 
houses ; in fact, in the Board-room of the London 
Electric Supply Corporation there are two openly 
exposed terminals, and the directors constantly 
take hold of these, the effect of the 100 volt alter- 
nating shock being hardly perceptible, and being 
rather pleasant than otherwise. Further, we have 
had several accidents where men in the station 
have received a shock direct from the machine with 
a 2400 volt alternating current, but not in one 
instance has death resulted. Mr. Edison speaks 
of the danger to life of alternating currents at low 
pressure, but it should be borne in mind that the 
specimens experimented on at Mr. Edison’s labora- 
tory were pickled and prepared so as to make the 
effects of the current as deadly as possible, and 
were therefore placed in an unnatural condition. 

This article shows that the saving of copper in 
the mains or conductors is enormous as the tension 
increases, and what this means may be made more 
clearly apparent by a statement of the fact that if 
the pressure from the station was 100 volts only, 
the stations to light London could not be placed at 
a greater distance than a mile apart, each station 
lighting a half-mile radius, as otherwise the copper 
mains would have to be of such an enormous size to 
carry the quantity of current that would be re- 
quired at this low pressure, that the cost of mains 
alone would render the price at which the current 
could be supplied so high as to make lighting by 
electricity impossible. 

Again, it is much more costly to build a large 
number of small stations than one large station, 
and every small station requires its staff, its engine 
drivers, &c. Ina large station one man can drive 
a 10,000 horse-power engine which will light 200,000 
10 candle-power lights, whereas with small stations 
and small engines, say of 250 horse-power each, 
which would light 5000 10 candle-power lamps, 
each engine must have its attendant ; and the ques- 
tion is not, as Mr. Edison would suggest, a mere 
question as to saving a few pounds “‘in investment 
in real estate and copper ;” it is a question of saving 
so much as to make the difference between success 
and failure, where it is necessary to compete with 
gas at alow price. But this is not all: in large 
cities it is impossible to buy land at every mile, and 
to put up a central station for the manufacture of 
electricity, for the station is a nuisance, and one is 
perpetually harrassed with litigation ; application 
after application is made for injunctions ; the taking 
of coal in the large quantities required is a nuisance ; 
the smoke is a nuisance, and only high-priced steam 





coal can be used, and that, too, saddled with the 
heavy expeuse of cart carriage; the vibration and 
noise from the engines is a nuisance, and stations 
in the residential parts of any city will be stopped 
one after the other by injunction. 

Again, at these small stations, spread over a city, 
to get water is a difficulty, and in consequence 
power can only be obtained at a very high rate of 
coal consumption ; whereas, with a suitable site at 
a distance, the quantity of coal used can be reduced 
enormously, making a saving which will alone go 
far towards a dividend on the capital expended. 

These are all circumstances that require most 
serious cousideration, and Mr. Edison’s argument 
on these points is in fact a mere argument in favour 
of a monopoly for his low tension system, a system 
which can exist and be carried on profitably in 
America, where the price of gas is enormous; a 
system which would render electric lighting im- 
possible in London with gas at 2s. 5d. per 1000 
cubic feet, and a system which makes the people of 
America pay a price for their lighting unnecessary 
to give a good return on capital invested on a better 
and a less costly system. 

Mr. Edison points out that a larger number of 
fatal accidents have occurred through electricity in 
New York than in any other city in the world, and 
gives the reason that New York has a greater 
number of wires overhead than any other city in 
the world. No doubt this is the reason, coupled 
with the fact that probably in no other city in the 
world are the overhead wires arranged more negli- 
gently and with more disregard for the care of 
human life. There can be no doubt but that over- 
head wires, whatever the care may be that is taken 
with them, are, and always must be, a danger, but 
with conductors placed underground, and with due 
care, and properly constructed, there can be no 
danger whatever. Mr. Edison has pointed out that 
in this country the safety of the people is placed in 
the hands of the Board of Trade, a body we have 
found most obliging and most reasonable in their 
requirements, while insisting with the utmost 
severity that no system shall be adopted which 
does not give absolute safety to human life, and 
who, after seeing our work, have been perfectly 
satisfied to advise the Government to pass our Act, 
which enables us to deal with a 10,000 volt current. 

Mr. Edison does not deal with the transmission 
of power from those sources which nature gives us 
for nothing at certain centres ; we refer to water 
power, and from which by the aid of high-pressure 
electricity, and high-pressure electricity alone, can 
the force be transmitted to a distance and utilised 
for the purposes of man ; according to Mr. Edison 
these forces are to run on unutilised for ever as they 
have done for ages past. His argument that because 
a nitro-glycerine factory is dangerous on the surface 
of the earth we should not think of putting it under- 
ground, is not applicable to the subject of electri- 
city or to the putting of electric mains underground, 
though we cannot say that the idea of the nitro- 
glycerine factory underground is so absurd as Mr. 
Edison appears to think ; for it will be within the 
memory of many of our readers that about fifteen 
years ago a barge laden with gunpowder on the 
Regent’s Canal exploded at the bottom of the 
Avenue-road, where the canal is in a deep cutting, 
and the opinion of one of our great experts was 
that this fact saved London, serious as the damage 
was in the immediate neighbourhood. It is clear 
beyond a doubt that if mains are properly placed 
underground there can be danger to no one, and no 
accident can take place. 

We think we have said enough to show that the 
dangers of electric lighting are no more in the high 
tension system than the low, provided both systems 
are carried out with equal care and all proper 
safety devices are used in the one case and in the 
other ; without these devices and without this care 
neither system is safe, and it is clear beyond a 
doubt that the low-pressure system is not safe as at 
present carried out in New York, and it never will 
be until the State steps in and the use of elec- 
tricity is regulated there by well-devised rules and 
under the supervision of competent officers ; but 
Mr. Edison is as far behind the time when he sug- 
gests that no station shall send out a current at a 
pressure exceeding 100 volts as the alarmists were 
when railways were first introduced, and it was con- 
sidered that no train could in safety ever run ata 
rate exceeding twenty miles an hour. 

No doubt if a train ran at only ten miles an hour 
an accident would not have such serious results as 
with a train running at fifty miles, but is this an 





argument why trains should not run at fifty miles 
per hour? We have to consider the percentage of 
risk, and this we find has not been materially in- 
creased by the increase of speed. So it is with 
electric pressure. As the pressure increases, extra 
precautions have to be taken with regard to safety, 
and we believe with Sir William Thomson, who 
stands as an authority in the world of science as 
high as Mr. Edison, that it is not a question whehter 
a pressure of 10,000 volts (the highest pressure yet 
utilised) is to be used or not. The pressure may be 
anything so long as proportionate precautions are 
used, and we think it may be that in a few years 
time people will think as little of 10,000 volts as we 
do now of 1000, and will laugh now at the present 
alarmist idea that in a pressure of 100 volts the 
limit of safety has been reached. 

Mr. Edison says in his article, ‘‘The public 
would scarcely be interested in the details leading 
up to the conclusions to which I have come, for the 
reason that it would involve a mass of matter such 
as they have been attempting to digest during 
several months past.” We have not adopted Mr. 
Edison’s dogmatic method of dealing with the sub- 
ject, and do not know to what mass of matter he 
refers. We have avoided attempts to give results 
the weight of our opinions without giving reasons ; 
we have explained as clearly as we are able our 
views, giving such reasons as would enable the 
general public to follow our arguments without, we 
hope, too much trenching on the land of technical 
science, and we trust our readers will see that 
there are other arguments besides those of Mr. 
Edison, and that there are reasons why the dangers 
of electric lighting under a high-pressure system 
are no greater, if they are so great, as those of a 
low-pressure system, for which Mr. Edison clearly 
claims (while he disclaims) a monopoly. 

Mr. Edison very properly gives great weight to 
facts. Let him then consider that in New York 
the deaths through electric shocks have been very 
frequent, with a tension, we believe, never ex- 
ceeding 2000 volts, and rarely exceeding 1000; 
while in London, where for years we have heen 
using a tension of 2400 volts with miles of both 
overhead and underground conductors, we have 
never had a single accident with our mains or a 
single death. Why this difference between London 
and New York? The reply is, that here our work 
is done properly, there it is not. Our work is put 
up to last, theirs in New York to serve the purpose 
of the moment. 

If the reader has followed us so far and will 
allow us in closing this article to be prophetic, we 
will. say that in the future our railways will be 
worked, our lighting will be done, our power will 
be transmitted to a great distance ; all this will be 
done entirely by the aid of high-pressure electri- 
city ; it is high pressure in electricity like high 
pressure in steam, which is going to carry—which 
is carrying—everything before it, and this high 
pressure will be used, and will be dving the work 
of the world, when the low-pressure system Mr. 
Edison now so strongly advocates has passed away 
and been forgotten, 





NOTES. 
Water-Tuse Borers. 


WE have, on more than one occasion, referred to 
the solution of the many boiler troubies that naval 
engineers now experience (in these days of high 
pressures and forced draught) which might be found 
in the adoption of a water-tube boiler. Messrs. 
Thornycroft have shown that an efficient water- 
tube boiler can be designed, and the wonder is 
that our own naval authorities have not availed 
themselves of it in some of their many difticulties. 
As usual, however, in the case of English inven- 
tions, we have allowed a foreign nation to set us an 
example. The Danish Admiralty, who have been 
experimenting with the Thornycroft boiler for some 
time past, have decided to fit the cruiser Geiser, 
now being built by Messrs. Burmeister and Wain, 
of Copenhagen, with eight of these boilers. English 
marine engineers will watch this further advance 
in the progress of the water-tube boiler with much 
interest, and we shall hope to have something to 
say about it ourselves in the fulness of time. 
Whether it will stir our own Admiralty to exertion 
or not remains to be seen; but with the fleet of 
Sharpshooters laid up at Chatham, through defec- 
tive boiler arrangements, one can hardly see how 
the Admiralty can fail to follow the Danish lead ; 
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for there is certainly no difficulty in using forced 
draught with this boiler. 


TriIaAts oF Etswick AND Krupp Guns. 

In view of the exaggerated rumours which have 
found their way into the daily papers as to the 
deficiencies of our own guns and the excellencies of 
those built by Krupp, it is interesting to be able to 
give exact figures which show their relative perform- 
ances. We publish below the particulars of two 
rounds each from the Armstrong 16.25-in., 110 tons, 
breechloading gun, and the Krupp 40-centimetre 
(15.75 in.), 120-ton breechloading gun. It will be 
noticed that the Krupp gun fires a much smaller 
charge and has a smaller chamber than the Elswick 
gun. The first round selected for publication in 
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each case is at a fair service pressure, and the 
second round is with proof pressures. It will be 
seen that the German gun has a slightly higher 
pressure with the smaller charge, and a considerable 
higher pressure with the larger charge, but in each 
case gives a distinctly lower velocity. The total 
energy of the shot is consequently considerably 
greater in the English gun, both with high and low 
charges. It is satisfactory to be able to refute the 
unpleasant charges against our home ordnance 
manufacture, which have been so rife of late. 


Scrence at THE Royat Instrrurion. 

Professor Riicker has just concluded at the 
Royal Institution a course of six lectures on ele- 
mentary electricity. The eminence of the professor 
and the fascination of the subject brought to the 
lecture theatre audiences that reminded habitués of 
the days when Faraday and Tyndall expounded 
the principles of science in their own masterly 
way. A knowledge of the laws and fundamental 
phenomena of electricity is now no longer a luxury 
attainable only by the intellectual aristocracy ; it 
has become popular, and intensely so, of late. 
Every one wants to know something about elec- 
tricity, if for no other purpose than to realise the 
dangers of electric lighting, and be able to discuss 
the probable value of the sensational paragraphs 
that appear so frequently in some of our daily 
papers, paragraphs which alarm the uninformed, 
while, for the most part, they make the knowing 
reader shrug his shoulders at the ignorance of the 
writers or the cablers of such misleading intelli- 
gence. We need courses of lectures over and 
above those given in colleges and technical schools 
in order to enlighten the public mind and coun- 
teract impressions as erroneous as they are mischie- 
vous. This must be done, or we shall soon find 
ourselves confronted with a real danger to electric 
lighting. In the course given by Professor Riicker, 
only a ~_ of a lecture was devoted to the scientific 
principles of the electric light ; but that was replete 
with information just of the kind every one should 
possess, more especially those who have misgiv- 
ings about the manifold ‘‘ dangers” of the electric 
light. We notice, with pleasure, that Professor 
Riicker will shortly give another course of public 
lectures on electrical subjects intended specially for 
working men. Here he will again have an oppor- 
tunity of planting solid information in the popular 
mind, and we are quite sure that the large theatre 
of the Geological Museum, Jermyn-street, will be 
crowded with men eager to know something more 
about the great subject of the day. Among the 
future arrangements at the Royal Institution, we 
notice a course of seven lectures on electricity 
and magnetism by Lord Rayleigh, and Friday 
evening discourses, by Professor Dewar on the 
‘** Scientific Work of Joule,” by Professor Fleming 
on some ‘‘ Problems in the Physics of an Electric 
Lamp,” by Mr. Shelford Bidwell on ‘‘ Magnetic 
Phenomena,” and by Professor Fitzgerald on 
‘* Electromagnetic Radiation.” 


Tue Centrat Lonpon Ratiway. 
The most extraordinary delusions are abroad 
with reference to the railway which it is proposed 
to construct through the heart of London, Of 





course considerable opposition was to be expected 
from the Oxford-street tradesmen, who foresee in 
the proposed line a possible danger to business, but 
itwas certainly thought that in the City, at anyrate, 
less objection to this improvement would be enter- 
tained. This, however, does not appear to have 
been the case, and as one excited councillor has 
already described the railway asa ‘‘ Juggernaut,” 
it may be as well if we state here what the main 
features of the scheme are. Briefly, the line 
is to start at Queen’s-road, Bayswater, and pass 
under Bayswater-road, Oxford-street, Holborn, 
Newgate - street, Cheapside, and King William- 
street, finishing at this point by a junction with the 
City and Southwark Subway. There will be about 
nine stations along the route, and practically the 
only property interfered with by the company will be 
that required for these stations. The tunnels will be 
sunk some 50 ft. below the road level, and the line 
of the streets will be followed along the whole route, 
save at the King William-street terminus, where the 
railway will pass under some private property. 
The surface of the streets will not be interfered 
with in any way whatever, all the spoil being re- 
moved at the stations. There will be two tunnels 
each about 11 ft. in diameter, lined with iron and 
blue lias concrete, and the method of construction 
will be the same as in the case of the City and 
Southwark Subway, which has now been practically 
completed. During the construction of these 
latter tunnels, no settlement was caused to the neigh- 
bouring buildings, nor was the traffic of the streets 
interfered with in the slightest degree. It is true 
there was some slight settlement at the King 
William-street terminus, but this was occasioned 
not by the tunnels, but by the construction of the 
station, which was built on a different system. In 
the case of the new line, however, the risk of even 
this small damage will be avoided, as it is intended 
to line the shafts at the stations with iron in the 
same way as the main tunnel. The cars will be 
driven by electricity at a speed of about 14 miles 
per hour, including stoppages. This will entirely 
settle the question of ventilation, as there will be 
none of the engine gases given off, which now make 
travelling on the Metropolitan line so unpleasant. 
To remove the last possible basis of opposition it 
should only be necessary to state that Sir John 
Fowler and Mr. B. Baker, are the consulting engi- 
neers, and that the work will be carried out by Mr. 
J. H. Greathead, who has so skilfully completed the 
City and Southwark Subway. 








THE BATTLE OF THE BRAKES IN INDIA. 
To THE EpiTor OF ENGINEERING. 

Srr,—During the last session of Parliament the Rail- 
way Regulation Act became law, and there is no doubt 
that the adoption of the absolute block system, and the 
use of automatic continuous brakes fulfilling the con- 
ditions laid down by the Board of Trade, will speedily 
cause a reduction in the number of accidents, and in the 
number of persons who are annually killed upon railways. 
The passing of this Act has given the very greatest 
satisfaction to the railway servants of this kingdom, and 
their only regret is now, that the battle of the brakes 
was not concluded years ago, and before such terrible 
accidents as those at Penistone, Hexthorpe, and Armagh |] 
occurred, 

At the present time there are on the various lines in 
India, numbers of engine drivers, firemen, and other 
servants, who, at different times, have been employed 
upon railways in this country, and who, no doubt induced 
by the prospects of quicker promotion and higher wages, 
have gone out there to take charge of trains ; they com- 
— very much indeed of the risks which they state they 

ave to run in consequence of the absence of proper con- 
tinuous brake power upon their trains, and urge that the 
Government, having provided for the safety of the public 
and servants upon the English lines, should now devote 
very serious attention to the safety of travellers and 
servants upon the railways of the Indian portion of the 
British Empire. 

It appears that upon very severe gradients long and 
ver oe! trains have to _be worked, simply provided 
with the old-fashioned hand brakes, and relying upon the 
final reversing of the engine, and in practice these means 
are not sufficient to control atrain. In case of a break- 
loose the rear van is not able upon a steep ascending gra- 
dient to stop and hold a runaway portion of a train. 

The brake question in India A am has two sides; one 
refers to the ordinary safety of trains in daily working, 
but the second relates to what may be termed the military 
aspect of the subject. The military authorities, in case 
of war or emergency, rely upon the railway authorities to 
convey vast numbers of soldiers, tapeter with their 
necessary supplies, to any required spot in the least pos- 
sible time, and to do this, it appears, trains would be 
employed consisting of at least fifty coaches. It is stated 
distinctly by the railway servants who would have the 
working of those trains, that it is absolutely unsafe to 





attempt to run such trains unless they are fitted with 
automatic continuous brake-power ; that being the case, 


it is clearly necessary that the Indian authorities, and 
that department of the Government which in London 
specially has the care of Indian matters, should carefully 
look into the subject, as it will be nothing short of a 
serious disaster to find upon an emergency, when it is 
necesary to move vast train-loads of troops, that the 
trains either have no continuous brakes at all, or that 
they have brakes which cannot be efficiently worked upon 
long trains. One or two of the Indian lines it seems have 
made a few experiments with some brakes, but the men 
state that these have been incomplete and unsatisfactory, 
as the trains were not all of the necessary length for a 
military emergency. : 

At the request of the railway servants I now bring for- 
ward this subject in your columns, in the hope that when 
the facts are known Government will provide the trains, 
both in the interests of the travellers, the servants, and 
the military authorities, with automatic continuous 
brakes fulfilling the conditions of the Board of Trade. 

I am, Sir, yours truly, 
Ciement E. STRETTON, 
Consulting Engineer to the Asso, Soc, of 
Baines and Firemen. 
40, Saxe-Coburg-street, Leicester, January 6, 1890. 





GREAT LOCOMOTIVE COMPETITION. 
To THE EpIToR OF ENGINEERING. 

Srr,—It appears that others have thought of obtaining 
for American locomotives, that which I suggested in your 
columns several months ago in reference to British ie 
motives, viz., trials on roads and with loads for which the 
locomotives were not specially designed. I believe now, 
as I did then, that quite unexpected results would be ob- 
tained. Not being a locomotive expert, I do not pretend 
to be able to give very good reasons for this belief ; but I 
may state that it is based principally on various observa- 
tions and comparisons, 

The great interest that would attach to such trials and 
their extreme usefulness in dispelling erroneous opinions, 
ought to be enough in the eyes of persons calling them- 
selves engineers to induce locomotive superintendents to 
promote them. 

Those desirous of obtaining a fuller knowledge of loco- 
motive construction, one would think, would be anxious ° 
for such trials to take place. But very probably some are 
afraid of the light which the experience would throw on 
their engines. These, I do not consider, are entitled to 
much consideration, for they say pencriennty, “T have 
sr engines to the best of my ability ; no doubt they 
are the best for the purpose, and I am very comfortable 
in my present berth, and do not want to be disturbed by 
any better engines coming this way.” 

On the other hand, another (more worthy of admira- 
tion according to my view) might say, ‘* I have designed 
these engines, and believe them thoroughly well adapted 
for the traffic, but, if any one can show me a better engine 
for the work, I will cordially thank him for the exhi- 
bition.” 

I take it it is bette r to learn even in 
than to remain ignorant. 

There is one other class that might object to such trials. 
It is those who are at the top of the tree, so to speak, 
whose engines do a the hardest work. These might 
object on the ground that, having produced a really good 
article, they do not see why they should exhibit it for 
others to copy. 

This is an objection that might have held good fifty 

ears ago, but I hardly think many would care to urge it 
in this last decade of the nineteenth century. 

It may be said I have not proved the inefficiency of 
any engines. Ihave not. The only proof I intend offer- 
ing is the quotation of the proverb in reference to these 
trials, which I suggest, “‘It is the unexpected that 


**a dear school ” 
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Americans finally decide to decline competition, 
British men in this coutitry and out of it will not be slow 
to draw their conclusions. 


I am, Sir, yours respectfullly, 
January 4, 1890. — OsscurRts, 





BOILER EXPLOSIONS AND THE BOARD 
OF TRADE. 
To THE Epiror or ENGINEERING. 

Sir, —I have just read your excellent article on the 
above subject, and with your permission will state a few 
facts bearing on the subject that have come under my 
own notice, 

I quite agree with your remarks with regard to gagging 
the safety valve. This was a common practice a few 
years ago on locomotives. Any one acquainted with our 
suburban traffic will remember a time when very heavy 
trains had to be hauled by old tender engines. At this 
period the my | drivers who could keep time with certain 
trains were those who carried a few wedges in their 
pockets to insert between the safety-valve lever and the 
~~ of the slotin the weatherboard. 

have often seen 50 lb. more pressure carried, by the 
smart drivers, than the valves were set to. Iam glad to 
see that all new engines have the safety valves so arranged 
that they cannot be easily tampered with. 

My object in writing this letter is to draw attention to 
the unsafe boilers which are worked every summer 
in steam launches on the Thames. Some of these 
launches have done good and long service as ships’ 
boats, and when past seawork are sold for a mere 
song. A counter is fixed on to the flat stern and a 
secondhand boiler and engine is put on board. Suffi- 
cient pressure is carried to make the boat travel at 
what the owner considers a proper speed. Afterwards 
the boat is sold and resold any number of times, until 
nobody knows or seems to care what age or condition the 
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thing isin. It is enough for the purchaser to know that 
the late owner worked the boiler at a certain pressure, 
and he considers that if he does not exceed that pressure, 
he is perfectly safe, and so long as the number of - 
sengers carried do not exceed twelve, the owner or driver 
can do just what he pleases with the boiler. 

As I write I have in my mind’s eye two or three steam 
launches which I am positively afraid to go near when 
they have steam up. One of + iba splendid vessels, fitted 
with cabin and everything complete and in thorough 
working order, is for sale, price 35/. 

If I am correctly informed, the Board of Trade is 
anxious to take this matter up; but the higher authorities 
are waiting until one of these infernal machines blow up 
in a lock and cause a fearful loss of life, before conferring 
upon them the necessary powers. 

Steam launches are frequently kept waiting either in 
or just outside a lock. This delay gives time for the pres- 
sure to rise, and those in charge do not care to see steam 
blowing to waste which they know they will want in the 
next reach, 

To show that I have no prejudice against steam 
launches when or are in good order and properly navi- 
gated, I may say that I own one. 

Yours truly, 
Pie hes Horatio PHILiirs. 

Riverside, Long Ditton. 





THE ACCIDENT ON THE LARTIGUE 
RAILWAY. 
To THE Epitor oF ENGINEERING. 

_Sir,—I believe an account appeared in the papers some 
time ago of an accident which happened on the 29th of 
September last on the Listowel fre Tuishenivn Railway, 
built on the elevated single-rail system (Lartigue’s 
patents). 

The causes of the accident were, I believe, then stated 
erroneously on information received from the News 
Agency. Since then the Board of Trade have held an 
inquiry, and the report of the Inspector of the Board of 
Trade, Major-General Hutchinson, was published offi- 
cially and forwarded to me to-day by the Board of Trade. 
I herewith beg to inclose a copy, and shall be much 
obliged if you will be good enough to give full pub- 
licity to the true cause of the accident as shown by the 
inclosed report. This I think is necessary in justice to 
the railway company itself, its officials, and the system. 

_ This is the only accident which has happened on the 
line, though it has been in operation for two years, which 
is a more favourable statement than can be made of any 
other railway I know. We run the whole summer at 
least ten trains per day, and in the winter about six trains 
od day. You will see from the report that it is abso- 

utely evident that the accident was entirely due to mali- 
ciousness, and that notwithstanding the fact that the spot 
chosen was the most dangerous on the whole line, occur- 
ring at the bottom of an incline of 1 in 50on trestles 5 ft. 
high, and on a reversed curve, and at the beginning of 
the only large bridge on the line over the River Gale, 
still no injury was inflicted on any of the passengers, 
though the train was largely overcrowded and the night 
was dark. 

Even the damage done to the line itself was insignifi- 
cant. Not a single rail was broken, and only a very small 
damage was done to two carriages, an engine, and a 
tender. We had our suspicions as to the person who was 
the cause of the accident, but we have not yet been able 
to prove it, which is always a difficult matter in Ireland, 
where you cannot get witnesses to speak against anybody. 
Had such an accident occurred on any ordinary railway, 
can imagine the fearful consequences there would 

ave been, as it was equivalent to having the rails 
removed on an ordinary railway on an embankment of a 
certain height, on a reversed curve, and at the beginning 
of a bridge over a river. 

Yours faithfully, 


T. B. Benr, Managing 
London, E.C., January 2, 1890. 


Director. 








THE SCIENCE AND ART DEPARTMENT. 
To THE EDITOR OF ENGINEERING. 

Srr,—Sir Henry Roscoe at the distribution of prizes to 
the successful students of the City and Guilds technical 
classes has, according to your note of last week, delivered 
himself of the opinion that it would be well for the City 
and Guilds to hand over their classes to the Science 
Department. As a chemist Sir Henry has made a name 
in England, and one hardly knows whether to sorrow 
more at his iending his name to bolster up the sick man of 
South Kensington, or to admire more the splendid wire- 
pulling faculties of that otherwise effete institution. 

Not long ago, only a few weeks since, Sir E. Currie 
insisted that the students of the People’s Palace 
should be crammed in chemistry so as to earn grants 
at the science examinations of South Kensington. Mr. 
A. P. Laurie declined to do anything of the kind and 
Sir E. Currie dismissed him. The evening newspapers 
took the matter up and they all condemned the high- 
handed proceedings of Sir E. Currie, and they did not 
write in a very flattering manner of the Science Depart- 
ment. This brought Sir E. Currie and the Science 
Department into rather a tight corner, and then the 
name of Sir H. Roscoe was paraded along the stage to 
sanctify the proceedings. The successor to Mr. Laurie, 
said Sir E. Currie, in answer to the notes in the news- 
papers, has done original work abroad and in this country, 
and he has a strong recommendation from Sir H. k 
Well, we all know what original research abroad and in 
this country means, and we all know what chemists are, 





It is not so long ago since a South Kensington water 
analyst received two bottles of the same water from two 
different towns in England and got his percentage results 
as wide apart as the towns are miles. But how came 
Sir H. Roscoe to give a recommendation to the chemist 
who is quite willing to work for South Kensington 
examinations? 

And now Sir Henry submits himself to be trotted out 
again and to lend his name to bolster up a condition of 
things under which the teacher receives his 5/. per 
annum for a session’s work, while the examiner pockets 
his 2007. for three weeks of ‘‘overtime.” We wonder 
what Sir Henry will think when he sees the return of all 
the payments made to teachers, which will be moved for 
at the beginning of the next session of Parliament. We 
wonder what he will say when some one rises in his next 
meeting at Manchester, to know if he proposed that the 
technical education of the country should be handed over 
to a department which pays its teachers 5/. per annum, 
while it pitchforks army officers into posts of 750/. for 
doing next to nothing. 

In an engineering journal of Sir Henry’s own town, 
there is one of the strongest articles against the conduct 
of South Kensington that has yet appeared. The writer 
demonstrates pretty clearly that South Kensington 
mainly exists for the benefit of examiners and officials, 
and remotely for teaching purposes. The kind of exami- 
nation, no one argues or speaks of now, they merely look 
and pass on like Dante. 

But if Sir Henry shut his eyes and ears to the argu- 
ments advanced in the technical journals of his own 
town, perhaps he could, when he is free from his public en- 
gagements, sit down and quietly ask himself, what brought 
the Guilds classes into existence? Were there other than 
lawyers to teach engineering, or more than half an hour 
per session grudged from ‘‘ water analysis” to teach 
chemistry, and are there other now? Does not the same 
crowd rule the roost and can they change? In to-day’s 
papers we see that another of the Science and Art Depart- 
ment people has heen put up to set the country right in 
the matter of what kind of technical education it requires. 
This one is a lesser light than Sir Henry, but he is no 
less a person than Mr. J. C. Buckmaster, F.C.S. Mr. 
Buckmaster thinks that ‘‘a number of vague notions are 
abroad at present and they arise from the absence of any dis- 
tinct conception as to the difference which existed between 
the science and the practice of any industrial art,” and 
that ‘“‘what is wanted is the compulsor 
of drawing and science into all schools.” Mr. Buckmaster 
can rest assured that he will be answered in all good 
time, but for the present his opinion can stand to be 
ruminated upon by those who have practised industrial 
art and know something of the connection between it and 
science. Yours, &c., 

Wm. G. Hatripay. 





THE GRABAU ALUMINIUM PROCESS. 
To THE EpiTor oF ENGINEERING. 

Sir,—Your article on my aluminium process in ENGI- 
NEERING, December 20, 1889, gives on the whole a correct 
description. One passage, however, is not quite clear ; 
and the reader might there fail to comprehend the novelty 
of the reduction. On page 717 you say, ‘‘ The reduction 
is effected in crucibles as wide as high, lined with a coat- 
ing of cryolite . . . pebbles of aluminium fluoride are 
heated in these vessels... the cryolite melts; and the 
cold crucible on being broken shows a regulus of alumi- 
nium.” This description is not quite accurate. The follow- 
ing is the correct process: The fluoride of aluminium is 
heated in a basic crucible or retort up to red heat, at which 
it neither melts nor evaporates noticeably if the vessel is 
kept well covered up. ‘The red-hot aluminium fluoride is 
then poured into another vessel, the proper reduction vessel, 
wih cold, and preferably lined inside with cryolite. 
In this reduction vessel, the red fluoride of aluminium is 
mixed with sodium sufficient in quantity so as to yield 
a slag of the approximate composition of cryolite (Mz Fly, 
6 Na F1) after the completion of the reaction which begins 
instantaneously and proceeds very rapidly. A slag of 
that composition is easily fusible at the temperature of the 
reaction, and permits hence of the formation of a single 
regulus without any further flux being needed. As the 
vessel is cold, the cryolite lining does not itself fuse ; there 
can hence benodeterioration from the material of the vessel. 
As no fluxes are employed, we are also free of those im- 
purities which cannotbe avoided in other processes which 
cannot dispense with fluxes; for it is evident that the 
question of expense renders the use of chemically pure fluxes 
impossible in practice. I wish further to remark that it is 
not absolutely necessary to line the reduction vessel with 
cryolite ; for since this vessel is cold, and can be kept cold 
artificially, the cryolite formed by the reduction solidifies in 
a crust as thick as a finger on the walls. It is preferable, 
however, previously to line the vessel with cryolite as the 
reaction proceeds more smoothly. 

“The cryolite melts; and the cold crucible itself on 
being broken shows aregulus.” The crucible itself, the re- 
duction vessel, is never broken, nor even the cryolite lining. 
The following explains what happens: When working on 
a small scale, I let the slag cool completely and solidify 
within the vessel; the lump of slag is then taken out by 
means of tongs and broken with a hammer. The cryolite 
lining remains in the vessel, and is repaired if it should 
have been damaged. When working on a larger scale, a 
reduction vessel of the shape of a converter is used. 
When the reaction is completed the converter is tipped 
and the liquid mass poured into a cold vessel. The liquid 
cryolite flows out first, and sets partly on the walls of 
the cold vessel; the liquid aluminium comes last and drops 
into the liquid cryolite, collecting at the bottom of the 
vessel over the solidified cryolite, When the mass has 
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cooled down, it is thrown out of the vessel and broken 
with a hammer. The converter is ready for a new charge 
immediately after having been emptied. If the converter 
should be too hot, it is cooled from outside lest the cryolite 
lining might melt during the next reaction. 
Respectfully yours, 
UDWIG GRABAU. 

Hannover, January 2, 1890, 

[If these points above referred to had been explained 
with sufficient clearness in the information originally 
supplied, Mr. Grabau would have had no occasion for 
this correction.—Ep. E.] 





SMELTING IRON WITH LIQUID FUEL. 
To THE Epiror or ENGINEERING. 

Str,—Kindly allow me to ask through the medium of 
your widely-circulated journal if any of your numerous 
correspondents could give me any information about the 
best arrangement for melting cast iron for foundry pur- 
poses by means of liquid fuel, fed through the usual 
injectors with high-pressure steam, such liquid fuel being 
petroleum refuse, ‘‘astatki,” instead of with coke as in 
an ordinary cupola. I have heard that liquid fuel is much 
used in America for this purpose, and I should be very 
much obliged for any information on the subject. 

T inclose my address, and remain, 


Yours truly, 
December 20, 1889. 


Moscow ENQUIRER. 
* January 1, 1890. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Y esterday, the quarterly 
meeting of the North of England Iron and Allied Trades 
was held in the Royal Exchange, Middlesbrough. There 
was a numerous attendance, and the amount of business 
transacted was fairly large. The market was regarded as 
a most satisfactory one, as there was practically no spe- 
culative transactions at all, but on the contrary, good 
sound legitimate business. Middlesbrough No. 3 warrants 
were steady at 65s. 3d, per ton, but there was not much 
doing inthem. For January delivery of makers’ No. 3 
.m.b. Cleveland pig-iron buyers offered 64s. 9d., but 
sellers held out for 65s., and in some cases got it. No. 4 
forge iron was in very good demand and was not obtain- 
able under 64s. Pig iron makers are all well supplied 
with contracts, and are consequently somewhat indifferent 
about booking new orders, unless they can get their own 
price. To-day affairs are, if anything, a little quieter, but 
several pretty large contracts have been entered into. 
For this month’s delivery No. 3 is 64s. 9d., and for 
delivery over the present quarter 65s. is the price. Mid- 
dlesbrough No. 3 warrants are 64s. 6d. Hematite pig 
iron is scarce and sellers ask 82s. per ton for Nos. 1, 2, 
and 3 makers’ iron. 


The Price of Cleveland Pig Iron.—To-day (Wednesday) 
the accountants declared the average realised price of 
Cleveland pig iron for the three months ending Decem- 
ber 31 last to have been 44s. 11.43d. per ton. During the 
previous three months it was 39s. 1.66d. There is thus an 
improvement of 5s. 9.77d. per ton. According to the 
sliding scale arrangements the blast furnacemen are now 
entitled to an advance of 9} per cent. in wages, which 
would make them 16 per cent. above the standard. 


The Make and Disposal of Pig Iron in Cleveland.—A 
day or two ago the Cleveland Ironmasters’ Association 
issued from their offices at Middlesbrough statistics show- 
ing that during the year 1889 the total amount of pig iron 
produced reached 2,771,181 tons, against 2,614,932 in the 
previous year. For the year just ended the exports of 
pig iron totalled 1,486,669 tons, and the shipments of 
manufactured iron and steel for the same period amounted 
to 527,358 tons. The Cleveland Ironmasters’ returns for 
December, 1889, show that of 153 blast furnaces erected, 
103 have been in operation, 61 on Cleveland iron and 
42 on hematite, &c. They have produced altogether 
241,806 tons, of which 134,760 tons was Cleveland and 
107,046 tons, hematite, spiegel, and basic. This is an 
increase in the output as compared with the previous 
month of 9420 tons of Cleveland and 179 tons of other 
kinds of iron, making a total increase of 9599 tons. The 
total stocks of pig iron at the end of December stood at 
262,385 tons, being an increase of 22,497 tons on November. 
Shipments were very poor during the last month of the 
year, only reaching 45,172 tons. This is a decrease on the 
previous month of 33,478 tons and of 29,553 tons as com- 
pared with December, 1888 


Manufactured Iron and Steel.—These important indus- 
tries continue active and prices are tending upwards. 
Common iron bars are 8l. 5s. ; best bars, 8/. 15s. ; ship- 
plates, 8/. 5s. ; and ship angles, S/. 2s. 6d. ; all less 24 per 
cent. discount. Producers are heavily pressed for delivery 
of steel ship plates, which are quoted 9/. per ton. Sellers 
still ask 7/. for heavy sections of steel rails, but buyers 
are unwilling to give this figure. 





Workine Expenses ON THE Mexican Rattway.—The 
working expenses of the Mexican Railway Company 
(Limited), in the first half of this year were 14,157/. in 
excess of those of the corresponding period of 1888. This 
increase was largely attributable to the additional 
amount (10,400/.) spent on fuel, the price of which was 
higher, while the consumption was larger, owing to a 
considerable number of additional train-miles having 


been run. 
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FORTH BRIDGE RAILWAY. 

THE following is the twenty-seventh quarterly report 
of inspection by Major-General Hutchinson, R.E., and 
Major Marindin, C.M.G., R.E., of the works in ee 
for the constraction of the bridge over the River Forth. 


Railway Department, Board of Trade, 
1, Whitehall, London, 8.W., 
November 30, 1889. 

Sir,—We have the honour to report, for the informa- 
tion of the Board of Trade, that, in compliance with the 
instructions contained in the order of October 26, 1882, 
and in accordance with the provisions of the Forth Bridge 
Railway Act of 1882, we have made our twenty-seventh 
quarterly inspection of the works for the construction of 
the bridge over the Firth of Forth at Queensferry, now 
nearly completed. Both the central girders of the two 
large spans have been connected together during the last 
quarter, and the bridge can now be traversed from end to 
end. All work of a temporary character has ceased, and 
the work done upon the permanent structure and its 
present state are briefly described below. 


SourH QUEENSFERRY. 

South Cantilever.—The erection and rivetting of this 
are practically completed. 

North Cantilever.—The main members of this cantilever 
are complete, and with the exception of a few feet of the 
wind fence, and footpaths in bay 6, the whole of the 
internal viaduct is in place, and nearly the whole is 
rivetted. 

South Central Girder.—With the exception of the foot- 
paths, and a few feet of the wind fence, the whole of this 
girder is erected, and very little of the rivetting remains 
to be done. The rivetted work at South Queensferry now 
amounts to 15,900 tons, an addition of 600 tons during the 
quarter, as compared with 1350 tons during the previous 
quarter, leaving 130 tons to be completed. 


IncH GARVIE. 

South Cantilever.—This is completed. 

North Cantilever.—The whole of the main members are 
in place, aud practically the whole are rivetted, and with 
the exception of a small portion of the wind fence and 
footpaths of bay 6, the internal viaduct is completely built 
and rivetted. 

North Central Girder.--With the exception of the wind 
fence, footpaths, one-half of the flooring, and a small 
portion of the bracing, the whole of this girder is erected, 
and about three-fourths of it are rivetted. The total quan- 
tity of rivetted steelwork at Inch Garvie is 18,400 tons, an 
addition of 850 tons during the quarter, as compared with 
1400 tons during the previous quarter, leaving tons to 
be completed. 

NortH QUEENSFERRY. 

South Cantilever.—This is completed. 

North Cantilever.—With the exception of the bracing 
between the struts in bay 6, the whole of the main members 
are erected, and very little of the rivetting remains to be 
done. The flooring of bay 6 of the north cantilever, and the 
footpaths, and wind fence of bay 6 of both cantilevers 
are untinished, but with these exceptions the whole of the 
internal viaduct is erected, and nearly the whole is 
rivetted. The total quantity of rivetted steelwork at 
North Queensferry, is about 15,750 tons, an addition of 
650 tons during the quarter, as compared with 1250 tons 
cme the previous quarter, leaving 280 tons to be com- 
pleted, 

PERMANENT Way. 

South Approach Viaduct.—All the longitudinal sleepers 
- in place, and the rails laid and nearly all screwed 
down. 

South Queensferry.—The teak and pine blocks in the 
troughs under the sleepers are laid from the end of bay 
5, south to the end of bay 4, north cantilever, and about 
200 ft. of the sleepers are laid. 

Inch Garvie.—The teak and pine blocks are laid from 
~ end of bay 4 south, to the end of bay 4, north canti- 
ever. 

North Queensferry.—The teak and pine blocks are laid 
from the end of bay 3 south, to the middle of bay 4, north 
cantilever, and the longitudinal sleepers are laid from the 
oe columns to the end of bay 3, on the south canti- 

ever. 

North Approach Viaduct.—With the exception of a 
length of 80 ft., all the sleepers are in place, and the rails 
yy for a length of 160 ft., are laid, but not screwed 

own, 

GENERAL REMARKS. 

Steelwork.—With the exception of that for the foot- 
paths, and the wind fence for the north central girder, 
od — of the steel for the bridge has been drilled and 
itted. 

Masonry.—The coping of the cantilever piers is all that 
remains unfinished. 

Weather.—The weather during the past quarter has on 
the whole been very favourable considering the season of 
the year. The highest wind pressures recorded at Garvie 
Castle were on November 2, 1889, when the large gauge 
showed a pressure of 12 Ib., the small gauge a pressure of 
34 1b., and the revolving gauge a pressure of 27 lb. 

The average number of men employed per diem during 
the quarter has been 1795, and the number employed on 
November 23 was 1585. 

We regret to have to report that, even with this reduced 
number of workmen, there have been four fatal accidents, 
one of which, on September 12, when a rivetter, John 
Aitken, aged sixteen, was killed, was due apparently to 
carelessness in the fixing of a stage upon which he was 
working. Two others, onthe 18th dm og 24th September, 
are stated to have been due to the falling of pieces of wood 
from a height, which should not occur if proper care be 
taken. In the fourth case a rigger unfortunately lost his 
balance and fell into the water, receiving fatal injuries. 


The result of measurements taken on November 26 
shows that under the central girders, there is a clear head- 
way in no case less than 1 ft. 1 in. above that specified in 
Section 5 of the Forth Bridge Act. 4 
In conclusion, we can state that, so far as it is possible 
to judge from a periodical inspection, the high character of 
the work is being maintained to the end. 
We have, &e., 

C. S. Hutcutnson, Major-General, R.E. 

F, A. Marinp1n, Major, R.E. 
The Assistant Secretary, Railway Department, 

Board of Trade. 





MISCELLANEA. 
THE stations at Cairo and Alexandria of the Egyptian 
railways are about to be lighted by electricity. 


During the past year the consumption of coal in 
Gemany was 51,961,649 tons, as compared with 31,754,478 
tons in 1872. 


The question of increasing the facilities for transport- 
ing passengers across the Brooklyn Bridge, will shortly 
have to be dealt with. During the past year 32,000,000 
passengers crossed the bridge by the railroad, which was 
taxed to its utmost capacity. 


The gross receipts of the 23 pent railways in the 
United Kingdom, for the week ending December 29, 
amounted, on 16,142? miles, to 1,254,012/., and for the 
corresponding period of 1888,on 16,014 miles, to 1,125,2371., 
an increase of 128 miles, or 0.7 per cent., and an increase 
of 128,775l., or 11.4 per cent. 


The height of ocean waves has recently been measured 
in a very ingenious way by floating a sensitive aneroid 
barometer, to which a recording apparatus was fitted, on 
the surface of the water. It has thus been proved that 
the waves attain a height of 40 ft. from trough to crest in 
a fairly heavy sea, and probably much more in very 
violent gales. 


France produces 1,500,000 tons of coke per annum and 
imports another 1,000,000 tons. Germany produces 
4,350,000 tons and imports 239,000 tons, 724,000 of the 
whole being exported. Spain consumes 235,000 tons, all 
of which is imported from England. The high prices 
now commanded by coke has greatly stimulated oven 
building in France, Germany, and Belgium. 


On Monday last the Brush Electrical Engineering Com- 
pany, Limited, gave a dinner at the Hotel Metropéle to 
about two hundred gentlemen interested in electrical 
matters. The occasion was the tenth anniversary of the 
formation of the company, and the guests included repre- 
— of all branches of electrical science and manu- 
acture, 


A new bridge across the Mississippi at St. Louis is now 
in course of erection, as the present facilities are unequal 
to the traffic requirements. There will be three main 
spans of 520 ft. each with a number of smaller shore 
spans. The new bridge will not be of the arch type, as 
in the case of the Eads Bridge, and will not, therefore, 
have as an architectural effect as Captain Kad's 
great eel but it will cost very much less. 


The recent _ have heavily taxed the resources of the 
gas on uring the past week, and as was to be 
ex , the South Metropolitan Company found more 
difficulty than its neighbours in maintaining the quality 
of its gas. On four occasions it fell below the standard 
of 16 candles and in two instances the pressure was also 
below the standard. Nevertheless the company seem to 
have got over their difficulties very sucessfully on the 
whole, and they are hardly likely to have in the future a 
more trying week than that just passed through. 


One final attempt is to be made to resuscitate the 
Panama Canal. A commission has been appointed to 
examine and report on the works, and have alread 
arrived at New York. On their return an attempt will 
be made to extract more capital from the pockets of the 
shareholders. Some of the French papers profess to be 
aggrieved because this country has contributed but little 
to the funds of the canal, and for this sensible attitude 
on the part of the British capitalists, they blame the 
American press, which kept the public well informed of 
the true state of affairs at Panama. 


We referred some time ago to a water-jet steamboat in 
course of construction in the States. This boat has now 
been launched, and is said to be of the following dimen- 
sions: Length, 108 ft. over all; breadth, 23 ft. ; and 
draught, 3 ft. 4in. She is to be supplied with engines of 
1500 indicated horse-power, which will drive the pumps, 
the suctionsto which are 8 in. in diameter, and the dis- 
charge ? in. No expense has been spared in her con- 
struction, as she has already cost 200,000 dols. The 
inventor anticipates a speed of 30 knots, but the whole 
scheme seems foredoomed to failure. 


M. Payen has recently designed an accumulator differ- 
in some particulars from those previously manufactured. 
It is of the Plantétype. The a a are prepared in the 
following manner. Melted chloride of lead is mixed with 
asbestos and cast into brass moulds. On cooling, a plate 
of crystallised lead chloride is obtained, inclosed in a net- 
work of asbestos. The formation of the plates is accom- 
plished in two operations, in the first of which the chloride 
is transformed into a mass of porous metalliclead. This 
is done by decomposing water with the plate as the 
cathode, and a sheet of metallic lead as the anode. This 
latter plate is in the operation transformed into the 
chloride, which is w in preparing a new plate. The 
process is completed by forming the plate of porous lead, 
obtained as described above, by the ordinary methods. 





The manufacture of liquid carbonic acid gas on a large 





scale was first commenced in Hanover about 1870, and the 
business has now grown to large proportions. The 
washed and dried gas is pumped successively into a series 
of receivers ually —ae in size, till the gas is 
liquefied, which occurs when the pressure is raised to 
36 atmospheres and the temperature 32 deg. Fahr. The firm 
of Kunheim and Co., Berlin, sell 200 flasks of the liquefied 
gas, weighing 174 1b., daily. At Vienna about 1000 lb. of 
the liquid gas are produced daily. It is employed mainly 
in breweries, but Krupp uses it to obtain sound steel 
ingots. The steel is poured into ingot moulds, which can 
be hermetically sealed, after which liquid carbonic acid 

as is introduced into the top of the mould, where the 
Ceated metal causes it to evaporate and a very high pres- 
sure obtained on top of the molten steel. 


We are informed that the business of the Universal 
Refrigerating and Ice-Making Machine Company has 
been acquired by the Linde British Refrigeration Com- 
pany, Limited, and that Mr. T. B. Lightfoot, C.E., has 
joined the board of the latter company as managin 
director. The Linde Company have been very successfu 
in applying their machinery on board ship, both for carry- 
ing dead meat and for preserving passengers’ provisions. 
The White Star steamship Teutonic has one of these marine 
type machines, and the Majestic is now being fitted. In 
thise cases one apparatus serves for cooling the meat-hold 
and for making ice and refrigerating the stores for pas- 
sengers’ provisions. There are no brine or other pipes in 
the meat rooms, but cold air is circulated in much the 
same way as it is in the case of a cold-air machine. The 
City offices of the Linde British Refrigerating Company, 
Limited, are at 35, Queen Victoria-street, but the techni- 
cal staff is at Shadwell, where is also an ice factory, stated 
to be the largest in the world. 


In 1883 the St. Pancras Vestry obtained a provisional 
order for electric lighting, and a special meeting of the 
vestry was held the other day toconsider the unanimous 
recommendation of its Lighting, Parliamentary, and 
General Purposes Committees to carry out an installa- 
tion of electric lighting under that order. The vestry 
adopted the recommendation by a large majority, and in- 
structed their engineer, Professor Henry Robinson, C.E., 
to prepare the necessary plans and specifications for a first 
installation of 10,000 private lights and 90 public lights, 
the whole involving an outlay of about 60,000/. me 
importance attaches to this proceeding, as we understand 
that the St. Pancras Vestry is the only one in the metro- 
polis that is going to carry out its own electric lighting, 
private and public. By this course of action, in under- 
taking its own electric lighting and- opposing the admis- 
sion of any electric igning companies into their district, 
the vestry preserve all the profits of this method of illu- 
mination to the ratepayers. The experiment will be 
watched with interest. 





Tue Exvecrric Wetpine SynpicaTe.—The electric. 
welding syndicate, whose offices are at 2, Laurence 
Pountney vill, London, E.C., have laid down in London 
a plant for electric welding on a commercial scale, and are 
prepared to show it in operation to parties interested in 
the process. oe eg for viewing should be made to 
Mr. Ewing Matheson, M.I.C.E., the company’s engineer, 
at the above-mentioned offices. 


EpinsurcH INTERNATIONAL ELECTRICAL EXHIBITION.— 
The Executive Council have decided to finally close the 
list of applications for space on the 15th inst., when 
allotment will be proceeded with. The French, Italian, 
and Austrian exhibits are expected to be specially fine 
while India, China, and Japan will all be well represen 
in the department devoted to general industries. The 
Railway hinery and Appliances Section promises 
well, several of the leading railway companies having 
agreed to exhibit, while amongst electrical exhibitors are 
Sir William Thomson, W. H. Preece, Edison, the General 
Post Office, Edison-Swan, Laing, Wharton and Down 
Anglo-American Brush, Paterson and Cooper, United 
Electrical Engineering, King, Brown, and Co., Mavor 
and Coulson, Sir William Vavasour, Limited, Elmore 
Copper Depositing Company, Thomson-Houston Weld- 
ing Company, Newell Engine ay Robey and 
Co., Electric Traction Company, Ernest Scott and 
Co., Ronald Scott, Woodhouse and Rawson, Butler, 
Jobson, and Co., W. T. Glover and Co., National Tele- 

hone Company, Consolidated Telephone Construction 

company, Colonel Gouraud, Gent and Co., aa 
Telegraph Company, Eastern —— Company. The 
esenelibe Company propose to show a narrow gauge 
railway in operation, but worked by electricity in leu of 
steam. The Executive Council have arranged with 
Immisch and Co. for a ten minutes’ service of electric 
launches on the Union Canal between Fountainbridge 
and the Exhibition, which will afford the public a novel 
and interesting mode of conveyance and will probably 
constitute the first example of electric navigation for 
general traffic. In addition to the British electrical con- 
tingent, about 150 electrical exhibits are expected from 
France, where the Government have officially recognised 
the Exhibition, and considerable numbers from other 
foreign countries. The financial prospects of the Exhibi- 
tion are regarded by the Finance Committee as eminently 
satisfactory, as, owing to the much larger sums obtained 
for refreshment and other concessions above those received 
at the former Edinburgh Exhibition of 1886, it is con- 
sidered that the whole cost of the buildings, grounds, and 
preparations, will be defrayed without = lo on the 
admission receipts at all, whereas in 1886 no less than 
22,0007. had to be made up out of admission receipts 
before anything was available wherewith to meet working 
expenses, 
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APPARATUS FOR REGISTERING THE OSCILLATIONS OF LOCOMOTIVES. 
CONSTRUCTED BY THE WESTERN RAILWAY COMPANY OF FRANCE. 


Fig. 1. 
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Fig. 2. 
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WE give above engravings of two forms of apparatus 
for registering the oscillations of locomotives which 
were shown at the late Paris Exhibition by the 
Western Railway Company of France, who have had 
these appliances in use since the year 1879. 

In our engravings, Fig. 1 shows an apparatus for 
registering the vertical oscillations of the footplate of 
a locomotive relative to the leading axle-boxes, or in 
other words the vertical play of the spring. In this 
arrangement a connection to the mer te aan imparts an 
oscillatory movement to an arm which is connected by 
a rod to a carrier sliding on a horizontal bar, this 
carrier being provided with a marking point which 
bears upon a thin zinc plate coiled on the drum shown, 
this plate being coated with a protective varnish which 
is scratched off by the point. The oscillations of the 
arm which actuates the marking point also imparts, by 
means of the ratchet and gear shown, a rotary and 
also a slow longitudinal movement to the drum carry- 
ing the zinc plate. Another marking point, S, actuated 
by a rod leading to the footplate, serves to mark by 
hand on the zine plate the time of passing each kilo- 
metre post. 

After their removal from the drum the zinc plates 
are submitted to the action of acid, when the parts 





7 Fig. 4. 





85 “iT 86 
from which the protective varnish has been scratched 
off are etched away and an engraved plate obtained 


from which a print can be taken. A fac-simile of a 


portion of the record obtained by this apparatus is | 


"ers in Fig. 4, the upper line being the record made 
y the deflections of the spring, while the lower shows 
the record of the passing of the kilometre posts. 

In the other apparatus, shown by Fig. 2, the record 
is obtained upon a disc instead of a cylinder, and this 
disc has a regular movement imparted to it by clock- 
work instead of being moved intermittently at each 
oscillation of the spring. It consists, as will be seen, 
of a lever L connected at one end to one of the leading 
spring boxes, and at the other giving motion to a 
marking style ¢ which presses against the varnished 
zine disc D, this disc being mounted on a shaft which 
is driven by clockwork. A piece of india-rubber 
coiled on the shaft of the disc with a slight tension 
compensates for the slight variations of resistance to 
which the clockwork is subjected in consequence of the 
friction of the style . Another style s, actuated by 
hand from the footplate, serves to mark the passing of 
the kilometre posts. 

The form of record obtained by this apparatus is 
shown by Fig. 3. The speed of the disc being constant, 
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the distances between the kilometre marks on the 
| margin afford an indication of the speeds at which the 
| different parts of the run were made. 











INDUSTRIAL NOTES. 

THE real work of 1890, it may be said, did not begin 
|until Monday last, the 6th instant. In many large 
|and important establishments there was scarcely a 
| pretence of re-starting the works during the past 
| week—-the end of the old and the first four days of the 
| new year being utilised as a breathing time. Several 
reasons may be assigned for this long period of rest. 
| In the first place the leading firms engaged in the coal 
| and iron industries have been for a long time unusually 
busy, the orders on hand could not be executed fast 
enough, and the men were working at full speed, over- 
time being general and even excessive. In the second 
place there were two strong reasons, one on each side, 
for holding back during the holidays. The first was 
jas regards the employers—prices were showing an 
|upward tendency; the second was that in several 
instances the men were to start on the new year with 
increased wages, both in the coal and iron trades. 
The prospective work for the year 1890 is exceedingly 
favourable in all respects. Prices are good, and still 
tending upwards, and employers do not appear to 

rudge any reasonable terms demanded by the men. 

n the matter of wages this feeling is everywhere appa- 
rent. The claim for shorter hours is not, however, so 
readily conceded. Inthe latter case the men are show- 
ing a disposition to forego their demands. We may, 
therefore, anticipate a year of great industrial activity 
and prosperity for all dies of our people. 


| 
| 
| 





The engineering trades in the Manchester district 
have been quiet during the holidays, not from lack of 
employment, but from a desire for repose, after many 
months of continuous strain. The work on hand is 
already so great that all classes of workmen have a 
prospect of being fully employed during the major 
portion of the entire year, even without further 
orders. But the prospect brightens even more, for the 
majority of the firms are being offered more business 
than they care to entertain, not seeing the prospect 
of executing all the orders. There is also a consider- 
able amount of caution in accepting new orders by reason 
of the enormous demand for all kinds of iron. There are 
plenty of buyers, but only a very few sellers. Both pig 
and finished iron show a strong upward tendency, even 
in addition to recent advances in price; therefore, 
makers and merchants are slow to quote rates for for- 
ward delivery, or even for immediate delivery. 


In the Sheffield district the prospects have never 
been so bright since 1873-4. In nearly every branch 
of the numerous iron and steel industries there isa full 
supply of work for the present year. In the heavier 
branches a long period of activity is fully assured. The 
demand for iron and steel exceeds the supply, and the 

rices are advancing accordingly. Orders are being 
ked for the latter half of the current year at higher 





prices than the maximum now ruling. With this great 
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industrial activity, om 4 are quietly going up, and 
even the appearance of a dispute leading to a strike 
is avoided. 

The steel smelters have held a conference at Sheffield 
in relation to wages and hours of labour. It was 
decided to endeavour to obtain a standard tonnage 
rate ; that the men should not start on Sundays until 
midnight, after February 1; that gasmen be paid 
time and a half for Saturday nights and Sunday work ; 
and that no furnace be charged unless stopped at mid- 
—_ on Fridays. 

he Sheffield employers have agreed to the 2s. — 
week advance asked for by the ironmoulders of that 
town, the same to date from the lst inst. The em- 
ployers have also agreed to the extra pay for overtime, 
according to the different rates proposed from the 
before-mentioned date. These two questions, which 
have long been a matter of discussion, have now been 
settled amicably by a conference of both parties. 


In North Staffordshire trade is exceedingly brisk, 
and all the iron works are excessively busy. The 
demand for iron is so great that a casual breakdown is 
immediately provided for by extra shifts to make up 
for the temporary stoppage. This was well illustrated 
towards the close of the year at the Smallthorne Iron 
Works, where a breakage on a Friday night was re- 
— and made up for by keeping the whole of the 
ourty-four furnaces in for five rounds on the Saturday, 
recommencing on the following Monday again. The 
demand for iron is so great that orders are being re- 
fused in many directions. The large works belongin 
to Earl Granville have been taken over by a limited 
company for 500,000/. and 100,000/. of first mortgage 
debenture. The annual profits have been about 
25,000/. Another large concern is also to be turned 
into a limited company. All through the district there 
are signs of great and growing prosperity, higher prices 
being obtained by the employers and higher wages by 
the workmen generally. 


In the Cleveland district the wages of the rolling 
mill labourers at the Monkwearmouth Iron Works 
have been advanced 1s. per week from the Ist inst., 
with a further advance of another 1s. per week next 
month. The labourers claimed an immediate advance 
of 2s. per week, the settlement was therefore in the 
nature of a compromise, mutual concession having 
solved the difficulty. 

The blast furnacemen in the district made a demand 
that the furnaces should be damped down during the 
holidays, so that they should be paid at the Sunday 
rates for working. At a consultation with the em- 
ployers it was arranged that the men should be given 
a gratuity for working between 6 p.m. on December 
24, 1889, to6 a.m. on January 2, 1890. The stipula- 
tion is that the bonus is not to be regarded as a pre- 
cedent. 

The dispute at the Brotton mines has been arranged 
by a mutual conference of the mineowners and the 
men’s representatives. The men claim an advance all 
round ; the mineowners claimed a reduction at two of 
the pits. Ultimately a settlement was arrived at by 
an advance at certain pits, and a reduction at other 
pits, while on both sides some of the claims were 
withdrawn. The new rates came into operation with 
the new year. Here is an instance in which the men 
have consented to a reduction when the terms were 
compared with the sliding scale and the rates else- 
where. 

The blast furnacemen in the Shropshire district have 
succeeded in obtaining a further advance of 10 per 
cent., commencing with the new year. Two months 
ago 5 per cent, was awarded, and on November 22 the 
further advance of 10 per cent. was agreed upon. It 
is now claimed that the men are entitled to a further 
15 per cent. advance, and communications have been 
opened with the employers tor this further amount of 
increase in their wages. The men allege that their 
rates of wages are far below those of other districts. 

In South Wales the steel workers’ wages have been 
settled by a compromise, effected at a conference. The 
men are to have an advance of 5 per cent. from the 
Ist inst., and another 5 per cent. in April next. A 
further conference is to be held between representa- 
tives of the masters and of the men to formulate a 
sliding scale for the South Wales and Monmouth- 
shire districts. 

In Scotland there is everywhere a promise of a busy 
year in all branches of trade. The output of tonnage 
during 1889 was enormous; on the Clyde alone it 
exceeded in value that of 1888 by 2,000,000/. At 
Leith the output greatly exceeded that of 1888. 

At Greenock an advance in wages has been conceded 
to the shipbuilders, engineers, pattern-makers, and 
boiler-makers from the 6th inst., with a promise of a 
further advance on March 6 next. The average wages 
of day workers, with the advance, will be 74d. per 
hour, 

In the West of Scotland the wages of miners have 
advanced from 35 to 45 per cent., and there is still a 
demand for a further increase of ls. per day. The 





rise of wages in the steel trades has amounted to 35 

r cent. in some departments, while the wages rates 
of the malleable iron workers have increased y about 
124 per cent. Some of the men’s wages have advanced 
by 40 to 70 per cent. in some of the iron and coal 
districts. The latter statement is on the authority of 
the men’s representatives. 


The trade dispute at the Maxim-Nordenfelt Gun 
Works, at Erith, continues. The men have been out 
on strike for some time, and there appears to be little 
chance of an amicable arrangement. The men allege 
that the reduction in pay, as compared with former 
rates, is enormous. ‘The company is wealthy and it is 
said, is prepared to spend 60,000/. rather than give in. 
On the other hand, it is stated that the Amalgamated 
Society of Engineers are prepared to spend a large sum 
in order to insure a victory. 


The shipwrights at the Sheerness Dockyard have 
memorialised the Government for an increase of wages, 
and it is said that their claims are being rave. 2 
considered by the authorities. With the enormous 
advance in the wages of the men employed in all 
branches of the shipbuilding trades, at all the ports of 
the United Kingdom, it is scarcely possible to with- 
hold some share of the advance from the men employed 
in Government yards. These men have, however, 
some privileges not enjoyed by ordinary workmen. 


The new year commences with the substantial 
advance of 10 per cent. on miners’ wages nearly all 
through the coalfields of Great Britain. It is well that 
all disputes should be settled, for there is a great 
scarcity of fuel in some districts. In Staffordshire the 
demand is so great that boats are waiting for cargoes, 
and railway trucks for loads, in some cases for nearly 
a fortnight before they can be despatched. Ironmasters 
are complaining sadly of the delays in the supply of 
fuel. The demand exceeds the supply in many places. 

At the recent meeting of the South Staffordshire 
Miners’ Wages Board it was agreed to advance the 
wages of the thick seam men 4d. per day, and the 
thin seam men 3d. per day, from the last pay day of 
the old year; this advance to rule until the next 
audit. It wasalso agreed that the accountants should 
take out the figures for the next term without waiting 
for instructions, so that in the event of an advance in 
prices sufficient to justify a further advance in wages 
there should be no delay in the matter. The meeting 
was most cordial and both parties expressed hearty 
good wishes to each other for the year 1890. 

Throughout Lancashire, it is expected, the advance 
of 10 per cent. will be given in all the mining districts. 
It was feared at one time that there would be trouble 
with the day-wage men, but this is got over by an 
offer of 4d. per day by the masters and its acceptance 
by the men. Twopence was first offered and refused. 
Tn all cases the advance has been arranged by mutual 
interviews of the representatives of the mineowners 
and of the miners. 

In the Nottinghamshire districts the advance given 
is, in some cases, in excess of the 10 per cent., as the 
coalowners have agreed to advance on the gross earn- 
ings. At Cinder Hill 20 per cent. has been conceded 
on 1888 prices, instead of 2d. advance on the October 
prices ; at Wollaton 30 per cent. has been agreed to on 
1888 prices, instead of a rise on tonnage rates, on the 
basis of the previous advance. Other collieries are 
following the example. 

In Derbyshire the mineowners are conceding the 
adyance in all districts, not only to the miners, but to 
the banksmen as well. In many cases the latter have 
had granted an immediate advance of 3d. per day, 
— the promise of a further 3d. per day at an early 

ate. 

In the South Wales districts the 10 per cent. advance 
is conceded to the miners, but no indication has been 
given to the surface men that they will participate in 
the rise. If their claims are ignored there will bea 
dispute at no distant date. But it will hardly even- 
tuate in a strike. 


The railway employés on the Dublin, Wicklow, 
and Wexford Sis struck work on the 3rd _ instant 
for an increase of 2s. per week, and for full pay of 3s. 
for the Sunday. At an interview with the chairman 
and manager they stated that they were prepared to 
concede 2s. per week, but refused to give extra for 
Sunday work. At a later interview the dispute was 
settled by the company agreeing to give 2s. advance 
per week to signalmen, guards, and ticket collectors, 
of three years’ service, and 1s. 6d. per week to those 
under three years’ service; and to the porters of 
three years’ service ls, 6d. per week increase, to those 
under three years ls. per week, All the other demands 
were withdrawn. It appears that on those lines the 
men are engaged to work for the whole seven days at 
from 10s. to 12s. per week ; but that they are gradually 
agers to 16s. and 18s. per week. The increase will 

in addition to the latter sum. 

The directors of the North London Railway Com- 





pany have conceded all the demands of the signalmen 
employed on their lines, with the exception of the 
claim for increased bonuses. These concessions date 
from the first day of the present year. 


The gas dispute in Manchester may be said to be 
over, and the supply of gas is now nearly equal to the 
usual supply before the strike. The usual storage is 
from 10,000,000 to 12,000,000 cubic feet, the pressure 
being at the normal limit. Some 200 of the old stokers 
have been re-engaged. At Salford the pressure is not 
up to the normal limit, but it is approaching to it. 
About 100 of the old hands have been re-engaged. 
The new men are no longer to be provided for in the 
works—they will have to shift for themselves in the 
same way, and on the same conditions, as those 
employed previously to the strike. 

The gas strike at the South Metropolitan assumed 
a more serious form some days ago, but the diffi- 
culties appear to have been surmounted. The new 
men are no longer to be lodged and fed on the 

remises. During the past ten or twelve days there 

ve been further manifestoes on the part of the 
strikers, and replies on the part of the Gas Company. 
These manifestoes have been quite a feature in the gas 
strike. The most important one recently issued is that 
by the ‘‘ bonus men,” in defence of their position, and 
in vindication of the manager, Mr. Livesey. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 27, 1889. 

Tron brokers predict a grand rush of orders in 
January. The preliminary move in that direction has 
just been made by the placing of orders for about 
40,000 tons of forge iron in Pennsylvania and Eastern 
Ohio within a week. In addition to this, extensive 
sales have been made of Bessemer ores, for delivery 
during the first three months of next year, at prices 
ranging from 6 dols. to 6.50 dols, at Cleveland. Besides 
this, large contracts have been made for Bessemer pig, 
at — ranging from 22 dols. at Chicago, to 24 dols. 
at Pittsburg, and 21.50 dols. at Philadelphia. Buyers of 
Bessemer pig have instructed their agents to purchase 
all the Bessemer that can be contracted for; and, in 
following out these instructions, quotations have been 
ahem to the above phenomenal figures. Already 
some 4,000,000 tons of Bessemer lake ores have been. 
sold, and transportation by the lakes arranged for, 
shipments to begin next May. All of the rail mills 
are sold up, from two to four months, at 35 dols. to 
37 dols. east, and 36 dols. to 38 dols. west. Very 
little is known as yet regarding the plans of railwa 
builders; but so far as projections are concerned, 
there is enough to warrant the belief that next year’s 
mileage will reach 7500 miles. This year’s tonnage, 
including light rails, will not fall below 1,500,000 tons. 
Next year’s tonnage of rail mills will reach over 
2,000,000 tons, and probably 2,500,000 tons. The 
railway companies have been favoured this year by a 
very large traffic, and under its influence eA 
concerns have been reorganised, and companies, which 
for years have scarcely paid a dividend, have been 
paying small dividends, sufficient to encourage stock- 

olders, The railway managers of the companies, 
through their financial representatives, are encouraging, 
so far as they are able to do so, a healthy speculative 
feeling in railway securities. Nearly all of the leading 
stocks are selling better than for months, because of the 
fact that the leading lines are paying higher dividends. 
The re-organisation of some of the Gould properties, 
and the successful reorganisation of the ‘‘ Atchison,” 
together with the good showings from the railroads in 
the far north-west, all help to stimulate confidence in the 
future of railroad securities. Still, there is a hesitancy 
among the tens of thousands who in years past lost 
everything, and it may take some months yet before 
the rank and file of American investors will be found 
ones through their representatives in the New 

ork Stock Exchange. The bulk of the new railroad 
work of 1890 will take place in the south and south- 
west. 

The industrial activity in many localities is en- 
couraging a great deal of new railroad building. 
Lumber is cheap, coal beds are being developed, manu- 
facturing establishments are springing up everywhere, 
land is increasing in value, and investments are multi- 
plying. Texasand Kansas, which represent nearly 300,000 
square miles of territory, have been favoured with 
abundant crops. The Gulf States have also yielded an 
immense cotton crop, and this, in addition to the 
inflow of lumber and iron capital, has imparted to that 
region an activity not enjoyed, perhaps, by any other 
section of the country. The Government is makin, 
liberal expenditures for internal improvements, an 
the increasing political influence of those States with 
the national Government assures incoming investors 
that their outlays will be safe, at least so far as a wise 
and liberal governmental policy can make them safe. 
The south is advancing in ironmaking at a rate which 
northern ironmakers regard as a notification to them 
that the south will hereafter take the lead in that 
industry. 
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Compitzep sy W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883. 

The number of views given in the ification Drawings is stated 
te each onne after ‘the price: pe none are mentioned, the 
Specification is not illustrated. 

Where Inventions are communicated from abroad, the Names, 
ée., of the Communicators are given in italics. 2 

— of Specifications —> obtained at $8, Cursitor-street, 

hancery-Lane, E.C., either personally, or by letter, enclosing 
amount A / _ and postage, add: to H. ReaDER Lack, Esq. 

The date of the advertisement of the acceptance of a complete spe- 
cification is, in each case, given after the abstract, unless the 

fatent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a comp specification, 

give notice at the Patent Ofice of opposition to the grant of a 

Patent on any of the grounds mentioned in the Act. 

STEAM BOILERS, &c. 


14,817. S. Fox, Leeds, J. R. Fothergill, West Har- 
tlepool, and D. B. Morison, Hartlepool. Improve- 
ments in Marine and Stationary Boiler and 
other Furnaces, (Sd. 7 Figs.) October 15, 1888.—In the 
arrangement shown in Fig. 1 the furnace walls a are cylindrical, 
and are such as are found ordinarily in Cornish and Lancashire 
boilers. 0 are ordinary firebars ; ¢ are firebars made with a recess 
or groove d from end to end. These firebarsc fit close to the walls 
a of the furnace and are suitable for use with natural draught. 
Packing ¢ is held in position by the recess or groove d and makes 
an air-tight joint between the bars and the furnace walls. f 
are flanges cast with the barsc. Studs pass through the flanges f 
into the furnace walls @ to hold the bars ¢ in position. Fig. 2 





shows the application of this invention to a furnace having corru- 
gated walls a. The side bars c are shaped to fit the corrugations 
and are formed with upward extensions to protect the walls from 
intense heat to a greater extent than the bars in Fig. 1. The bars 
care here shown with two grooves or recesses d, d! to receive 
packing, and with airwaysh. The double packing gives greater 
security against the fy ge of air bet the bars and the fur- 
nace walls when a forced draught is used, but the airways h are 
better omitted if there is a forced draught. Fig. 3 is a cross-sec- 
tion of a furnace in which the firebars ¢ have metallic packing 
pieces e cast thereon. Fig. 4 is a cross-section of a furnace in 
which the side bars c have metallic packing pieces e secured 
therein by pins or rivets i. (Sealed December 24, 1889). 


14,931. E. Paul, Liverpool. Improvements in or 
relating to * aratus for Evaporating Water and 
Heating F ater. (8d. 7 Figs.) October 17, 1888.— 
This apparatus consists of an outer cylindrical vessel 1 and an 
inner cylindrical vessel 2, the top of each vessel being closed by 
the cover 3. The space between the vessels 1 and 2 is divided into 
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three parts 4, 5, and 6 by means of two annular diaphragms 7 and 
8, having flanges by means of which the diaphragms are rivetted 
to the outside of the vessel 2 and to the inside of the vessel1; a 
ae is made between the two diaphragms, the upper diaphragm 7 

ing pressed down on rubber rings 9 by means of studs 10 fixed to 


the cover 3. In this way the chambers 4 and 5 are made water- 





tight. The bottom 12 of the chamber 2 supports vertical tubes 11, 
the lower ends of which are closed and their upper ends open into 
the chamber 2. Inside each tube 11 is an inner tube 19, the lower 
end of which is open, and its upper end rises above the top of the 
tube 11 and is expanded, forming a hood 20 over the tube 11. 
Tubes 22 are also fixed to the diaphragm 8, and extend into the 
lower chamber 6 ; their upper ends open into the chamber 5. In- 
side each tube 22 is an inner tube 23 open at each end ; its — 
end passes through the diaphragm 7 and opens into the chamber 
4. The feed water to be heated passes into the chamber 4 by the 
branch 24, then down the tubes 23, up the tubes 22, into the 
chamber 5, and leaves by the outlet 25, being raised in temperature 
during its passage by the heat transmitted through the pendent 
tubes from steam admitted into the chamber 6 through the 
steam inlet 45, and which is thereby condensed, forming water 
at the bottom of the chamber. The water to be evaporated enters 
the vessel 2 by the pipe 26, fills the tubes 11 and the tubes 19, and 
is evaporated by heat transmitted through the tubes 11 from the 
steam which surrounds them. The undue accumulation of salt in 
the vessel 2 is prevented by withdrawing a proportion of the feed 
water by means of a brine pump ; and the water is prevented from 
rising above the proper level in the chamber 6 by taking the steam 
fupply for operating the feed pump from at or about the same 
level. (Sealed December 24, 1889). 


16,853. D. B. Morison, Hartlepool, Durham. Im- 
provements in Firegrates for Marine Boiler or 
other Furnaces, (8d. 14 Figs.) November 20, 1888.—This 
invention relates to that class of firegrates in which the firebars 
are moved or agitated either continuously or periodically for keep- 
ing the air es between the bars free from ashes and clinker, 
and so obtaining more efficient combustion in the furnace. In 
applying this invention to marine boiler furnaces, the firebars may 
be in one or more lengths; they may advantageously be in two 
lengths, so arranged that some of the bars are fixed and the re- 
mainder movable. For instance, every alternate bar may be a 
fixed bar. The fixed bars 1, 1a are supported at the dead-plate 4 











and the bridge 6 at the front and back of the furnace respectively, 
and in the middle of the furnace are suppo by a bearer in such 
a manner that they can be removed or replaced when necessary, 
but so as not to move with the movable bars. The movable bars 
2, 2a are ee at the front and back of the furnace by fixed 
bearers, and near the middle of the furnace are supported by two 
bearers so arranged and operated that an up-and-down motion, as 
well as a longitudinal motion, is imparted to the movable bars by 
suitable levers and rods 10, 12, 14, 15, and 16, worked preferably 
from the mouth of the furnace. Ashes in the fire are easily shaken 
down into the ash-pit, and any clinker og the bars will be 
— by the motion of the apparatus. (Sealed December 24, 
1889). 


MANUFACTURE OF IRON AND STEEL. 


18,178. D. Davy, Sheffield. Improved ro tus 
for Trave and ots an ooms 
upon the Feed Rollers of Ro (8d. 5 Figs.) 
December 12, 1888.—This invention relates to improved apparatus 
for traversing and turning ingots and blooms upon the feed rollers 
of rolling mills, so as to bring them into suitable _—— for pass- 
ing through the different grooves of the rolls. The apparatus con- 
sists of a set of Vahewed cradles projecting up between, or in 
front and rear of the feed rollers, so as to act on the ingot or bloom 
at two or more points in its length, the said cradles being pivotted 
upon traversing slides, so as to capable of an oscillating 
motion for the purpose of turning the ingot or bloom and of a 
traversing motion across the set of feed rollers for moving the 
ingot or bloom laterally thereon. 'The present invention con- 
sists in constructing each Y cradle of two separate levers 





B, B!, which act together as one for the purposes of turning 
and traversing the ingot or bloom, but are capable of being 
oscillated in opposite directions for the purpose of lowering their 
upper arms below the level of the feed rollers A, so that they may 
be moved in either direction beneath the ingot bloom without dis- 
turbing it as it lays on the feed rollers, the object of so moving the 
cradles being to bring them into position for acting on the ingot or 
bloom according as it is required to traverse or turn it in the one 
or other direction, or to turn it partly round two or more times in 
the same direction. The traversing motion is obtained by a 
hydraulic or steam cylinder D, the ram or piston of which is con- 
nected with the slide C carrying the fulcrum c of the levers B, BI. 
The combined or independent oscillating motions of the levers 
B, B! are obtained by separate cylinders E, E1, whose pistons are 
connected to the lower ends b, b! of the levers B, Bl. (Accepted 
October 23, 1889). 
MOTIVE ENGINES. 


chester. Improvements in 
13 Figs.) January 8, 1889.—In this 


Hot- es. (8d. ; 
engine the air in the air chamber B is alternately heated and 
cooled. As the reg tor or displ G is raised, the air is 





heated and expands, and the piston F is driven outwards, the 
regenerator or displacer G is now lowered in advance of the 
piston. Its descent cools and contracts the air, and the piston 
moves i ds. The reg ator or displ is again rai in 
advance of the piston, and the cycle is repeated. The table A 
forming an extension of the air chamber B serves as a bed for the 
working cylinder C and the crankshaft bearing D, and at the same 
time its mass absorbs and its surface disperses a sufficient amount 
of heat to cool the upper part of the air chamber. The working 
cylinder C is open at one end, and in its closed end is formed a 
passage E which opens into the air chamber B above the dis- 














lacer or regenerator G. The latter is composed of alternate 
of asbestos and perforated metal plates. The air chamber 
B is surrounded by a casing S, and is heated by a Bunsen burner 
V, the products of bustion passing off through the uptake W. 
The displacer rod K passes up through the table A, and is con- 
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nected by a link M to a rod N fulcrumed at one end to the upper 
part of the working cylinder, and connected by a link R to the 
crankpin P. The working piston F is of the trunk type, and is 
connected by its rod T to the crankpin P. (Sealed December 24, 


: PRODUCING LIGHT AND HEAT. 
7,869. London. Improvements in 


F. B._ Hill, 

soqereene for U Liquid Hy: ‘bon for 

ghting and Heating (lld. 7 Figs.) De- 
cember 6, 1888.—The apparatus is so constructed that an annular 
flame is directed downward from the burner and rises after curv- 
ing either inward or outward, the products of combustion passing 
through a chimney which either extends through the centre of, 
or surrounds the vaporising chamber. The operation of the appa- 
ratus is as follows: The cup /! is filled with oil and ignited. The 
cock b being opened, hydro-carbon from the tank A is forced u 
the dip pipe e and through the pipes a and e into the vaporiser d. 
The heat from the burning oil in the cup f! vaporises the oil in 
the vaporiser d, and the gas passes out in the direction indicated 
by the arrows through the space g!, and mixing with the air 
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ponte through the space i], is ignited by contact with the flame 
rom thecup/!. The products of combustion up the flue a!, 
and after the ap atus is once started, heat ar rise the oil in 
the vaporiser d, likewise heating the air as it own the upper 
part of the space Al. In a modification illustrated in Figs. 1 
and 2, the tank A is placed above the light, and the hydro- 
carbon is supplied to the vaporiser d through a pipe q, the gas 
being delivered through a f 8, one end of which communi- 
cates with the vaporiser, and the other with a burner consisting 
of ahollow T-piece m having discharge apertures m!, and deflect- 
ing plates m2. The ducts of bustion pass up the space h1; 
tl are small metal balls supported on a perforated plate t, through 
which the vapour must pass, so that any of the liquid which 
might otherwise pass away with the vapour is arrested. (Ac- 
cepted November 13, 1889). 


ELECTRIC BATTERIES. 


18,858, F. J. Brougham, London. (La Société Perrewr- 
Lloyd et Fils, Paris. Improvements in Electro- 
Chemical Generators. (8d. 10 Figs.) December 24, 1888. 
— This invention relates to electro-chemical generators capable of 
producing metallic salts, whilst permitting of the utilisation of 
the electric current produced, in which the solutions are heated 
and concentrated by the heat due to internal resistance, to such a 
degree that on cooling the salts will orystallise out. In some cases 
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they may also be heated by steam. The generator comprises a 
trough a of acid-resisting material formed with two independent 
parts, the upper to contain the el ts, and the lower to receive 
the concentrated liquids ; glass plates b divide the ng part into 
compartments which serve as cells for the elements. Each element 
comprises a porous cell ¢ restin —— a plate d, in which is placed 
a carbon C, and a metal plate F which is arranged between two of 
the cells. A number of these elements are placed in the compart- 
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ments formed by the plates b. The generators are covered by in- 
clined glass — J; nitric acid which forms on these plates runs 
off and is collected in a gutter h. Tocharge the generator the cells 
€ are placed in communication with a reservoir R containing the 
depolarising solution, and the trough b is placed in communication 
with a reservoir R! containing the exciting solution. When the 
circuit of the generator is completed sulphates or chlorides are 
formed in the generator, and nitrous vapours are evolved that are 
regenerated in condensation towers and re-employed after having 
been concentrated. Fig. 3 shows an arrangement in which large 
porous ee are employed. The el ts are o d of 
carbons C having contacts h arranged in porous vessels d, and 
soluble electrodes p with contacts j. 2 porous vessels d are 
emptied by suction through tubes g having cocks f, one for each 
vessel. kis a discharge cock, e the trough cover, and ¢ a steam 
pipe. (Accepted November 24, 1889). 


MISCELLANEOUS, 
13,955. J.B. Rushton and T. R. Atkinson, Barrow- 
in- d"rightenore £ Improvements in Fasten- 


ings and indows to Obtain 
¥ ditional 





teners for Wi 
ity and to Prevent the Sha’ of 
indow Sashes, (8d. 10 Figs.] September 28, 1888.—Fig. 1 
illustrates one form of a window sash fastening device shown in its 
inoperative ition, Fig. 2 showing the device in its operative 
ition for fastening or tightening a window sash. A is the side 
ar of the window sash capable of sliding up and down in the 
usual manner in the groove formed by the guides or inner and 
outer portions of the window frame B B!, Upon a pivot C fixed 
to the inner part B of the frame B B! (it may be by means of a 
plate D let into and fastened to the frame by screws) is mounted a 
cam or eccentric E which is capable of being rotated about the 
pivot C by means of the handle F. When the tightener or fastener 
is in its loose or inoperative position (Fig. 1), the handle F is 
turned down so that the longest radius of the cam E is away from 
the window sash A. To tighten the sash the handle F is turned 
upward in the direction of the arrow in Fig. 1, so as to bring the 
longest radius of the cam E between its pivot C and the window 
sash A, as shown in Fig. 2, thereby pressing the sash A firmly 
against the outer part B! of the window frame. By this means the 
window sash A is prevented from being raised, as well as from 
rattling in itsframe. Gis a metal plate let into and fastened to 
the window sash with the object of receiving the pressure of the 
cam, and thus protecting the woodwork of the sash. This plate is 
rovided with a cunvel, projection Gl, against which the cam 
pars when in the position shown in Fig. 2, the projection afford- 
ing increased security against the window being opened. The 
improved window fastener E may with equal advantage be so 
attached to the window sash A that, when rotated into its opera- 
tive position, it shall press against the window frame. Fig. 3 





























shows another arrangement in which E isa cam provided with a 
handle F and pivotted at C to a metal plate D which is fastened 
to the top side of the upper crossbar H of the lower or inner window 
sash of an ordinary window. Gis a metal plate fastened to the 
outer or be «og window sash H. When the cam Eisrotated by means 
of its handle F, into its operative position (shown in full lines), so 
that the longest radius of the cam comes between the pivot C and 
the metal plate G, the sash H! will become firmly pressed out- 
wards, in the direction of the arrow, against the window frame 
(not shown), the pressure being taken by the upwardly bent part 
G* of the plate G. The plate G is provided with a lip or flange I, 
which partially envelopes the cam on its upper side = the cam 
is rotated into its operative position. This lip serves to prevent 
either or both of the window sashes H, H from being moved up or 
down. Ina further arrangement, illustrated in Figs. 4 and 5, E 
is a cam pivotted at C to the side bar A of an ordinary window 
sash, and capable of being rotated about the said pivot by 
means of a handle F. Part of the surface of one side of 
the cam E is bevelled or thinned off in such a manner that the 
thickness of the cam diminishes from its pivot to its circum- 
ference, as indicated in Fig. 4. The cam E is arranged on its 
pivot C, so that the bevelled lies away from the window 
frame B when the tightener is in its inoperative ition (shown 
in dotted lines). By rotating the cam E so as to bring the bevelled 

rtion El towards the window frame, as shown in Fig. 4, this 
vevelled portion will, by reason of the eccentricity of the cam, 
enter the space between the inner part B of the window frame 
B B!, and the inner surface of the side bar A of the window sash, 
and will tend to force the sash away from the inner part B and 
against the outer part B! of the wincow frame, thereby effectually 
preventing movement and rattling o: the sash. (Sealed October 8, 
1889). 


16,810, T: Limited, Soho, T. Jefferies, Hands- 
worth, and C. W. Pinkney, Smethwick, Staffs. Im- 
provements in Lubricators, (8d. 4 Figs.) November 
19, 1888.-—a is a cylindrical chamber containing the lubricant. In 
the stem is an axial hole 0? down which the lubricant from the 
chamber a passes to the cylinder; d is a fixed funnel by which 
the chamber a@ is supplied with the lubricant ; ¢ is a horizontal 

lug carried by the cap ¢ for opening and closing communication 
| oF eee the funnel d and the lubricant chamber a. The plug e 
crosses and works tightly in the terminating the charging 
funnel d, and the conical inner end of the plug bears on the seat f 
at one side of the passage. In the bottom of the lubricant 
chamber a is a horizontal h opening into the top of the 
axial hole 6? in the stem communication between the lubricant 
chamber @ and axial passage b? being effected by the small hole i 
in the bottom part of the chamber a. In the horizonta ) passage 








h is a screw plug kl, the rear part of the inner end of which plug 
is of different diameters, the part k being of larger diameter than 
the part 1, which is seated at m at the top of the axial hole b2 in 
the stem and serves to close communication between the chamber 
a and the stem ; p is a light vertical tube opening at bottom into 
the passage h and at top into the upper part of the chamber a, 
for the purpose of admitting steam or air from the axial hole b? 
above the lubricant in the chamber a. The action is as follows: 
The lower plug k J having been driven home by turning its handle 
and the upper plug e more or less withdrawn by turning its handle, 
the chamber a is filled with the lubricant through the funnel d. 
The upper plug e being driven home, the lower plug & 7 is jially 
withdrawn by unscrewing it by means of its handle. e first 
effect of withdrawing the lower plug is to withdraw its end 1 
from the seat at m, and at the same time to partially uncover the 


bottom of the light tube p opening at top in the chamber a. 
Steam or air under pressure passes through the open valve k1 
through the light tube p to the surface of the lubricant, which is 
thus put into equilibrium, The lubricant by its own weight 
through the small hole 7 in the bottom of the chamber a through 
the open valve atl to the passage b? in the stem and thence to 
the cylinder of the engine. The small terminal portion / of the 
plug very nearly fills the end of the horizontal passage h where it 
a into the passage b2 in the stem; hence only asmall stream 
of the lubricant can to the cylinder. For minute adjustment 
of the quantity of lubricant passing to the engine the end J of the 
plug can be brought to any required distance from its seat by 
turning the handle of the said plug. The chamber a is free from 
water when the oil has been delivered from it, and hence the use 
of drain cocks or other appliances is dispensed with and the valves 
are easily removed for cleaning. (Sealed December 24, 1889). 


17,910. G. C. ond, London. (G. W. Napier, Los 
Angeles, Cal., U.S.A.) Improvements in or relating to 
Apparatus for Ca’ a Vessel, Independently of 
the Ballast, to Draw More or Less Water as may be 

and whereby the 

ater. (Sd. 6 Figs.) 
December 7, 1888.—A is a fin hinged to arms B, B!, and C. The 
arms B, B! are attached to the fin near the edge next to the side 
of the vessel, and the arm C is attached to the fin near the edge 
farthest from the vessel, so that when the arm C is raised or 
lowered it will raise or lower the outer edge of the fin. The bar B 
is fixed upon the side of the vessel Z, and the bar B! is adjustably 
attached to the side of the vessel. The central supporting arm or 
operating rod C is attached to mechanism whereby it can be raised 
or lowered by those on shipboard. The rod C passes through a 
hole D in a bracket E secured to the side of the vessel Z, and the 
upper end of the rod is provided with a head F which, when 
lowered, rests upon the bracket E to prevent the fin from being 
lowered too far. The upper end of the rod C is secured to an 
endless chain G which passes around the drum H, from which 
project cogs I which engage with the chain to drive it when 
the drum is rotated in either direction. The drum is pro- 
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vided at each end with peripheral notches J, with which pawls 
K, L engage to prevent the drum from turning in either 
direction. Cranks M are secured to the ends of the drum 
whereby it may be turned when the pawls are thrown out of 
the notches. The chain is held taut by means of the pulley N 
mounted beneath the drum, and around which the chain passes. 
When the drum H is rotated, the chain operates to move the rod 
C up or down, thus raising or lowering the outer edge of the fin, 
and the chain can be secured at any point desired by throwing 
the pawis K, L into the notches J, thus holding the fin at any 
inclination desired. e hinges connecting the support arms 
with the fin are not fitted together closely, thus allowing room for 
play so that the movable bar B! can be moved up and down, thereby 
raising or lowering the end of the fin to which the arm B! is 
hinged. When it is desired to make the vessel draw more water 
when it is moving forward, the fore end of the fin is made lower 
than the end nearest the stern of the vessel, and the “ inertia” of 
the water above and before the fin will cause the fin to sink into 
the water, thus forcing the vessel downward and causing it to 
draw more water. When it is desired to make the vessel draw 
less water, the fore end of the fin is elevated, and the “inertia” 
of the water beneath the fin will tend to lift the vessel and cause 
to draw less water. (Accepted October 16, 1889). 

18,020. P. R. Shill, East Dulwich,Surrey. Improve- 
ments in Machinery for sony coemee ee Reducing and 
ting Auriferous Q or Ores and for 
or Reducing other Materials, (8d. 3 Figs.) 
December 10, 1888.—The machine is driven by means of a shaft a 
with bevel pinion A gearing into bevel-wheels, the lower one B of 

which is fixed on the lower end of a vertical shaft D driving a t 
race E bearing on a series of crushing balls G. The other bevel, 





wheel C is fixed on the lower end of a sleeve H working on the 
shaft D, and driving the bottom race I of the series of balls G, and 
the be. Hp K of the lower series of crushing balls M. The balls 
M work on a stationary annular race L of larger diameter than the 
race of the upper series of balls G, so that the material discha: 

from the outside of the upper series can be conducted by the com- 
bined action of gravitation and centrifugal force to the inward 
side of the lower series of balls M. The bevel-wheels B, OC, 
being driven in opposite directions, the top race E of the 
upper series of balls will rotate in an opposite direction to that of 
its lower race I and the top race K of the lower series of balls. 
The races E, I, and K are allowed a certain freedom of vertical 
motion by sliding on the shaft D, which is — at top with an 
elastic stop 0. The bottom race of the lower series of balls is 
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surrounded by an annular amalgamating trough R, containing 
mercury in the part 7, and having running upon the roller path V 
rollers S rotating in frames carried by the revolving top race K 
of the lower series of balls, so that the rollers S move round with 
the race K and travel with the trough R. The material to be 
operated on is introduced into a central hopper U, and falls on to 
the lower race I, where it is acted upon by the balls G. The 
partially reduced material gradually works out over the outer 
edge 72 of the race I, and falls on to the inclined annular surface f, 
whence it passes under the lower series of balls M, by which the 
reducing or pulping of the material is completed. The pulp then 
overflows over the edge / of the race L, and after passing under 
the rollers 8S, enters the mercury in the trough R, and then over- 
flows through an opening not shown. (Sealed December 24, 1889). 


18,451. E. Brook and J. J. Brook, Huddersfield. 
Improvements in Regenerative Kilns, [lld. 6 Figs.) 
December 18, 1888.—This invention relates to a compound regene- 
rative kiln comprising a series of down-draught regenerative kilns 
adapted to be fired with gas and an overhead air tube or flue in 
connection with each kiln, the arrangement being such that the 
air tube or flue can be caused to conduct heated air from a kiln of 
the series that has been newly fired to one or more of the other 
kilns of the series. It is to be assumed that the process of “‘ firing” 
the “ s” in kiln 1 has been just completed, that kiln 1a is being 
‘* fired,” that kiln 10 is ‘‘steaming” or heating up ; and that the 
last kiln 1c is shut off from the other kilns, and also from the 
main hot-air flue 4 and the underground main gas conduit 18 by 
means of the respective dampers 5c, llc, 15b, 15c, and gas valve 
20c. Then air will pass in through the open air valve 12, through 
the flues 9, 8, and up through the perforations 6 in the floor 7 of 
the kiln 1, up through the hot goods or ware contained therein, 
and after abstracting heat therefrom, will eee up through the 
ports 2 in the arched roof, through the chamber 3, the opened 
damper 5, and along the hot-air flue 4. If the dampers 5a and 5b 


















































be open, part of the hot air will flow into the chamber 3a, where 
it will meet and enter into combustion with the gas coming from 
the branch gas flue 19a to “fire” the goods contained in kiln la, 
whilst another part will flow through the ignition chamber 3d into 
the kiln 10, which is filled with undergoing the steaming or 
heating-up process. The air is drawn into the kilns by the 
chimney draught caused by the waste gases from the burning 
kiln. These gases pass out of the kiln 1a after “firing” the goods 
therein, through the perforations 6a in the floor 7a into the flue 
8a, and thence go direct to the main waste gas flue 10 through the 
flue 9a and the open damper lla; or if the dampers 11b and 15a 
be open they may be allowed to pass through the flue 13a, up 
through the uptake 14a, into the kiln 1b, where after imparting 
heat to the goods being steamed or heated up, they will escape 
through the perforations 6) in the floor 7b, the flues 8b and 9b 
through the open damper 11), into the main waste gas flue 10 on 
their way to the chimney. Each of the ignition or combustion 
chambers 3, 3a, 3b, and 3c, also forms a collecting passage for 
enabling the hot air from the upper part of a kiln to to the 
age : 4 when such kiln is being cooled. (Accepted November 
» & le 


UNITED STATES PATENTS AND PATENT PRACTICE. 
ren ye monnead with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of EncivegRine, 35 and 36, Bedford- 
street, Strand. 
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MODERN FRENCH ARTILLERY. 
No. III. 

For nearly four centuries the manufacture of 
ordnance in France was carried on exclusively in 
the arsenals of the Government, all private enter- 
prise in this direction having been checked, while 
the purchase of war material from foreign countries 
was prohibited; and although after the conclusion 
of the Crimean War the French Government was 
conscious of its inability to keep a front place with 
other nations who were then making rapid progress 
in the art of heavy gun manufacture, it did not avail 
itself of the opportunities afforded by the Elswick 
firm, and by Krupp, of Essen, to supply itself with 
ordnance from abroad, which it could not manu- 
facture at home. During the Franco-German War 
the rule was relaxed so far that field batteries were 
purchased from several foreign makers, while, as we 
have seen, at an earlier date, guns for trial had been 
obtained from Krupp. When the war of 1870 broke 
out, the metals then employed for making guns 
—cast-iron and bronze—were prepared wholly in 





the Government establishments ; the metallurgical 
works of Douai and of Bourges supplied the material | 
for the land artillery, while those of Ruelle, Nevers, 

and St. Gervais, worked for the marine. After the | 
conclusion of the war, French manufacturers were | 
unable to produce steel suitable for 
heavy guns, and when, about 1873, the 
Government made naval ordnance of 
the so-called 1870 type, the French 
Admiralty purchased all the inner 
tubes from Messrs. Firth and Son, of 
Sheffield. But not only was private ji] 
enterprise fettered by a total prohibi- 
tion, from supplying the needs of the 
country so far as war material was 
concerned ; it was further hampered 
and indeed stifled, by regulations that 
prohibited any French industrial from 
furnishing ordnance to foreign governments—a very 
superfluous prohibition considering that France at 
that time was far behind either England or Germany 
in the fabrication of guns. The result of this 
short-sighted policy made itself disastrously evident 
during the Franco-German War, and taught France 
a lesson by which she has very fully profited, 
as the magnificent display of light and heavy 
artillery in the pavilion of the Minister of War, 
on the Esplanade des Invalides, proved last year. 
Before the close of the Franco-German War, when 
it had become only too evident that the Govern- 
ment system had hopelessly broken down, engi- 
neers and manufacturers had done their best to 
supply the deficiencies of the State arsenals by 
manufacturing war material as rapidly as_ possible, 
but the time and opportunity had passed, and all 
their efforts were practically fruitless. After the 
conclusion of the war, the Government—in spite of 
experience — only partially relinquished its old 
practice, though it went so far as to employ French 
metallurgical works for the supply of raw material, 
while it continued to keep the fabrication in its 
own hands. 

In 1872, M. Thiers conceived the idea of estab- 
lishing in France a great central factory which 
should be to that country, what the works at Essen 
were to Germany; such establishments already 
existed at Creusét, as a steelmaking industry, and 
at St. Chamond, and special efforts were made to 
encourage these gigantic factories and to make of 
them powerful auxiliaries to the State arsenals. It 
was not, however, for several years that a sufficient 
inducement was given to private firms to devote 
time and money in establishing works for the 
manufacture of ordnance, or even for the special 
manufacture of gun steel tempered in oil and 
annealed, or for armour-piercing projectiles ; but in 
August, 1885, a law was passed by which the pro- 
duction of war material for foreign countries was 
sanctioned, and at last French industry was set free 
not only to prepare to render invaluable services to 
the country in the event of another war, but also to 
compete with England and Germany in the sale of 
guns to those powers that have the money to buy, and 
the necessity to possess, but which at the same time 
have not the power to produce for themselves. We 
shall hope to show in following articles to what 
extent French manufacturers have profited by the 
privileges thus tardily afforded them ; it will be 
seen that in less than five years since the prohi- 
bition has been removed, the country has made a 
marvellous progress, that it has been able to put 
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even in the early days of heavy artillery gave|those just given, but in order to employ a 
France a leading position so far as theory was/| heavier charge of slower powder, the chamber was 
concerned, and which were afterwards followed | enlarged. he 10-centimetre steel guns manufac- 
and improved upon by foreign makers. In the! tured in 1874, were known as the 1870 model; these 
manufacture of the highest class of material| in fact closely resembled the earlier type in their 
employed, she is excelled by no country in the | design, but the cast-iron body was replaced by steel, 
world, and she is already a powerful competitor | which, it is needless to say, was not of such quality 
with England and with Germany in foreign’ as can now bemade. A few years later, calibres and 
markets, while -— until the necessary familiarity) weights were increased, and the first 27, 34, and 42 
with certain French processes has been acquired centimetre guns were produced, on what was called 
by English manufacturers —we have been com- the 1875 model, and subsequently others of greater 
pelled to purchase large quantities of armour- | length and of 37-centimetre bore upon the so-called 
piercing projectiles from Holtzer, Firminy, and | 1875-79 types. In and after 1878 this enlargement 
other makers of special steel in the district of the | of the powder chamber was definitely adopted, and 
Loire. |in the same year a new calibre, 6.29 in., was made. 
Cast iron still enters largely into the manu-|The use of slower burning powders and heavier 
facture of French ordnance for coast defence, and | charges was naturally followed by an increase in 
types that were originated before or about 1870 have the length of the gun ; the 17 calibres of bore was 
not yet passed out of service, though the patterns extended to 25 calibres, and a number of such 
have, of course, become obsolete. Experience| heavy pieces of artillery, of reinforced cast iron 
and theory have combined to recommend the/| were made after 1870; at present only two such 
continued use of such cheaply made guns for special | guns are in service; they are 12.60 in. bore, 
purposes, and they do not differ very widely in| 25 calibres in length, and form a part of the 
their design from the earliest pattern of reinforced | defence of Toulon. Before 1879, the length had 
guns experimented with after the conclusion of the | been again increased to 27 calibres, and artillery 
Crimean War, and which we have referred to in a| ranging from 13.39 in. (34 centimetres) to 16.54 in. 
(42 centimetres) were made of these proportions ; a 


previous article. | 
Modern French artillery may be said to date back | considerable difficulty, however, was found in the 
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Fic. 11. Cast-IRON REINFORCED FRENCH GUN ; TYPE 1864 CONVERTED TO 1868 MODEL. 


to 1868, when cast-iron guns of 19, 24, and 27 centi- | course of manufacture, the lining tube when forced 
metres (7.47 in., 9.45 in., and 10.63 in.) were|in from the muzzle could not be tightly secured ; 
made ; the type of this gun is shown in Fig. 11, | attempts were therefore made to introduce it from 
where it will be seen that it consists of a cast-iron|the breech, but this was found impossible, and 
body reinforced behind the trunnions by two rows| ultimately the practice was adopted of setting in 
of narrow steel bands, the outer row being much/| the tube from the muzzle and securing it in place 
thinner than the inner one; it was further| by special devices; the breech-screw was made in 
strengthened by a steel lining forced into the body | this tube. Both the 34-centimetre and the 42-centi- 
of the gun and secured byscrews; this lining tubewas metre—the latter were made with steel bodies-— 
introduced from the muzzle in a manner presently were reinforced with three steel jackets besides the 
to be described. This form of gun was known lining tubes. The lengths of these larger guns 
as the ‘‘ 1864 type converted into type 1868,” the | varied from 21 to 22 calibres ; they weighed 75 tons 
former pattern being wholly of cast iron. A few and threw ordinary cast-iron shells of 1430 lb. with 
years previously the first serious efforts at/an initial velocity of 1730 ft. ; the weight of the 
strengthening this kind of ordnance had been | steel shells was 1760 lb., and they held a bursting 
made by adding rows of steel rings around the| charge of about 22lb. The 42-centimetre guns 
cast body (see Fig. 1, page 1 ante) ; these were| above referred to were built upon the designs of 
muzzle-loaders. The pieces of this type made at a| the French Artillery Department, and at the State 
somewhat later date,* are breechloaders, and the! factory of Ruelle, the steel having been supplied and 
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Fic. 12. FRENCH COAST DEFENCE MORTAR ; 10 CALIBRES. 





into extensive practice the advanced views which 


length of the bore is 17 calibres. To about the) 
same date belongs the cast-iron mortar shown in 
Fig. 12 ; this is also of cast iron strengthened on the | 
outside, only with one row of steel rings ; there is 
no lining tube, but the bore is rifled and the length 
is equal to 10 calibres. This mortar, though now | 
ancient, is practically the same as the 1883 type, | 
largely mounted for coast defence, and the mode 
of construction is still followed in the State 
factories. The types of heavy guns made in 1870 
were of 14, 19, 24, 27, and 32 centimetres bore 
(5.51 in., 7.47 in., 9.45 in., 10.60 in., and | 
12.60 in.) ; the bodies of all these calibres were of 
cast iron with a steel lining tube and outer steel 
rings. In the largest calibre the tube was made in 
two lengths screwed together, and for all the sizes | 
excepting the 5.51 in., there were two rows of | 
reinforcing rings; in all cases the lining tube’ 
was screwed in from the breech. In a modified | 
type produced a few years afterwards, the propor- | 
tions of all the various calibres were the same as 


Tint 





* Some of the information and illustrations here 
are reproduced from Le Nouveau Matériel Naval, by 
Ledieu et Cadiat. 


the elements finished, at St. Chamond. They were 
among the first of the large calibres manufactured 
in France, when the change was made from cast 
iron to steel as a material for ordnance ; that they 
were practically manufactured at private establish- 


| ments instead of at one of the French arsenals, was 


of course due to the fact that these latter factories 


‘did not possess the appliances for producing and 


finishing large masses of steel, while M. Thiers 
was about that time making partially successful 
efforts to break down the system that had been 
established for so many years, and by which France 
was wholly dependent upon its own imperfect 
practice for its ordnance. 

At that time all the heavy guns in France, both 
for coast defence and for naval purposes, were pro- 
duced at the Ruelle foundry. This factory was 
established in 1750, when the site was found to 
be peculiarly favourable for the purpose on account 
of the plentiful supply of high-class iron ore and 


‘charcoal that existed in the neighbourhood ; in 


1776 this factory became Government property, 


/and enlargements and improvements have been 
|ever since going on to adapt it in some measure 
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to the rapidly growing requirements of ordnance | 120l., of the same materials of which it was pro- 
manufacture. The foundry at Nevers was estab- to use for the larger weapon ; this gun 
lished as late as 1830, and in 1875 was of sufficient | was carefully finished, bored, and rifled, and was 
extent to turn out about 300 guns a year, varying | then tested to destruction, the number of rounds 
in calibre from 5.5 in. to 10.6 in. It was at Ruelle| fired from it, before it failed, giving an indica- 
that the first experiments were tried in France| tion of the value of the metal. Careful experi- 
for rifling cast-iron ordnance, according to the| ments with the powder were also previously made 
plans of Treuille de Beaulieu, and special plant | by bursting with it a gun the strength of which 
was laid down for the purpose ; as we have already | was accurately known ; by this means the strength 
said, the immediate occasion for such ordnance |of the metal to be employed could be very closely 
passed away, and so far as large calibres were con-| estimated. When this test had been passed suc- 
cerned, the experiments went no further at the cessfully the metal was mixed with twice the 
time. It is interesting to note, however, that it | quantity of other brands that had also been tested, 
was at Ruelle, about the close of the Crimean War, | and samples taken from this mixture were sub- 
that a cast-iron 8.6 in. gun was bored out to 11.8 in. | jected to tests formulated by the French War 
and rifled with two grooves. The rapid improve-| Office. We do not know exactly what were the 
ments that were being made in the manufacture of | limits of strength insisted on, but at the present 
heavy guns in England and Germany were rapidly | time the best cast iron made at Ruelle must show 
leaving France behind, and the earliest efforts made an elastic limit varying from 9.5 tons to 11.4 
to strengthen the French cast-iron guns with steel tons per square inch, and a breaking strain not 
hoops having proved unsuccessful, considerable inferior to 14.5 tons. This limit is approximately 
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PROJECTILES FOR FRENCH ORDNANCE; 1873. 
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downward; the casting was open from end to 
end, and the breech tube was afterwards intro- 
duced from the rear. On each side of the casting 
pit, two small shafts A and B were made, and from 
them channels were formed leading to the mould. 
A 3-ft. head above the breech was allowed for, 
and in casting, the channel a b was first opened, 
allowing the metal to flow into the mould until 
it rose almost to the level of the second channel 
ed; pouring was then discontinued from the 
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Fic. 16. Mopb& oF CASTING GUN BODIES AT RUELLE, 


channel a b, and the metal was introduced from 
the pit B until the mould was filled and the casting 
completed. Charcoal was then piled over -the pit 
and left for forty-eight hours, when the casting was 
removed and the operations of turning and boring 
carried out. The gun was subsequently placed ina 
brick annealing furnace, and heated to a tempera- 
ture of 540 deg. ; the steel tube was screwed in 
and the whole allowed to cool ; afterwards the 
outer rings were shrunk on, the first of these being 
the trunnion ring. The operation of rifling com- 
pleted the gun, and it may be mentioned that for 
guns having a bore of an even number of centi- 
metres, the number of grooves composing the 
rifling was equal to about double that of the centi- 
metres of bore, while the number of grooves was 
one in excess of the centimetres of bore, if the 
latter were odd. Tables I. and II. onthe next page 
give some of the general particulars of the French 
heavy guns in service in 1873, as well as comparisons 
with French and English ordnance of the same date. 

Figs. 17 to 22 show the different kinds of projec- 
tiles.used, and Fig. 23 illustrates a type of gun 
adopted in 1870 and manufactured as late as 1881 ; 
these are.of 32 centimetre bore ; inthe earlier model 
the lining tube was in two lengths of steel screwed 
in at the breech, but the form and dimensions illus- 

















trated are those of the 1881 type. 


tengeh of bore, 25 Calibres 
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. 23, TyprE oF 32-CENTIMETRE FRENCH GUN; MOD 70-81. 
Fic, 23, T F 32-CENTIMET ENCH GUN ; MODEL 1870-81 


modifications were made and different types pro- 
duced, the principal of which we have already 
described, and which gave very favourable results 
so far as the smaller calibres were concerned ; the 
6.3-in. guns especially showed considerable powers of 
resistance, rising as high as 1000 rounds with 100 lb. 
projectiles and 19.81b. of powder. Such was the 
condition of heavy artillery in France at the time 
when the war broke out with Germany, and the 
Government factories were taxed to their fullest 
extent for the production of bronze field guns. 
After the conclusion of the war the attention of 
French engineers and artilleists was very naturally 
devoted, as we have seen, to the question of improv- 
ing heavy guns, cast iron still being the chief material 
employed, but reinforced in different and improved 
methods ; the principal of these types we have just 
referred to. In a report on French = manufacture, 
made by Lieut.-Colonel Reilly, C.B., in 1873, some 
interesting particulars are given of the methods then 
in vogue for making such guns, which were prac- 
tically the same as those followed in Sweden, and 
we may refer here to this report, though it will 
partly take us back over the ground we have just 
traversed ; we believe, however, that the practice 
to be described is practically that followed at the 
present time. The first step was to make a 


the same as that imposed by the Washington 
Ordnance Bureau as early as 1863, which specified 
that the iron employed should have a tenacity of not 
less than 30,000 lb. per square inch, and it is pro- 
bable that with all the care that was exercised 
in the selection and testing of the metals employed, 
that the results obtained could not have been much 
inferior. Rifling cast-iron guns that were not 
reinforced, was very quickly abandoned in France 
as being worse than useless ; experiments proved 
that smooth bores which could resist long and con- 
tinuous firing became, after rifling, practically 
useless. It was this experience that led to the 
adoption of a steel lining tube, which was at the 
same time well adapted to receive the rifling and to 
protect the cast iron from the immediate shock of 
theexplosion. It was also found that the cast-iron 
guns when they exploded, always failed at the rear 
of the trunnions, and this suggested the adoption of 
the steel reinforcing rings outside the cast-iron body, 
from the breech to a point forward of the trunnions. 
Thus strengthened, the standard type of French 
guns adopted after the Franco-German War, and 
still in use for coast defence, was that shown in the 
illustrations, Figs. 13 to 15 (see page 54). The mode 
of casting the gun bodies at Ruelle is shown in 
Fig. 16. The mould was inclosed in an ironcasing and 





carefully finished model gun at a cost of about 


placed vertically in the casting pit with the muzzle 


As we have already stated, cast iron is yery 
largely used for heavy ordnance in France at the 
present time ; this class is, however, only reserved 
for coast defence guns, steel being used exclusively 
for naval purposes and partly for land service. 
Economy of production and the facility and 
rapidity with which such guns can be made, are 
sufficiently good reasons for keeping them in ser- 
vice, especially considering the comparatively high 
duties to which they can be subjected. The work- 
ing pressure which is recognised as being safe for 
cast-iron guns of large calibre, steel lined and 
reinforced with outer steel tubes, is 34,135 lb. per 
square inch, which does not fall far short of the 
working pressures for the steel guns of similar 
calibre made between 1875 and 1881, and which 
vary from 39,820 1b. to 41,2501b. French artil- 
lerists appear to look upon this very moderate 
increase in efliciency as dearly purchased at the 
five or six-fold cost of steel guns and the slowness 
with which they can be produced. The great 
objection to the use of cast-iron guns of large 
calibre is reported to consist chiefly in the narrow 
margin of safety which they offer ; such guns may 
be fired a very large number of rounds up to the 
pressures we have just mentioned, but if, owing 
to any irregularities in the powder, the pressure 





be suddenly increased, the risk of the gun burst- 
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TABLE I.—Particulars of French Cast-Iron Reinforced 








Guns, 1873. ae ad 
| 
Nature of ‘ Total (Length of Weight of 
Gun. Calibres. | Weight. | Bore. | Charge. \Projectile. 
| ' 
centi- in. | cwt. in. Ib. 
metre | | 
14 5.456 | 52.26 89.88 8.82 41.11 
16 6.484 | 98.42 | 118.27 16.5 99.3 
! tons 
19 7.638 7.9 | 185.39 33.1 165.4 
24 9.499 13.8 | 162.55 61.7 317.6 
27 10808 , 21.7 | 163.70 882 4764 
32 12.6 34.5 ; 204.1 136.69 760.5 








TaBLE II.—Comparative Efficiency of French, English, 
and German Guns, 1873. 
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sm £° 5 ea — 

in. | Ib Ib. ft 

French 6.484 99.3 16.5 1312 { 1185 | 718 

English .. 7 115 30 1561 | 1943 64.8 

German .. 6.796 | 123 25.35 1559 2073 | 81.7 

French .. 7.638 | 165.4 33.1 ° 1486 , 25383 | 76.5 

English .. 8 | 180 35 1413 | 2492 | 71.2 

German .. 8.236 | 217.2 37.48 1385 | 2889 | 77.1 

French .. 9.499 | 317.6 61.7 1427 | 4484 | 72.7 

English .. 9 250 50 1420 3496 69.9 

German .. 9.499 | 306.4 52.91 | 1312 | 3657 | 69.1 

French .. 10.803 | 476 88.2 1378 | 6278 | 71.1 

English <° 11 | 535 85 | 1315 | 6415 | 75.5 

German .. 10.236 | 414.5 70.55 | 1385 5514 | 78.2 

French .. 12.6 | 760.5 136.69 | 1312 | 9077 | 66.4 

English .. 12 | 700 110 =| «1300 | 74.6 
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| | \ | 








ing violently is very great. Apart from the bad 
moral effect which this source’ of danger produces 
on the men, there is, of course, a considerable 
amount of actual risk in handling such guns even 
with the greatest care ; obviously the cure for this 
danger is to use as moderate powder charges as 
possible. The cost of producing cast-iron ordnance 
at the present time in the Ruelle factory is about 
211. per ton, and such guns without either lining 
tubes or jackets can resist a strain of 9500 lb. per 
square inch on the surface of the bore ; with one 
row of jackets this resistance is raised to 19,3001b. 
per square inch, while with two rows of jackets it 
is again increased to 28,680lb., and with a steel 
lining tube to 45,9301b. In other words, the rein- 
forcing of the cast-iron. body increases its strength 
four-fold. As for the cost of production the follow- 
ing Tables give some interesting information ; 
Table III. shows the cost of production-of the 


TaBtE ITI.—Cost Price of French Ordnance. 





Weight, 








Nature of Gun. including | Total | Price per 
Breech 
Washe- | Cost. Pound. 
nism. | 
27 centimetre, 10.63 in., model lp, | £ d. 
1864-66... ‘=a ee -.| 45,100 684 3.64 
27 centimetre, 10.63 in., model i 
1870., on ee es --| 51,084 1188 6.58 
27 centimetre, 10.63 in., model ‘ 
1870-71. ef xe ..| 56,100 1360 5.82 
27 centimetre, 10.63 in., model i | 
1875 No. 1... aa on ..| 62,260 4308 16.6 
27 centimetre, 1063 in., model el 63,030 3200 12.18 








10.63-in. gun which alone has been constructed in 
all the different types from ‘1864. By means of 
the figures contained in this Table it is possible to 
estimate the cost of other calibres and patterns by 
multiplying the total weight, of the gun by the 
price per pound in each particular type ; the cost 
of various other natures are given in Table IV. 


TaBLe IV.—Cost Price of French Guns of Various 
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ent. 
2 45in 483.76 800.52 | + iia 2005.44 
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10.63in, 5/684 11881360 { 1 1) Steer $200 
| | , Inner 
| en ee 
34 cent. ) | Ts) h 
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e | 
| |} tube (21 cal. 5333 
| | }{ inone (18.5 ,, 5880.40 
ae, | * length “ee : 








* This was an experimental gun. 
t Stee] lined and reinforced with steel tubes, 


The present method of making cast-iron guns in 
France does not, as we have said, appear to differ 
largely from that we have already described as being 
followed in 1873. The material employed is, first 
fusion charcoal iron of the highest quality ; to this 
is added a certain amount of other cast iron, the pro- 
portions being regulated more by habit than by any 
actual rule ; the metal is melted in a reverberatory 
furnace, and the casting is made in an upright pit, 
a core being used to save the work of subsequent 
boring and to harden the surface of the metal. The 
cannon is cast breech upwards, and the liquid iron 
is syphoned into the mould so as to produce a more 
solid casting. After cooling, the gun is placed in 
the lathe and is accurately turned and bored and 
otherwise made ready to receive the lining tube. 
After this has been done, the gun is placed ver- 
tically with the breech upwards, and it is then 
heated equally along the whole length of the bore 
in an annular furnace ; the arrangement is shown 
by Fig. 24, which also indicates the introduction 
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Fic. 24. METHOD OF LINING CAST-IRON GUNS. 


of the lining tube. It should be mentioned that 
the two processes are not carried on simultaneously, 
the work of tubing being only commenced after the 
furnace has been removed. ‘he portion A of the 
latter--is' filled with coke, and when this is well 
burnt it is applied around the gun, the amount of 
expansion being carefully watched, and as soon as 
a proper degree has been reached,‘ the furnace is at 
once removed and the tube is introduced ; this 
latter, carried on a cast-iron mandrel as shown in 
the drawing, is brought over the gun, and then 
by means of the levers the workmen rotate the 
tube, at. the same time that wares it down- 
wards, until they are stopped by completion of 
the process, and the bedding of the tube against its 
bearings at the breech. te 





VICTORIAN GOLDFIELDS. 
SANDHURST. 
(By our SpectaL CoRRESPONDENT. ) 
(Continued from page 18.) 

To give some idea of how quartz mining origi- 
nated, and how it was regarded by diggers of that 
day, necessitates going back to a time a year or so 
before the rich alluvial diggings were beginning to 
give out. About the year 1854, a digger named E. 
M. Emmett brought to Commissioner Panton some 
white quartz which he had broken from an outcrop 
on what is now Hustler’s line of reef. It was in 
appearance as though the pure white quartz had 
been dropped into bright yellow butter and picked 
out again, the gold was so thick in the stone. 
Emmett’s mates would not join him in working 
this. ‘‘ Why should they?” they said ; ‘‘ here was 
much better stuff in the soil, and: it only required 
digging and washing ; gold could not be washed out 





of stone and 8 square feet of that rock was not worth 


having.” Subsequently, when sinking became 
deeper or when necessitated by other causes, the 
Commissioners increased the diggers’ alluvial 
claims until two men could take up ground to the 
extent of 20ft. square. - In- those days there 
was no law for quartz mining’ in Australia ; 
nothing was known or thought about it. Emmett 
discovered this golden stone through making his 
camp fire on an outcrop of a reef ; the fire first split 
the stone and then he noticed the gold, though, 
when once found, there was plenty of: the. same 
kind of stuff to be seen: all around. Doubtless he 
and his mates drifted 6ff} in-the exodus from 
Bendigo to search for other and similar fields, at 
any rate nothing was thought of the discovery. 
The Government officials used to amuse themselves 
on Sundays by going over to the hill and chopping 
off specimens full of gold to give to visitors when 
they came to Bendigo, The first man who took up’ 
apiece of ground on a quartz lode was an African 
black, a regular ‘“‘ Uncle Tom.” He occupied 
about 40 ft. by 20ft. on this same outcrop, and 
made his living by breaking off specimens to sell to 
visitors. No one disturbed him in his occupation 
of the ground, although he held many times more 
than the law allowed, because no one considered it 
worth bothering about. Then two boys, generally 
thought to be runaway apprentices from a 
merchant !ship, occupied a piece of ground on 
Specimen | Hill—now the spot where .the deepest 
gold mine in the world (Landsell’s 180) is being 
worked. At this place the gold was in a férru- 
ginous quartz. ‘The boys fixed: up a “‘dolly” and 
pounded the quartz in an old stump, and washed 
the finely broken stone. People regarded their 
work as a harmless display of puerility and did not 
trouble themselves further. Eventually a German 
named Balerstead bought out the boys for 601. 
Before he left that ground a few years afterwards 
he is said’ to have taken gold to the value of over 
half a million sterling out of workings not much 
over 400 ft. deep. Hustler, the man after whom 
the line of reef’ is named, bought out the African, 
and so quartz mining began to grow ‘slowly. 
These men did not actually buy rights, there were 
no rights to buy, but the Commissioners of those 
days were the.law ; they recognised: undisturbed or 
unprotested occupation of ground, and ruled by 
equity more than by written codes. Hustler 
erected a mill consisting of three stamps, each about 
4ft. high ; they dropped on a heavy iron grating 
made of something like firebars. . The motive power 
was supplied by a man who turned a handle. The 
quartz was burned before/ being put through the 
mill. Some men them ‘to get out quartz 
from the outcrop of lodes and crush with do or 
get it crushed by- appliances such as Hustler’s, 
who, by the way, charged 5/. per ton for crushing 
quartz, Then began attempts to mine quartz more 
systematically. Open cuttings were made on the 
outcrops of lodes, or underlies were worked down 
and the stuff- hauled to the surface in hide buckets 
raised bya hand windlass. It was only in 1857 that 
anything approaching the modern crushing battery 
was introduced on the field, and even then the price 
of 5l. per ton was maintained for crushing. At the 
same time as these early efforts in quartz mining 
were being tried by some, another class of men 
began to displace the old digger ; these were the 
‘*puddlera.” They were more settled and steady 
in their habits, and were contented to see three or 
four years’ work ahead with about an average earn- 
ing of from 121. to 151. = week. They took all 
the stuff that the digger turned over and put 
it into puddling machines and ground it into fine 
mud ; a stream of water carried off the mud, and 
the heavier portions were cradled and panned off 
until the gold was saved. In this way all the soil 
which once covered the hillsides and gullies of 
Bendigo, was washed down the watercourses and 
spread over the plains for twenty miles below. It 
was in 1858-9 that the first sludge nuisance began, 
and it is still a question likely to cause grave trouble 
in the future. 

As may be imagined, during those stirring years 
between 1851 and 1857, the enormous population 
suddenly coming together into the area of a few 
square miles, having no organised system, and 
without due regard for sanitation, brought as a con- 
sequence serious responsibilities to the Government 
ofticials responsible for the maintenance of order. 
Enormous numbers of animals were slaughtered to 
supply food. At first this was done wherever a 
butcher chose to set up his business, and the blood 





and offal were allowed to dry up, be carried down 














e) 
Zz 
oe 
2] 
= 
Zz 
OO]. 
Zz 
w 





: x SS 





*“Ad0L YNINIT TVILUVd GNV SONIY TARIS HLIM NOD NOUI-ISVO AMLANLIINGO-G6—[ “CT “SILA 
Cn YN TFA RATIO 











OY... VV JMM.Mi L-IY! 


TELL tT a 
Z on AP 














“Ad AL ONINIT IVILYUVA ANV ‘SONIU IXALIS ‘ACOA NOUI-LSVO nite. Nao euravoTmeres CULARIINEO- 2G * “OL : 
ae wy aed ae T ee 3 
G00-2L € Sas ee 8E-L * o46-0L “% 0L8-6--% ce -6-%--0fe-6 Oe 6 - OLE-6-*- 068-6 a 068-6 > 























WI SIT BSS. WWyv wv d€_ Tr aNINBDHUAHKEKV}HD DDD. HN 
RX Rar BRA BR REVRARVAIRVAAN AVVO 


creme cere ame 


‘ 
‘ 
' 
i 
' 
' } 1 : 
~—e | ' & ' 
8 ie: & 
SII se Solera = cnr cue ses: aa es ren abv ce ahs esc esi: 0 Geum ee Came wees 9 sige’ > uae ¢ semen emain a a eine eas aes 6 See oe Sass See es ee cath at ae 
Sy Be te te es SP a woe ORE OS on TES Sek en an geet Sake mR ee eC ee en Sr = 
° ' t Re 


ny 
Fa 


ee ee 


SS 
\~ 
| WOK : 


“adAL ONINIT TUGLS IVILUVd GNV ‘SONTY ISGLS ‘AGOM NOUI-ISVO HLIM NOD ONIGVOTHORRUT GFULANIINGD-ZE ‘Sl OIL 
Po em a ere Ss oe ee eee ee < 
(ie a ae OE a ane apa tah ce Fags EER OME A Oe HOE > YEO TE OH o> 


ASS 








N SANS RB SQ 
\\ \ 


q NS 
NS 

, ‘ ! 

4 ' 


8 $F S|! : a ie A z . : ; eo See ee 
“che - = : ——e 22 Be 3 





"Fe Sherer Coeds: eee ees he eee be : 
: : : 


re ERE Hime geomnmntan <2 
a Yj; 


\ SRR SSS 


QU Ye 
x 


- | 


(‘Ie abog as ‘uoudiwosaq 40g) 
AUYUAITIILYUV CGHOYXYOANIAYA NOUI-LSVO HONGUA 


Jan. 17, 1890.] ENGINEERING. 55 








the gullies by rains, or fester in heaps. This 


PUMP AND FILTER PRESS FOR PORCELAIN CLAY. necessitated the establishment of abattoirs under 


official supervision. In one of these places, about 


CONSTRUCTED BY M. P. FAURE, ENGINEER, LIMOGES. the year 1854, three brothers Tyson were working 
as slaughtermen. To-day, James Tyson, one of the 
(For Description, see next Page.) brothers, ranks with the great moneyed men of the 


world—certainly the largest capitalist or millionaire 
that Australia boasts of. It is reputed that he 
never risked a shilling in mining ventures, all his 
wealth being accumulated by investments in 
pastoral pursuits or inland. The influx of Chinese 
also gave the officials plenty to do to settle the end- 
less trouble continually arising between the yellow 
and white races. Among the early arrivals on 
Bendigo, were the Amoy Chinamen. They were 
shepherds, gardeners, or cooks, who had bolted from 
their situations to the scene of the new discovery. 
They were not the cause of much disturbance, being 
too few in number. But, in 1853, shiploads of China- 
men began to pour into the country from Canton. 
They followed like scavengers in the wake of the 
white man, or in advance wherever they could fore- 
stall him. If the whites left payable ground to pro- 
spect newly reported finds, when he returned worn 
out and perhaps withall his money gone in a profitless 
search, he found that the Chinese kad worked out 
the ground he had left ; the door was closed behind 
him and starvation fare, or, at any rate, hardship 
stared him in the face, and then the trouble began. 
To detail these Chinese troubles, agitations, and riots 
would fill a volume ; suffice to say that the matter 
has not been settled satisfactorily, and is even at 
present one of the great problems of the future. 
On Bendigo, Commissioner Panton established 
Chinese camps, restricting them to residence in 
particular localities under police supervision, and 
also established a local poll-tax. About the same 
time Governor Hotham established at the ports of 
entry to the colony the now general levy of poll- 
tax which all Australian Governments charge on 
Chinese entering the country. This historical and 
realistic side of life on Australian goldfields has 
already run into far greater length than origi- 
nally intended, and if volumes are not to take 
the place of a few newspaper columns, a descrip- 
tion of the present state of affairs must at once 
follow. 

The prevailing rock formation or bed rock of the 
Sandhurst goldfield is lower silurian—slates, shales, 
and sandstones of various colours, textures, and 
degrees of hardness. The characteristic fossils of 
the lower silurian series—graptolites—occur in 
some of the bands and serve to identify their 
geological age. Many years ago Professor McCoy 
recognised in specimens of graptolites from Sand- 
hurst, species identical with some he had found in 
the lower silurian rocks of Wales near the ancient 
Roman gold workings. The general strike of the 
nearly vertical lower silurian rocks of Sandhurst 
is north-westerly, the dip alternating north-easterly 
and south-westerly in a series of anticlinal and 
sinclinal folds, and the general strike of the main 
lines of auriferous quartz reefs conforms in bearing 
to that of the containing rocks, though exceptions 
to this rule are by no means rare. To the south of 
Sandhurst the lower silurian rocks abut on the 
granite, which constitutes the Big Hillrange. None 
of the geological formations later than the silurian 
are represented except the upper tertiary and post 
tertiary deposits constituting the alluvial gold 
drifts. The White Hills are a series of eminences 
on the eastern side of the valley of Bendigo Creek, 


AAA OL f ar : of which the bases are silurian rock and the 

Al ; | summits gravels, composed principally of water- 

Law DNV YYW, worn quartz, boulders, and pebbles ; now, for the 
e | sf CMMAAAA MAA TA AAATA AA ee most part, worked for their associated gold. 
= le These gravels are portions of deposits in the 


ancient bed of the drainage channel left unre- 
moved by the forces which in later geological times 
eroded the deeper and more recent valleys on either 
side. To the north these gravels descend and 
merge into Huntley lead at a deeper level than the 
existing drainage courses. Patches and outlines 
of the older gravels are here and there found on 
the, slopes of the ranges on either side, and are 
avidently remnants of a once more extensive 
deposit, denuded and redistributed. The post 
tertiary drifts are those resting on the silurian bed- 
rocks in numerous flats and gullies, and are made 
up of materials partly derived from the denuded 
older drifts and partly from subsequent further 
denudations of the silurian rocks and quartz reefs. 
Whenever adjacent to the auriferous lines of reefs, - 
these deposits, whether thinly or thickly overlying 
the silurian bed rocks, have throughout proved 
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auriferous, the layers immediately on the bed rock 
being the richest. 

The main lines of reefs, as before stated, run 
almost north and south, as indeed do almost all 
the main lines of auriferous quartz lodes in 
Victoria. There is a marked peculiarity of the 
reefs immediately in and around the town of Sand- 
hurst ; they present a formation, which, as far as 
is known at present, occurs in no other part of the 
world except in isolated cases. The reefs lie in 
such a manner thatif a cross-section were cut down 
the formation, they would appear as if a series of 
saddles were placed one over the other. These 
saddles are separated by the country rock at dis- 
tances varying from about 70ft. to 150 ft., while 
in some cases they have been found as far as 500 ft. 
apart. Like cross-sections of a saddle they are in 
every way where the seat would be. The quartz is 
deposited in a deep layer ; then it runs down on 
either side thinner, like saidle-flaps—or, as they 
are called on the field, legs—until pinching out alto- 
gether between the country rock. Most of the reefs 
have heavy bodies of stone on the caps, and the 
legs rarely carry quartz in any quantity for more 
than about 100 ft. in depth fromthe top of the 
saddle ; but the country rock, however far it may 
be pierced below, always shows the walls of the 
strata which carried the quartz at higher levels. 
Another peculiarity observable is, that while the 
lines of the reefs maintain a north and south direc- 
tion, the saddles do not lie underneath each other, 
but at an inclination eastward from the vertical, 
and that the longest leg—generally the eastern— 
is the richest. This has not been the case in- 
variably, but it has been noticed that where near 
the surface one of the legs was the larger and 
richer, the legs beneath on the same side continue 
to show similar characteristics. In some instances 
these legs have far exceeded in depth the general 
average of 100 ft. ; in other cases both legs were 
not clearly defined, one of them only turning 
over sufliciently to make the saddle. 

There are three main lines of reefs running 
across the field: The Hustlers ; the Garden Gully ; 
and the New Chum. These reefs run, on the 
average, parallel with each other, and the distance 
apart rarely varies much from about half a mile. 
The Hustler’s line has been worked continuously 
for a distance of about three miles ; that is to say, it 
would be possible to go underground at one point 
and travel for a distance of three miles in old and 
present workings without having to come to the 
surface on account cf an intervening piece of 
ground which has not been worked, provided that 
the old workings were not filled up. It is of 
course worked for a greater length if the distances 
between the irregular workings at one end were 
measured across to the other. The Garden Gully 
line has been worked continuously in a similar 
manner to the above for a distance of between 
six and seven miles. The New Chum line has also 
been worked for a distance of between six and seven 
miles. In addition to those three main lines 
there are several short lines intervening and 
lying outside—short so far that they have not 
been traced in the manner of the main lines, but 
the short lines have never been prospected 
vigorously, and have not been worked for many 
years ; in fact, they have only been prospected to 
depths of 200 ft., or 300 ft., or, at the most, 400 ft. 
In the past some of these side reefs were very rich, 
for instance, the Carsharlton, now almost lying 
idle, also the G. G. Consolidated, where from open 
cuttings near the surface the quartz yielded 50 oz. 
of gold to the ton. Some of these side lines of 
reefs showed the same saddle formations as the 
main lines ; others had no defined walls and were 
simply great ‘‘ blows” or bodies of quartz ; some 
of them of remarkable richness. 

The township of Eaglehawk, distant some three 
or four miles from Sandhurst, is on the continua- 
tion of the main Sandhurst reefs ; here the forma- 
tion is not the same as in the main centre. The 
continuation of the Hustler’s line has not been 
correctly determined. The Garden Gully line has 
been followed, and presents in places somewhat 
similar characteristics as at Sandhurst, at any rate 
so far as saddle reefs being observable ; in some 
cases these have been worked very profitably. In 
addition to saddle reefs there are bedies of so- 
called spurs—quartz veins without selvages striking 
across the bedding planes of the silurian rocks— 
and these have in some cases been worked even 
more profitably than the saddle reefs. The main 
feature of interest is the extension of the New 





Chum line of reef—here called the Devonshire, 
St. Mungo, and Catherine reefs—at different 
points along its strike. In this locality the 
silurian rocks are tilted up at a high angle, but 
+ cgay are not folded into sinclines and anti- 
clines on the strike of the profitable runs of spurs 
on the so-called Devonshire and St. Mungo reefs. 
Miners recognise the different lines by names of 
‘* backs ” or ‘‘leaders ;” these are flucans between 
the bodies of slates and sandstones. The most 
productive have been the Devonshire, Black 
Leader, and St. Mungo. The Devonshire pos- 
sesses the characteristics of the saddle formations 
to the extent that it has apex and walls dipping 
from that apex east and west, but the mass of 
quartz between those walls is of the description 
characterised by miners as ‘‘spurs”—bodies of 
quartz crossing the bedded sandstone and slates 
between those walls at almost any angle. The 
Black Leader and St. Mungo carry their profitable 
quartz in ‘‘spurs,” dipping but slightly to the west, 
and when passing through slate are frequen tly 
rich in wt but when passing through sandstone 
at a much fiatter angle, they are generally of 
poorer quality until they run at a somewhat similar 
angle as before into the next bed of slate. 

Other less important mining centres have grown 
up around Sandhurst, but chiefly on the strike of 
the main lines of reefs which extend for miles in 
either direction ; for instance, there is the Frederick 
the Great mine at Sebastian, a very large and 
valuable property, which is distant about 12 miles 
northward from the main workings of Sandhurst, 
and it is still a moot point as to which of the three 
main lines this property is on, but it is generally 
believed to be on the Garden Gully line. The main 
auriferous country immediately about Sandhurst 
lies irregularly, but to say that it is about six miles 
long and two miles wide will perhaps give a fairly 
correct idea of its area. 


(To be continued.) 





PORCELAIN MANUFACTURE IN FRANCE. 
Tue recent Exhibition in Paris afforded ample evi- 
dence of the enormous progress that has been made 
in France in the ceramic art, as, indeed, of almost 
every other industry. A volume could, and ought 
to be, written on the raw material, the methods 
of its preparation, the means employed for givin 
it form, the art introduced in its decoration, an 
the appliances for subjecting it to the heat neces- 
sary for its completion. From time almost imme- 
morial, Limoges and its vicinity have been famous 
for porcelain, and this reputation, due, of course, 
ina —_ degree to the excellence of the clay, has not 
diminished ; on the contrary, it is to-day one of the 
great centres of France of this great industry. Com- 
petition and natural progress have of late brought 
mechanical appliances into use, that for the commoner 
and most generally used domestic utensils have dis- 
placed the old potter’s wheel, and have given to the 
manufacturer machinery by which production is at the 
same time increased, improved, and cheapened. The 
principal worker in this field is M. P. Faure, of 
Limoges, who showed at Paris a large and very com- 
plete collection of this class of machinery which we 
to illustrate, commencing with the appliances 
used for the first preparation of the clay, before it is 
placed in the edge running mills, and reduced to the 
proper condition of plasticity required for subsequent 
treatment. The clay, after being excavated, and 
congely separated from stones and other impurities, 
is placed in a tank and mixed with water until it has 
about the consistency of cream ; continued agitation 
with stirrers makes the mixture as complete as 
possible, and after a certain delay for settlement, 
communication is opened between the tank and 
a suction and force pump (Fig. 1, page 55), 
which delivers the liquid into the filter press 
(Fig. 2). The mixed clay and water are not allowed 
to come in contact with the plunger of the pump, an 
elastic diaphragm being interposed, the vibrating 
movement of which forces the material into the press ; 
the pump cylinder has two plungers, one working 
within the other, and so arranged that the smaller one 
can be put in operation when it is desired to increase 
the pressure in the filter press. The last-named appa- 
ratus (shown in Fig. 2) has a cast-iron frame, on the 
longitudinal bars of which are hung a series of cast- 
iron rings covered with iron gauze ; between the frames 
thus formed canvas bags are placed, so arranged that 
the liquid which is delivered by the pump to a central 
opening in one end of the press, receives it, and allows 
the water to pass freely. The series of frames and 
bags are held together by the end screw, and the pres- 
sure that can be exerted within the filter by the pump 
varies from 120 lb. to 150 Ib. per square inch ; the clay 
freed from the water that held it remains in the form of 





compressed cakes in the bags, and about 500 Ib. of clay 
ae for the edge runners can be turned out from one 
of these presses per hour. 


(Zo be continued.) 





EXTENSIONS OF THE GLASGOW COR- 
PORATION GAS WORKS. 

Art present extensive alterations are being made at 
two of the three stations of the Glasgow Corporation 
Gas Works—at Tradeston and Pesce. Ag and it is 
interesting to note that this will — the super- 
cession of the old works, which supplied the city of 
Glasgow with gas prior to the taking over of the works 
by the corporation in 1870. Mr. William Foulis 
became engineer-in-chief to the Gas Corporation in 
1869, and since that time he has been, we might say, 
continually adding to the manufacturing power of the 
works and perfecting the process. The necessity for 
extensions may be readily conceived when it is stated 
that the gas consumption in the city has tripled 
since 1869, or in other words, while in that year 
978 million cubic feet were sold, the quantity sold 
last year was 2611 millions. Part of this increase 
is due to the recent and rapid development of the 
practice of cooking by gas, The corporation lately 
decided to give gas stoves on hire to the consumers, 
and now something like 5500 have been supplied 
by the corporation, besides those sold by private 
firms. Another indication of the increased use of 
gas is afforded by the revenue account of the cor- 
poration which, in 1869-70, showed that 235,701/. was 
paid for gas, while last year the income from this 
source was 392,896/. The difference here is not so 
marked ; but it must be borne in mind that the price 
of gas has been reduced from 4s. 7d. per 1000 cubic 
feet in 1869, to 2s. 6d. in 1889. This again indicates 
that the method of producing the gas has been im- 
proved greatly in the direction of economy, and the 
credit of this is due in a great measure to Mr. Foulis’s 
efforts. He has planned and superintended the exten- 
sions and at all times has been ready to adopt, after 
careful investigation, improvements suggested to him, 
while in many directions the improvements made are 
the outcome of the careful study and experience of the 
branch of science with which he is identified. 

Before proceeding to describe the works now being 
constructed it may be interesting to refer briefly to the 
most important extensions made. Under the old régime 
there were small gasholders scattered over the city, and 
these have now been removed and the gas stored in . 
holders constructed at the producing works, thereby 
saving much pipeage and obviating the consequent 
reduction of il ——' power by friction in passing 
through these pipes he Dalmarnock works have 
been anes the work being executed from time 
to time, so that the supply was regularly maintained. 
Here much difficulty was experienced owing to the 
works being closely surrounded by dwelling-houses 
and being intersected with streets. The new works 
are noteworthy as being the first in the kingdom in 
which the practice of entirely heating the retorts by 
gas was first followed with success. The Dalmarnock 
works are capable of producing 7,000,000 cubic feet 
of gas per day. In 1870, entirely new works were 
constructed on vacant ground at Dawsholm, a con- 
siderable distance from the city. Here Mr. Foulis 
had scope in laying out the works, and in doing this 
he so arranged the buildings that without any difficulty 
or inconvenience they may be greatly enlarged and 
yet not affect the regularity of the arrangement. 
This plan, too, has the great virtue of reducing the 
cost of subsequent extensions. The designs of the 

urifiers and retorts are similar to those at Tradeston. 

he production at Dawsholm is 7,000,000 cubic feet 
per day. The storage capacity is at present being 
augmented by the alteration of a two-lift holder into 
one of three lifts—the first of the kind iu Scotland— 
and we intend to describe this arrangement later. When 
the new works at Tradeston are completed, the total 
production of the three stations will be between 
23,000,000 and 24,000,000 cubic feet of gas per day. 

At the Tradeston works, situated in that part of 
the city south of the River Clyde, very extensive 
alterations are being made. Indeed it is really an 
entire reconstruction of the producing works that is 
in progress, the gasholders alone being left unchanged. 
There are four gasholders, two capable of storin 
1,130,000 cubic feet each, and the two others hol 
450,000 cubic feet each, giving a total storage capacity 
of 3,160,000 cubic feet. The first of the two large 
gasholders was erected shortly after the corpora- 
tion took over the gas works of the city in the year 
1870. Prior to that they had heen the property of a 
private company. The other large gasholder was 
erected about three years ago. 

As they existed in 1870, the Tradeston Works were 
built on ground bordered on three sides by the Cale- 
donian Company’s railway lines and depdts, and on the 
fourth side a4 thoroughfare named Crawford-street, 
and this, as may be seppeved, caused much inconve- 
nience when additions had to be made; but by admi- 
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rable planning on the part of the engineer it has easily 
been overcome. Extensions since that time have been 
made on ground separated from the old works by the 
Clydesdale branch of the Caledonian Railway, and 
communication established by bridges. These exten- 
sions included the two large gasholders already referred 
to, and a reference to the general plan of the works 
as now arranged, as shown in Fig. 1 on page 58 of 
the present issue, will show how well the space has 
been laid out and how the apparent inconvenience 
of so many railways has been turned to good account 
in the way of providing a most complete set of sidings 
into the works. 

The necessity for extensions at the present time will 
be readily understood when it is stated that within 
fifteen years the consumption of gas manufactured at 
Tradeston has more than doubled. The make in 1875 
was about340,000,000 cubic feet, and indications already 
given warrant the belief that in the present year the 
consumption will total 800,000,000 cubic feet. When 
the urgency of adding to the producing power of the 
works was apparent a proposal was made to the Gas 
Corporation to construct entirely new works beyond 
the city boundaries ; but ultimately it was decided to 
erect new producing plant partly on the site of the 
old works, and partly on ground to the south, adjacent 
to the gasholders previously constructed. The extent 
of ground acquired for the additions at the present 
time is about 14,000 square yards. Lilybank-road, 
which divided the works from the gasholders, has been 
closed, and the ground, having been ‘‘ levelled up” is 
utilised for the main line and sidings, &c. As the plan 
Fig. 1, page 58, shows, the purifier and meter-house, 
&c., are on the new ground to the west of the gasholders, 
while the retort-house and coal store are on the site of 
the existing works. Here it may be mentioned that 
Mr. Foulis, in continuation of the commendable policy 
displayed in laying out the Dawsholm works, has 
made a plan which will admit of the works at pre- 
sent in course of construction being doubled when 
the necessity arises. In other words, the ground is 
laid off for one immense retort-house, coal store, and 
purifier-house, and only the one-half of each of the 
buildings is being constructed at present. Fig. 1 
shows the works as they will be finally completed. 
This consideration for possible requirements will save 
much trouble and expense in the future. 

The purifier-house will be, when finally completed, 
350 ft. long and 100 ft. wide; but only one-half of this 
length is being built at present, as shown in plan, Fig. 2, 


elevation Fig. 3, longitudinal section Fig. 4, and cross- | d 


section Fig. 5, on page 59. The walls are of brickwork, 
resting on a bed of concrete. Concrete, 12 in. thick, 
is laid over the whole area of the house. The roof is 
curved and is in two spans—one 49 ft. 54 in. from inside 
of wall to centre of supporting column, and the other 
50 ft. 84 in. from centre to centre of columns. 
The latter span extends 5 ft. beyond the centre of the 
outside columns (Fig. 5), as shown in detail in Fig. 6 
on page 62. The two spans are carried in the centre 
by two bowstring girders, and at the sides on six 
lattice girders and the brick wall. 

The bowstring girders are shown by Fig. 4, and 
Fig. 7, on page 62, shows details. There are two of 
them—one 87 ft. 2 in. long, and the other 84 ft. 84 in. 
long, and both 11 ft. deep at centre and 2 ft. at 
the ends. The flanges are formed of two plates each 
15in. broad and fin. thick for a distance of 49 ft. in 
the centre, while for the remaining distance at each 
end there is only one plate of these dimensions. Two 
angle-irons 4in. by 3in. by 4in. form the top boom, 
while those making up the bottom boom are the same 
thickness but lin. larger otherwise, and between the 
angle-irons in each case there are Zin. plates rivetted. 
The vertical ties are round iron and the lattice bars of 
angle-irons. Two cast-iron columns, 29 ft. 6 in. long, 
shown also on Fig. 7, carry the bowstring girders in 
the centre. One rests on a pier built at the gable wall 
(Fig. 4). At the west side of the building the wall is 
not carried the full height and the roof rests on 
lattice girders (Fig. 3 and Fig. 8, the latter showing 
details) supported on six cast-iron columns, 22 ft. 3 in. 
high and placed 28 ft. 3 in. apart (see Fig. 9), and on 
a return of the gable wall. The rain water from the roof 
— passes down the inside of the columns. The 
attice girders are each 2 ft. lin. deep. The flanges 
are formed of one plate 10 in. broad and } in. thick, 
with two angle-irons 4 in. by 4 in. by } in., the lattice 
bars being of flat iron 3 in. by 4 in. (Fig. 8). In each span 
of the roof there are thirteen principals, placed 
14 ft. 1} in. apart, centre to centre, and formed of 
T iron 3in. by 5in. by fin. bent to a suitable curve. 
The purlins are of angle-iron 3 in. by 3 in. by $ in. 
The covering of the roof is of galvanised corrugated 
sheet iron. ‘The details of these are shown in Fig. 9, 
on page 62. 

(Zo be continued.) 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 31, 1889. 
AMERICAN iron and steelmakers are beginnin 


recognise the probability of such a demand for their 





products during 1890 and 1891 as will cause a great 
advance in prices. Improvements are being made in 
nearly every mill in the country, and at the same 
time, more rolling mills are either under construction 
or projected than at any time for twenty years. The 
same statement is also true of blast furnaces. Open- 
hearth steel furnaces are being put in; artificial fuel 
processes are being widely introduced to take the 
place of the use of raw fuel. Several large orders for 
rolling mill machinery for the south have just been 
received at Pittsburg, and one or two orders 
from northern points. Builders of blast furnace 
machinery are all over crowded with work for 
the next six months. Makers of nail machines are 
busy, having orders now in hand which it will take 
them until the opening of spring to complete. Three 
or four Bessemer converting mills are to be erected. 
Mills that have been idle for years are now running, 
and are oversold. Furnaces that have been idle for 
years have now been started on Bessemer pig. This pro- 
duct has advanced from 22 dols. to 23 dols. in Chicago, 
24.50 dols. to 25 dols. at Pittsburg, to 22 dols. at 
Philadelphia. The demand for ore, Bessemer pig, and 
steel blooms and billets is unprecedented, and large 
buyers who have not yet covered their requirements 
fully, are fearful of being obliged to pay speculative 
prices. 

These very encouraging reports are not in the least 
exaggerated. Ironmakers regret that they have 
allowed this booming demand to creep upon them, 
without their making proper preparations to meet it. 
Ironmaking has developed more rapidly in the south 
than elsewhere, and when the furnaces at present 
under construction are completed, the capacity will be 
increased to about 1,000,000 tons per annum. 

Last week, about 40,000 tons of steel rails were sold 
by western makers at 37 dols. per ton. Several orders 
will probably be received here in a few days at 
35 dols. Last week, 15,000 tons of steel billets were 
sold in this city at 37.50 dols. to 38 dols. An advance 
of 40 cents per ton in the freight rate on southern 
pig iron to northern points will take place next week. 

The manufacturers of barbed wire report a steady 
demand at full prices, and expect to soon be able to 
make an advance. The nailmakers are oversold, 
and jobbers are refusing late delivery orders at present 

rices. 
. The builders of elevated structures have completed 
specifications calling for some 20,000 tons of material, 
which will be contracted for within the coming sixty 


ays. 

Railroad builders think that from 6000 to 7000 miles 
of new road will be laid during 1890 ; but this is purely 
speculative. Southern ironmakers are just in receipt 
of inquiries from foreign sources, as to what prices pig 
iron can be furnished at for export. Several inquiries 
of this character have been received during the past 
two months. Parties abroad are carefully watching 
the course of the American iron trade. 

Preparations are being made to increase the output 
of the Lake Superior copper mines. Last week sales 
of 750,000 lb. of copper were made at 144 cents. 








ENGINEERING NOTES FROM NORTH- 
WESTERN INDIA. 
Deut, December 24, 1889. 

AccorDING to reliable rumour the debate at the 
Institution in Great George-street on Mr. Waring’s 
paper on “‘ Indian Railways” has begun to bear prac- 
tical fruit in this country, as it is said that Colonel 
Conway Gordon has, as in all his writings, lucidly and 
forcibly laid a proposal before the Government of 
India to the effect that keeping up two gauges is a 
most wasteful proceeding ; that endless delay and fric- 
tion arises in discussing the question of which gauge 
any new line is to have; that in point of fact there is 
so little economy in the first cost of the metre gauge 
that the advantage is invariably lost in working 
expenses ; that it is matter for regret, but quite a now 
vain regret, that India has not got the same gauge as 
the 4 ft. 84in. that suits the rest of the civilised world 
so well; that failing 4 ft. 84in. there is no salvation for 
Indian finances in any gauge but the 5 ft. Gin., but 
that as a matter of practical politics he reluctantly con- 
sents to except certain geographical divisions of India 
from the operation of what. he would else make a 
universal law compelling all new schemes to adopt 
the 5 ft. 6in. gauge ab initio. It is matter for regret 
that this most able State paper is not yet published—-as 
it probably soon will be. Supported as it is sure to be 
by an immense consensus of expert opinion from both 
contractors and managers of existing lines, it can 
hardly fail to bring home conviction to all but the few 
thick-and-thin supporters of the metre gauge that now 
survive. Lord Lansdowne, who takes, as these letters 
have already said, an intelligent interest, and what is 
better a commercial view of these great questions, 
must know from Canadian experience that our gauge 
invariably acts the part of Aaron’s rod and eats up 
the rest, and we may count on the Viceroy and a 


to | majority of his council taking a sensible and compre- 


hensive view of the gauge question. Perhaps the very 


strongest argument of all is the fact that the very 
administration which has made the metre gauge so 
much of a success, as it undoubtedly is, on the Raj- 
pootana line, is at this moment busily prosecuting the 
construction of a new line to relieve its congested 
traffic and making it on the broad (5 ft. 6 in.) gauge. 

According to an officer from the Chinab Bridge, near 
Multan, who is in Delhi to-day, that work is practi- 
cally complete, and is to be tested by the consultin; 
engineer from Lucknow, who fills the part of a Board 
of Trade inspector, on January 15, and will, it is 
hoped, be formally opened a me later by Sir Frederic 
Roberts, the Commander-in-Chief in India. The work 
forms the last link in the inner series of strategic 
railways which General Roberts has so energeti- 
cally inaugurated, and the engineering profession is 
wa pleased that he should officially signalise the 
completion of his great project. It was hoped 
that the arrangements made for Prince Albert 
Victor’s tour would have run to his honouring at one 
stroke the Commander-in-Chief’s polity and the State 
Railway Department’s work by assisting General 
Roberts to open the bridge on an off-day during the 
cavalry manceuvres in January. As the Prince’s pro- 
gramme gives the camp only two days, this idea is im- 
possible. The poor Prince will doubtless see enough 
of public works without going 400 miles for this par- 
ticular function, and if he is to inaugurate a drainage 
system at Benares, a water works at Delhi, and a 
municipal hall at Lahore, he will probably be glad to 
leave out the Chinab Bridge item, especially as the place 
of honour will then go to Sir F. Roberts. Still there 
are degrees of fitness in even ceremonial public works, 
and if it is true that the drainage of Benares is an 
undertaking about which opinions differ largely from 
the ratepayer’s point of view, the introduction of the 
royal family into the matter is of somewhat doubtful 
expediency. In this view, though the municipal hall 
is a substantial building with no great pretensions 
of any kind, the municipal institution itself is on its 
trial in this country, and is neither stable nor savoury. 
To engineers at least it is abundantly evident that 
municipal government is neither so cheap nor 80 
efficient as autocracy, and so long as respectable natives 
scorn to join the institution and leave the roads and 
sanitary = to carpet-baggers from Bengal, the 
propriety of mixing up royalty in the matter is open to 

uestions that could not arise in the case of a bridge— 
that has nothing to do with politics at all. 

It is as near as may be fourteen years since the elder 
Prince of Wales opened the bridge over the Upper 
Chinab, which, in the fashion of those days, was of an 
inordinate length. It is needless to say that engineers 
who have served the art of dealing with these rivers as 
long as Jacob waited for Rachel have learned some- 
thing of their subject in the interval; but, as usual, 
the _ tevhe and quicker a thing is done the more it 
becomes a manufacture and less an art. 





ROYAL METEOROLOGICAL SOCIETY. 

THE annual meeting of this Society was held on Wed- 
nesday evening, the 15th instant, at the Institution of Civil 
Engineers, Dr. W. Marcet, F.R.S., President, in the chair. 
The Council, in their report, congratulated the Fellows 
on the generally prosperous state of the Society ; the ne 
year’s work, though not in any respect er foi av- 
ing been thoroug ly successful. The total number of 
Fellows is 550, being an increase of 25 on the previous 
year, the finances are improving, and the library is over- 
flowing. Mr. Baldwin Latham, M. Inst. C.E., was 
elected President for the ensuing year. 

The retiring President, Dr. Marcet, then delivered an 
address on ‘‘ Atmospheric Dust,” which he divided into 
organic orcombustible, and mineral or incombustible. The 
dust scattered everywhere in the atmosphere, and which 
is lighted up in a sunbeam, ora ray from an electric lamp, 
is oa organic nature. It is seen to consist of countless 
motes, rising, falling, or gyrating, although it is im- 

sible to follow any of them with the eye for 
onger than the fraction of a second. It is difficult to 
say how much of the dust present in the air may become 
a source of disease, and how much is innocuous. Man 
of the motes belong to the class of micro-organisms whic 
are frequently the means of spreading infectious diseases. 
Many trades, owing to their dusty nature, are very un- 
healthy. Dust, when mixed with air, is inflammable and 
liable to explode. After giving several instances of ex- 
losions due to fine dust in flour mills and coal mines, Dr. 
arcet referred to inorganic or mineral dust, and gave 
an account of dust-storms and dust-pillars in India. He 
then proceeded to describe volcanic dust, which consists 
mainly of powdered vitrified substances, produced by the 
action of intense heat. The so-called ashes or scoriz shot 
out in a voleanic eruption are mostly pounded pumice, 
but they also originate from stones and f ents of 
rocks, which, striking against each other, are reduced into 
powder or dust. Volcanic dust has a whitish grey colour, 
and issometimes nearly quite white. Dr. Marcet con- 
cluded with an account of the great eruption of Krakatoa 
in August, 1883. 
Pg address was illustrated by a number of lantern 
slides. 





Natura Gas 1n Texas.—Natural gas has been struck 
at a depth of 530 ft. in a well 64 miles from San An- 





tonio. 








© 01 02 OF Ov OFe9 oc ar 06 ooris * 


‘SYSOM, P/Q MOYS Saul; pa720qg 
ALON 


OH 


2 
doo 





0; 


el 








asnon 
f 
ban ts 





sapjoy sv9 pasodosg 











O 
Z 
4 
cs 
cs 
Z 
vo 
Z 
o 














‘6881 





“SNUOM SVD NOLSHCVaL 


jO UBig Jeusuey 





“SVD NOILVYOdYOD MODSV19 


(‘9¢ abug 28 ‘woudrosaq 407) 
‘MODSV19 ‘URANIONA ‘SITOOd KVITIIM ‘UN 


‘SMUOM NOISACVHYL -SHHOM SVD NOILVHOdYOO MODSVIO FHL 











Jan. 17, 1890.] 3 ENGINEERING. 59 








= 


GLASGOW CORPORATION GAS WORKS; PURIFIER HOUSE, TRADESTON WORKS, 
MR. WILLIAM FOULIS, ENGINEER, GLASGOW. 


(For Description, see Page 56.) 
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Fig. 4. — Longitudinal of Purifier House 























60 


ENGINEERING. 


[JAN. 17, 1890. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a quiet tone in 
the iron market last Thursday, but generally the market 
was irregular. The paneer J was easier and prices 
improved, then they took a rather sudden plunge, followed 
by a partial recovery, and ultimately declined to near the 
lowest quotations. Within a few minutes of the opening 
the price of Scotch iron dropped 1s. 44d. per ton below 
the argon d day’s closing quotation, then recovered 84d., 
and lost it again, the close, 64s., being 1s. 4d. down on 
the day. The price of Cleveland iron closed at 63s. 9d., 
being a fall of 9d. per ton; and the closing price of hema- 
tite iron was 80s. 44d., which showed a drop of 1s. 14d. 
ad ton from Wednesday’s close. The market was muc' 

epressed on Friday forenoon, and heavy selling took 
place at reduced prices. Compared with the finishing 
prices of Thursday afternoon, Scotch warrants fell in 
‘ya 114d. per ton, Cleveland 1s, 74d., and Cumberland 

ematite warrants ls. 44d. perton. Taking the highest 
rates at which business was done on the preceding Mon- 
day—the day on which prices attained the highest point 
during the present upward movement—Friday’s rates 
showed a decline of 3s. 24d. per ton for Scotch warrants, 
while that of Cleveland call tmeanie iron was respec- 
tively 3s. 9d. and 2s. 104d. per ton. The depression 
in the market on Friday was regarded as being some- 
what remarkable in view of the strength exhibited 
at the English quarterly meetings last week. It should 
be noted, however, that the advances in price declared at 
those meetings were calculated upon the prices fixed three 
months previously, and that in the interim the prices of 
Scotch iron had been repeatedly advanced. A consider- 
able amount of excitement was shown in the market on 
Monday over the irregularity and downward movements 
in the priceof warrantiron. Continued briskness wasshown 
in the iron trade by the reports from important industrial 
centres, by the condition of the stocks of iron, and by the 
shipments ; and there did not appear on the surface any- 
thing that should have led to a decline in prices. On the 
market opening on Monday such seemed to be the pre- 
vailing feeling, as prices went slightly up at the start. 
Thereafter sellers began to press their iron on the market, 
and in the absence of buyers, the ‘‘ bears” began to 
operate. Scotch iron at first advanced 3d. per ton, but a 
drop of 1s. 64d. then took place. There was a further 
decline of 84d. per ton in the afternoon, but near the 
close a recovery of 1s. 3d. per ton was made, of which 
24d. was lost before the close, though there was still a 
decline of 114d. from last week’s finish. Cleveland iron 
lost 1s. 44d. per ton on the day, and hematite iron 1s. 14d. 
per ton. The closing settlement prices were—Scotch iron, 
Gls. 44d. per ton; Cleveland, 59s. 103d. ; hematite 
iron, 77s. 44d. per ton. Such violent fluctuations in 
price as those just mentioned are, to a great extent, 
disorganising the legitimate business in pig iron. The 
course of yesterday’s warrant market was extremel 
irregular. Buying orders for the south were on hand all 
through the forenoon market, and the price of Scotch 
iron rose to 62s, 10d. per ton cash, being an advance of 
1s. 54d. from Monday’s close. Some heavy ‘‘ bearing” 
took place in the afternoon, and just before the close 
wrices went down 1s, 2d. per ton, the final quotation 

ping 61s. 9d. per ton buyers, or only 44d. over Monday’s 
close. There were no transactions reported in respect of 
Cleveland iron, but at the close sellers were seeking 1s. 9d. 
per ton more than on the preceding day. Notwithstand- 
ingan increase of stocks, hematite iron was very strong, 
the price going up 2s. 14d. per ton, but in sympathy with 
Scotch iron it fell near the close 1s, 44d. per ton, though 
still leaving a gain of 9d. per ton onthe day. The market 
was flat at the mayen to-day, timid holders again taking 
alarm as the sharp relapse which occurred just before the 
close of the market yesterday afternoon. Whether the 
fall was caused by the report that English ship-plates 
were being offered at 9/. 5s. per ton, or was brought about 
for the purpose of alarming outsiders matters not. The 
effect was visible in the large selling and lower prices 
eurrent at the forenoon meeting, which finished with 
buyers at 61s. ‘wel ton cash and 61s. 6d. one month. 
Cleveland iron changed hands at 60s. 3d. cash. Hema- 
tite iron at the opening was quoted at 77s. 6d., and the 
close was 76s. 7id. cash. In the afternoon business 
was done in Scotch iron ai 60s. 11d. and 60s. 10d. up to 
61s. 4d. cash, and in hematite iron at 77s. 83d. to 77s. 6d. 
per ton, but no transactions in Cleveland iron were re- 
ported. Several makers’ brands of No. 1 iron are quoted 
at 80s. to 80s. 6d. per ton. These include Carron, Calder, 
Shotts, Langloan, and Coltness. Last week’s shipments 
of pig iron from all Scotch ports amounted to 8288 tons 
as compared with 6150 tons in the corresponding week of 
last year. They included 135 tons for the United States, 
260 tons for India, 230 tons for Australia, 1600 tons for 
Italy, 135 tons for Germany, 210 tons for Holland, 100 
tons for China and Japan, snaller quantities for other 
countries, and 4866 tons coastwise. The stock of pig iron 
in Messrs. Connal and Co.’s pudslic warrant stores stood 
at 923,872 tons, against 930,594 tons yesterday week, thus 
showing for the week a decrease of 6722 tons. 

Steel and Malleable Iron Trades.—The Scotch steel 
trade is very active. Since the holidays there have been 
fair inquiries for new work, but some of the makers have 
been pushed so much of late that they are not inclined to 
guarantee delivery in less than four to five months hence. 
There has been no formal advance in prices, but values 
are reported very firm, ship-plates being at 10/.; boiler- 
plates, 11/.; bars, 9/. 5s.; and angles, 8/. 15s.; less 5 per 
cent. discount for delivery in the Glasgow district. There 
appears to be no doubt about the prices of malleable iron 
being now advanced in amounts varying from 5s. to 10s. 
per ton. The lowest grade of common bars is now quoted 
at 8l, 7s. 6d; second grade, 8/, 10s.; and first grade, 


h | New 





81. 12s. 6d.; best bars ranging from 8/. 17s. 6d. to 91. 2s. 6d.; 
sheets, 10/. 10s.; hoops, 9/. 10s.; plates, 91. to 9/. 7s. 6d.; 
nail rods, 8/. 10s.; and angles, 8/. 7s. 6d.—all less the 
usual trade discount. 


Shipments of Machinery, &c., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from 
the Clyde, reported last week, included the following : 
Locomotive engines for Bombay, Japan, and Barbadoes, 
of the value of 19,950/.; sugar-crushing and other machi- 
nery, valued at 14,500/., chiefly for Jamaica, New York, 
Boston, Brisbane, Monte Video, Japan, Buenos Ayres 
China, Gibraltar, Colombo and Madras, Stettin, an 
Antwerp ; sewing machine parts, of the value of 12,6791., 
chiefly for Rouen, Italy, Barcelona, Bordeaux, Antwerp, 
ork, and Calcutta; blooms, billets, plates, sheets 
bars, and other steel goods, valued at 11,050/.; pipes an 
other castings, plates, sheets, bars, tubes, railway sleepers, 
ar" and miscellaneous iron manufactures of the value 
of 32,3501. 


Death of Mr. James Stewart, Tube Manufacturer.— 
Very keen and beg 3c regret is being expressed this 
week at the death of Mr. James Stewart, of the well- 
known and old-established firm of tube manufacturers, 
A. and J. Stewart, Glasgow, and Clyde Tube Works, 
Coatbridge. The deceased gentleman was an invalid for 
a number of months, and he finally succumbed on Sunday. 
Asa public man, especially in Coatbridge, as a man of 
business, and as a personal friend, Mr. Stewart was very 
greatly esteemed. The concern with which he was con- 
nected is one of the largest of the kind in the kingdom, 
= business connections with every part of the 
world. 


The Opening of the Forth Bridge.—An Edinburgh paper 
of to-day announces that the arrangements for the Prince 
of Wales’ visit to Scotland in March, in connection with 
the opening of the Forth Bridge, are being directed by an 
influential committee, of which Lord Colville is chairman. 
Sir John Fowler is at present in London consulting with 
the Prince as to the form which the important ceremony 
should take, and every effort is being made to meet the 
wishes of His Royal Highness in this respect. The 
Prince, it seems, has expressed a desire to drive the last 
bolt of the bridge, and Narnia are being made 
whereby this may be satisfactorily accomplished. Though 
the formal — of the bridge will be undertaken by 
His Royal Highness, some experimental trains will cross 
before March. As at present proposed, a train, or at 
least an engine, probably with a van or carriage attached, 
will cross the bridge on Thursday, the 23rd of this month. 
This will be the first train to traverse the bridge, and the 
_ assengers, so far as arranged, will be Lord Colville 
and the chairman of the Forth Bridge Company. The 
Board of Trade ——— the date of which has not yet 
been definitely fixed, is likely to take place in the early 
part of February, but previous to that the company will 
make their own test of the structure. Though the bridge 
will be opened formally on March 4th, it is not expected, 
owing to the backward state of the Glenfarg Railway, 
that regular traffic will be commenced before June. 


Inspection of Water Waste in Edinburgh.—It has been 
resolved by the Edinburgh and District Water Trust to 
appoint a staff of inspectors at a cost of 15001. a year to 
make a nightly examination of the stop-cocks, besides 
domiciliary visitations to check Bovetron | waste. 


Hamilton Water Reservoir Giving Way.—A considerable 
amount of anxiety has just been shown in regard to the 
alleged weakness of a new reservoir that has been con- 
structed in connection with the Hamilton Corporation 
Water Works. An inspection of the reservoir was made on 
Monday by the engineer, Mr. W. R. Copeland, Glasgow, 
along with the superintendent of works and the members 
of ‘the Water Committee, when it was found that the 
damage was much less than was feared. A portion of the 
embankment had certainly given way. 


Danger of Overhead Electric Light Wires in Dundce.— 
As in Glasgow last week, the danger connected with over- 
head electric wires has been causing some attention 
amongst the Dundee Police Commissioners. Application 
had been made to them for authority to run such a wire 
for electric lighting, but after a long discussion on the 
subject the permission was refused. 


The Institution of Civil Engineers.—The first general 
meeting of the Glasgow Association of the students of the 
above-named Institution was held on Monday night in 
their rooms, 207, Bath-street, Mr. Robert Dundas, 
M. Inst. C.E., president of the Association, in the chair. 
Mr. Dundas delivered his opening address, in which he 
gave a general review of the engineering works completed 
and in progress during the past year, treating more par- 
ticularly of those in the West of Scotland. The leading 
works proposed in all parts of the world were also briefly 
described. The principles which guided the construction 
and maintenance of railways in this country were then 
stated, more particularly as regarded the permanent way. 
A es on “Stress Diagrams,” by Mr. Robert Robert- 
son, B.Sc., Assoc. M.Inst. C.E., was then read, in which 
was described a method of finding the shearing and bend- 
ing stresses in girders entirely rd means of diagrams, and 
without calculation. Votes of thanks to Mr. Dundas and 
to Mr. Robertson were unanimously accorded, and the 
proceedings terminated. Some other important papers 
will come on during the session. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Further Efforts to Suppress False Marking Abroad.—A 
meeting, convened by the Master Cutler (Mr. S. Y. 
Richardson), was held on Monday at the Cutlers’ Hall, 
at which there were present representatives of the Cutlers’ 





Company, the Corporation, the Chamber of Commerce, 
and the Sheffield Federated Trades Council. It was 
resolved to make representation to the Government with 
respect to further efforts for the suppression of false 
indications of origin abroad. ’ 


The Electric Light in Yorkshire.—The National Electric 
Supply Company have, it is understood, decided not to 
proceed with their application to the Board of Trade, of 
which official notice had been given, for the electric 
lighting of the principal thoroughfares in Barnsley, thus 
leaving the order deposited by the Corporation of Barnsley 
unopposed so far as that company are concerned. The 
same company have also dropped their proposed order 
for the electric lighting of Hull, for which the corporation 
itself have deposited an order with the Board of Trade. 


Colonel Smith and the Hull Dock and Railway Companies. 
—Colonel Smith has followed up his suggestion for a 
joint conference between the Corporation of Hull and 
the local companies by addressing a letter to the Mayor 
of Hull, requesting him to call such a conference, and 
also submitting a draught resolution to be proposed. It 
is as follows: ‘That this conference cf the ee nner 
the Hull Dock Company, and the Hull and Barnsley 
Railway Dock Company is of opinion that a serious 
effort should be made to settle the railway and dock 
interests of the port upon a basis satisfactory to the 
companies and to the merchants and traders; and that 
with this view a joint and several agreement should be 
entered into between the companies whose interests are 
involved in the progress of the port, and that the Hull 
Dock Company, the Hull and Barnsley Railway and Dock 
Company, the North-Eastern Railway Company, the 
Midland Railway Company, the Great Northern Railway 
Company, the Lancashire and Yorkshire Railway Com- 

any, the Manchester, Sheffield, and Lincolnshire Railway 

company, and the London and North-Western Railway 
Company, be and are invited to nominate each one gentle- 
man on a committee of consultation with the object of 
formulating such agreement. 


The Dispute in the Leeds Engineering Trade.—The dis- 

ute at the engineering works of Messrs. Greenwood, 

atley, and Co. (Limited), has practically been settled. 
Two representatives of the Amalgamated Society of 
Engineers waited upon Mr. Arthur Greenwood and 
pointed out to him what they regarded as the injustice of 
employing an unskilled man upon work for which special 
training is necessary. The difficulty was arranged and 
the notices withdrawn. 


The Coal Trade of South Yorkshire.—The returns of 
shipments of coal from the Humber ports for 1889 are now 
available, and in the aggregate there is a considerable 
advance upon last year. The exports to foreign countries 
were :—From Hull, 970,491 tons, an increase of 187,058 
tons on 1888; from Goole, 460,028 tons, an increase of 
21,456 tons; and from Grimsby, 555,906 tons, or 59,321 
tons in excess of 1888. The shipments to London and 
other British ports were: From Hull, 160,831 tons, 
increase of 7104 tons; from Goole, 289,798 tons, increase 
of 77,046 tons; from Grimsby, 48,810 tons, increase of 
19,326 tons ; or an aggregate increase of shipments from 
the Humber of 371,311 tons. 


Coal and Iron.—Hematite iron has this week been ad- 
vanced to 95s. per ton at Sheffield, and it is believed there 
will be a further rise directly. Bessemer billets, guaran- 
teed, are put up 5s,, making 87. 5s,, and tyres have been 
advanced to 11/. 10s., at which figure there are orders to 
any amount. Coal hasrisen 1s. per ton for house and 6d. 
for small. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
: MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday, there was a 
large attendance on ’Change, and although the market 
was quiet a fair amount of business was recorded. The 
market opened steady with buyers of No. 3 g.m.b. makers’ 
Cleveland pig iron for prompt f.o.b. delivery at 61s., and 
business was done at this figure, but later in the day 
sellers asked 61s. 6d. for No. 3, and were not inclined to 
sell below the last-named figure. Makers are very inde- 

ndent and will not take less than 64s. and even 65s. 
for delivery of No. 3 up to June. They are all well 
supplied with contracts, and someof them do not care 
about booking further orders at present. Yesterday, 
Middlesbrough No. 3 warrants were 61s. buyers, with 
sellers asking 62s., but at the close of the market the 

rice was 61s. 6d. and very little business was done. To- 

ay affairs are easier, Mi gor te warrants closing at 
60s. 3d. and makers’ No. 3 Cleveland iron at 60s. 6d. 
Hematite pig iron is scarce and prices here are well main- 
tained. For hematite made in this district 80s. to 82s. 6d. 
is quoted, but some buyers report being able to purchase 
at 79s. There is a good demand. 


Manufactured Iron and Steel.—These industries are very 
well employed, and have orders in hand which will keep 
them so for some time. The former trade is, however, 
rather quiet just now, inquiries not being quite so g 
as they have recently been, but quotations are much the 
same as those quo a week ago. Common bars are 
81. 5s., best bars 8. 15s., ship angles 8/., and ship-plates 
81. 7s. 6d., all less the usual discount for cash. Steel- 
makers report good business. Heavy rails are in good 
demand, and are quoted 71. to 7l. 5s. per ton. Steel ship 
angles are 8/. 10s. and steel ship-plates 9/. 


Furnaces to be Blown In.—We understand that the iron- 
works at Middleton, near Darlington, are about to 
restarted, after having been laid idle six years. Mr. 
Joseph Torbuck, Spanish ore merchant, &c., at Middles- 
brough, recently purchased the works from the executors 
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of the late Mr. G. Wythes, and it is intended to put two 
of the four furnaces in blast on hematite pig iron as early 
as possible. The new owner will not have to encounter 
the difficulties which beset an ironmaster at the present 
time in having to purchase his materials, as he is the 

roprietor of a small colliery in South Durham, and 
ty therefore, the materials for making iron in his own 
hands. 





NOTES FROM THE SOUTH-WEST. 

South Welsh Coal and Iron.—The exports of coal from 
the four principal Welsh ports in December were as fol- 
lows: Foreign—Cardiff, 744,078 tons ; Newport, 158,464 
tons ; Swansea, 71,575 tons; and Llanelly, 11,209 tons ; 
total, 985,326 tons. Coastwise—Cardiff, 94,265 tons ; 
Newport, 59,207 tons; Swansea, 46,414 tons; and 
Llanelly, 5305 tons ; total, 205,191 tons. The exports of 
iron and steel in December from the four ports were: 
Cardiff, 6049 tons ; Newport, 14,262 tons ; Swansea, nil ; 
Llanelly, 1350 tons; total, 21,661 tons. The exports of 
coke were: Cardiff, 3511 tons; Newport, 325 tons; 
Swansea, 20 tons; Llanelly, nil; total, 3856 tons. The 
exports of patent fuel were: Cardiff, 21,074 tons ; New- 
port, 6843 tons; Swansea, 28,400 tons; Llanelly, nil ; 
total, 56,317 tons. The aggregate shipments of coal from 
the four ports for the whole of last year were: Cardiff, 
10,201,826 tons; Newport, 3,062,721 tons; Swansea, 
1,615,899 tons; and Llanelly, 231,337 tons ; or altogether 
15,111,786 tons. This vast aggregate exhibits an in- 
crease of 446,972 tons, as compared with 1888. The 
aggregate shipments of iron and steel last year 
were: Cardiff, 69,689 tons; Newport, 140,430 tons ; 
Swansea, 5235 tons; and Llanelly, 6600 tons; or alto- 
gether 147,030 tons. The aggregate exports of coke from 
the four ports were: Cardiff, 72,473 tons; Newport, 
2557 tons; Swansea, 2355 tons; and Llanelly, nil; or 
altogether, 77,385 tons. The aggregate exports of patent 
fuel from the four ports last year were: Cardiff, 309,538 
tons ; Newport, 56,245 tons ; Swansea, 345,331 tons ; and 
Llanelly, nil ; making an aggregate of 711,114 tons. 


Barry Dock.—The number of steamers which arrived at 
this dock last week was 25, while the number which left 
was 26. The number of sailing vessels which arrived last 
week was five, while one left. The tonnage movement for 
the week was 56,924 tons. 


Cardif.—A good business has been passing in steam 
coal, and prices have shown continued firmness. The 
best descriptions have made 15s. to 15s. 3d., and secon- 
dary qualities 13s. 9d. to 14s. 6d. perton. House coal has 
been in good demand ; No. 3 Rhondda has made 14s. to 
14s. 6d. per ton. Patent fuel has ruled firm ; quotations 
for coke have also been well maintained, both foundry and 
furnace qualities being scarce at 25s, and 26s. per ton 
respectively. The manufactured iron and steel trades 
have shown considerable activity, and prices have, if 
anything, been further tending upwards. 


The Electric Light in Wales.—In the course of last year 
Mr. J. C. Howell, of Llanelly, installed 65 arc lamps and 
ae” of 3500 incandescent lamps in South Wales. Mr. 
Howell also carried out last year other electrical work, 
such as electrical transmission of power for pumping 
plants in the Rhondda collieries, &c. 


London and South-Western Railway.—Mr. C. Scotter, 
general manager of the London and South-Western Rail- 
way, gave evidence before the Commission on Railway 
Rates on Friday. He stated that two-thirds of the traffic 
of the lines south of the Thames were passengers and onl 
one third merchandise, while on the systems running nort 
the proportions were exactly the reverse. Hence the 
southern lines ask for power to impose higher charges. 
Mr. Scotter further stated that a fog in London doubled 
the cost of the company’s work at Nine Elms. 


The Dowlais Works.—Mr. E. James has been appointed 
manager of the new works of the Dowlais Iron 5 a 
at Cardiff. Mr. James has been deputy manager at the 
Blaenavon works. 


Welsh Blast Furnaces.—It appears that three furnaces 
have been built since September 30 for the Rhymney Iron 
Company, Limited, making the total number of furnaces 
in South Wales at the present time 101. The number of 
furnaces blown in during the past quarter was two, viz., 
one for the Ebbw Vale Steel, Iron, and Coal Company, 
and the Tredegar Iron and Coal Company. One for the 
Rhymney Iron Company was blown out. Two furnaces 
are being built for the Anthracite Iron and Steel Com- 
pany (Limited), one for North’s Navigation Collieries 
(Limited), one for the Tredegar Iron and Coal Company, 
and one for the Blaenavon Company (Limited). The 
number of furnaces in blast in Sout ales at the close of 

ecember was thirty-nine, showing an increase of one on 
the preceding quarter. 


Swansea Harbour Trust.—At a meeting of this Trust 
on Monday, the chairman moved the adoption of the 
report of the executive committee, which stated that 
since the last meeting of the Trust the proposed alteration 
of the dredger Abertawe for the reception and trial of 
Mr. Tydeman’s apparatus for removing silt, &c., had 
been further considered by the sub-committee, and it was 
thought that it would be more advantageous to hire a tug- 
boat than to alter and adapt the Abertawe. The com- 
mitte, therefore, ress. 2 that a steam tug be hired 
(with the option of purchase) and adapted for the trial of 
Mr. Tydeman’s ee. The committee further re- 
vorted that the shed accommodation at the Prince of 
Wales’ Dock for the storage of tinplates, oils, &c., was 
insufficient for the present requirements of the trade at 
the dock, and they accordingly recommended that they 
should be authorised to erect two additional sheds, one 





for the storage of tinplates, at an estimated cost of 1000/., 
and one for the storage of oil, &c., at an estimated cost 
of 4051. The report was adopted. 


Overhead Electric Wires.—At the last meeting of the 
Exeter Town Council, a resolution was submitted by Mr. 
Varwell to the effect that the Exeter Electric Light Com- 
pany be informed that the council could not consent to 
me further extension of overhead wires in the city, as the 
public safety would be imperilled thereby. r. Dom- 
ville explained that the wires in New York were naked, 
while in Exeter they were insulated. Supposing, there- 
fore, another wire were to fall on the wires at Exeter 
and then to the ground, there was no possibility of a 
— coming from it. The motion was negatived by 

to 10. 


Swansea.—The tonnage movement of Swansea last year 
amounted to 1,295,083 tons as compared with 1,233,371 
tons in 1888, and 1,201,949 tons in 1887. The revenue 
collected by the Swansea Harbour Trust was 27,4701. 
last _ as compared with 25,714. in 1888, and 24,6031. 
in 1887. 





MISCELLANEA. 
ENGINEERS all over the globe will regret to hear of the 
death of M. A. Hirn, the famous Alsacian engineer, 
which took place in Colmar at the beginning of the week. 


A telephone line between St. Petersburg and Moscow 
has just been completed. The line wire is of iron, but 
the results are said to be very satisfactory. 


Mr. J. R. Billinton, chief locomotive draughtsman to 
the Midland Railway Company, has been appointed to 
succeed the late Mr. Stroudley as locomotive superin- 
tendent of the London, Brighton, and South-Coast Rail- 
way. Mr. Billinton was originally in the service of the 
Brighton Railway. 


The gross receipts of the 23 principal railways in the 
United Kingdom, for the week ‘ending January 5, 
amounted, on 16,142? miles, to 1,182,470/., and for the 
corresponding period of 1889, on 16,014 miles, to 1,105,2051., 
an increase of 128? miles, or 0.8 per cent., and an increase 
of 77,265/., or 7 per cent. 

The United States Ordnance Department proposes to 
make extensive improvements in the Watervliet Arsenal 
this year. Congress is to be asked to provide a sum of 
249,000 dols. for building a new gun factory, and a sum of 
888,500 dols. for fitting it with machine tools, cranes, &c. 
With this additional _— it is thought that six 16-in. and 
ten 12-in guns, as well as others of smaller calibre, can be 
manufactured yearly. 


Mr Leader Williams, engineer of the Manchester Shi 
Canal, in the course of a lecture in the Salford Town Hall, 
stated that there were 11,489 men and boys, 182 horses. 
5900 wagons, and 169 locomotives employed at the canal 
works ; that 213 miles of temporary railway had been con- 
structed, and that 10,000 tons of coal and 8000 tons of 
Portland cement were used in the excavations each 
month. 


The trade and navigation returns for December show 
exports amounting to 20,903,353/., an increase of 
2,089,144/., or 11.1 per cent. on the corresponding month 
last year; the imports amounting to 38,267,934/., an 
increase of 327,309/., or 0.9 percent. The value of the 
iron and steel exports was 2,508,030/., against 2,066,666U., 
an increase of 21.3 per cent., and of the coal and coke 
exports 1,245,104/., against 1,027,313/., an increase of 21.9 
per cent, 


A curious fact has been observed on the telephone line 
between Vienna and Buda Pesth. i 
three silicium bronze wires 3 millimetres in diameter, and 
during the recent frosts these wires were covered with 
ice to a thickness of from 5 to 8 centimetres. The 
neighbouring telegraph wires of iron, however, were only 
covered to a thickness of 3 centimetres. It is hard to 
see a reason for this difference, but the authorities are 
disposed to attribute it to the different rates of vibration 
of the two kinds of wire. 


It was proposed to hold an International Electro- 
Technical Fexhibition at Frankfort-on-the Main during 
the months of June to October of the present year, both 
inclusive, but it will now in all probability be postpon 
till next year. The Exhibition will include all branches 
of electrical science and industry, but as a rule only those 
exhibits will be admitted which show a decided improve- 
ment on similar exhibits in the exhibitions at Munich, 
1882, and Vienna, 1883. The exhibits will be classed in 
twelve groups, commencing with motors and ending with 
electrical literature. 


The United Electrical Roginsing Compra, Limited, 
have amalgamated with the firm of Messrs. J. G. Statter 
and Co., under the title of the Electrical Engineering 
Corporation, Limited. The new company, who have 
offices in Prince’s Mansions, 68, Victoria-street, takes 
over the business of both concerns, and will manufacture 
and supply every variety of electrical apparatus. The 
Alliance Works of Messrs. J. G. Statter are on the Great 
Western main line, and are now being considerably 
enlarged. The directors of the new company are Messrs. 
J. G. Statter, Edward Manville, and W. L. Madgen. 


The Inventors’ Institute are circulating the following 
statements comparing the English and American patent 
systems: Cost of patent: British, 154/.; American, 
7. 10s. Duration: British, 14 years; American, 17 
years. Number of patents granted: British, 9410; 
American, 20,429. Income of Patent Office: British, 
124,2791. 7s. 9d.; American, 228,902/. Expenditure of 
Patent Office: British, 81,577/. 5s. 4d.; American, 
198,892/. Surplus (applied to revenue): British, 


his line consists of- 





42,7021. 2s. 5d.; American added to patent fund, 30,010/. 
Patent fund: British, none; American, 651,498V. 


The new first-class gun vessel Sparrow, 6, 805 tons, 1200 
horse-power, recently built by the Greenock Foundry 
Company, left Sheerness Harbour on Monday last for her 
official full power trial under forced draught, which took 
place in the North Sea under the superintendence of the 
engineering officers of Sheerness Dockyard and the Med- 
way Steam Reserve. The vessel was tested for four hours 
continuously with highly satisfactory results. With the 
engines working at 175 revolutions per minute, a mean of 
1240 horse-power was attained, being 40 horse-power in 
addition to that contracted for. The speed of the Sparrow 
on the measured mile was 134 knots. 


Petroleum motors are being simplified and improved to 
such an extent that they may now be ranked amongst the 
useful small motors. In one manufactured by Messrs. 
Altman and Co., of Berlin, ordinary common lamp petro- 
leum is used: with great success, and a number of these 
little engines, varying from one to four horse-power have 
been running for over a year in different parts of Ger- 
many and Russia; whilst in Belgium, a company for 
their construction has heen formed, and the works, 
situated in Brussels, are in full swing. Insurance regula- 
tions constitute one of the formidable obstacles to the 
introduction of this class of motor in England. 


The Westinghouse Electric Company have just closed 
an important contract with the Willamette Light Com- 

ny, of Portland, Ore., U.S A. The company is to 
urnish 10,000 incandescent, and 100 arc lamps, together 
with the wire and machinery necessary for operating the 
same. The current is to be carried twelve miles before 
being distributed, a thing never before attempted in 
America. For that purpose a specially constructed 
machine, capable of producing 4000 volts, is to be used. 
The cost of the entire plant, including the distributing 
station building, will be in the neighbourhood of 200,000 
dols. The completion of this plant will be the inaugura- 
tion of electric fighting in that city. 


At a meeting of the Civil and Mechanical Engineers’ 
Society, held on the 8th inst., a paper was read by Mr. 
W.H. Parkinson, A.M.I.C E., late assistant chief engi- 
neer to H.H. the Gaekwar of Baroda, on ‘ Notes on 
Labour and Prices in India.” ‘The Indian labourer, he 
stated, with wages at one-tenth those obtaining in Eng- 
land, did from one-eighth to one-seventh as much work. 
In carrying out earthwork it was found advantageous to 
avoid carrying spoil a greater distance than 100 yards, 
and should filling be required at a greater distance than 
this it should be taken from a borrowpit. The bricks in use 
in India were of a very inferior quality and cost 11s. to 1/. 

r 1000. There were three qualities of lime in use; 

urnt with coal, wood, or rubbish, which cost respectivel 
14s. 5d., 12s. 7d., and 9s. 6d. per cubic yard. oe eaten 4 
might be estimated at 10s. and concrete at 5s. 9d. per 
cubic yard. Timber was mostly imported from Burmah, 
and wooden roof trusses, &c., cost 5s. per cubic foot. 


The Federated Institution of Mining Engineers, who 
meet at Sheffield next Wednesday, have arranged an 
attractive programme, In the afternoon, papers “On 
Coal-Cutting Machines,” ‘‘On the Geology of the Southern 
Portion of the Yorkshire Coalfield,” and ‘‘On the Distri- 
bution of Energy over Large Areas in Mines by Electri- 
city,” will be read and discussed. In the evening, at 5.30 

.m., there will be a dinner at the Royal Victoria Hotel, 
Followed at eight o’clock by a reception and conversazione 
given by the Mayor of Sheffield and the Master Cutler, 
in the Cutlers’ Hall, where a number of mining appli- 
ances will be on view. On the following day excursions 
have been arranged, first to Aldwarke Main Colliery, the 
Denaby Main Colliery, and the Denaby Main new sink- 
ings, or secondly, to the Wharncliffe Silkstone Colliery, 
the Lidgett Colliery, and the Rockingham Colliery and 
Chemical Works, peel Colliery, or thirdly, to the 
electric pumping and hauling plant at St. John’s Colliery, 
and to the Allerton Main Colliery. Full information and 
tickets can be obtained from Mr. G. A. Lebour, hon. 
secretary, Mining Institute, Newcastle-on-Tyne. 


A meeting of the Yorkshire College Engineering Society 
was held on the 6th inst. in the engineering lecture room of 
ch arr, B.Se., the 


the college, when Professor Archibald 


ed —— of the society, delivered his annual address. As 


rofessor Barr is leaving Leeds to fill the Chair of Engi- 
neering at the University of Glasgow, the opportunity 
was taken to present him with a testimonial expressive of 
the appreciation the members have of his services to the 
Society. Inthe absence of Mr. Joshua Buckton, chair- 
man of the engineering committee of the college, Mr. 
Wicksteed occupied the chair, and was supported by Mr. 
H. Maclaren, Mr. G. Campbell, and Mr. Goodman, the 
new head of the engineering department, who was intro- 
duced for the first time to the iety. Professor Barr’s 
address dealt with the career of James Watt, the founder 
of the engineering Fagg ar and was received with loud 
applause. After Mr. Wicksteed had moved a vote of 
thanks to Professor Barr, Mr. C. W. James made the 
presentation on behalf of the Society, and congratulated 
the professor on the suecess of his work in Leeds, and also 
on his new appointment. The testimonial took the form 
of a handsome silver tea service. Mr. Goodman seconded 
the vote of thank-, saying that in the — of many 
le Mr. Barr was one of the most brilliant professors 
in the country. The vote of thanks having been 
with great enthusiasm, Professor Barr responded, thank- 
ing the members for their gift, and also thanking Sir 
Andrew Fairbairn, the former chairman of the engineer- 
ing committee, and Mr. Joshua Buckton, the present 
chairman, for the support they had one him in his work. 
The proceedings were enthu-iastic throughout and termi- 
mated with loud cheers for the retiring professor. 
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GLASGOW CORPORATION GAS WORKS; DETAILS OF PURIFIER HOUSE. 
MR. WILLIAM FOOULIS, ENGINEER, GLASGOW. 
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Fig. 7. —. Details of Bowstring Girder. ._ 
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Fig.8.— Details oF La Girder. 
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‘Recent Dock Extensions at Liverpool,” by George Fosbery 
Lyster, M. Inst. C.E.—Students’ meeting, Friday, January 24th, 
at 7.30 p.m. Paper to be read: ‘‘ The Up-Keep of Metalled Roads 
in Ceylon,” by Thos. H. Chapman, Stud. Inst. C.E. Sir Guil- 
ford L. Molesworth, K.C.I.E., M. Inst. C.E., in the chair. 

CiviL AND MECHANICAL ENGINEERS’ SocieTy.—Wednesday, Janu: 
22nd, at 7 p.m., at the Westminster Palace Hotel, when the fol- 
lowing paper will be read and discussed : ‘‘ The Present Aspect of 
verre anions in London,” by Mr. Edw. de Segundo, A. M. 

nst. C, E. 

THE Surveyors’ InstrrvTI0oN.—Monday, January 27th, when a 
paper will be read by Mr. H. H. Smith (Fellow), entitled ‘‘ Landed 
Incomes.” The chair to be taken at 8 o’clock. 

INSTITUTION OF Mintna ENGINEERS.—General meeting on Wednes- 
day, January 22nd, at 2.30 p.m., in the Royal Victoria Hotel, 
Sheffield, when the following papers will be read: ‘‘ On Coal- 
Cutting Machines,” by Mr. G, Blake Walker. ‘‘On the Geology 
of the Southern Portion of the Yorkshire Coalfield,” by Mr. R. 
Russell. ‘On the Distribution of Energy over Large Areas in 
Mines by Electricity,” by Mr. A. T. Snell. 

THE JUNIOR ENGINEERING SocteTy.—Tuesday evening, 21st inst. 
Visit Messrs. David Kirkaldy’s Testing and Experimenting 
Works, 99, Southwark-street, S.E. At6o’clock. Friday evening, 
24th inst. Fifth annual dinner at Holborn Restaurant, at 7.30. 
Professor John Perry, F.R.S., in the chair. 
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SAFEGUARDING AGAINST MACHI- 
NERY ACCIDENTS. 

THE question of safeguarding machinery is one 
which has strong claims on the attention of manu- 
facturers, both from a humanitarian and a legal 
point of view. Many years ago the Legislature 
intervened to protect women and children from 
injury in factories, and more lately the Employers’ 
Liability Act has practically extended the same 
defence to men. We do not believe that any manu- 
facturer ever wilfully left unguarded a source of 
danger which he actually realised and which he 
knew how to provide against, but experience shows 
that the private individual is not able properly to 
estimate what is and what is not a source of danger. 
It is very easy, and until the law intervened it was 
very usual, to lay all the blame on the workpeople, 
and say that the frequent disasters were due to their 
own negligence. A manufacturer could easil 
demonstrate that it was perfectly possible to walk 
past an unfenced wheel race without falling in, 
or to oil a shaft without being caught by it, and 
possibly he could point to the fact that the same 
conditions had existed in the place for ten or twenty 
years without ill results. When, at length, the 
fatal issue did occur, he attributed it, with 
very great show of reason, to the negligence 
of the sufferer. No doubt in many cases 
there was reason in his contention, but those of 
us who have worked, day by day, among machinery 
know that, however careful a man may naturally 
be, his vigilance suffers some declension from the 
constant presence of risk. This is the more true 
if his mind has not been trained in habits of self- 
control by early education, and the restraints of 
well ordered home. If all men started life under 
the same environment, and theonly differences were 
those which belonged to themselves individually, the 
race would, in many cases, end very differently. 
As it is, it is unreasonable for those who have been 
carefully trained for the struggle to demand equal 
skill in others who enter the race without any pre- 
paration. Apart, however, from any question of 
carelessness, the reports of factory inspectors show 
that. mishaps occur from such unexpected causes, 
that no personal caution can prevent them at 
all times. We have known the draught from the 
sudden opening of a door carry a woman’s skirts 
round a rotating shaft and drag half of them off, 
and the falling out of a few pins let the long hair 
of a Lancashire operative drop into the feed rollers 
of the machine she was minding. It would be 
possible to adduce dozens of cases, ending far more 
tragically than these, to show that individual 
caution is no guarantee against disaster to those who 
pass their livesamongmachinery. It would be equally 
easy to demonstrate that the personal experience 
of the ordinary manufacturer is not sufficiently 
extensive to enable him to discover and entrench 
every source of danger which exists on his pre- 
mises. The man who trusts to that alone is almost 
sure to have his confidence shaken some day by the 
sight of one of his operatives reduced in a few 
seconds from vigorous manhood to a pale heap of 
human clay. 

Fortunately few people were ever so opinionated 
as to trust entirely to their own judgments in such 
an important matter, and now the state of the law 
renders even those who have not any keen sense of 
duty in the matter, very anxious to do all that is 





possible to avoid claims for damages. If the Act 
were administered solely by the judges, it would 
be fairly easy to keep within its provisions ; the 
scales of justice, as defined by the Legislature, 
would be held evenly between master and man. 
But the interposition of a jury has a great ten- 
dency to overlay the law with a coating of senti- 
ment which very nearly obscures its characters. 
Given on one side a weeping widow and half 
a dozen hungry children, and on the other side 
a wealthy manufacturer, it is easy to pro- 
phesy what will be the result, if the plaintiff can 
show any case whatever. The defendant will 
not escape by proving that he used ‘‘ reasonable ” 
care and forethought ; nothing less than the adop- 
tion of the very best known means of protection 
will avail. Of course he can appeal to a higher 
court, but this is likely to be a costly proceeding 
against a penniless antagonist, backed up by a 
trade society which cannot be made responsible for 
costs. The truest economy is to take every known 
precaution, so that when an accident does occur it 
may be demonstrated, beyond all doubt, that it 
could not have been prevented. Much information 
as to the dangers which exist, and the means of meet- 
ing them, is already in print, and recently there has 
been a notable addition in the form of a volume* 
issued under the authority of the Society for the 
Prevention of Accidents in Factories, Mulhouse 
(Alsace). This society has now existed for twenty 
years ; it undertakes the inspection of 1027 indus- 
trial establishments, containing 1,855,500 spindles, 
39,700 looms, 159 printing machines, and employ- 
ing more than 80,000 hands, and has naturally col- 
lected a very large mass of information relating to 
the prevention of accidents. This has already been 
published in its journal as it has been accumulated, 
but to render it more widely available it has recently 
been collected into a handsonie folio volume, which 
is sold at an exceedingly cheap price. It is a work 
which should be in the hands of every factory 
manager, both for the sake of the workpeople and 
also as a protection to himself against impossible 
demands. 

To illustrate what can be done by well-devised 
appliances to lessen factory risks to life and limb, 
we may take a single class of accidents, and see in 
what respect ingenuity has been successful in pro- 
viding against them. 

There is no more fertile cause of accident in mills 
than shafting and pulleys. The men who under- 
take the oiling of the bearings and the putting on 
of the straps follow a calling with a very strong 
element of danger in it, and hundreds of them 
have lost their lives. Often their own negligence 
has been contributory to this result, but in many 
cases the bearings and pulleys are so placed that in 
reaching them by hand the slightest slip is fatal. 
As regards oiling bearings difficult of access, the 
simplest expedient is to adopt a self-feeding lubri- 
cator which will contain a supply so large that it 
only needs to be replenished at long intervals. 
The recharging can then be done when the en- 
gine is standing, and safety is secured unless 
a hot bearing occurs, when the presence of the 
lubricator generally interferes with the direct 
application of oil, unless there is a second hole. A 
convenient method of lubricating troublesome bear- 
ings, which cannot be relied upon to keep cool with 
an ordinary lubricator, is to have an oil can mounted 
on the end of a staff, and fitted with a small pump. 
The plunger is drawn out by a wire carried to the 
other end of the rod, and is forced in by a spring ; 
hence the oil can be delivered in measured quantities 
in any position of the can, while the operator stands 
atasafe distance. This device isa favourite in Lan- 
cashire, and is superior to the Continental method of 
pivotting an oil can in a fork at the end of a rod, 
and tilting it over by a string. Deaths due to the 
slipping of the ladder by which shafting is reached 
can be counted by the score, and nearly all of them 
could have been avoided by a little forethought. 
On wooden floors spiked feet afford security, while 
on stone and cement floors it is easy to cut a few 
shallow recesses in particular positions for the ends 
of the ladder staves to be placed in. Many acci- 
dents occur by ladders sliding over sideways at the 
top from the man reaching out too far ; these can 
be prevented by padding the upper ends by some 
clinging material, such as felt or india-rubber ; shaft 





* “Collection of Appliances and A paratus for the 
Prevention of Accidents in Factories.” Forty-two plates, 
with explanatory text in French, German, and English, 
Price 8s. Mulhouse; A. Stiickelberger. 
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oilers’ ladders should always have hooks, and if 
these are placed a foot or so from the extremity the 
rungs act as a guard against the man’s jacket being 
wrapped round the shaft. 

To put a belt on to a quick-running pulley is a 
job which requires both nerve and skill in any case, 
and when the pulley is near the ceiling it becomes 
a matter of great difficulty. To facilitate this 
operation there have been devised various forms of 
‘*long arms,” that is, of poles with hooks at the 
ends. In using one of these the man stands on the 
floor, and lifting the belt by the hook he places it 
on the rim of the pulley, and follows it round until 
it mounts. Considerable skill is required to do this, 
and there is danger of nasty blows from the rear 
end of the pole. Experience shows that the whole 
contrivance should be kept as light as possible ; the 
staff should be of ash and long enough to reach from 
the shaft to the floor, while the hook should be a 
straight spike driven into theend of the poleand pro- 
vided with a finger standing out atright angles. Even 
with the best form of long arm there is a chance of 
injury, although there is little danger of a fatal 
issue. In the case of belts which are often thrown 
off intentionally, it is worth while to provide a belt 
carrier, that is a hook or frame which holds the strap 
in a convenient position for replacement. One of 
the simplest forms of carrier is a vertical bar 
bolted to the beams above the shaft, and having a 
horizontal arm, the end of which stands just within 
the rim of the pulley. This arm holds the belt, 
when it is off, near to the place where it is to be 
applied to the pulley, and greatly reduces the effort 
required to make it mount. A still better arrange- 
ment is that brought out by Mr. Biedermann, in 
which a half-circular bar, of somewhat less radius 
than the pulley, is mounted concentrically with it, 
at a few inches distance. Projecting from this bar 
towards the pulley are four or five studs, which 
practically form a fixed semicircular rim of about 
four-fifths the diameter of the pulley. When the 
belt is thrown off it is caught on the studs, and held 
by them almost in its natural position; a very 
slight push will then carry it back on the pulley, 
and it will mount at once. A belt carrier is also 
very useful, when, from the proximity of a coup- 
ling, or from some other reason, it is not safe to let 
the strap fall on to the shaft. 

It sometimes occurs that a pulley is placed in 
such an awkward position that it cannot be reached 
with safety, either by hand or with the ‘‘ long arm.” 
Under such conditions it is very advantageous to 
fit it with Baudouin’s belt mounter. This is a 
cheap and simple contrivance, which is said to be 
very efficient. Close to the pulley there is fixed a 
stationary bush concentric to the shaft; this is 
carried by a bracket from the roof or the girders of 
the building. On this bush is mounted, with sufli- 
cient friction to cause it to retain any position in 
which it may be placed, acollar, with a lug project- 
ing on one side, A flat wooden bar is bolted to the 
lug ina plane at right angles to the plane of the 
pulley ; it is about the width of the belt, and its 
free end is cut at an angle of 45 deg. to such a length 
that one corner projects just beyond the edge of 
the pulley, while the other stands at some distance 
beyond it, Studs are fixed on the edge of the wooden 
bar to enable it to be manipulated by the aid of a 
wooden pole. Ordinarily the wooden bar hangs 
vertically, and the belt, when thrown off, falls on 
to the collar. To replace the belt the bar is moved 
round its centre, on the bush, until its bevelled 
end catches the strap and pushes it on to the edge 
of the pulley. As soon as this occurs the pulley 
carries the belt forward until it mounts, just as if 
the operation were being performed directly by 
hand. The details of the arrangement may be 
modified in various ways to adapt it to particular 
situations, and when the shaft is too large to be 
conveniently encircled by a sta‘ionary bush, a pivot 
eccentric to the shaft may be made the centre on 
which the arm turns. If the belt mounter be com- 
bined with a rotary belt carrier concentric with the 
shaft, it is actuated with still greater ease. 

It is not necessary to pursue the subject further 
into the question of fencing upright shafts, erecting 
guards to catch broken belts, and thelike. Enough 
has been said to show that very simple and com- 
paratively inexpensive appliances will prevent a 
i= proportion of one class of factory and work- 


shop accidents. If we turn to the questions of 
inclosing the moving parts of steam engines, fitting 
safety appliances to cranes, lifts, and hoists, guard- 
ing wood-working and textile machinery, and other 
similar subjects, it will be found that the greater 





se of the dangers which threaten operatives can 
provided against. The reason that precautions 
are so often neglected usually lies in the fact 
that the proprietor or manager of a manufacturing 
establishment is not usually a mechanic, and does 
not know where to find one who has made a special 
study of the best means to fulfil his requirements. 
As we have already stated, it needs a very wide 
experience to know in what form danger will make 
its attack, and how to repelit. As an illustration 
we may point to the so-called safety appliances 
fitted to hoist cages. How many hundreds of these 
have been devised, and how few there are that are 
trustworthy under the conditions of practical 
working. Probably the false sense of security 
they have created has cost more lives than their 
services have saved. After years of failure 
we are beginning to appreciate the essential 
features of their construction. Any one trying 
to design one in complete ignorance of the expe- 
rience which has been gained, would be almost 
certain to fall into error, and similarly any mill 
manager who trusts entirely to his own skill in 
guarding his employés against accident is almost 
certain to have a rude awakening. If his appli- 
ances are cumbrous they will be cast aside, and if 
they are inefficient they will but prove an addi- 
tional source of risk. His large responsibility 
cannot be met by good intentions, or by the plea of 
ignorance ; it is incumbent upon him to use the 
best means which have been devised, and we know 
of no single source for which he can be so well in- 
structed as the publication of the Mulhouse Society 
for the Prevention of Accidents in Factories. Of 
course, this is not exhaustive, and its indications 
may not, in every case, be exactly applicable to 
English conditions. Foreign workpeople are more 
easily disciplined than our own; they are brought up 
under a political and social system which leads them 
to expect to be directed, even in matters of detail, 
and the habit of obedience to authority is learned 
in very early life. They have not that indepen- 
dence of character which often thwarts the philan- 
thropic plans devised by the English manufacturer 
for the benefit of his employés. It is, no doubt, 
most irritating to find measures conceived solely 
for the good of workpeople habitually evaded, but 
many manufacturers would find much greater cause 
for annoyance if the working classes suddenly deve- 
loped the thrift, forethought, and_ self-control 
which are the characteristics of the middle classes. 
They would then find no necessity for enforcing 
rules conceived for the good of their men, but 
labour combinations would acquire an importance 
hitherto unheard of. Both morality and expediency 
demand that the employer should strive his utmost 
to protect his men against risk arising not only 
from mechanical causes, but also from imperfection 
in their own characters, and it is as unwise to 
ignore one cause as the other. 








SEWAGE PRECIPITATION WORKS. 

On Wednesday last the students of the Institu- 
tion of Civil Engineers paid a visit to the Metro- 
politan Sewage Works, at Crossness, where impor- 
tant enlargements and modifications of the existing 
works are now being carried out by Mr. Webster. 
The old works consist of a covered reservoir having 
an area of about six acres, and capable of containing 
about 24,000,000 gallons of sewage. This reservoir 
is divided into four compartments, any one of which 
can be filled or emptied independently of the others, 
and the whole four are connected by a culvert with 
the main sewer from London. This sewer is about 
74 miles long and 11 ft. 6 in. in diameter. All the 
sewage of London, south of the Thames, which has 
about 2,500,000 inhabitants, is collected in thismain, 
and theaveragedailyflow through itisabout75,000,000 
gallons, but in rainy weather this figure may be 
doubled. Depending on the state of the tide, the 
sewage is at present turned direct into the river or 
else into the reservoirs, from whence it is pumped 
into the river, in either case being totally untreated. 
The culverts leading from the main sewer to the 
reservoir and pump wells are somewhat peculiar, 
three separate culverts being arranged one above the 
other. This plan was adopted in order that one foun- 
dation might serve for all three culverts, as the 
ground is water-logged and good foundations can 
only be obtained at a depth of 23 ft. below the marsh 
level. The main pumps are eight in number, but in 
average weather four only are worked. There are 
eight barrels in all, 12ft. in diameter, and there are 
four rams, each 4 ft, 3 in. in diameter by 2 ft. 3in. 





and 4 ft. stroke to each pump barrel. These rams are 
worked from the beams of four large rotary beam 
pumping engines erected by James Watt and Co., 
at Crossness, about 1856. These engines have each 
a single cylinder 48 in. in diameter by 9 ft. stroke, 
and at eleven revolutions per minute indicate about 
250 horse-power, using steam at a pressure of 40 lb. 
per square inch. At this rate of working the two 
pumps driven by an engine lift about 100 tons of 
sewage per minute. The suction valves to the 
pumps are situated at the bottom of the barrel and 
are of iron faced with leather; the opening through 
a single valve measures 18in. by 9in. The delivery 
valves are at the side of the barrel and measure 
18 in. by 12 in. each. In addition to the above 
pumps two auxiliary pumping engines are also 
ready in case of emergency. These engines were 
originally Great Western broad-gauge locomotives, 
which have been converted to drive a couple of cen- 
trifugal pumps with horizontal fans 5 ft. in diameter, 
and each is capable of raising 40,000,000 gallons 
of sewage a day. One of these engines is always kept 
fired up, ready to start at a moment’s notice should 
the necessity occur. As already mentioned, the 
sewage is at the present time turned into the river 
totally untreated, but the works now in progress 
have been designed in order to allow of some puri- 
fication of the sewage before it is passed into the 
river. The method to be adopted is to add four 
grains of lime and one of iron to each gallon of 
sewage. This precipitates a large proportion of the 
solid matter, and the supernatant liquid is then to 
be decanted off into the river. The quantities of 
lime and iron seem small, but it is said that an in- 
crease of either the lime or the iron would cause a 
further reaction to take place after the purified 
sewage had been passed into the river. Moreover, 
one grain of lime per gallon to the London sewage 
means on an average 10 tons of lime per day, so 
that the total quantities of lime and iron to be 
dealt with are really very large. The new reservoirs 
now being constructed for this purpose cover an 
area of about 24 acres, and will be capable of hold- 
ing about 8,000,000 gallons of sewage. The reser- 
voir is being built in two stories, the upper one 
being a settling tank in which the precipitation of 
the sludge after the addition of the chemicals is to 
take place, whilst the lower tank is simply for 
storage purpose when the state of the tide is un- 
favourable. The liquor is decanted from the storage 
tanks by a very ingenious device much resembling 
the laths of a venetian blind. These laths are 
pivotted at one of their edges, and as the sewage 
rises in the chamber a float sweeps up the face of 
what we may call the blind and makes each lath in 
succession become vertical, in which case it makes 
a joint with its neighbour immediately above it. 
Flow from the chamber, therefore, can only take 
place over the edge of the lath immediately above 
the float, and as the float sinks, each lath in succes- 
sion falls over into an inclined position, leaving a 
gap between it and its predecessor for the sewage 
to flow through. It will thus be seen that it is 
always the upper layers of the liquor which escape 
into the culvert, and the sludge at the bottom is 
not disturbed. This sludge, even when thoroughly 
settled, contains about 90 per cent. of water, and 
can therefore be pumped without difficulty. It is 
intended to pump it on board steamers specially 
designed for the purpose, which are to convey it 
down the river for about 40 or 50 miles, and there 
deposit it in the waterway. Each steamer will carry 
about 1000 tons of sludge, and can be filled through 
one 15-in. pipe in about one hour. The cost of 
thus disposing of the sludge is said to be about 5d. 
to 6d. per ton, whilst it was found that pressing 
could not be done at Crossness for less than 3s. 6d. 
per ton. As upwards of 3000 tons of sludge will 
daily have to be dealt with, it will be seen that 
there were good reasons for not adopting the presses 
in the absence of a satisfactory market for the 
product. 


THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS. 
(From our New York CorRESPONDENT.) 
(Continued from page 42). 

Tue Fiow or STEAM THROUGH ORIFICES. 
THE next paper read was entitled, ‘‘ The Flow 
of Steam through Oritices,” and was presented by C. 
H. Peabody and L. H. Kuhnhardt. It was the result 
of a series of experiments made through orifices of 
the forms shown in Fig. 1. These orifices were 
each } in. in diameter, were well rounded to prevent 
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contraction at the entrance, and were straight at 
the lower end for the distances jin., $in., and 
1} in. The side entrance in each was 3 in. in 
diameter, and was drilled at the middle of the 
straight part. When in place, the orifice 
was screwed into a brass plate between two cast- 
iron reservoirs 6 in. in diameter and 2 ft. 
long, and had a brass pipe leading from the side 
orifice, through the second or low-pressure reser- 
voir, to a pressure gauge at a convenient position. 
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The brass tube was deflected to one side, so as not 
to interfere with the jet from the orifice, and the 
lower side only of the brass plate was covered with 
asbestos to check the flow of heat. The whole 
apparatus was covered with asbestos and hair felt 
and jacketted with Russia iron ; the loss of heat by 
radiation was less than the probable errors of 
observation. 

The temperature of the superheated steam in the 
second chamber was taken by a thermometer in a 
deep brass cup filled with oil, and from this tem- 
perature the condition of the steam in the first 
chamber could be calculated. 

Two distinct series of tests were made ; those to 
show the relation of the three pressures in the first 
and the second chambers and at the side orifice, 
and those giving the amount of steam flowing 
through the orifice per hour. 

In the first series each test was the mean of 
from three to five readings, taken at intervals of 
two minutes after the apparatus had been running 
at least ten minutes under nearly constant condi- 
tions. During a test the pressure never varied 
so much as a pound; that is, no single reading 
varied more than $ 1b. from the average reading. 
An examination of the four groups of experiments 
showed that in each group the pressure at the side 
orifice was affected but little by change of pressure 
in the second chamber till the absolute pressure in 
that chamber approached half that in the first 
chamber. As the lower pressure approached half 
the upper pressure, the pressure at the side orifice 
slowly increased ; but when the lower pressure 
became more than half the upper pressure, the 
pressure at the side orifice increased markedly with 
the pressure in the lower chamber. 

The tests of the second series were intended to 
be half an hour long; some were only twenty 
minutes long, as in the ordinary work of the labora- 
tory it was not always easy to maintain a constant 
steam pressure for half an hour. 

It is notable that each of the four groups of tests 
of the second series showed an apparent coefficient 
of flow greater than unity ; that is, the actual flow 
was larger than that calculated by the thermo- 
dynamic equation. The coefficient for each group 
was, however, fairly constant, the greatest variation 
from the mean for a group being less than 1 per 
cent., except in the case of the fourth test. The 
thermodynamic equation was deduced with the 
assumption that no heat is communicated to the 
steam during the flow. Now it is apparent that 
heat was communicated to the steam since the 
orifice and the plate into which it was screwed 
were exposed to the steam at the highest pressure, 
and such communication of heat might be expected 
to increase the flow, but the extent of this action 
cannot now be stated. On the other hand, the 
pressure at the side orifice, placed at the middle of 
the length of the straight part of the tube, was less 
as the tube was shorter, while the flow and the 
coefticient of flow were greater, showing an apparent 
friction or resistance to flow for a longer tube as 
compared wlth a shorter tube. For the shorter 
tubes the flow calculated by Napier’s rule was in 
all cases less than the actual flow, but greater than 

















































































































The calorimeters tested were : 

1. A throttling calorimeter, designed by the 
writer, and consisting of a chamber into which 
steam is admitted through a throttle valve, and 
from which it escapes through a larger valve. The 
steam is superheated by the throttling or wire- 
drawing, and its condition can be entirely deter- 
mined by the temperature and pressure, which are 
taken by a thermometer and pressure gauge. The 
pressure of the steam in the main steam pipe from 
which the sample is taken is also observed. The 
calorimeter and the pipe and valve leading to it are 
well wrapped with non-conducting material to pre- 
vent radiation. If it be assumed that no heat is 
lost by the steam, the heat in one pound will be 
the same in the calorimeter as in the main steam 

ipe. 
° b A Barrus continuous water calorimeter. 
3. A Hoadley calorimeter. 





4. A barrel calorimeter, 


the flow calculated by the thermodynamic equation.| The Barrus calorimeter consists essentially of a 
For the longest tube the flow calculated by Napier’s| straight vertical tube running through an open 
rule was greater than the actual flow except for the | wooden bucket and forming a small surface con- 
fourth test, which had an exceptionally large coeffi-| denser. The condensed steam is collected at the 
cient of flow as compared with other tests of the| bottom of the tube, cooled and weighed. The 
group. The annexed Tables I. and II. refer to the} condensing water is let in so as to circulate round 
two series of experiments. the tube, is then mixed and drawn off and weighed 
separately. The pressure of the steam is observed, 
TaBLE I,—Pressure Tests. and the temperatures of the condensed water and 
Nl of the cold and warm condensing water are taken. 
Pressare shove the Aime} = | sua 8848 The first five tests with the throttling calori- 
P sphere, Pounds per | 3. F is A : P r . 
3 Square Inch. 28 } 3. 23 meter were made with just enough superheating in 
é mo |2s— (23 2f F the supply pipe to determine the quality of the 
3 Nl 82 ices lue steam, and with as nearly as possible the same 
= | im | sta gg |P2e |e Zge0 tity of steam flowing through the calorimete 
€, | First |Second| At Side] 4 282 |g BS . g | Tantity of steam flowing throug e calorimeter 
& | Cham-| Cham- Orifice.| & Fy S Eg 3 gh53c per minute. 
_|L A | ber | ber. | a" |a - The last four tests were made with a considerable 
| in. amount of superheating in the supply pipe, and 
V1.5 | 725 | 127 | 40.3 | 147 0.314 0.631 | with also a varying degree of throttling. The loss 
215 | 724 | 14.7 | 40.3 | 14.7 0.337 0.631 fh , j 4 
31:5 | 724 | 196 | 404 | 147 | 0.304 | 0.633 | Of heat per pound is about double that in the pre- 
411.5 | 722 | 246 | 40.7 | 147 0.452 0.640 | ceding set of tests, but this is due to the fact that 
Be | es | 23 | Aho | ieT | 4505 | O19 | less steam per minute was run through the calori- 
7\1.5 | 725 | 40.0 | 446 | 147 0.681 0.680 | meter; the radiation, though larger, could not have 
815 | 725 | 447 | 47.8 | 147 0.717 0.710 | been twice as great as in the preceding case. Each 
A 05 | 724 | 136 | 386 | 148 0.320 0.612 | Set of tests, considered by itself, shows that the 
100.5 | 739 | 156 | 394 | 14.8 0.343 0.613 | effect of varying degrees of throttling has a very 
105 | 72 | goo | se | 8 | tito | oie | Small influence on the result, the greatest variation 
130.5 | 72.5 | 29.7 | 304 | 148 0.510 0.621 |in the loss for either group being 1.2 thermal units, 
7 0.5 72.1 34.8 39.7 14.8 0.594 0.628 or about one-tenth of 1 per cent. 
15) 0.25 | 72.4 | 97.1 | 361 | 148 0.480 0.584 The experiment showed that the greatest error of 
16 0.25 | 724 | 27.9 | 36.1 | 14.8 0.490 0.584 | this calorimeter comes from radiation, and that for 
17 0.25 | 726 | 287 | $3 | is | Osos | osse | Small quantities of steam per hour, the error may 
19] 0.25 | 74.0 | 30.1 | 37.1 | 148 0.506 0.584 | be 2.2 per cent. But they also showed that the 
20) 0.25 | 73.5 32.3 37.0 14.8 0.534 0.587 error may be reduced to si 
21) 0.25 | 71.3 | 338 | sa1 | 148 | 0.564 | oso | pron May. = ai er tenth of 1 per cent. 
22/ 0.25 | 72.7 | 35.5 | 37.2 | 148 0.575 0.594 y the simple expedient of running a suflicient 
quantity of steam per hour. For the calorimeter 
33 0.25 | 124.3 | 20.9 | Ore eT | oe | Ozos | used, which was 4 in. in diameter and 10 in. long, 
25| 0.25 | 125.3 | 34.8 | 684 | 14.7 0.354 0.594 | atleast 120 lb. of steam per hour should be used. 
26; 0.25 | 127.6 40.6 70.2 14.7 0.389 0.596 As the calorimeter has been it i 
27| 0.25 | 128.1 | 46.9 | 70.4 | 14.7 0.431 0.596 iy Soe ne ce th made with — 
98| 0.25 | 125.9 | 495 | 693 | 14.7 0.457 | 0.597 vaive tor admitting steam, there 18 no way of know- 
29) 0.25 | 125.9 | 54.1 | 69.5 | 147 0.489 | 0.598 | ing how much steam is used except by condensing 
30) 0.25 | 126.0 | 57.5 | 69.5 | 14.7 | 0.513 | 0.598 | and weighing it. In the future it is proposed that 
31| 0.25 | 126.3 | 60.0 | 69.7 | 14.7 0.530 0.599 . . ; 
32) 0.25 | 126.5 | 64.7 | 70.2 | 147 0.562 | 0.601 | these calorimeters shall be provided with rounded 
orifices of suitable size for giving the proper 
TABLE II.—F ow Tests. 
pares : nt te 
| | |Pressure above the Atmo- 3 Ratio of Absolute] 3 £2 Flow in Pounds per | ) 
+= | sphere per Square Inch. a Pressures. $2 F our. | 
bend TOTNES a3 |3 3 
oS ee |B. las [da [2 122 Te lea lea |S 
| sp | 3s ae $ |g |e8 1828 |e ls § |B 3/232 | 3 
—/| & | 2 be | & | g8 |8™e/SS | 282] s9e| 2, eee [ee |S 
| “a = — ioe = 
| s | 2813 $2 | 3 | de | 232 | 32 5° | $34 a2 ge. |a5 | =. 
HE | eg | 2| & | 62/852 |22e1eoe|.-a| oe eige| gee! 28 
8 | AA 54 eo > ga geo 283 a gs EF SRES B45 as 
ee i 3. | of 6. 7. 8. 9. 10. 1. | 12 is. | M4. 
1 15 | 30 | 741 | 148 | 412 | 147 | 0.332 | 0.630 | 1262] o.012 | 221.0 | 217.0 | 224 | 1.018 
2 1.5 30 | 710 | 132 | 396 | 148 | 0.326 | 0.634 | 138.7 | 0.015 | 2130 | 207.8 | 215 | 1.025 
3 Lo.| 1 | 72.6 | 19.7 | 406 | 14.7 | 0394 | 0.634 | 141.4 | 0.005 | 216.0 | 211.4 | 220 | 1.022 
4 1.5 20 | 759 | 204 | 426 | 14.7 | 0.387 | 0.632 | 139.8 | 0.007 | 228.0 | 219.3 | 927 | 1.040 
5 15 | 2 | 71.9 | 245 | 406 | 14.7 | 0.454 | 0.638 | 140.6 | 0,007 | 2120 209.7} 218 | 1.016 
6 0.5 so | 728 | 148 | 39.0 | 148 | 0.3938 | 0.614 | 1337 | 0.003 | 225.0! 213.6 | 221 | 1.053 
7 0.5 20 | 721 | 204 | 388 | 148 | 0.405 | 0.617 | 1422] 0.005 | 2235 | 211.7] 219 | 1.056 
8 0.5 30 | 726 | 24.7 | 39.0 | 148 | 0.452 | 0.616 | 144.0 | 0.005 | 293.0 | 2131 | 920 | 1.046 
9 0.5 30 | 73.1 | 229 | 392 | 148 | 0.509 | 0.615 | 145.2 | 0.005 | 225.5 | 213.0 | 222 | 1054 
10 0.25 | 30 | 726 | 248 | 361 | 14.9 | 0.454 | 0.583 | 143.8 | 0.004 | 295.0 | 213.5 | 220 | 1.054 
11 0.25 | 30 | 726 | 199 | 36.1 | 149 | 0.898 | 0.583 | 141.6 | 0.004 | 225.0 | 213.5 | 220 | 1.054 
12 0.2 | 380 | 72.7 | 149 | 362 | 148 | 0.339 | 0.583 | 140.5 | 0.004 | 227.0 | 213.0 | 220 | 1.068 
13 0.25 | 30 | 1263 | 27.8 | 69.0 | 14.7 | 0.205 | 0.504 | 155.0} 0.005 | 358.8 | 338.9 | 355 | 1.058 
14 0.25 | 30 | 125.0 | 408 | 67.9 | 14.7 | 0.808 | 0.508 | 157.0 | 0.001 | 355.0 | 334.8 | 362 | 1.000 
This paper was succeeded by one also by Pro-| quantity of steam per hour. The author submitted 
fessor Peabody, upon a number of tables detailing the results obtained 
with his own calorimeter and with those of the 
Tue ERnors OF aati Tyres OF CALORI- | other designs. Some discussion followed this paper, 


one speaker considering the barrel calorimeter as 
less desirable than the others. 

The next paper was extremely interesting in that 
it touched upon a subject about which little is 
known. The frequency with which delays due to a 
heated journal on a railway train occur would seem 
to prove that lubricating car journals was on some 
railroads carried to an economical point beyond all 
reason. The paper was by Mr. L. 8. Randolph, 
and entitled 


Cost oF Lusricatinc Car JOURNALS. 


The author pointed out that in studying the sub- 
ject of the lubrication of car journals, he was led to 
the conclusion that the usual lubricating tests of 
coefficients of friction, durability, &c., were un- 
reliable, as they did not pretend to reproduce the 
conditious of actual practice, giving neither the 
wear on the journal—which is more important than 
the coefficient of friction—or the action when the 




















66 


ENGINEERING. 


[Jan. 17, 1890. 








journal was “‘ flooded” with the lubricant, the con- 
dition which it obtains in good practice. 

In order to overcome these objections the follow- 
ing method was devised by the writer, which can per- 
haps be best explained by describing a test recently 
made, the official report of which is as follows : 
Report of Test of K. Lubricant.—Test Commenced July 18, 

1888 ; Test Completed September 30, 1888, 





! 
| Diameter of Journal or 
Numberof; Weight of Brass. 
Journal or _ 

Brass. 


Amount 


Wear: Remarks. 


After. 





1 journal With lubricant. 


2 
3 
4 
1 


2] in. 


} 
| 
| 5 ” ” 
= 237, b Oil used as standard. 
P 


With lubricant. 


2 ” ” 
Riek 088 9 5h Oil used as standard, 
os vet on 3 7 ” ” 


ReMARKS.—Amount of lubricant used, 15 1b. ‘Amount of oil 
used, 24gals,= 18} lb, Duration of test, 73 days. Mileage, 
8511 miles. 

Test was made on the rear truck of baggage car 
No. 12, Weight on journal about 5000 Ib., pro- 
bably varied from 4000 lb. to 6000 Ib. ; maximum 
speed, 40 miles per hour. Box packed with 
lubricant ran slightly warm all the time; box 
packed with oil seemed to be same temperature as 
the atmosphere. The method of comparison is as 
follows : 

The oil used as a standard, and which was taken 
as unity, was an ordinary straight reduced petro- 
leum. To ascertain the value of the lubricant as 
compared with the standard oil the cost of the 
brass per ounce wear and of the journal per , in. 
wear are added together and multipled by the 
mileage. This, divided by the same data obtained 
from the standard will give the relative value of 
the lubricants. In ascertaining the cost of the 
metal account is taken of the value of the scrap. 
Asarule the amount of lubricant is not regarded, 
since the difliculties in the way of regulating the 
amount would vitiate the results to such an extent 
as to make them practically worthless. When the 
coefticient of friction can be obtained with any 
degree of accuracy it is well to take into account 
the relative amounts of coal consumed. 

The paper was received with much favour and 
chronicled as a decided advance as to the previous 
methods of testing oil, since the item of cost is 
after all the wear on the journals and brasses. Pro- 
fessor Denton, who discussed this point, and whose 
ideas are always original and thoroughly well 
grounded, went on to say that it was evident the 
cost was in deterioration of the journals and brasses 
rather than in the bare expense of the lubricant, 
since in the former case we have not only a direct 
waste, but we also have a waste which finally 
tends to complete destruction. The cooling com- 
pounds sometimes employed are a mixture of 
grease with talc, sulphur, or bituminous coal. 
Although the employment of these wears the 
journal out more than oil, the cooling effect is 
the same as if the surface of the journal had been 
sand-papered. Their cooling action on rough 
journals which have heated is explained by the fact 
that a solid employed with grease acts to grind the 
journal back to its true surface. The metallic 
wear in brass and journal is decidedly greater than 
the cost of oil for lubrication or the power to over- 
come friction. It wasstated by a member that he 
knew of a case in which all the oil was removed 
from a hot journal, the box was filled with sand, 
then run fora few miles, when the sand was cleaned 
out and oil replaced. The action in this case was 
similar to that of the cooling compounds, inasmuch 
as the sand reduced the rough surface to a smooth 
surface. In making tests great care should be 
exercised and the condition of the bearing ought to 
be well known. 

One of the members who had made the foreign 
tour this summer stated that he had seen in Paris 
the same method of determining the coefficient of 
friction which he had employed, viz., by the use of 
two thermometers, one resting on a thin copper 
tube inserted down to the journal and the other 
just outside, 

(To be continued.) 


NOTES. 
Screntiric AWARDs. 
Tue French Academy of Sciences has just com- 
pleted its prize awards for the past year. The list 
is lengthy. The best-known recipients are M. G. 











Eiffel, who receives a prize in the section of mecha- 
nics, Mr. Norman Lockyer in astronomical spectro- 
scopy, and Mr. M. Hertz in electricity. Some 
time ago the Municipality of Paris offered a prize 
of 10,000 francs for the best electric meter. The 
most prominent members of the commission are 
M. Mascart, M. Hospitalier, and M. Pottier. The 
decision is awaited with anxiety by electrical engi- 
neers, as a great want is universally felt for a meter 
that will prove satisfactory to both parties con- 
cerned. Our own Royal Society has also made a 
few recent awards. Dr. Gaskell is awarded a Royal 
medal for his physiological researches on the action 
of the heart, Professor Thomas Thorpe a Royal 
medal for important chemical work, especially for 
his determination of the atomic weights of gold 
and titanium, and Dr. Perkins the Davy medal for 
his papers on magnetic rotation in relation to 
chemical constitution. 


THe Conpitions oF AMERICAN NavaL ConTRACTS. 

In view of the difficulty experienced by the 
American naval authorities in placing orders, it is 
interesting to note the conditions attaching to the 
contracts. In the last days of the year ‘‘ forms of 
proposal” for the construction of two steel gun- 
boats, and one steel practice vessel were issued to 
prospective tenders. The gunboats are about 1000 
tons displacement, being of the following dimen- 
sions: Length on mean load water-line, 190 ft. ; 
extreme breadth, 32 ft. ; depth at centre from flat 
keelson, 16 ft. 113 in. Each vesse] must be com- 
pleted, including machinery and fittings, within two 
years from the date of contract. The penalties are 
25 dols. per day, Sundays excepted, during the first 
three months after date of expiration ; 50 dols. per 
day during the succeeding three months ; 75 dols. 
per day in the next six months, and 100 dols. per 
day for the following three months. For every 
day beyond that period, or three years and three 
months past the contract time, the payment is 
200 dols. per day. In consideration of the longer 
time taken for Government work in America than 
here, especially in years of activity, these penalties 
are heavy; but considering the size of the vessel 
a British builder, under ordinary circumstances, 
might promise delivery within the two years, 
without any misgivings as to the possibilities of 
delay. Not so, however, on the other side. Of 
course provision is made exempting the contractors 
from penalties in the event of strikes, of fires, or 
other circumstances beyond their control. The 
weight of machinery and fixtures is not to exceed 
148 tons, on penalty of 200 dols. per ton under 
5 per cent. of excess, and 2000 dols. deduction over 
5 per cent. of excess. The speed must not be less 
than an average of 13 knots per hour for four conse- 
cutive hours on the trial trip. For every } knot 
above this 5000 dols. is to be paid, and for every 
} knot under a deduction of a corresponding amount 
would be made. If the vessel fails to go at 12 knots 
she will be rejected. The practice vessel is 800 
tons, the length between perpendiculars being 
180 ft. ; extreme breadth, 32 ft. ; depth at centre, 
19 ft. 5} in. The weight of the machinery is not 
to exceed 120 tons, and the speed is to be 12 knots, 
if under 11 knots to be rejected. The penalties in 
this case are the same. 


Stream Surprine ENTERPRISE. 

The Peninsular and Oriental Steam Navigation 
Company has now four steamers—the Arcadia, 
the Oceana, the Victoria, and the Britannia—of 
7000 horse-power each. The company has also two 
steamers each of 5500 horse-power, the Peninsular 
and the Oriental. Then follow four steamers of 
5000 horse-power each, the Carthage, the Rome, 
the Valetta, and the Massilia. The Arcadia, the 
Oceana, the Victoria, the Britannia, the Penin- 
sular, and the Oriental are all built of steel, and 
are engined on the triple-expansion principle. The 
same may be said of six other smaller steamers 
owned by the company, the Coromandel, the 
Bengal, the Hong-Kong, the Bombay, the Shan- 
ghai, and the Canton. Eleven other steamers 
owned by the company, the Valetta, the Massilia, 
the Paramatta, the Ballarat, the Chusan, the 
Ganges, the Sutlej, the Shannon, the Clyde, 
the Thames, and the Ravenna, are built of 
steel, but are not fitted with triple-expansion 
engines. The aggregate burthen of the steamers 
forming the company’s fleet is 197,961 tons, and 
they are fitted with engines aggregating 188,800 
horse-power. The company has disposed of the 
Poonah, 3130 tons, originally built in 1862, and 
lengthened and re-engined in 1875. The company 





has also sold the Australia, 3664 tons, built in 1870. 
The aggregate distance run by the company’s 
steamers in 1888-9 was about 2,500,000 miles. The 
company has at present no ship under construction, 
but Messrs. Caird have recently delivered four 
cargo vessels—the Shanghai, the Canton, the Bom- 
bay, and the Hong-Kong. Of these, the Shanghai 
and the Canton are now engaged on voyages to 
Bombay and China. The Bombay and the Hong- 
Kong are at present running to China. The aggre- 
gate cost of navigating the company’s steamers in 
1888-9 was 1,255,016/., of which 560,421/. was 
represented by coal consumed. The amount paid 
in dues to the Suez Canal Company in 1888-9 was 
195,870/. The amount transferred from revenue 
to the repair and renewal account in 1888-9 was 
193,9791. ; the whole of this sum was expended 
during the year, but the account remained in credit 
to the extent of 254,5261. The amount written off 
the value of the fleet in 1888-9 was 245,536l., leav- 
ing the value of the fleet at the close of September, 
1889, at 2,317,435. The revenue acquired from 
passengers and freight in 1888-9 was 1,933,188I., 
while 388,6831, was received in respect of Govern- 
ment contracts, 





DANIEL ADAMSON. 

Mr. DAnteL ADAMSON died last Monday morning at 
his residence, Didsbury, near Manchester. His illness 
had been of some weeks’ duration, having commenced 
with a violent cold caught at his Flintshire house, 
Wepre Hall. Up to that time he had been fairly well, 
although many of his friends had noticed a change 
in him at the recent meetings of the learned societies 
with which he was connected. Tothem he seemed to 
have lost somewhat of his old vigour of thought, 
approaching the subject under discussion in a tentative 
and suggestive manner instead of with his accustomed 
directness of purpose. Possibly, however, this was only 
a sign of the mellowness of judgment which comes with 
advancing years, and had no connection with physical 
causes. There were certainly no evidences of bodily 
weakness upon him, for at the conclusion of the Paris 
meeting of the Iron and Steel Institute he went through 
Florence and Rome to Elba, where he made an exten- 
sive survey of the iron mines of the island for the 
Italian Government, spending as much as five hours in 
the saddle on some occasions. On his return home he 
arranged for a shooting party on his Welsh estate, and 
it was there that he contracted the illness which termi- 
nated fatally. 

Mr. Adamson was one of the best known men in the 
engineering profession. This was partly due to the 
interest he took in the proceedings of the Institute 
of Mechanical Engineers, and of the Iron and Steel 
Institute. He was a constant attendant at their meet- 
ings, and it was seldom that he did notspeak. He had 
not to consider, like most men, what he should say, 
or how he should say it. His difficulty was to confine 
himself within the limits of time allotted to him, for 
there were few subjects with which he was not 
cognisant, and his wide experience supplied him with 
endless practical examples with which to point and 
adorn his speeches. It may safely be said that he 
never addressed a meeting without affording evidence 
of originality of thought, and his words always bore the 
stamp of personal conviction. He did not choose his 
phrases so has to leave himself a loophole of escape if 
the balance of opinion should run contrary to him, but 
laid down his opinion with as much confidence as if 
formed part of Holy Writ. Yet he was no mere dog- 
matist, disregarding argument and careless of the arts 
of oratory. Had he been, he would never have raised 
the teeming millions of Lancashire to enthusiasm 
about the Manchester Ship Canal. When he took 
up that subject it was a twice-told story, without 
novelty or interest. Yet by sheer force of will and 
imagination he made it glow like a fairy tale, until it 
was the continual topic of discussion in the office, the 
workshop, the ale-house, and the cottage. Chambers 
of commerce, town councils, and trades unions 
applauded the scheme, while the inhabitants, voting 
by plebiscite, taxed themselves to aid him with funds. 
The proceedings in Parliament were watched with the 
utmost eagerness, and when a step was gained bonfires 
were lighted and bells were rung in triumph. All this 
feeling was aroused and kept alive by Mr. Adamson, 
and is the most wonderful testimony to the powers of 
imagination hidden under his sternexterior. It would 
have been impossible for any man who had not fed his 
resolution by the fruits of victory, plucked by a pro- 
phetic hand, to have carried the weight of that under- 
taking, assailed as it was by the powerful interests of 
the railways and the existing docks. It was equally 
impossible that the man who went into the battle as 
if it were a feast, and who never seemed to feel a blow, 
should be successful in the delicate arts of diplomacy 
and finance. No velvet glove was thick enough to 
disguise his iron grasp, and consequently when the 
conditions changed and the man of action was no 
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longer needed, he cheerfully resigned the leadership of | 


the enterprise into other hands. Nevertheless, so long 
as the Manchester Ship Canal exists, it will remain a 
monument to the energy and ability of Daniel Adam- 
son. 

As an engineer the subject of our sketch gained a 
reputation in two distinct fields. He was one of the 
earliest to recognise the part that steel was destined to 
play in the arts of construction, and to discover the 
proper methods of manipulating it, and he was amon 
the pioneers in the use of high-pressure steam in severa 
successive cylinders. It was only four years after Sir 
Henry Bessemer’s famous paper read before the British 
Association at Cheltenham in 1856, that Mr. Adamson 
undertook to build six boilers of Bessemer steel for 
Messrs. Platt Brothers, of Oldham, each boiler measur- 
ing 30 ft. by 7 ft. 6 in., and being of 3% in. plate only. 
In 1861 he declared before the Institute of Mechanical 


Engineers that he had worked up 200 tons of Bessemer, 


lates into boilers and was about to get 70 tons more. 
e found the metal flanged like copper, with the fur- 
ther advantage that it was not so readily burned. He 
seemed to have few of the early difficulties with steel 
that were found by so many other people. This was 
rtly due, we imagine, to his getting it from Sir 
enry Bessemer’s firm, and not from his licensees. 
But in a far greater degree it was due to the 
study and care he bestowed upon the new ma- 
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terial. He did not assume that it could be worked 
like iron, but experimented with it as if it were a new 
metal, Among his early experiments was one to com- 
pare the expansion under heat of two plates, one of 
which had been cold rolled and the other rolled hot. 
He found a very marked difference between the two, 
which difference disappeared after they had both been 
made red hot. Hence it became an established rule 
that every plate should be annealed at his works, no 
matter whence it came. All plates were also ordered 
lin. too broad, and this strip was sheared off and 
tested. At first the tests were of a simple workshop 
description, but eventually these were superseded by 
others carried out by most delicate apparatus. Mr. 
Adamson had not long been making steel boilers before 
he found that punched rivet holes were unsatisfactory, 
and in 1864, after two years’ experiments, he announced 
that he intended to abandon their use entirely. He 
was, we believe, the first boilermaker who adopted 
the exclusive practice of drilling all rivet holes, and 
as far as asia <q that the drilling should be done in 
place after the plates had been assembled, and he 
did more than any other man to spread the custom. 
Once he had satisfied himself that a certain course of 
action was right, he never tired of impressing it upon 
the world. In season, and sometimes out of season, he 
would constantly refer to it, until it had worn itself 
into the minds of men by perpetual iteration. It took 
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a great many years to convert the trade to his prac- 
tice, after the principle was accepted, but in the end 
he prevailed, and now the drilling of rivet holes has 
peat the standard practice for high-class boiler 
work. 

Mr. Adamson was also one of the earliest to carry 
out in a thoroughly practical way the stiffening of the 
flues of Lancashire and Cornish boilers, and the well- 
known ‘‘ Adamson flanged seam,” which he invented 
in 1852, has for many years been an established feature 
in English boiler design. 

The experience Mr. Adamson gained of steel plates 
in his business led him to invest his money in the 
Bessemer process. With others he built the York- 
shire Steel and Iron Works at Penistone in 1863-64, 
and became chairman of the company. These works 
were laid out exclusively for the manufacture of Bes- 
semer steel, and were carried om successfully. Even- 
tually they were bought by Messrs. Charles Cammell 
and Co. Mr. Adamson was also chairman of the 
North Lincolnshire Iron Works, and took a leading 
part in their management. 

Mr. Adamson was one of the earliest to endeavour 
to obtain the advantages of high-pressure steam in 
stationary engines. In 1855 he erected an engine 
to be worked with steam of 150 lb. pressure, and 
four years later he publicly stated that it had run 
without any trouble. In 1861-62 he built a triple- 
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compound engine, and in 1873 a quadruple-compound 
mill engine, which was illustrated in our columns 
(see vol, xx., page 436). His idea was that as steam 
of a temperature corresponding to 150 1b. pressure 
could be dealt with in a cylinder, it would be econo- 
mical and feasible to reheat the steam as it passed 
from one cylinder to another to this temperature, 
without increasing its pressure, and thus to gain a 
very great economy. Experience has demonstrated 


that this is neither convenient nor practicable, but | had 


this does not detract from the fact that Mr. Adamson 
not only had ideas far in advance of his time, but also 
put them into concrete form. 

Turning to the early history of the subject of our 
memoir, we find that he was born at Shildon, Durham, 
in 1818, and served his apprenticeship from 1835 to 
1841 under Mr. Timothy Hackworth, in the shops of 
the Stockton and Darlington Railway Company, and 
then became draughtsman in the same works from 1841 
to 1847. From 1847 to 1849 he was manager to the 
Shildon works under Mr. William Bouch. In 1850 he 
commenced business on his own account at Newton 
Wood and Newton Moor Iron Works, near Man- 
chester. He continued there until 1871, when he built 
the well-known premises at Hyde Junction, from 
which thousands of boilers have been turned out.* 

Mr. Adamson was a member of the Institution of 
Civil Engineers, a vice-president of the Institution 
of Mechanical Engineers, and a past-president of the 
Iron and Steel Institute, having occupied the chair 
during 1887 and 1888. He was the fe ayo of the 
Bessemer medal in 1888. To the latter body he contri- 
buted several papers, among which were the following: 

**On Quadruple-Expansion Engines.” 

‘*On the Mechanical and other Properties of Mild 
Steel ” (two papers). 

**On a Horizontal Compound Lever Testing Machine 
of 15,000 Powers, and with further Recording Lever of 
150,000 Powers.” 

He leaves a widow and two married daughters. 





THE LIVERPOOL DOCKS. 

At the seventh ordinary manting of the session of the 
Institution of Civil Engineers, held on Tuesday, January 
14th, the President, Sir John Coode, K.C.M.G., being in 
the chair, the paper read was on ‘‘ nt Dock Exten- 
sions at Liverpool, with a general description of the 
Mersey Dock Estate, the Port of Liverpool, and the River 
Mersey,” by Mr. George Fosbery Lyster, M. Inst. C.E. 


The rere of the dock extensiéns, which were 


more particularly the subject of this paper, was pre- 
faced by some general remarks on the physical charac- 
teristics of the River Mersey and the trade of the 
port of Liverpool. The g phical position of Liver- 
pool, its unrivalled water frontage, and its proximity 
to the great manufacturing districts and to the coal 
and mineral fields of the north of England and Wales 
could not fail to insure its becoming a great port ; and 
the result was seen in its continuous advance from the 
condition of a fishing village to that of one of the fore- 
most seaports of the world. Its revenue at the beginning 
of this century, 23,380/. on 450,060 tons, had increased, 
in 1889, to 990,000/., from dues on 9,292,000 tons. The 
Mersey estuary was of peculiar form, roughly resembling 
a bottle, the wide upper estuary from Runcorn to Liver- 
eee forming the body, and the six miles of narrows 


etween Liverpool and Birkenhead the neck. The main- | had 


tenance of the full capacity of the upper estuary was of 
vital importance to the port, and in this work the 
incessant changing of the low-water channel of the 
upper estuary was one of the prime factors. It was 
computed that on a spring tide abou 710,000,000 
cubic yards, and on a neap tide about 281,000,000 
cubic yards, of water pass in and out at the 
mouth of the river at New Brighton, The ebb and flow 
of these vast quantities of water_maintained channels 
through the wide sandbanks of Liverpool Bay. The 
principal channel was an excellent one as regarded width 
and direction; and as regarded depth, there was twice 
every twenty-four hours sufficient for the largest vessels, 
there being 10 ft. of water on the bar at dead low water of 
spring tides, giving 40 ft. at high-water springs and 30 ft. 
at high-water neaps. Time was, however, now a most 
important element of successful trading, and the ten- 
dency was to increase the size of ships, so that a greater 
depth of water in the approaches to the Mersey was 
highly desirable in order to avoid delay off the port. The 
attainment of such an end was, however, surrounded with 
a frre and financial difficulties of no ordinary character ; 

ut the question was kept prominently in view, and the 
Mersey Docks and Harbour Board had recently decided 
to spend a certain amount of mosey on an experimental 
d ing of the bar by sand pumps. . The first Liverpool 
Dock, the ‘Old Dock,” was constructed under powers 
obtained in the reign of Queen Anne, in 1708. e site 
was part of the old 1, a tidal creek on the right 
bank of the Mersey. This dock was the first wet dock 
constructed in England, its area was 4 acres, and it had 
within it, on lowest neap tides, 10 ft. depth of water. 
Since the construction of the ‘‘Old Dock,” others had 
been built from time to time as trade required, the site 
chosen for them being the river foreshore in front of the 
town of Liverpool. In the second quarter of this century 
especially, many new docks were constructed by Mr. 
Jesse Hartley, dock engineer, to whose ability and prac- 


* These works were illustrated and described on page 
291 of our twenty-first volume. 





tical knowledge Liverpool undoubtedly owed much of its 
commercial greatness. From 1845, also, Birkenhead, on 
the Cheshire or left bank of the Mersey, entered into 
competition with Liverpool. Docks on a very large scale 
had been laid out there, and ripen § a constructed, 
when, in 1858, the Mersey Docks and Harbour Board was 
incorporated by Act of Parliament to take over and manage 
as one concern the whole of the Liverpool and Birkenhead 
Docks, which, since the date named, had formed one 
estate. In 1871, although the Birkenhead Dock system 
nm for some time completed according to the 
Parliamentary plans, the Dock Board was urged to con- 
sider the desirability of commencing, without delay, 
further dock extensions on the Liverpool side of the river, 
on such a scale as would meet the pressing wants of trade, 
and provide for the growing requirements of shipping, 
which was everywhere advancing in size and tonnage. 
The result of this pressure was an exhaustive inquiry into 
the question by a committee of the Board, with the out- 
come that the author was directed to consider and report 
as to the alterations and additions which might be re- 
quisite to meet the probable requirements of the great 
and increasing commerce of the port. Reports and plans 
were duly submitted by the author, showing schemes of 
dock extension both at the north and south ends of the 
Board’s Liverpool estate ; and in the session of 1873 Par- 
liamentary powers were obtained for the construction of 
new dock works, estimated to cost on the whole 4,100,000/. 
The works referred to were designed to meet the wants 
of the port for some time in advance from the date of the 
Act. It was, therefore, provided that the expenditure 
was not to exceed 500,000/. per annum, and, accordingly, 
the works had been spread over many years. The effect 
had been that, before any of the several new docks were 
opened, trade in its natural advance had been ready to fill 
them. The general design of the New North Docks com- 
prised the enlargement of the Canada Basin and the im- 
provement of its entrance, so as to make it available for 
vessels of the largest class, and the construction of the 
following new docks: The Langton Dock of 18 acres 

serving as a half-tide dock, the Alexandra Dock an 

branches, 44 acres, and the Hornby Dock, 17 acres. The 
Canada Basin and Langton entrances had been designed 
to give as direct a lead from the river as possible, so 
that vessels could pass quickly hie, allowing of 
a large number docking on one tide. They had mn 
found to work excellently; large steamers of 34,197 
tons aggregate burden been docked and un- 
docked in one tide of two and one-third hours. A 
most important point in connection with the’ Canada 
Basin and approaches was that of depth. After careful con- 
sideration, it was decided to lay the sills of the entrances 
at the level of 12 ft. below Old Dock Sill, or 2 ft. below 
low-water of equinoctial spring tides, and the floor of the 
basin and approaches at a level 2 ft. lower. In order to 
insure the maintenance of the required depth without 
dredging, special means had to be adopted to clear away 
the silt deposited every tide; and to this end _sluicing 
culverts had been constructed in all the walls of the basin, 
the flow of water from which cleared silt away for a con- 
siderable distance in front of the walls. To effect the 
removal of silt deposited beyond the range of the wall 
sluices, sluice pipes had also been laid under the floor of 
the basin ; po these were fitted at short intervals with 
vertical branches having outlets through the floor of the 
basin, The outlets were closed by framed discs of green- 
heart, which effected the distribution of the sluicing water 
over the area to be cleared. The fairway to the basin 
was also maintained clear by sluices laid in the founda- 
tions of the north and south jetties, which, besides serving 
for this purpose, limited the area within which deep water 
to be maintained, and acted as guides against which 
vessels entering or leaving the basin might bear. The 
Langton Dock had an area of 18 acres, and served as a 
vestibule for shipping, while its north and west quays 
were provided with sheds suitable for the discharge of 
vessels of the largest class. The graving docks, situate 
on the east side of the Langton Dock, were each 950 ft. in 
length, but had intermediate gates in the centre, so that 
the inner chambers could be used as ‘‘long time,” while 
the outer were used as ‘‘ short time” docks. The graving 
docks were built entirely of concrete. A 30-ton hydraulic 
crane furnished means of handling screws, rudders, &c., 
and was so arranged as to be capable of being used at 
any of the four graving dock chambers. At the entrance 
to the graving docks was an engine-house, which was the 
centre of power for the district ; it contained hydraulic 
main engines of 350 horse-power, besides powerful engines 
and pumps for draining the graving docks of such water 
as could not be run off with the tide. On the south 
quay of the Langton Branch Dock was a hydraulic 
crane of 100 tons power, of a novel character, the lift 
being made by a direct-acting inverted hydraulic cylinder, 
a mode of working which permitted of nice adjustment 
of the loads. The Alexandra Dock, designed to accom- 
modate the largest steamers, had a length of 1600 ft., and 
its quays were all provided with substantial sheds, 95 ft. 
wide in one span. The Hornby Dock was partly used as 
a timber dock. oo! for ordinary trade; for the latter 
purpose a shed, 125 ft. wide, was now in course of erec- 
tion on its south quay. The principal points of these 
northern docks were illuminated at night by electric 
lights, placed on masts 90 ft. high. The total estimated 
cost of the whole of the works was 2,727,000/., and, since 
their completion, they had accommodated seagoing ships 
of the largest class, with an aggregate of 18,000,000 
tons. The New Southern Extension comprised a 
chain of docks from the Herculaneum, which had 
been constructed by the author in 1868 to the old 
Brunswick Dock. These new docks had been named the 
Harrington, Toxteth, and Union, the latter forming the 
link between the new system and the old. At the same 
time, the Herculaneum had been greatly enlarged, and, 





on its eastern and southern quays, agg accommodation 
for petroleum had been provided by the excavation of 
casemates in the solid rock. The Harrington and Toxteth 
Docks were laid out for general trade, and were provided 
with first-class sheds, those on the western = being 
single-story sheds, 150 ft. wide, whilst on the east side 
double-story sheds of novel character had been erected, 
the width of these sheds being 95 ft. The discharge of 
goods on to the floors of the latter sheds was effected by a 
number of hydraulic cranes, mounted on the roof, and 
capable of dealing with any load up to 30cwt. Through the 
Union Dock, vessels which could not on neap tides, by 
reason of their deep draught, get into the river over the 
Pluckington Bank and shallow sills of the older docks, 
were enabled to dock and undock through the chain of 
new docks into the river, by the Herculaneum entrances 
now deepened to 12 ft. below Old Dock Sill. The leve 
of the water in the older docks referred to would be 
maintained, when necessary, by impounding and pump- 
ing. The bulk of the excavation from these docks was a 
soft sandstone rock, and, no place of deposit being obtain- 
able, it became necessary to send the rubbish to sea, 
which was done in steam hopper barges of 500 tons 
capacity. The estimated cost of the New South Docks 
was 1,373,000/. By the north and south extensions, form- 
ing the subject of the paper, the area of the Liverpool 
Docks had been increased from 252 acres, the area at the 
time of the passing of the Act of 1873, to 363 acres, the 
present area, and the quayage from eighteen miles to 
twenty-four miles, 








THE HEIGHT OF OCEAN WAVES. 
To THE Eprror or ENGINEERING. 

Srr,—I notice in your last week’s issue in the column 

headed ‘‘ Miscellanea,” the following statement : 
’ “The height of ocean waves has recently been measured 
in a very ingenious way by floating a sensitive aneroid 
barometer, to which a recording apparatus was fitted on 
the surface of the water.” 

Now, in my opinion, the records so obtained are utterly 
worthless, for the following reason : 

The air striking the windward slope of a wave is de- 
flected upwards and thereby causes a partial vacuum to 
leeward of the crest. A floating aneroid barometer will 
therefore not only measure the height of the waves, but 
will also record the increased pressure to windward, and 
the loss of pressure to leeward of the crest. 

It is this peculiar action of the wind that causes deep 
sea waves; the particles of water rising and falling in 
a nearly vertical direction, in obedience to the varying 
pressures existing at the surface. 

Yours truly, 


Riverside, Long Ditton. Horatio PHILties. 








THE CHARLESWORTH BOILER 
EXPLOSION. 
To THE EDITOR OF ENGINEERING. 

Srr,—I have hesitated about addressing you on the 
subject of the Charlesworth explosion, in the hope of 
receiving the official shorthand notes of the investigation 
before doing so. But as I have not received them, or had 
any intimation from the Board of Trade as to when I 
am likely to receive them, I feel bound to reply to certain 
1 of your article of the 3rd inst. without more delay. 

leave all criticism on your statement of the circum- 
stances of the explosion and the evidence adduced at the 
investigation until the shorthand notes of the inquiry are 
in my hands, and shall direct my remarks to your com- 
ments upon my evidence, and upon the conduct of in- 
surance companies in general. y own evidence I should 
not advert to were it not that the twenty-five words you 
have inaccurately quoted from it and the other words 
you have placed above and below the quotation are cal- 
culated to convey the impression, plainly stated in the 
next para - that the companies take boilers they 
believe to efective on the ‘ system of averages, the 
good boilers to pay for the bad,” because ‘‘ it is cheaper 
to take the risk of a few explosions than to faithfully 
inspect every boiler enrolled on their books.” I repudiate 
most emphatically the truth of the suggestion. We do 
not insure boilers we believe to be defective. We do not 
take boilers’on the system of averages. We do not admit 
the reasoning by which you have attempted to prove, as 
Mr. Fletcher keeps repeating, that it is cheaper to let 
boilers blow up than to inspect them, for in that reason- 
ing you have left out a most important consideration, 
viz., the damage tothe reputation of the insuring com- 


pany. 

What we actually do is this. We insure all boilers 
which so far’as we can judge from their construction, 
external appearance, age, situation, and from the character 
of the feed-water we believe are safe. We urge the neces- 
sity for thorough examination upon the owner in order 
that belief may be converted into certainty. We dis- 
tinctly draw the line between boilers which we believe 
are safe and those we know to be safe, by giving a certifi- 
cate absolutely independent of the insurance policy, to 
state that the boiler referred to has been examined and is 
fit for the pressure at which it is insured. This we have 
done for seven years, and you, Sir, have had copies of the 
certificate and of the circular which was sent out when the 
certificate was first instituted, and, lastly, you have 
received a full explanation of the causes which led to the 
institution of the system, and have published that expla- 
nation in your journal so recently as November 20, 1885. 
So much for your reference to my evidence. Now as to 
tee strictures on the conduct of the joint stock companies. 

ou weg to make three complaints against them. 

iB t they do not ve steam users responsible and 
efficient inspection. My answer is (1) that the number of 
thorough examinations made by this company for the 
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years 1881 to 1888 have averaged 90 per cent. of the number 
of boilers on the bey apie books, the least percentage (in 
1881) being 82, and the greatest (in 1888) being 96 (see my 
annual report for 1888, page 26). (2) That no boiler cer- 
tified by this company has exploded, and my firm convic- 
tion is that other ogg oe could give as high and in 
some cases, perhaps, igher percentages. If boilers are 
not examined and are not certified it is not because ex- 
aminations have not been asked for, but because the 
owners have neglected or refused to make the necessary 
preparation. Is this the fault of the companies or of the 
owners ? 

2. You assert that the majority of boiler owners are 
misled into a false security by insurance companies. If 
so I think the fault lies with those who, like you, admit 
and justify the plea of ignorance as a valid reason for 
neglecting and refusing examinations, in the face of the 
plain statements of the companies to every insured firm 
that such examinations are necessary to ascertain the 
condition of a boiler. But I do not think they are misled, 
certainly not in the manufacturing districts, where all 
boiler owners and managers are conversant with the 
general management of steam boilers, and understand 
the propriety of having them examined periodically. At 
least, in reference to the Charlesworth case, the allegation 
should not have been made, for the Commissioners clearly 
stated that they did not think any reasonable man could 
be deceived and that they did not think the owner was 
deceived into a false belief in the magic properties which 
you hold boiler owners are justified in attributing to an 
insurance policy on a boiler whose thorough examination 
has been repeatedly applied for without success. 

3. You consider with the Commissioners that it is not 
to the public advantage that the companies should insure 
boilers without having ascertained that they are safe. I 
differ from you toto ex/o, and I will show why I differ by 
putting two cases before you and your readers. 

First case. The company’s agents secure proposals for 
the insurance of 100 boilers, which are, so far as the com- 
pany can judge, fit for the required pressure. The boilers 
are insured. The owners are applied to for thorough 
examination, and in the course of the year 90 of the 
boilers are examined, numerous defects are pointed out 
and remedied, and some explosions are prevented ; the 
remaining ten are not examined, because the owners can- 
not lay them off. In most instances these ten boilers 
work on safely till they are examined, but now and then, 
of course, one comes to grief. 

Second case. Company’s agents obtain proposals for 
100 boilers. All the owners are written to and inform 
that the insurance cannot be completed till the boilers can 
be stopped and thoroughly examined, I venture, Sir, to 
say from a long experience that the answer in fifty cases 
would be: ‘If you did not want my boiler why did you 
bother me to insure it. Take it or leave it as you like,” 
or, ‘‘T’ll have no more to do with such shilly-shally 

eop'e ;” and the result would be that the proposal would 

e cancelled, or if allowed to stand howe = be forgotten 
_ before the holiday time came round and the boilers 
could be stopped. Then all the work of persuading the 
owner to insure would have to be begun again, and so far 
as the public are concerned tlie boilers would go without 
inspection altogether or the inspection would be deferred 
to a much later period than it would have been had the 
insurance been accepted and the inspector of the district 
algae regular communication with the owner from the 

rst. * 

Now, Sir, with all humility I submit that the plan my 
company adopts of taking every boiler it has reasonable 
grounds for thinking safe is far more likely to prevent 
explosions, and actually does prevent explosions more 
effectually than the policy of deferring all insurances for 
thorough examination, and thus losing control of a vast 
number of boilers which would otherwise receive at least 
some advantage from the a visits of our inspector, 
even if they did not get the thorough examination, which, 
in the majority of instances, they po 

The mistake you have fallen into is in supposing that 
the careless boiler owner wishes to have his boiler 
examined. If he did the point I am discussing would 
not arise, for every boiler owner would have his boiler 
laid off for examination as soon as he was told a company 
existed willing to make the examination when the boiler 
was laid off. Boiler owners have to be persuaded by skil- 
ful agents and humoured by the company, not driven as 
you suggest they should be. 

This, Sir, is my view of the policy my company pursues, 
and will continue to pursue in the belief that it is the 
best policy it can pursue with a view to getting the maxi- 
mum number of boilers submitted to examination. Now 
let us see what Mr. Fletcher says upon the subject. I 
see this is the second time I have introduced his name, 
but the fact is your article contains so many of — his 
favourite sentiments and phrases that I could almost 
fancy I am answering him instead of you. He goes 
further than I do even. In his evidence before the Select 
Committee in 1870, in answer to the question, “Do you 
not refuse boilers even though you know that they are 
in a dangerous state.” He says, ‘‘ Decidedly not; we 
take the lame and the halt, and keep helping them on. 
We take them at once and take all the trouble we can to 
remedy them.” 

This is, in my opinion, a sensible statement of a wise 
and beneficent policy, a policy even more beneficent than 
ours, for we dare not insure boilers which we know are 
dangerous, but are compelled to leave them to take their 
chance, Of course it is desirable to reduce the number of 
explosions, and there are two ways in which it may be 

one. 

1. To hold the boiler owner responsible for his boiler 
and to punish him if it explodes, unless he can show that 

e has taken steps to ascertain its true condition, sternly 
refusing to accept the plea of ignorance or unjustifiable 





belief in the power of any man to know the condition of 
a boiler by looking at it when at work. This is the course 
the Board of Trade appear to be pursuing, and it is a 
course which, if persevered in, will in a few years reduce 
explosions to the minimum. y 

2. To enact a system of Government inspection ; an 
alternative which I am sure (if you may judge from 
statistics) would not be more efficient than the present 
voluntary system, will be when the boiler owner has been 
made to see that he will himself be held responsible for 
his boiler. 

The present loss of life from ‘‘ boilers ” under the pur- 
view of the = Act of 1882 averages 29.6 lives per 
annum. Possibly half of these might be saved by Govern- 
ment inspection. Can any reasonable man ask steam 
users to submit to Government inspection for the sake 
of a possible saving of fifteen lives per annum ? 

Before I conclude I should like to say a word in answer 
to the question you ask in the last paragraph of your 
article. The suggestion appears to be that some unscru- 
pulous companies take discarded boilers for the sake of 
greed, well knowing them to be unsafe. That they do’ 
take such boilers occasionally is a certainty, but they take 
them because they are led to believe that nothing is amiss. 

Perhaps I may be allowed to give an instance. Six 
boilers were insured, but as the owner persisted in over- 
loading the safety valves, notwithstanding the repeated 
remonstrances of the insurance company, the policy was 
cancelled at the end of the year for which the premium 
had been paid. Shortly after the boilers were ‘‘ enrolled” 
in the books of the Manchester Steam Users’ Association 
and the usual “‘fee’ was paid. At the end of twelve 
months a second fee was paid, and before the end of 
the year one of the boilers exploded from excessive pres- 
sure. 

The instance is a good one, because no one would ven- 
ture to accuse a philanthropic body like the Manchester 
Steam Users’ Association of such a vulgar thing as greed, 
and yet it shows how even associations founded on the 
purest principles of benevolence and virtue may fall into 
trouble now and then. For my own part I think the 
association was right to take the boilers, as they might 
have been able to persuade the owner to do that which 
the insurance company could not compass, and right to 
receive the inspection fee for a second year for the same 
reason. But T fear that if the insurance company had 
renewed its policy its conduct would have been severely, 
though I think most unjustly, criticised and condemned. 

I am, Sir, yours truly, 
MicHaEL LONGRIDGE. 

12, King-street, Manchester. 





LIQUID FUEL FOR SMELTING IRON. 
To THE EDITOR OF ENGINEERING. 

Sir,—In reply to your correspondent ‘“‘ Enquirer,” no 
system of liquid fuel firing will enable a charge of pig to 
be economically and continuously melted in a cupola 
— resource to the use of a porous medium such as 
coke. 

If he desires to avoid the use of coke and only use 
liquid fuel, he had better adopt a small open-hearth fur- 
nace, fired recuperatively ; by this means he would secure 
the best results for foundry practice, both in economy 
and in other respects. Yours faithfully, 

B. H. Tuwalre. 

37, Victoria-street, Liverpool, January 13, 1890. 





LAUNCHES AND TRIAL TRIPS. 

On the 3rd inst. the s.s. Petrolea, launched a few weeks 
ago from the shipbuilding yard of Messrs. Craig, Taylor, 
and Co., Stockton-on-Tees, was taken to sea for a trial of 
her machinery. The principal dimensions of the vessel 
are: Length, 301 ft.; breadth, 37 ft. ; depth, 26 ft. 8 in. 
The vessel has been built to the order of Mr. Alfred 
Suart, of London, and has been specially designed and 
constructed by the builders for carrying petroleum in 
bulk ; her bunkers are also arranged for carrying oil as 
fuel. The engines, which are of the triple-expansion type. 
have been constructed by Messrs. Black, Hawthorn, and 
Co., Gateshead-on-Tyne, the cylinders being 21 in., 34in., 
and 56in. by 42in. stroke, with two boilers 14 ft. 9in. by 
10 ft. 6in., working at a pressure of 1601b. per square 
inch. The power in ordinary working is 1100 indicated 
horse-power. ‘The machinery worked well during the 
whole of the trial; and a speed of over 11 knots was 
averaged. 


Messrs. Murdoch and Murray, Port-Glasgow, launched 
on Wednesday, the 8th inst., a steel screw steamer, built 
to the order of Messrs. P. H. Dixon and Harrison, Glas- 
gow. The dimensions of the vessel, which is named the 
Roseneath,are as follows: Length, 260 ft.; breadth, 37 ft.; 
depth moulded, 19 ft. 6i., and the deadweight carrying 
on Lloyd’s freeboard is 2650 tons. Engines of the triple- 
compound type are being fitted on board by Mr. Wm. 
Kemp, Govan. The cylinders are 19 in., 33 in., and 52in. 
in diameter, and the piston stroke 39 in. Steam will be 
supplied by two boilers. 


On the same day Messrs. Caird and Co. launched from 
their yard at Greenock a steel screw steamer named Wis- 
tow Hall, for the Sun Shipping Company, Live’ 1. 
The dimensions are: Length, 350 ft.; breadth, ft. ; 
and depth 29 ft. 6 in., and the gross tonnage is 3200 tons. 
The builders are supplying triple-compound engines of 
2000 indicated herse-power. 





Messrs. Mackie and Thomson, Govan, launched on 
Thursday, the 9th inst., a steel screw steamer built for 
Messrs, Aitken and Walker, Glasgow, for the general 
carrying trade. The vessel, which is named Persis, is 





1900 tons gross, the dimensions bein : 
260 ft.; breadth, 37 ft. Gin.; depth, 24 ft. 9 in. 
machinery, which is of the triple-expansion type, is being 
constructed by Messrs. Muir and Houston, Glasgow. 
The cylinders are 18 in., 294 in., and 47 in. in diameter, 
and the stroke of piston 39 in. It is expected that the 
power developed will be 900 indicated horse-power. 


as follows : ang. 
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Messrs. A.andJ. Inglis, Pointhouse, Glasgow, launched 
on Thursday, the 9th inst., a steel paddle steamer 
named Rasmara, which has been built to the order of the 
British India Steam Navigation Company for trading 
between Calcutta and ngoon. e vessel is of the 
following dimensions: Length, 256 ft.; breadth, 31 ft.; 
depth, 13 ft. 6 in., with a tonnage of about 900. 
The steamer will be fitted by the builders with triple- 
expansion engines. The engines are of the diagonal type, 
with cylinders 29 in., 47 in., and 70 in. in diameter, re- 
spectively, with a soe stroke of 6 ft.6in. Steam is 
supplied from two double-ended boilers of steel, working 
to a pressure of 160 lb. to the square inch. 


On Saturday, the 11th inst., Earle’s Shipbuilding and 
Engineering Company, Limited, Hull, launched from 
their yard two new steam fishing vessels, Electric and 
Frolic, which they have constructed for the Grimsby 
Steam Fishing Company, Limited. These ships are 
106 ft. 9 in. long by 20 ft. 6in. beam by 11 ft. 6 in. depth, 
and are intended for deep-sea line fishing. They will be 
fitted by the builders with triple-compound three-crank 
engines, having cylinders 12? in., 20 in., and 32 in. in 
diameter respectively, with a stroke of 22 in., and a 
powerful steel boiler made for a working pressure of 
150 lb. per square inch. 





A steel screw steamer named Asuncion was launched 
from the yard of Messrs. Robert Duncan and Co., Port 
Glasgow, on Saturday, the 11thinst. She has been built 
to the order of Messrs. Morton and Williamson, Glasgow. 
Her dimensions are: Length, 160 ft.; breadth, 33 ft.; 
depth, 9 ft., and the gross tonnage is 450. Messrs. 
Rankine and Blackmore, Greenock, are supplying for 
the vessel a set of their patent triple-compound engines. 





On Monday, the 13th inst., there was launched from 
the yard of EKarle’s Shipbuilding and Engineering Com- 
pany, Limited, Hull, the steel screw s.s. Liberty, which 
they have built to the order of the Co-operative Whole- 
sale Society, Limited, Manchester, for their special trade 
between Hamburg and Goole. She is of the following 
dimensions: Length, 225 ft.; breadth, 33 ft.; depth of 
hold, 12 ft. 11 in. She will be propelled by a set of triple- 
expansion three-crank engines, having cylinders 24 in., 
39 in., and 64 in. in diameter, by 33 in. stroke. 





On Tuesday, the 14th inst , the s.s. Matatua, which 
has been built by Messrs, Robert Stephenson and Co., 
Limited, of Newcastle and Hebburn, for the Shaw, 
Savill, and Albion Company, Limited, was taken on her 
trial trip. She is a steel spar-decked vessel of the follow- 
ing dimensions, viz.: Length, 340 ft.; breadth, 41} ft. ; 
depth, 29 ft., and she has been specially fitted up for the 
New Zealand frozen meat trade. The sounelilag ma- 
chinery consists of a set of triple expansion engines of 
about 1700 indicated horse-power, and the vessel attained 
a — speed of 11.8 knots in four runs over the measured 
mile. 





PapeR MACHINERY AT THE Paris EXurBiTion: ERRA- 
TuM.—In our illustrations of the paper machines at the 
Paris Exhibition which appeared on page 35 of our last 
issue, the titles of two of the views were accidentally 
transposed. The machine shown by Fig. 2 was really that 
constructed by Messrs. Escher, Wyss, and Co., of Zurich, 
while Fig. 3 showed that exhibited by Messrs. Dautre- 
bande and Thiry. 





THE HELIOMETER FOR THE CAPE OBSERVATORY: 
Errata.—In our recent account of this instrument the 
following errors occur: On page 2, third column, line 5 
from bottom, for ‘‘ Mertz” read ‘‘ Merz” ; on page 3, first 
column, line 12 from top, for ‘‘ Dr. Julius Vogel” read 
“Dr. H. C. Vogel”; on page 4, first column, line 7 from 
the bottom, for ‘‘ wheels” and “‘ levers” read ‘‘ wheel” and 
“lever”; on page 5, first column, line 6, for ‘‘ heliograph” 
read ‘‘ heliometer” ; and on page 29, first column, line 3 
from bottom, omit the words “‘ screws and.” 





American Locomotive Burtp1nc.—The Brooks Loco- 
motive Works of Dunkirk, NewYork, have been working 
overtime. They have just delivered ten 19 by 26 Moguls, 
weighing 58 tons each, to the New York, Chicago, 
and St. Louis Railroad. They are delivering ten 19 by 
24 ten-wheel passenger engines weighing about 52 tons 
each, and five 18 by 24 six-wheel switchers wens about 
40 tons each, to the Cleveland, Cincinnati, Chicago, and 
St. Louis Railroad, also seven 17 by 24 passenger engines, 
weighing about 40 tons each, and eight 18 by 24 ten- 
wheelers, weighing 47 tons each, to the Montgomery, 
Tuscaloosa, and p Alice Railroad. They have also 
recently turned out a 17 by 24 ten-wheeler for a Cuban 
railway. The Michigan Central Railroad Company is 
having a compound locomotive built at the Schenectad 
Locomotive Works. It is of the two-cylinder type, wit 
a high-pressure cylinder 20 in. by 24 in., and a low-pres- 
sure cylinder 29 in. by 24 in., the ratio of the cylinders’ 
volumes being 1 to 2.1. The Illinois Central Railroad 
Company is having twenty Moguls built at the Schenec- 
tady Locomotive Works, a number of which have already 
been delivered. The line has just decided to break up 
thirty-seven of its old engines and to have their places 
filled by twenty ten-wheelers, six or seven Moguls, and a 
number of switchers. 
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In the last session of Parliament power was granted 
to a private company to construct a*tunnel under the 
River Clyde, at Glasgow, to provide what has for 
many years been desiderated by the citizens—a means 
of taking vehicles across the river between the north 
and south parts of the central part of industrial 
Glasgow. the contract for making the tunnel has now 
been let to Messrs. Hugh Kennedy and Sons, Partick, 
who have had considerable experience in such under- 
takings. They successfully completed a tunnel under 
the Forth and Clyde Canal several years ago in connec- 
tion with a branch line of the North British Railway 
to Dumbartonshire, and they also constructed the 
greater part of the Greenock and Gourock Railway, in 
which, as a reference to our recent description of the 
works will show, there was a tunnel about a mile and a 
third long. 

The river tunnel is to be situated at Finnieston, about 
the middle of the harbour, anda point most convenient 
for the traflic to the engineering works in the Anders- 
ton and Finnieston district, and also in connection with 
the Queen’s Dock and the New Cessnock docks now 
being constructed. Many proposals have been made 
for meeting the traffic, which at present has to go by 
the bridges, a mile further up the river, amongst the 
suggested schemes being high-level bridges, with roads 
on gradients, hydraulic hoists, and spiral railways ; 
semi-high level bridges, with swinging girders, swing 
bridges, &c. The difficulty in the adoption of the 
swing bridge was, of course, the interruption of traflic 
either on the river or on the bridge when open, while 
the high-level bridges were condemned because of the 
length of the approaches. The Clyde Trust are havin 
built a ferry for passenger and vehicular traffic wit 
a deck which is raised or lowered, to suit the rise and 
fall of tide, but as we hope later to deal fully with this 
— t it is not necessary to refer further to the matter 
1ere. 

The plan proposed by Messrs. Simpson and Wilson, 
C.E., Glasgow, and adopted by Parliament, has many 
points of advantage. Of the scheme we give on the 
present page several illustrations, which practically 
explain themselves. 

With three tunnels the vehicular traffic going south 
will have a separate subterranean passage, and there 
will also be one for the traffic going north, while the 
central tunnel is for passengers only. There will be 
only 2 ft. between the tunnels. The diameter of the 
part of the tunnel under the river built in cast iron 
segments will be 16 ft., and that under the quays, 
where there is boulder clay, will be built of brick arch- 
ing, and be 18 ft. in diameter. At their highest points 
the tunnels are to be 15 ft. below the bed of the river, 
thus leaving ample room for future dredging operations, 
and 35 ft. and 46 ft. respectively below low and high- 
water levels. The shaft on the north side will be 
about 400 ft. west of Finnieston-street, and 180 ft. from 
the quay wall, while the shaft cn the south side adjoins 
the yaa hia and is about 125 ft. from the quay 
wall. As the river is 415 ft. wide, the length of 
tunnel from shaft to shaft is 720 ft. 

Both shafts will be round and 80 ft, in diameter. 
The shaft on the north side of the river will be 
72 ft. 6 in. deep, and that on the south side 75 ft. 6 in. 
deep. 

Cottitinns are to be started at once on the south 
side of the river. Borings have proved that at a depth 
of 45 ft. boulder clay is met which continues till the 
bottom of the shaft is reached, where again rock is 
found. The boulder clay will enable the contractor 
to start his tunnelling northwards with the surety that 
he will be free from water for a good distance. The 
shaft is to be formed of an outer and inner ring of cast- 
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iron segments or plates measuring 4 ft. long by 2 ft., 
and of 4 in. metal with 3 in. flanges bolted together. 
The surface having been made perfectly level, the two 
rings forming the first segment will be placed in posi- 
tion, and the 4 ft. between the rings filled with con- 
crete. To the bottom of the segment will be fitted 
a cutting edge of v section. 

The excavation of the material occupying the space 
inside the segment will cause it, of its own weight, to 
sink, and segments will be added as the cylinder sinks 
down. When this cylinder reaches a depth of 27 ft., 
the bolting on of additional segments will be discon- 
tinued ; but the cylinder will still be sunk until the 
boulder clay is reached—at a depth of 45ft. From 
the top of the cylinder, when in its final position, to 
the surface level—18 ft.—the wall of the shaft is to be 
ordinary brickwork in cement, while the bottom part 
of the shaft is also to be walled with brick, as there 
the boulder clay does not require the cast-iron seg- 
ments. At its final depth of 75 ft. the walls will have 
rock for their foundation, and the flooring will be of 
concrete. 

The shaft on the south side having been completed 
in the manner described, the tunnelling will be started 
in a northern direction. For a distance of at least 
100 ft, the material is boulder clay, with the Mavis- 
bank Quay on the surface. This part will be con- 
structed on a concrete invert flooring, with circular 
brick lining 2 ft. thick (five rings), the diameter 
being 18 ft. The remaining part of the tunnelling is 
of iron segments 1 in. thick, measuring 4 ft. long and 
18 in. broad, with flanges 14 in. As Gin. deep, 
strengthened by stiffeners 12in. apart. Between the 
segments there is a space, 3 in., for wedging up with 
soft wood, so as to make it water-tight. This system 
of wedging up iron segments has been largely adopted 
in the north of England under great pressures, some- 
times as much as 200 lb. to the square inch. In the 
case of the Clyde Tunnel the pressure is not expected 
to be more than 25 lb. to the square inch. 

The method of procedure in constructing the tunnel 
under the river will be similar to that adopted by Mr. 
Greathead in connection with the Southwark Subway. 
In the case of the Clyde Tunnel a good start will 

ot from the 18-ft. brick tunnel already described. The 
ulder clay, it is thought, reaches to half way across 
the River Clyde, and until the wet sand is met with 
no air pressure will be used. The work will proceed 
in 18-in. lengths, The contractor too will probably 
manage to obviate the necessity of taking the material 
through an air lock, a tedious process, For the first 
two or three lengths the material will be taken through 
the air chamber ; but after that the contractors will 
probably a the system of stowing the material 
along the insides of the tunnel, leaving only a centre 
a for working operations. The material can 
then be taken out after the tunnel is completed. 
On the north side of the river the material is wholly 





wet sand, and, of course, the cast-iron segments will 
form the tunnel to the shaft. 

The shaft on the Finnieston (the north) side of the 
river will be founded 80 ft. below the surface level. 
The process to be adopted will be similar to that in the 
case of the south shaft; but heavy pumping will be 
required to keep the material clear of water while the 
excavations are being made. Cast-iron segments 
similar in construction will be sunk the whole depth, 
but for 18 ft. above the segments the wall of the shaft 
is formed of brickwork. The foundation of the shaft 
is to be composed of concrete 8 ft. thick in the centre 
and thinning to 4 ft. at the sides. 

The segments on the inside of each shaft will have 
their flanges turned inwards except where the tunnels 
are intended to enter the shaft. At these points the 
flanges are turned outwards in the case of the inner 
ring of the segments, so that the bolts will be exposed 
and the segments easily removed for the bolting of the 
tunnel to the side of the shaft. When this is bein 
done a cast-iron round air-tight cover will be bolted 
over the place where the junction is tobe made. This 
will allow the connection to be made under air pres- 
sure, which is necessary, as the material is wet sand. 
The round cover can only be removed when the con- 
nection is finished and bolted. 

The centre tunnel, which is for passenger traftic 
only, is to be formed of iron segments from shaft to 
shaft. The gradients of 1 in 3 at the ends will have 
flat stairs, and from the landing, which will take up 
the inner half of each shaft, there will be stairs to 
the street level, thus obviating the necessity for hoists, 
— which there seems a prejudice in the public 
mind. 

The outer half of each shaft is to be fitted with six 
hydraulic hoists for vehicles. The two centre hoists 
are to take 10 tons each, and will be worked on the 
balanced principle. Of the other four lifts two will 
be capable of raising 7 tons each and the other two 
5 tons each. These will be worked independently of 
each other. The hoists on one side will be used in 
connection with the tunnel for traffic going north- 
wards, and the other two for the southward traffic. 
In this way the possibilities of the hoist not being 
in position for use when required are reduced to a 
minimum. 

Great interest attaches to the work, and we hope 
when it is advanced to give more detailed plans and 
descriptions. 





ELECTRIC LIGHTING PLANT. 

WE illustrate on page 67 an electric lighting plant 
constructed by the Armington and Sims Engine Com- 

any, of Providence, Rhode Island, for the United 

tates Navy. The features which render this plant 
specially interesting are its compactness and the high 
speed of the engines. The total space occupied is 
70 in. in length, 34 in. in width, and 52 in. in height. 
The engines, which are coupled direct to the dynamo, 
run at revolutions per minute. They are double- 
acting, and have cylinders 5 in. in diameter by 3 in. 
stroke. The speed is controlled by an Armington and 
Sims governor, and the makers claim that the varia- 
tion is almost inappreciable. The output of the 
dynamo is 100 ampéres at 80 volts electromotive force. 





Locomotive Burtpinc at Beruin.—The growth of 
Berlin has had the effect of converting the famous Borsi 
Locomotive Works into handsome blocks of stores an 
dwellings. The only locomotive manufactory at present 
in Berlin is the Schwartzkopff establishment, which now 
builds about 150 locomotives per annum. 
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BLOW-OFF COCK FOR BOILERS. 
CONSTRUCTED BY THE GLENFIELD COMPANY, LIMITED, ENGINEERS, KILMARNOCK. 





Fug .1. 
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On the present page we illustrate a boiler blow-off 
cock, specially designed by the Glenfield Company, 
Kilmarnock, for the high steam pressures now so 
common. Fig. 1 is a section through the cock, and 
shows the general arrangements pretty clearly, and 
from this it will be seen that the plug is made with a 
long screwed spindle, over which fits a screwed sleeve 
carrying at its bene end the ratchet wheel shown in the 
plan. low this wheel is a pawl carrier, Fig. 5, 
which fits on to an hexagonal part of the plug spindle, 
and hence moves with the plug. The pawl is shown in 
place in Fig. 3 and separately in Fig. 4. On attempt- 
ing to open the plug the first effect is to tighten up all 
the parts gchar sd | by the spindle ; this raises the plu 
off its seat, and when all the parts are thus screwe 
tight together the whole plug moves as a solid piece 
and the cock can be fully opened, in which case the 
tail on the pawl carrier bears against the stop shown 
in Fig. 3. In closing the valve the ratchet wheel 
comes into play, the pawl gearing in the teeth of the 
wheel and preventing any relative motion of the sleeve 
and spindle till it is moved back into the position 
shown in Fig. 3. At this point the tail on the pawl 
comes into contact with the stop previously mentioned 
and lifts the pawl clear of the teeth of the ratchet 
wheel, and then any further rotation of the sleeve 
simply screws the plug down into its seat. In this 
way all grinding of the plug on its seat is avoided 
and much less exertion to operate the cock than 
would otherwise be necessary. The device has been 
for some time in practical operation with, it is said, 
very satisfactory results. 





TEN-WHEELED LOCOMOTIVE; 
CANADIAN - PACIFIC RAILWAY. 
Our two-page engraving this week illustrates a ten- 
wheeled locomotive designed and built by Mr. F. R. F. 
Brown, mechanical superintendent of the Canadian 
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Pacific Railway, at the shops of the company, Mont- 
real, The engine is intended for working heavy pas- 
senger service on the line between Toronto and 
Montreal. 

As will be seen from our engravings, the engine is of 
the outside cylinder type, with three pairs of coupled 
wheels and a truck at the leading end. The truck is 
of the ordinary four-wheeled type, and the engine is 
found to curve with a remarkable degree of steadiness 
and freedom. The truck has Krupp’s wrought-iron 
disc steel-tyred wheels 30 in. in diameter. 

The frames are forged solid from the back end to the 
front of the leading drivers, and the front frame is 
formed by two bars arranged in a manner which is 
probably a new feature in ten-wheeled engines. These 
two bars embracing the cylinders are connected to the 
main frame by spliced and keyed joints. Both these 
bars are porte Be to the back of the buffer beam, being 
there keyed and bolted together, the upper bar being 
checked on top for a heavy cross-plate laid on the flat. 
All are rigidly secured to the buffer beam by heavy 
angle-irons and brackets, thus forming an efficient pro- 
tection to the cylinders in case of collision. The length 
of the frames sone the cylinders is somewhat less 
than in usual practice, and the angle between the upper 
and lower bars forms a very strong front end, thus 
enabling the unsightly diagonal stay to smokebox, so 
largely used on American engines, to be dispensed 
with. The back ends of the frames are securely 
bolted to a heavy cast-iron foot-plate. The middle 
portions of frame are well stayed to prevent pepo @ 

The boiler is made for a working pressure of 180 lb., 
and has a very large grate area, thus enabling 
the pressure to be maintained under the heaviest 
service without necessitating the use of a small ex- 
haust nozzle. The firebox is placed between the 
frames but is long enough to give, as we have said, an 
ample grate area, It is supported by, means of expan- 
sion brackets studded to the firebox in the usual 


manner. The grate is rocked in two sections by separate 
handles, and the ‘‘ dump ”—or dropping portion—can 
be worked easily by a handle from the footplate. 

The ash-pan is constructed in sections so as to be 
easily removed without taking down any other part 
but the dump shaft, thus enabling any repairs to be 
made without taking the wheels out. Both ash-pan 
and grate carriers are rigidly connected to the founda- 
tion ring only, and not to firebox plates or frame in 


any way. 

The boiler plates are all Siemens-Martin mild steel, 
of firebox quality, imported from Scotland, with the 
exception of the connection ring from the barrel to the 
smokebox, which is of Low Moor iron, and welded. 
The whole of the plates are sheared, punched, and 
rivetted by Tweddell’s hydraulic machinery, with steel 
rivets and stays of extra mild quality. 

The slide valves are Delancey’s patent balanced, and 
United States metallic packing is used for piston-rods 
and valve stems. The crossheads are of mild cast 
steel, of the Laird type, and have hard brass blocks, 
and the side bearings are babbitted. The slide bars are 
of forged Siemens-Martin mild steel. The expansion 
links are of cast steel. The driving axle-boxes are 
also of cast steel, and have brass liners to prevent 
them from cutting the bosses of the driving wheels. 

The springs belonging to the coupled axles are all 
placed below the axle-boxes, each spring being con- 
nected to its axle-box by two pairs anol bars, the 
lower ends of these bars being jointed to the spring- 
boxes below the springs, while the upper ends are 
curved over so as to take a bearing on the top of the 
axle-box, as shown in our longitudinal section. The 
springs belonging to the coupled axles are connected by 
compensating beams as shown. 

The engine is capable of exerting a tractive force of 
117.3 lb. per pound pressure on piston. It is equipped 
with the latest pattern of Westinghouse automatic 
brake, with driving wheel brakes of the floating type, 
which apply on all the coupled wheels, a separate 
reservoir being used. 

Feed water is supplied by one No. 10 Gresham and 
Craven combination injector, bolted on faceplate on 
right-hand side, this injector containing in itself steam, 
feed, overflow, and check valves, and one No. 10 
Gresham and Craven automatic restarting injector on 
left-hand side, with top check on faceplate. Sight- 
feed lubricators are ri The cylinders, steam chest, 
and all steam passages are carefully clothed so as to 
avoid condensation as far as ible. 

The cab is of steel plate No. 10 1.W.G. thick, with 
butt joints and rivets countersunk outside so as to give 
a perfectly smooth finish, the roof being arched and 
rounded to front and sides, in keeping with the general 
design of the engine. The cab is lined with wood, which 
can easily be removed if necessary, and there is an air 
— of 14 in. between the plate and wood to equalise 
the temperature inside the cab and prevent incon- 
venience from climatic changes. This is probably the 
first steel cab of this description and finish that was 
ever built on the continent of America. 

The following is a list of principal dimensions of the 
engine under notice : 


Cylinders and Motion : 
Diameter and stroke 
Distance apart of centres 
Steam ports, length and 
Exhaust ” ” ” 
Diameter of piston-rods... 
Length of connecting-rods_.... 
Journals a » length 

and diameter ate 
Travel of valves ... ‘a Sa 
Throw of eccentrics a8 = Er 
Lap of valve ad ai ae 
Lead ” ore eee eee ay ” 

Wheels and Frames : 

Driving wheels, diameter ie 
Thickness of driving wheel tyres 
Width of flanged tyres on cen- 
tral and trailing coupled 
wie zs ev es a 
idth of plain tyres on ing 
coupled wheels ... ee 2 ex 
Driving axle journals, diameter 
and length “aa “as we 
Truck wheels, diameter... a 
» tyres, width and 


20 in. by 22 in. 
6 ft. 11 in. 

18 in. by 1}} in. 
18 in. by Bhim, 
3} in. 

9 ft. 4 in. 


width 


5 in. by 44 in. 
64 in. 


6 ft. 3 in. 
3 in. 


7 in. by 8 in. 
30 in. 





9, . . 
thickness was iad ..  65in, by 2h in. 
Truck axle journals, diameter y ; 
and length aaa dad ..  5in. by8 in. 
Fixed wheel base... Pi 6 ft. 9 in. 
Total ,, »» of engine 22 ft. 11 in. 
Thickness of frames 3fin. 
Width over __,, 4 ft. 24 in. 
»» between tyres ... hs 4 ft. 53 in. 
Centre of cylinder to centre of : 
driving axle ie a 13 ft. 4 in. 
Boiler : / 
Length of barrel ... —... aad 12 ft. 6 in. 
Diameter of smallest ring out- 
side aad ia we aa 4 ft. 6 in. 
Thickness of barrel plates "7 } in. 
Firebox shell, sides, thickness... we 
Ps throat, face, and 
top thickness aes sae Ys» 
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Thickness of faite firebox plates, 


oe. 


crown, and ast sft in, 
Thickness of side plates of inside 

firebox ... aan med a Ys 9s 
Thickness of tubeplates ... np +, 


Inside firebox, length ... 8 ft. 74 in. 
» Width, bottom 2 ft. 11 in. and 
5 


co 


3 ft. 9 in. 


and top ... pa eee ove 
Firebox, total depth inside, front ft. 1} in. and 
d-back - sive { 


an If ~ 3 ft. 72 in. 
Firebox shell, length... st 9 ft. 4.1n, 
‘ 5, Width, bottom ... 3 ft. 68 in. 
Number of tubes ... be on 204 


External diameter 


ee 2 in. 
Length between tubeplates 11 ft. 10), in. 








Heating surface tubes ... — 1370.6 sq. ft. 
ah 5 SCOR ... “ 120.4 ,, 
Total. .... ii iA 1491.0. ',, 
Grate area :.. he ths i 25.3. ;, 
Weight in working order, on 
truck _ ..: 364 ase ce 23,000 Ib. 
Weight in working order, on 
drivers... se an ds 84,000 ,, 
Total ee 53 sos, sO as 
Weight of tender, co, tal 30, En 
Capacity i coal ... 10 tons 


.., 2800 impl. or 3360 
American gals, 


water... 


” ” 








INDUSTRIAL NOTES. 

Tue Ironfounders’ monthly report for January speaks 
cheerfully and buoyantly of the state of trade. Re- 
viewing the year it says: ‘‘ The year 1889 dawned upon 
us with labour in demand; each successive month in 
its course brought with it a wider development of 
trade, and on its close left the fact to be recorded, 
that it has been one of the most prosperous years in 
the Society’s history.” ‘*The new year, 1890, has 
opened with trade better than ever.” It then,refers 
to the fact that even the holidays were restricted in 
consequence of the pressure of the. demand. . The 
members have increased in the year from 12,202. to 
13,805 ; and the cash balance in hand from 
20,0917. 15s. 3d. to 33,818/. 11s. 10d., the latter show- 
ing a gain of 13,700/. The fewness of the men on the 
funds may be judged from the fact that the average 
payment per week for the last month was only 69/. 17s, 
of all classes on donation and travelling, but those on 
the sick list increased by 64, costing 145/. 10s. weekly; 
while the total cost of superannuation was 152/. 15s, 
weekly, Only one member is returned as being on 
dispute pay, and even that was an increase over the 
previous month. The report concludes by urging the 
members to husband their resources, and to prepare 
for the slack time which will inevitably follow the 
present flush of trade, 





In the Manchester district the whole of the engi- 
neering trades have fully resumed work for a busy 
year. In all the establishments there are suflicient 
orders on hand for a long spell of prosperous trade, 
and, with the orders coming in, continued activity is 
assured for the whole of the present year. For the 
present there are no signs of disturbance in the labour 
market, though the advances in wages in other districts 
are being noted by all classes of workmen. 





In the Cleveland district work was resumed after 
the holidays with spirit and determination, as though 
the men were determined to make the best of the 
seneral demand for all kinds of labour. At Middles- 
Gesagh, however, there was a turn-out last week of 
the platers’ helpers at numerous shipyards, thus caus- 
ing a great many workers to be idle. The platers had 
a 5 per cent. advance, but this amount did not satisfy 
the helpers, hence the strike. The latter demand an 
increase in wages of 2s. per week. A compromise of 
ls, 4d..per week was conceded to the helpers and 
accepted. The miners of all grades—ironstone and 
coal—have had the advance promised, and in other 
branches’ of industry there is at present a lull, in so far 
as labour disputes are concerned. The blast furnace- 
men, however, are not satisfied with the 94 per cent. 
advance on the sliding scale, and are asking that it be 
increased to 15 per cent. 





In the local hardware industries of Birmingham and 
district there is full employment in nearly every branch, 
though in some the pressure is greater than in others. 
The prices of most goods are advancing, some by a 
direct increase in price, others by reducing the dis- 
counts, which amount to pretty much the same thing. 
These advances in prices correspond to some extent 
with the increase in wages in some departments of the 
Birmingham trades. The dispute in the metallic bed- 
stead branch of trade is not yet definitely settled, but 
a 10 per cent. bonus has been conceded pending arbi- 
tration. The tool ——— are agitating for 10 per 
cent advance, which in the present condition of the 
labour market is pretty sure to be conceded. In the 
heavy steel trade there has been an advance of 5 per 
cent. in wages and a similar advance in price. 





The rivetmakers’ wages in the East Worcestershire 
and Staffordshire districts have: been advanced 10 per 


cent., without even the semblance of a dispute. Corre- | 
sponding with. this advance in wages the prices of rivets. 


have gone up 10’per cent., and there is an increasing 
demand for the article at the advanced prices. There 
are signs of a similar advance in other branches of the 
iron trade in those two districts, where wages have 
been for years at a very low ebb. 





In the Sheffield and Rotherham district all branches 
of trade are in full work. The rents of grinding 
wheels have been raised 15 per cent., affecting about 
1000 artisans. The rolling mills.in-the district are at 
work night and day to try and keep pace with the 
large pon on hand, but even with this high pressure 
the output is not equal to the demand. All the heavy 
trades are fully employed, at high-pressure speed, and 
there is still a large demand for railway materials of 
most kinds. There is some complaint that prices have 
not advanced equally with the cost of fuel and of raw 
materials, and consequently we may expect to learn 
that a decided step in the direction of higher prices 
will ere long be taken. 





In the Wolverhampton district the chief items of 
news are the continued advance in the prices of most 
kinds of ironand steel. The wages being regulated 
by a sliding scale one hears very little about agitations 
for an advance, as at each periodical meeting the wages 
are advanced correspondingly with the prices realised 
for iron and steel respectively. 





The engineers’ strike against piecework, at the 
Maxim-Nordenfelt works at Erith, still continues, 
nor is there any sign of either side giving way. This 
uestion of piecework has ever: been a most serious 
difficulty for the. Engineers’ Society. It led to the 
great strike in 1851-52. ‘The struggle in this respect 
is not yet over. 





The gas stokers still make some show of a strike 
against the South Metropolitan Gas Company, but the 
facts of the case show that the struggle is virtually 
over. There has been some cessation in the matter of 
manifestoes, but open-air demonstrations on the Sunday 
are resorted to extensively instead. The meeting at 
Mile End on Saturday night last gave some encourage- 
ment to the strike committee, it is said, to prolong the 
struggle. If that beso it is a pity, as any further 
prolongation can only result in further suffering and 
additional privation. 





Another profit-sharing scheme has been launched, 
this time at Birmingham. Messrs. Bailey, Nokes, and 
Co. have determined to try the profit-sharing prin- 
ciple, and have issued a circular to their employés 
embodying their plans. ‘‘ Every manager (other than 
a director), foreman, clerk, workman, or workwoman, 
employed in the company’s factories, will in future 
share in the profits of the Sachsen to the extent of 25 
per cent. of the surplus net profits, after paying 10 per 
cent. to the shareholders. This bonus will commence 
from January 1, and be paid annually pro rata, in addi- 
tion to the wages.” Facilities are to be offered to the 
employés to become shareholders. If an employé 
leaves before the end of the year, his share will 
divided among the remaining employés. The directors 
express a hope that by thus spontaneously offering to 
the workpeople a concession, which practically iden- 
tifies capital and labour, that they will do their utmost 
to further the interests of the company. 


The miners of Wrexham, Brymbo, Ruabon, Rhos, 
Cefn, and Chirk districts received the full advance in 
wages of 10 per cent. on their first pay day in the pre- 
sent year, 

In the South Wales and Monmouthshire coalfields a 
strike has been averted by the acceptance of the 
employers’ terms as to the amended sliding scale. The 
voting stood thus: For accepting the proposals, 
48,228 ; against, 20,289; majority for, 27,939. For 
some time past a great strike was threatened, but this 
acceptance of the amended sliding scale will not only 
prevent a present rupture, but pave the way for a 
more lasting arrangement on the permanent basis of a 
regulating scale. 

here has been very little friction as regards the 
concession of the 10 per cent. in the English coalfields, 
In some instances there have been murmurs of a little 
manipulation of the advance, so that the full amount 
has not in all cases been given. But these complaints 
are few and far between, and each must be tested by 
the actual circumstances of the case. 

There is some agitation in the Mid and East Lothians 
with respect to the 10 per cent. advance which was 
demanded a short time since, and not yet conceded. 
The men are in favour of restricting the output until 
the advance is conceded. The Clackmannan miners 
have withdrawn their demand for a 15 per cent. 
advance, and have substituted therefor a 20 per cent., 
which they allege is justified by current rates, the 


see of coal having largely advanced since the first 
emand for 15 per cent. was made. 

The increase in the price of fuel for manufacturing 

urposes .is causing much anxiety in, some. quarters, 

he age coke has gone up enormously, and the 
pe y is altogether unequal to the demand. The 
mi icon of the weather has had the effect of keeping 
down the price of household coal somewhat, but the 
prices are going up in all districts. This upward ten- 
dency of fuel, the very essence of manufacturing power 
and output, will seriously affect the prices of iron and 
steel in all cases at an early date. Meanwhile the 
miners are on the alert to see that prices shall corre- 
spond with wages, or rather that the advance in wages 
shall correspond with the increase in prices in all 
instances. This will be the case where the sliding 
scale operates, but there are many districts where no 
scale is in force. The trade of the year looks pro- 
mising throughout, but there are dangers of too a 
a rise, with the probability of a reaction and a sudden 
collapse, which prudence only can avert. 


It is well known that in the West Bromwich district 
trade has been good and wages high for some con- 
siderable time past, and that before the holidays much 
overtime was worked, in anticipation of the festivities. 
Yet it appears that many of the workmen had so cleared 
themselves out by the day following Boxing Day that 
thirty watches were sioliea on that day, and forty 
more within the next two days. Such men need a 
lesson in thrift. 





The engineers of Sunderland have made a demand 
for an advance in wages of 2s. per week, and a reduc- 
tion of one hour on Saturdays—making a total of 53 
hours per week, instead of 54 as heretofore. The 
notices expire on the 30th inst., when a strike will 
take place unless meanwhile some arrangement can be 
arrived at. 





Another difficulty occurred at the dock warehouses 
a few days ago, which at one time threatened to de- 
velop into a rather extensive strike and even lockout. 
It arose over one of the men who went to work 
during the strike, and who had since joined the union, 
but did not pay the ‘‘ blackleg ” fee of 10s. 6d. How- 
ever, the matter was subsequently settled by the man 
consenting to pay up the amount by instalments. 

The railway men employed at the Chester Station of 
the London and North-Western and the Great Wes- 
tern jointly have memorialised the directors for six 
days instead of seven as a week’s work ; that twelve 
hours per day, inclusive of meal times, constitute a 
day’s work, and that Sunday work and overtime be 
paid at the rate of time and a half. 

The threatened strike of the Scottish railway ser- 
vauts has been averted by the plebiscite of the men 
taken throughout the country. Deputations of the 
men waited upon the directors, but there was some 
disagreement with reference to the composition of the 
deputations—the directors insisting that each grade 
should be dealt with separately. No final adjustment 
has yet taken place. 





SHIPBUILDING AND MARINE 
ENGINEERING IN 1889. 

No. ITI.—Enexianp (Nortu-East Ports)—continued. 

THE Wear follows the Tyne, from a geographical 
point of view, as well as in respect of total. In this 
case the total is unprecedentedly great. Formerly 
the record was held, so to speak, by 1882, with 123 
vessels of 212,464 tons; but the past year’s figures 
exceed those of that year by 4872 tons, the aggregate 
being 217,336 tons, the measurement of 102 vessels— 
a good indication of the tendency towards larger 
cargo-carrying steamers. In 1883, when the ebb tide 
in the last flood of prosperity set in, the total was 126 
vessels of 212,313 tons, and following that came 
several very ‘‘lean” years, 1886 with 56,699 tons 
being the lowest. In 1887 the total increased to 
84,254 tons, only one-third of the figure for the year 
under review, while in 1888, 75 vessels of 142,410 tons 
were produced, being about two-thirds the total of 
1889. It is remarkable here, also, that of the total 
one only was a sailing vessel of 1273 tons. The 
nominal horse-power of the engines was 20,353, against 
13,685 in 1888. In the preceding year there were not 
any sailing boats. Of the vessels constructed only 
four, of 5066 tons, were of iron, while in 1888 onl 
two, of 1992 tons, were constructed of this material, 
which may therefore be regarded as laid aside com- 
pletely for shipbuilding by the people of Sunderland. 

The proportion of local owned vessels comes nearer 
that in the case of the Clyde thanon the Tyne. For 
owners on the north-east coast there were built 25 
vessels of 56,227 tons, which is 25.87 per cent. of the 
total, against 16.8 per cent. on the e, and con- 
siderably over 30 per cent. on the Clyde. To Scotland 
the Wear builders sent four vessels of 10,918 tons, 
including their largest steamer—the Mombassa, of 
4662 tons, for the British India Steam Navigation 








Company, and a Glen Liner of 3100 tons, both built 
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by Messrs. Laing. The remaining vessels for other 
British owners made the total under this head 74 
vessels of 169,111 tons, being 77.81 per cent. of the 
total production, leaving 28 vessels of 48,225 tons, or 
22.19 per cent. for foreign owners. In this latter 
total is included a large number of vessels by the 
Sunderland Shipbuilding Company for Germany, one 
or two for Adelaide and other Australian ports, and 
also for Bilbao (Spain). In 1888 the proportion of 
local owned and British owned vessels was greater, 
the latter including the north-east and Scotch owned 
vessels, totalling 114,145 tons, or slightly over 80 per 
cent., while the foreign owned mains. totalled 28,265 
tons, or 20 per cent. 

As to the size of the vessels, we note that one, 
already named, was over 4000 tons, seven over 
tons, against three in 1888 ; twenty over 2500 tons, 
against five; and thirty-five over 2000 tons, as com- 
pared with thirty-one. 

Messrs. J. L. Thompson and Sons floated thirteen 
vessels, aggregating 30,543 tons, which is three vessels 
of 4500 tons less than a year ago, when the tonnage was 
35,121 tons. They head the list of the thirteen yards 
which have been in operation during the year ; and in 
1883, when there were sixteen yards, they had also 
that distinction, their output then being practically 
the same as that of the year now closed—30,520 tons. 
In the intervening years they have only once slightly 
exceeded the 20,000 tons, and were as low in 1884 as 
7024 tons. The total includes several large cargo- 
carrying steamers. The nominal horse-power was 
3070, and in 1888, 3640. 

Mr. James Laing completed in the Deptford yard 
eleven vessels of 29,160 tons, with engines of 18,500 
indicated horse-power. The increase over last year is 
three vessels, 12,191 tons, and 8200 indicated horse- 
power. . This is a larger total even than in 1883, when 
the tonnage was 22,877 tons. The ships included 
several steamers combining the qualities of passenger 
and cargo-carriers—the Mombassa, for the British 
India Company ; the Ville de Havre, of 3100 tons, for 
the Compagnie Havraise Peninsulaire de Navigation 
i Vapeur, and other two vessels of similar size— 
Glenartney and Norse King. Messrs. W. Doxford 
and Sons launched ten vessels totalling 24,150 tons, 
and 11,650 horse-power indicated, as compared with 
nine vessels, 14,038 tons, and 1300 horse-power 
nominal, in the previous year. Here also the pe 
are greater than those of several years. One of the 
larger vessels was the Mamari, of 3600 tons, for the 
Shaw, Saville, and Albion Company, London, and 
specially intended for the New Zealand meat trade, 
having refrigerator accommodation for 40,000 car- 
cases. The Maori King, built for Messrs. Ross and 
Co., is 3800 tons, and carries 18,000 carcases. She is 
for the same trade. The Sunderland Shipbuilding 
Company’s return shows a production of eleven vessels 
of 23,565 tons, and 11,870 horse-power, almost ex- 
clusively foreign, the only exceptions being two 
steamers, one for West Hartlepool and the other for 
Aberdeen. Ihe total, which exceeds last year by over 
11,000 tons, and is by far the greatest of recent years, 
includes six steamers of about 2800 tons, with engines 
of 1400 indicated horse-power, for the Hansa Com- 
pany, of Bremen, who have recently shown enter- 
prising spirit in adding to their fleet and have at the 
present time several vessels building in this country, 
as well as in Germany. Indeed, it may be here in- 
cidentally mentioned that German subsidised com- 
panies are expected by the Government authorities to 
construct an equal number of vessels in Germany as in 
other countries ; but here we can construct a steamer 
in about half the time it takes for the completion in 
the Fatherland, and thus it happens that we some- 
times secure orders for two steamers to follow each 
other, while the foreign firm is building one. Cases in 
point a be instanced, but it is not part of this 
resumé of the shipbuilding trade to discuss the question 
of home against foreign building in any of its phases. 

Messrs. Short Brothers, who a year ago occupied 
second place on the list, come. fifth, aaeiiatating 
that they have increased their production by one 
vessel, 2598 tons, and 149 nominal horse-power, the 
figures for the year just gone being ten vessels, 
23,419 tons, and 2040 nominal horse-power. With 
two exceptions, all their vessels are locally owned. 








1889. 1888, | 1883, 
Sera as 
Name. is = ‘3 3 | 
wet eee | 
a8; & |88| g | 3 
s is | 
sant | Bile |e 
John Blumer and Co., Sunderland | 9 |15,296| 3 | 5820 14,850 
Bartram and Haswell ” } 5 11,917; 3 | 7180 | 11,952 
Osbourne, Graham, and Co., Sun-' | 
derland =... |.  «., 6 10,692| 2 4000 | 8,745 
Priestman and Co., Sunderland ... 6 | 8,037| 2 1992 | 7,563 
Pickersgill and Sons a 5 7,950 4 | 6846 | 10,688 
Strand Slipway Company, Sunder- het | x 
srw eM ee eae 4 7,481/ 1 2158 | 4,558 
Austin and Son, Sunderland 4 5 


6,951 731L 6,301 





Messrs. Robert Thompson and Sons, Southwick, 
report their year’s work as nine vessels of 18,175 tons, 
and 1700 nominal horse-power, an addition on the 
figures of the preceding year of four vessels, 9507 tons, 
and 920 horse-power, and on the tonnage of 1883 of 
about 1300 tons. The Wild Flower, of 2656 tons, was 
specially for carrying oil in bulk. The returns in the 
other cases are tabulated in the preceding Table. 

Before leaving the Wear, it may be remarked that 
the old iron works at Castletown, near Sunderland, 
formerly idle, have been reconstructed, and now a new 
company has commenced the work of steel producers, 
which has facilitated the shipbuilding and marine 
engineering industries. The well-known steel manu- 
facturer, Mr. Beardmore, of Glasgow, is associated 
with the company, which has a capital of 120,000/. 

On the Tees, which includes Middlesbrough and 
Stockton, there are six leading works, and these com- 
bined produced fifty-three vessels of 110,436 tons, as 
compared with twenty-six vessels of 57,171 tons from 
the five yards in operation in 1888—only a trifle over a 
half. In the preceding four years the totals varied from 
20,000 tons to 33,000 tons, while in 1883 the aggregate 
was 81,795 tons. Of the total, fourteen vessels of 
27,104 tons were of iron, or 24.54 per cent.—a rather 
high rate. In 1888 the rate was similarly high, eight 
of 13,316 tons being of iron, or 23.3 per cent. of the 
total. Two of 4810 tons were sailing ships, one for 
Belfast and the other for Liverpool, leaving fifty-one 
steamers, and these had engines of 10,017 nominal 
horse-power. The foreign orders executed included 
five vessels of 7387 tons, or 6.7 per cent. of the total, 
against two vessels of 4391 tons in 1888. As regards 
size, the largest vessel was the Ataka, of 3650 tons, 
built by Messrs. Ropner, while the Orion, of 3242 
tons, by Messrs. Raylton, Dixon, and.Co., comes next. 
Of the others, seven were over 2500 tons, against 
three in 1888, and thirty over 2000 tons, as compared 
with sixteen. 

Messrs. Raylton, Dixon, and Co., Middlesbrough, 
with a production of eighteen vessels of 40,689 tons, 
and 3735 nominal horse-power, come first on the list, 
and, so far as the United Kingdom is concerned, only 
four firms have a greater total. Their output is 
13,000 tons greater than last year, and is 10,000 tons 
over that of 1883. Two of their vessels were of iron, 
the others steel. The foreign element is represented 
on their list also by two steamers—not, however, the 
iron boats—totalling 2795 tons. The most notable 
feature about the return made by Messrs. Ropner 
and Son, Stockton, who are second on the list, is the 
large proportion of their vessels owned in West 
Hartlepool. This port, with Sunderland, considering 
their importance, seem to have added most extensively 
to their vessels. Of Messrs. Ropner’s total of twelve 
vessels, of 29,441 tons, 2825 nominal horse-power, 
West Hartlepool owns 19,273 tons. In 1888 the out- 
put was represented by 2945 tons, but Messrs. Pearse 
and Co., who formerly occupied the yard, completed 
in 1883 vessels totalling 22,671 tons. Messrs. Richard- 
son, Duck, and Co., South Stockton, launched ten 
vessels of 21,585 tons, including two ships. Five, of 
over 10,700 tons, were of iron. ‘ This firm last year 
occupied second position, with nine vessels of 18,669 
tons, and in 1384 it topped the list with 15,002 tons, 
6,583 tons less than in the twelve months under re- 
view, while in 1883 the total was 21,413 tons. The 
other returns are tabulated : 




















| 1889. 1888, 1383. 
| 
| mat | aay WTF a . 
Name. Rael on 
$a] 33 
e%\ a 5 a a 
58| § 5 i 8 5 
Z>| e Ze eB 
Messrs. Craig, Taylor, and Co.,' | | 
Stockton os a pe «.|° 5 |10,460' 3 | 6519 | 
Messrs. R. Craggs and’ Sons, Mid- | | | 
dlesbrough .. de ee - 5,561, -1 | 1743 | 4780 
Messrs. W. Harkess and Son, Mid- | 
dlesbrough .. =<. on sal eel 2,700) A 2660 
| | 





One of the leading firms on the north-east coast who 
supply engines is Messrs. T. Richardson and Sons, 
of astionoal, whose works have been unusually 
active during the year, the output in the twelve 
months being thirty-one sets of triple-expansion 
engines and fifty-eight marine boilers. The total 
indicated horse-power was 44,800. This includes the 
engining of many new vessels and .the. triple-com- 

unding of some old vessels’, machinery. The set 
or the Culgoa indicated 2750, those, for the Gle- 
nartner 2550 indicated horse-power,~ and those for 
the Matatua 2050 tons. In the previous year the firm 
turned out 40,050 indicated horse-power, including the 
tripling of the engines of several of the Castle and 
Union South African mail liners ; in 1887—37,800 indi- 
cated horse-power, and in 1886—30,050 indicated 
horse-power. It may be added that the manager of 
the works, Mr. Morison, has patented an evaporator, 
which has been fitted to a large number of vessels, and 





during the last few months, orders have been received 





for over fifty steamers. Additions to plant and exten- 
sions to works have been made during the year, includ- 
ing a new shop 173 ft. by 50 ft. added in the boiler de- 
partment, and further additions are in contemplation. 

Although there are only three shipbuilding firms at 
West Hartlepool, they completed forty steamers of 
84,109 tons, which is about 10,000 tons above 1888, when 
thirty-three steamers were constructed. All were of 
steel, while in the previous year one of 1755 tons was 
of iron. The nominal power of the engines was'7370, 
against 6670 in the previous year. The tonnage is far 
in excess of that of any past year, 1883 having a total 
of 67,065 tons. “About one-eighth of the total was for 
foreign owners, against a twelfth in 1888. Thirteen 
of the vessels were over 2500 tons and nine over 2000 
tons, while last year the numbers were six and twenty- 
one respectively. 

Messrs. W. Gray and Co., Limited, have a total 
which is only exceeded by that of the Palmers Com- 
pany, and only by 5938 tons, Messrs. Gray’s contribu- 
tion to the year’s shipping being twenty-eight vessels 
of 58,731 tons, all steamers, the power of engines 
collectively being 5170 nominal. Barely a fifth part of 
this total was for foreign firms. Last year the firm 
occupied the first position amongst north-east builders 
with twenty-two vessels of 50,307 tons and 4400 
nominal horse-power, and about one-half that was for 
west Hartlepool firms. It is almost unnecessary to 
say that the total is the largest yet produced by the 
firm in a year. At the Central Marine Engineering 
Works of Messrs. Wm. Gray and Co., Limited, there 
were constructed twenty-seven sets of triple-expansion 
engines, of 29,350 indicated horse-power, against 16,200 
indicated horse-power in 1888. Three of the sets have 
been fitted with Fothergill’s forced draught appliances: 
In addition to boilers for new steamers, several 
have been constructed for old vessels, even although 
new engines were not made, the total output being 
sixty, and in this connection it may be noted that 
extension to works and additions to plant have been 
made during the year, and a new forge hasbeen 
laid out. Messrs. Edward Withy and Co. only 
slightly exceed last year’s total, which was nine vessels, 
of 20,087 tons and 1970 horse-power nominal, while 
this year the nine vessels launched measured 21,015 
tons with engines of 1840 horse-power nominal. In 
1887 the firm sent forth 19,889 tons shipping, while in 
1883 the total was 21,199 tons. The taxa bale of the 
vessels were for local owners, the other for London 
firms. The other yard is that of Messrs. Irvine and 
Co., who have also exceeded previous years with three 
vessels of 4363 tons, with engines of 360 horse-power 
nominal, against two vessels of 3515 tons. 

The Humber includes Hull and Grimsby, and the 
four yards in the district have completed forty-one 
vessels of 21,712 tons, of which thirty-two vessels of 
10,297 tons were iron, and three of 184 tons wooden. 
These were mostly for local owners, thirty-four vessels 
of 9275 tons having been owned in the district, two of 
282 tons in Liverpool, one of 3913 tons in London, and 
three of 7084 tons in Lisbon. In 1888 practically all 
the twenty-six vessels of 7474 tons were for local firms. 
This shows that the total has been tripled, and the 
prospects for the year are bright, as in addition to many 
mercantile vessels, two of the first-class cruisers for the 
Britisn Government are to be built by Earle’s Company. 
This firm constructed seventeen vessels of 18,455 tons 
with engines of 22,395 indicated horse-power, six being 
of steel ; while in.1888 the output of the firm was 
twelve vessels, 5610 tons and 10,185 indicated horse- 
power. 

The returns by the other firms are given in the 
appended Table, and here it may be noted that all the 
vessels by Messrs. Cook, Watson, and Gemmel, and 
Cochrane, Cooper; and Schofield were of iron, and 
those of Smith and Stephenson, of wood. The Table 
also gives the totals of the Blyth and Whitby builders, 
who have had a pretty active year. 














1839. 1883. 1883. 
Name. oat _ g 
53| 5 o> 5 | 5 
Z°| & A o S 
Turnbull and Son, Whitby .. ..| 7 {18,146 6 | 13,267| 13,662 
Blyth Shipbuilding Company, Blyt 8 |10,889 5 | 6,851) 5,869 
Cook, Welton, Gemmell, Hull | 12 | 1,723 11 | 1,476; 
Cochrane, Cooper, and Schofield, | 
Beverle as ee oe ‘ 9 | 1,350 3 | 4138) 
Smith por | Stephenson, Grimsby --| S| 184) 4] 260) 
Union Co-operative Shipbuilding | } | 
Company, Blyth .. on eof 3} 83 


(To be continued.) 





Vicrortan Coat.—-A Royal Commission with reference 
to coal mining, which has been sitting for some time in 
Victoria, has paid a visit to the Great Morrell mine in 
Gippsland, where large deposits have recently been dis- 
covered. They were shown over the mine, which has 
been cut at three points. The workings disclosed an 
almost inexhaustible supply of brown coal. 
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MARINE ENGINE GOVERNORS.* 
By Mr. J, D. CuurcHILL. 


THE writer does not propose to go into the mechanical 
question, but is more particularly desirous of bringing 
before your notice some facts connected with marine 
engine governors which may not have presented them- 
selves to your minds; also to meet the objections some- 
times ra to the detriment of governors, feeling con- 
fident that if they were more thoroughly understood, 
they would be much more highly appreciated, and the 
frivolous objections sometimes raised would be appraised 
at their real value, 

—- by the writer’s experience, which is far from 
limited, governors have rarely received the attention they 
deserve. They have a very considerable and direct bear- 
ing on, or connection with, the question of preventable 
damage and losses at sea, consequently they ought to 
receive special attention from those interested. Where 
human life and enormous amounts of valuable propert 
are at stake, it is the bounden duty of all concerned, 
whether owners or otherwise, to insist on every possible 
precaution being taken to minimise the risk ; therefore, 
any appliance or arrangement which in any way tends to 
this desideratum, demands careful and prompt considera- 
tion. Political economists tell us that every loss, whether 
of life or property, is a national loss, and is not confined to 
the individual. 

It is not necessary for the writer to explain the me- 
chanical details and action of his own velometers and 
governors, seeing that there are upwards of 2200 of them 
in use, which may be accepted as ample proof of their 
wooncnes The compound attachment is an arrangement 
actuated by the governor, by which all the cylinders ma: 
be controlled. If perfect governing is required this 
should be fitted in all cases. 

The writer's remarks refer solely to governors operated 
or driven by the main engines, as he considers all others 
are but very poor —_ ies and not entitled to the name 
of ‘‘ governor,” as they have only occasional control over 
the engines, not available in case of accident, whereas a 
real governor, properly fitted and worked, has continuous 
control over all the cylinders under all conditions and 
circumstances, 

Governors are frequently fitted in positions most diffi- 
cult, sometimes dangerous, to get at, giving the idea that 
they are not intended to be used, only viewed from a dis- 
tance. Consequently they are not always kept in proper 
working condition, much less continuously at work, as 
they ought to be. This is not fair to the makers, and, 
unfortunately, they are not in a position to insist on 
proper fitting and location of the machine. A strong 
protest ought to be entered against governors being 
considered as only rough-weather attachments. They 
are that and very much more. A governor is as 
much an integral part of an engine as a safety valve 
is an integral part of a boiler, or an automatic Cease is 
of a train. The law compels you to fit these to prevent 
accident. For precisely the same reason it one to be 
compulsory to fit a governor. A governor is, pre-emi- 
nently, a safety appliance, and not, as most peopleimagine, 
simply a machine to prevent racing. It is a safety ap- 
pliance directly affecting, as it tends to prevent or mini- 
mise the effects of a breakdown, and _ possible loss of life 
and property at sea, and as such it ought to receive very 
special attention from those responsible for the lives of 
our sailors and passengers. 

The machine ought to be so fitted as to be easily 
accessible from the starting platform, and so that when- 
ever the engines are at work it shall be in operation. It 
ought not to be optional with, or even left to the discre- 
tion of, the engineer on watch to decide when it shall be 

ut on, unless you can make it optional with him, or 
tna it to his discretion, when an accident shall happen. 
It is an automatic check in case of accident, and common 
sense and common humanity demand that it should be a 
permanent attachment and continuously at work. <A 
good governor, if properly fitted so as to control, at any 
rate, two out of the three cylinders, will prevent racing, 
but it is unreasonable to expect it properly to control a 
three or four-cylinder engine when it only has hold of the 
high-pressure cylinder, thus leaving two-thirds or three- 
fourths of the engine uncontrolled just at the most critical 
moment. If a governor and compound attachment are 
pas A fitted to an engine, no matter how many cylinders 
it may have, it will be held under perfect control with full 
steam on, and the ship may be driven—so far as the 
engines are concerned, and without reference to those on 
deck—at full speed in the heaviest weather, and there 
will be no indication of racing. 

It is in heavy weather when the engines are subjected 
to violent shocks and stresses, saan by excessive and 
sudden variation of load, that the damage commences, 
but owing to the engines being eased down, the beginning 
of an accident does not then appear. When the weather 
eee eo the real danger of a breakdown arises, as full 
steam is then put on, stressing everything to its utmost 
and then follows the collapse. Perhapsit hasneveroccu 
to many to notice when breakdowns take place. By far the 
largest proportion occur in fine weather, and not in rough 
weather. Te is in fine weather that the engines are most 
severely pressed. If the shaft breaks, the engines will fly 
away at an unknown speed, and, before the engineer has 
time tothink, much less to act, it is through the ship’s side 
or bottom, or the stern is pretty well shaken off, in either 
case producing serious leaks, as in the case of the s.s. 
Danmark, where some 800 lives were in peril from this 
very cause. If a governor —— fitted is con- 
tinuously at work the engines could not practically exceed 
their normal speed ; thus the danger and damage would 
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be reduced to a minimum in case of accident, as it would 
e& the engineer in charge a chance to stop the engines 
fore much damage could be done. 

The injurious effects of racing are felt throughout the 
whole engine and its fittings, and the author cannot do 
better than quote the words of a well-known writer on 
this subject, Mr. T. G rron, who speaks from long 
practical experience at sea. He says: ‘‘ When an engine 
attains suddenly a speed of double the number of revolu- 
tions per minute at which it is intended to run, and is as 
suddenly brought up to its normal rate, it may be said to 
be racing, although very much worse racing than this is 
common enough ; and the whole strain of the sudden check 
to the engines, caused by the extra resistance offered by the 
water to the propeller as it dips, after being partially or 
wholly lifted out of the water, must necessarily be trans- 
mitted through the whole length of shafting and coupling 
bolts from the propeller shaft to the crankshaft. If the 
governor is quick enough to check the racing before the 
propeller is again immersed, the twisting strain to 
the shafting will be avoided, or at least greatly reduced. 

here is also a severe straining to the pumps, pump rods, 
and links, caused by the racing, the pumps being unable 
to deliver the water quickly enough; and the bucket 
valves coming down aie on the surface of the water 
— extra weight on the rods and other gear, as well as 

aiaering the valves. The feed pumps being only 
partially filled with water, and the rams coming suddenly 
in contact with it give a shock to the barrels of the pumps, 
and also to the pump crosshead, &c., which is not the case 
when running at their normal rate. continuance of 
this vibration loosens the foundation plate of the engine, 
and in fact it would be difficult to say where the evil of 
racing ends, and it is only necessary for the shipowner to 
know a small portion of it in order to see the benefit of a 
thoroughly efficient governor.” 

Only quite recently we have had reports of serious 
damage having been done by racing to the pump valves, 
condenser doors, &c. In one case the condenser doors 
were cracked, and the main steam pipe caused to leak, 
necessitating the stoppage of the ship at sea for repairs, 
generally a very difficult and dangerous operation. 
Amongst other very serious results of racing is the loosen- 
ing and frequent fracture of the stern tube and bush, and 
damage to the hull caused by excessive vibration ; also the 
great alarm it causes on board passenger steamships, a 
serious consideration, though it has callie. a mechanical 
nor economical bearing. There is also the prejudicial 
effect of vibration, such as that produced by racing, on 
the chronometers and compasses. This is confirmed by 
the leading makers of these instruments. If an un- 
governed engine gets away, which it may easily do, to 
three or four times its normal 7 ae. it will cause consider- 
able agitation of the water in the boiler, materially facili- 
tating, if not actually causing, priming, especially in 
boilers so inclined, thereby incurring the risk of serious 
damage in the steam pipes by water hammering, and break- 
ages inthe cylinders. The condenser is liable to become 
overheated, owing to the circulating pumps not working 
efficiently at racing oe, causing partial or total loss of 
vacuum when the full power of the engines is required, 
danger of leakage, and breakdown of condenser through 
undue expansion and contraction. These difficulties can 
only be overcome either by throttling (wiredrawing) the 
steam, or else linking the engines up, in both of which 
cases there is a material loss of power and speed, which 
can almost entirely be avoided by the use of a proper 
governor. 

It is sometimes stated that even if triple engines do 
race, it is not as objectionable as with two-crank engines. 
Such a remark can only apply to one’s personal comfort, 
as acceleration of s means a considerable increase of 
wear and tear. All experience proves that under similar 
conditions a three-crank engine will get away more 
quickly, and run at a higher speed, than one with two 
cranks. Granted the three-crank may run more smoothly 
than a two-crank, and its racing, therefore, would not be 
so uncomfortably perceptible; but all other objections 
and risks remain, and if anything, are increased. 

While compound engines were in vogue, there was 
hardly an engineer but who insisted on having them 
fitted with reliable governors ; but since the introduction 
of the triple-compouud engine, an idea seems to have got 
abroad that they do not require governors—why or where- 
fore it is difficult to explain. There is no doubt that the 


late low prices and keen competition have considerably | ¢ 


militated against governors; and the writer cannot but 
think it isa ‘‘ penny wise and pound foolish” policy to 
cut them out of the specification. A paltry saving of a 
few pounds as compared with the value of human life, 
and the jeopardising of such enormous interests, seems a 
parsimonious course. 

Some engineers maintain that triple-expansion engines 
“being so well balanced” do not require governors. Now 
it appears to the writer that this is an idea that has been 
adopted without due consideration, and he hopes to 

rove the argument untenable. So far as the writer can 
earn from these gentlemen, the balancing consists in 


the engines having three cranks, thus giving a more | f 


uniform turning moment to the crankshaft than in the 
compound engine. No one will deny that the three cranks 
may balance each other, but there the balancing ends, 
for as soon as you get away from your cranks the un- 
balancing commences; first of all in the weights of the 
pistons, the low-pressure being from four to six times the 
weight of the high-pressure ; then, secondly, there is fre- 
quently a very large discrepancy in the power developed 
by the respective cylinders, which fact seems to have 
a the notice of the disbelievers in governors. 

Of course, this statement may be met with the remark 
that such ought not to be the case. It is admitted that 
it ought not to be, if it could be avoided, but it cannot be 
denied that through some cause or other this is invariably 











the case. The writer originally intended to have got 
together as large a number of indicator cards as _ possible, 
and from them to have worked out the indicated powers, 
but on further consideration it occurred to him that he 
might be charged with selecting only those cards which 
would support his line of argument. To avoid anything 
like a suspicion of this he turned to the technical journals 
for information, for authoritative information, and there 
can be no question of incorrectness, the articles having 
been prepared by those who knew exactly what they 
were writing about, thoroughly competent men, who 
have undoubtedly presented to us the best phase possible 
of their respective engines. 

The writer has referred to all the accounts he could find 
in these papers of the trial trips of a number of steam- 
ships fitted with triple-compound engines, and finds that 
the discrepancy between the power developed by the 
cylinder oe, | most work and that doing least in any one 
engine is not less than 34.02 per cent. on the average. The 
analysis of these discrepancies is very interesting. On 
reading this paragraph over to an engineer the writer was 
met with the reply: ‘‘The low pressure generally indi- 
cates more than the high pressure because of the pumps.” 
This led him to analyse the cases in question, with results 
as follows, which are scarcely in keeping with the explana- 
tion given. 

H.P. is highest in 33 per cent. of the cases. 
EP, ‘9 1666 -,, m 
” ” ” 

On further analysing this the writer finds that the 
H.P. is highest and L.P. is lowest in 33.33 per cent. 
Lc idle lla # HP. - 16.66, 

SS al aes HP. Re 33.33 —s,, 
1 Int. ra 16.66 = ,, 


These discrepancies, it must be borne in mind, have all 
appeared when the engines have been working under the 
most favourable conditions, and when in the hands of the 
most skilful men, working under the closest supervision 
of those interested in obtaining the best results. When 
these engines are put to their ordinary work these discre- 
pancies come out very much heavier. The t engine 
included in the group giving the above average only 
showed a discrepancy of a little over 10 per cent. in the 
published report of her trial trip, but the writer has seen 
numbers of her cards under ordinary working conditions, 
and finds that the difference is never less than 23 per cent. 
In the trial trip reports 71.42 per cent. of the cases show a 
discrepancy of 25 per cent. and upwards, and 21.42 per 
cent. show discrepancies of upwards of 50 percent. It is 
a remarkable fact that not one of the engines referred to 
in the reports on the trial trips is anywhere near being 
balanced, and some of them in ordinary work show more 
than double the difference indicated on the trial trip. 

he writer considers the above figures pretty well dis- 
pose of the theory of perfect balancing, whichissofrequently 
referred to in contravention of facts, and fully proves the 
fallacy of ignoring governors, on this ground, at any rate. 
Not long ago a friend of the writer’s was in treaty with a 
well-known engine builder for a pair of triple-compound 
engines. When they came to the question of governor, the 
builder assured the intending purchaser that he built 
engines strong enough to stand any amount of racing. 
The writer, to convince his friend that the statement was 
not true, took the trouble to hunt up the breakdowns of 
engines built by these particular builders. It is certain they 
would not like the writer to reply to their ad-captandum 
statement by publishing the list, which contains a good 
round ‘‘ baker’s dozen” within a very short period. 

During the last eighteen months the writer has received 
particulars of 217 accidents to cranks, screw shafts, and 
propellers at sea. This number is exclusive of fractures 
and other defects found out in port and repaired. Out 
of the number 127 were broken shafts, in every one of 
which the safety of the ship, and the lives of the crew and 

sengers, were more or less imperilled. The cases re- 

erred to, doubtless, only form a minor portion of the 
total accidents. Besides these, there are numbers of screw 
steamers missing every year with all on board, and the 
writer is supported by competent authorities in the 
opinion that the major, or at any rate, a very large portion 
of these, have gone to the bottom through accidents 
similar to that which occurred to the s.s. Danmark, where 
the broken shaft pounded a hole through her bottom. 
Doubtless, all have heard of many very narrow escapes 
rom similar causes in which they have only just had time 
to get the bulkhead doors closed and so save the ship. 

t is hoped that the facts set forth in this paper prove 
the necessity of having a thoroughly efficient governor, 
properly fitted, and continuously running. Of course, it 
is impossible for a governor to prevent breakdowns, but 
when they unfortunately occur the effects are minimised. 
The following is an extract from a letter received from a 
well-known engineer: ‘‘ The non-fitting of a governor is 
a piece of culpable negligence ;” expressing an_ opinion in 
which all interested in steamships should fully concur. 
The writer trusts he has succeeded in bringing forward 
and establishing many reasons why governors should be 
tted. Many of these reasons he has never heard referred 
to in discussing the question, and can only conclude that 
they are not generally known. If these facts cause 
governors to be considered as necessary permanent at- 
tachments for marine engines he will feel that his work 
in preparing this paper on ‘‘ Marine Engine Governors— 
Beneficially sonaiineed, ” has not been spent in vain—and 
trusts the future will prove that he has, if only in a 
small degree, contributed something to the comfort and 
safety of those at sea. 





SpanisH Iron MINERALS.—The exports of iron minerals 
from Bilbao last year amounted to 3,854,635 tons. The 
corresponding exports in 1888 were 3,580,425 tons. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1888. 

The number of views given in the ification Drawings is stated 
in each case after the price; where none are , the 
Specification is not illustrated. 

Where Inventions are communicated from abroad, the Names, 
é&c., of the Communicators are given tn italics. $ 

— of Specifications may be obtained at 38, Cursitor-street, 

hancery-Lane, E.C., either personally, or by letter, enclosing 
amount i se and postage, addressed to H. READER Lack, Esq. 

The date of the advertisement of the pt a yplet 7 

cification is, in each case, given after the abstract, unless the 

‘atent has been sealed, when the date of sealing is given. 

— may at any time within two months from the date of 
the advertisement of the pt of a complete spect, ‘ton, 
give notice at the Patent Ofice of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


MOTIVE ENGINES. 


14,874, W. P. Thompson, London. (G. Zara and E. 
Riva, Florence.) Improvements in or relating to 
Balanced Slide Valves for Steam Engines, (8d. 4 Figs. 
October 16, 1888.—In the improved balanced slide valve only a 
suitable pressure of the slide valve upon its seating is permitted, 
whatever may be the pressure in the steam chest. Upon aslide valve 
A a metallic plate B, with edges C, is placed, resting on ribs. Two 
projections D, which form part of the steam-chest cover, prevent 
the plate from following the motion of the slide valve. In the 
cover of the steam chest a circular opening E is made, through 
which the steam chest is placed in communication with a chamber 
G having elastic walls m, but of sufficient thickness to support 
the pressure of the steam. Owing to the elasticity of the walls a 
cover N which is placed on the outer face of the chamber G and 
attached by means of a connecting bolt ¢ to the plate B hasa 
tendency to be forced upward by the pressure of the steam, The 
connecting bolt ¢ is bored throughout its whole length, or it may 
bea tube g which establishes communication between the space 
formed by the exterior shell of the slide valve and the metallic 
plate (that is, between the space C C)and the atmosphere. Air 
can also penetrate by the same means into the space within the 











plate B and the walls of the slide valve itself, by means of a hole 
r. The two faces of the metallic plate B are consequently sub- 
jected to two different pressures, that of the steam on the exterior 
surface, and that of the atmosphere on the interior face. Under 
these conditions the steam will exercise pressure in two opposite 
directions, namely, upon the diaphragm or cover of the elastic 
chamber G, and (along f1) upon the metallic plate B B. The 
different parts of the apparatus can be made of such dimensions 
that they will be capable of reducing the pressure of the steam on 
the slide valve to whatever pressure is thought suitable, and thus 
forma balanced slide valve. In order to insure the plate B resting 
upon the slide valve, before or after the steam is introduced into 
the steam chest, the elasticity of the shell 17 of the chamber can 
be made use of by turning the nut on the lid N. Fig. 2 shows a 
modification in which the elastic chamber G is constructed of two 
pieces of corrugated metal, one of the } ieces being an extension 
of the cover plate N. In special cases a spring may be applied to 
the cover N in order to assist the elastic chamber in maintaining 
the metallic plate B B on the surface of the slide valve. (Sealed 
December 24, 1889). 


18,055. J. Hastieand W. Hastie, Greenock, Renfrew, 
N.B. Improvements in Steam Motor Apparatus for 
Wor , Steering, Starting, or other Mechanism. 
{1ld. 10 Figs.) December 11, 1888.—The four cranks B!, B?, B3, 
B+ are connected respectively to pistons Cl, C2, C3, C4, which work 
in cylinders D1, D2, D3, D4, and are Pp ovided with upper portions 
or trunks of smaller diameter F1, F*, F3, F4, working in smaller 
upper extension cylinders El, E*, E3, E+, Each trunk is provided 
with ports G so as to act as a distributing valve for the adjacent 
cylinder, the crank of which is at right angles to that to which it 
is itself connected. The ports G are adapted to communicate 
with ports H, of which those having ports in the sides of cylinder 
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E! lead one to the top of cylinder E?, and the other to the top of 
cylinder D2. Similarly, passages H from cylinder D2 lead to the 
= of the cylinders E!, Dl, and a similar arrangement is 

opted with the passages H of the cylinder E%, E‘, and 
D*, D+. The ports of the cylinder passages H are at the 
several proper times put by the ports G of the trunks F!, F?, 
in communication with the ports of the inlet and exhaust pas- 
sages J, K. In ordinary working, each portion of the steam acts 
first upon the top of a trunk or upper piston, and afterwards 
down upon the larger annular area of a lower piston, the steam 
when exhausting from the upper end of a cylinder in which the 





piston is moving upwards, passing thence into the larger part 
of a cylinder the piston of which is moving downwards. For 
the purpose of controlling the extent and reversing the direction 
of the motion, the , K are made to communicate 
with a cylindrical wie chamber L having in it a rotary valve 
M and a rotary port-piece N. In the upper end of the 
latter are four passage ports and a central final exhaust port, 
the - of which last extends down to the lower en 

of the port-piece and there communicates by holes with 


Fig.2. 
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a space in the valve chamber, to which the exhaust pipe is con- 
nected. The four port es extend to different distances in 
the port-piece, and each communicates with a different annular 
channel formed round the outside of the port-piece. Steam is 
admitted to the upper side of the rotary valve M which works on 
the port face on the upper end of the — N. The latter 
receives its motion from the crankshaft B through the medium of 
a worm and wormwheel Q?, a rod Q!, and a spurwheel Q fixed on 
aspindle formed on the lower end of the port-piece. The con- 
trolling valve M is operated by means of the steering-wheel S, and 
bevel gear M5, or it may be operated direct by means of a vertical 
shaft S!. (Sealed December 24, 1889). 


19,013. C. W. Pinkney, Smethwick, Staffs. Im- 
provements in Gas Motor Engines. [8d. 19 Figs.] De- 
cember 29, 1888.—In an engine constructed according to this 
invention two cylinders are employed, one being the motor 
cylinder proper, and the other being a cylinder for forcing gas into 
the motor cylinder. A is the motor cylinder, the forward end of 
which constitutes an air pump, and the rearward end the combus- 
tion chamber, and B is the gas pump, the front end of which is 
also used as an air pump. The piston-rods of the pistons C and E 
are connected to the same crosshead D, so that both pistons in 
their backstroke draw air into the cylinders, and in their forward 
stroke pump the air into a reservoir F, where it remains until the 

iston E uncovers the exhaust ports H. The pressure in the com- 
reties chamber T then falling below that in the reservoir F, the 
air contained therein passes into the combustion chamber T 
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through the valve J and drives out the exhaust gases. Whilst 
the — is making its forward stroke, the cylinder B takes in 
gas and delivers it compressed into the reservoir N, where it is held 
until the piston E in its backstroke has just covered the exhaust 
ports H, when the trip valve P is opened by means of the cam Q, 
rod R, and a lever (not shown), and allows the gas to pass into 
the air in the cylinder A. On the cam Q passing the roller 22¢ on 
the rod R, the trip valve P is closed and the motor piston E con- 
tinuing its travel compresses the charge of now mixed gas and air 
into the space T, the pump piston C delivering at the same time 
a charge of gas into the reservoir N ready for the next charge. 
When the piston E has nearly reached the end of its back or com- 
pressing stroke an ignition valve at 26 is opened by means of an 
eccentric or cam 18, and the charge is ignited in the ordinary 
way, whereby the piston Eis driven forward. (Sealed December 24, 
1889). 


12,082, A. J. Soman, Lanien. Improvements in 
the Arrangement and Regulation of Electric Motors 
for Traction, Marine Propulsion, and like Pur- 
poses, [8d. 5 Figs.) July 30, 1889.—This invention chiefly 
relates to the proper regulation of electric motors when these are 
subjected to an intermittent load, which may vary considerably 
while the motors are in action. The improvements consist in the 
arrangement of two electric motors, called ‘‘a double or com- 
pound motor,” in such a manner that the ‘‘ torque” thereof may 











be increased in inverse ratio to the speed rate, or the rate of speed 
may similarly be increased in inverse ratio to the ‘‘ torque,” or the 
operative parts of the compound motor may be so divided as to 
allow one part thereof to be electrically inactive while the other 
part is performing mechanical work and absorbing electrical 
energy ; all these several degrees of regulation being carried out 
by means of a single switch, commutator, or other device. Fig. 1 
shows the double or compound motor with both armatures and 
field-magnets connected in series with the source of the electric 





current, the terminals being indicated by the signe + and —. 
Fig. 2 is a diagram showing one part A of the double or com- 
— motor actuated by the electric current, the ends of thecon- 

uctors being marked + and — to show the connection with the 
main leads. The other part Bof the double or compound motor 
is electrically inoperative, although the armature may revolve 
idly, the ends or terminals a, b of the conductors being discon- 
nected from the main leads, and therefore open. Thus, by meang 
of a suitable switch or commutator, either A or B may be con- 
nected to the leads, or main ductors, and b electrically 
inoperative, while the other revolves idly. (Sealed December 24, 
1889). 


PUMPS. 


18,464, J. White, Edinburgh. Improvements in 
Pum (6d. 2 Figs.) December 18, 1888.—This invention 
relates to pumps applicable for general purposes and very suitable 
for pumping paper pulp or half-stuff or water or other liquid 
containing fibrous or other matters in suspension. In the im- 
proved apparatus the pumping action is produced by means of 
pulsating plates which form opposite sides of a box or chest pro- 
vided with inlet and discharge yes and valves. To the 
two opposite sides of a fixed box-like frame 3 are attached pulsating 
plates 4 by means of impervious flexible material 5, such as rubber 
cloth or leather. The pulsating plates 4 are fixed to levers 6 
centred on pins 7 ina fixed framing 8 beyond the upper end of 
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the pump box 3. The lower ends of the pulsating-plate levers 6 
are each provided with a piece 9 made with a spindle 10 swivelling 
in bearings in the levers 6. These pieces 9 work in the grooves 
or cams 11 on a shaft 12, made to rotate by means of a pulley 13 
and driving belt. The cams 11 impart to the levers 6 opposite 
vibrating motions, and thereby cause the pulsating plates 4 to 
alternately gage to and recede from eachother. The material 
is led through a pipe 14 to the bottom of the pump box 3, where a 
rubber ball foot or inlet valve 15 is provided, a similar discharge 
valve 16 a also provided at the other end. The material, 
after passing the discharge valye 16, enters a passage 17 formed 
in the framing 8 from which it is led away. (Accepted October 23, 


18,563. E, Cory, Barnes, Surrey. Improvements 
in Automatic Water Raisers. (8d. 3 Figs.) December 19, 
1883.—A is a fire chamber with chimney. B is a boiler having an 
outlet C to the receiver D, and another outlet E to a syphon pipe 
*. The bottom of the receiver D communicates with a standpipe 
G, which is enlarged at H to form a condenser. I is a suction 
valve and J a delivery valve communicating with the delivery pipe 
K. Lisa cock for filling the apparatus before starting it, which 
may be connected by a pipe with the c'stern above. The line M 
represents the level of the water to be raised. To work the 
machine the whole of the apparatus is filled with liquid between 
the suction and delivery valves I and J by turning on the cock L. 
This cock is then closed and the fire lighted in A. Steam or 
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vapour rises in the boiler B, escaping through the outlets C and E 
and driving the liquid down in the receiver D and syphon pipe F 
at the same time causing liquid to flow up the delivery pipe K 
When the vapourin D and F reaches the level of the bottom of the 
syphon F the whole of it escapes up the long leg of the syphon F 
into the condenser H, whereit becomes condensed and the partial 
vacuum is filled by a fresh supply of water drawn in through the 
suction valve I. The hot liquid, which has been driven down into 
the lower part of the receiver D, rises again, filling up the space 
reviously occupied by the steam or vapour, and flowing into the 
iler and syphon pipe B and F. The apparatus therefore again 
becomes full of liquid, and is ready to repeat the operation de- 
scribed. (Accepted October 23, 1889). 


Tangyes Limited, Soho, and T. Meacock, 
Ninfts. Improvements in Governors 
Acting Pumps Worked by Steam or 
Air. (8d. 9 Figs.) December 21, 1888.—Fig. 1 
represents the parts of the governor when there is no pressure in 
the pump delivery main. Fig. 2 represents the parts of the 
governor when the maximum working pressure is attained in the 
pump delivery main. Fig. 3 represents the parts of the governor 
when the pressure in the pump delivery main exceeds the arranged 
maximum working pressure, and Fig. 4 represents the governor 
acting as a safety relief to prevent excessive pressures being 
reached. A is the operating plunger or ram working in the 
cylinder B which is in communication with the pressure water in 
the pump delivery main through the aperture C. The differential 
weights D, E, &c., are supported by the stepped guides N, N1, and 
NU, QO is the throttle or regulating valve controlled by the varia- 
tion in protrusion of the plunger A acting through the steam 
or spindle P to which the valve is connected; Q is the throttle 
valve casing; R is the supply port for conveying the steam 
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to the steam cylinder of the Pame ; Sis the steam inlet pipe 
from the source of supply; is an auxiliary port communi- 
cating with the exhaust pipe or main; U is the concentric 
passage formed in the throttle valve O for putting the steam 
supply port R into communication with the auxiliary ex- 
haust port T when the e U is, by the lifting of the throttle 
valve, brought opposite the exhaust port T, V is the steam supply 
aperture or port in the throttle valve, and W is the steam supply 
communicating aperture. The action is as follows: When there 
is no pressure or only a slight pressure in the pump delivery main, 
the differential weights D, E, and others are at rest on the stepped 
guides N, N1, and N11 (Fig. 1), the supply port R being Ghoeed by 
the throttle valve O, with the exception of the small steam com- 
municating aperture W which may be adjusted to supply suffi- 
cient steam to work the pump at the normal speed without any 
appreciable pressure being produced in the pump supply main. 

is condition of the pump is of the first importance in cases such 
as charging an empty press or lift cylinder. Upon the pressure 
increasing in the pump delivery main, the bottom weight D of the 
series is raised, by the flanged bottom A? of the plunger A; the 
throttle valve is also raised and more steam thereby admitted 


lg! 2. G3 Fig 4. 


through the supply port R. The respective weights E, &., are 
raised in succession in the same manner from off their stepped 
supports as the pressure in the pump delivery main increases, 
until the maximum working pressure is attained, when the full 
supply of steam is admitted to the supply port R by the latter 
becoming opened fully, by the aperture V in the throttle valve 


being raised opposite the port (Fig. FLA aT yng the 
uty of the same. Upon 


pump working at normal ad for fu 
the pressure in the pump delivery main exceeding the maximum 
working prong okt the top weight is raised by the further pro- 
trusion of the plunger A until the supply port R is quite closed or 
covered by the throttle valve O (Fig. 3). In case of the pump 
creeping or working slowly by leakage of steam the closed 
supply port R (Fig. 3), the plunger A will be still further protruded 
until the concentric exhaust pangs U in the valve O is brought 
ihto communication with the auxiliary port T (Fig. 4). . This last 
arrangement of the parte puts the pump steam cylinder or 
cylinders in communication with the exhaust, thus preventing 
bursting of or injury to the parts of the pump by excessive pres- 
sure being produced in the pump delivery main. _Upon the pres- 
sure in the latter being relieved, the weights will fall by gravitation 
until they assume the positions shown in Fig. 1, taking with them 
the throttle valve O. (Accepted October 23, 1889). 
TREATING GASES, &c. 
18,153. J. Foxall, Newport, Mon. Improved A 
tus for Regulating the Flow of Gases and 
quids. (6d. 3 Figs.) December 12, 1888.—Referring to 
Figs. land 2, Ais asheet metal casing containing the regulator. 
B is the inlet for the gas and B! the outlet. C is a flexible dia- 
phragm of prepared leather or similar material upon the upper 
side of which bears the weighted lever D pivotted on the rod d. Di 
is a weight sliding longitudinally of the lever D, so that. the acting 
weight of the said lever may be more or less augmented or 
diminished. E is a partition extending between the inlet and 
outlet pipes and provided with a central aperture e, which forms 
with the plate ¢ carried by the pendent rod cl attached to the 
flexible diaphragm C, a valve through which all the fluid entering 
the regulator has to pass. F is a perforated chamber which re- 
ceives the gas as it enters and serves to distribute it evenly before 
coming to the valve. In the position shown, the weight D! is 
exercising its influence against the weight of the lever, but on 
being pushed to the right and fixed in position, the weight of the 
lever acting on the diaphragm is augmented by the additional 
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weight D1, and by the increased leverage. The flow of enter- 
ing at B, and ing the valve formed by the plate c and aperture 
¢, 's controlled by the pressure of the gas one oe the diaph 
U which closes and opens the valve as the diaphragm is raised or 
lowered by the gas pressure, so that th» movement. of the dia- 
phragm, and consequently of the valve, is regulated to suit the 
requirements of supply by the position of the weight D! upon its 
lever. In the modification shown in Fig. 3, the casing is com- 
of two parts A and A*, and the regulating valve is formed 
tween the aw per B which has the shape of an inverted cone, 
and a bell.c formed with contracted mouth and pendent from the 
rod Cl, the cylindrical vessel C from which the rod C! depends 
takes the place of the leather diaphragm, rene «Sree upper 
part of thalower casing A*. In the trough X formed between the 
two parts of the casing there is a mercury or other seal or lute. 
This lever D, pivotted as Yefore, rests upon the vessel C and 
steadies and regulates its movement, and with it the admission 
valve, under the influence of pressure from below. (Accepted 
November 13, 1889). 

18,573. E. Solvay, Brussels, Im its in the 
Purification of Gases, {Sd. 2 Figs.) June 5, 1888.—Purifi- 
cation of has been effected only very imperfectly by means 
of the ordinary depositing chambers, even when these have been 





furnished with baffle plates. The gaseous current always chooses 
the easiest and most direct path or passage along which it flows 
with scarcely diminished velocity, whilst the remainder of the 
space in the depositing chamber is only utilised to a very small 
extent and does not play any active part in removing the im- 
purities, as illustrated di: mmatically in Fig. 1. In order to 
effect perfect purification, the current of gas to be purified is caused, 
according to this invention, to pass through filtering material 
having a large surface, through which it is obliged to spread 
equally by dividing itself up into very small currents in order to 
find channels for its free , as illustrated diagrammatically 
in Fig. 2. The extent of surface of the filtering material, the 
depth or thickness of such material, and the size of the grains of 
particles composing the same are proportioned in such a manner 
as to leave a we Oo iderable total sectional area, whilst 
offering sufficient resistance to prevent concentration of the cur- 
rent of gas towards any part affording an easier passage than 
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other parts of the filter. The flow of gases may advantageously be 
from the bottom to the top of the chamber as shown, so that dust 
or other bodies in suspension in the gases can be deposited without 
choking or soiling the filtering partition as soon as their velocity 
has become low enough, and so that they can be afterwards with- 
drawn from the lower part of the chamber. The filtering partition 
may, however, be arranged vertically and the gases be caused to 

laterally ; or the gases may be caused to radiate from the 
interior towards the circumference of the chamber or vice versd. 
If the gases in passing upward have a tendency to make for them- 
selves flues or passages, through which they can flow more easily, 
they may be caused to pass in a downward direction. In this case, 
however, the surface of the filtering partition will become soiled 
by the impurities removed from the gases, and such partition 
should be arranged in such a manner as to be accessible either for 
intermittent or for continuous cleaning operations. (Accepted 


October 23, 1889). 
18,678. F.R. Jones, Huddersfield, Yorks. A New 
or Improved Method of and Means for Preven 
the Emission of Smoke from Mill or other eys. 
[8d. 4 Figs.) December 21, 1888.—a@ is the chimney shown in 
section, and b is the flue leading from the furnace or fire to the 
lower portion of the interior of the chimney, and by which the 
smoke is conveyed to the chimney. c is a vertical steam pipe, 
the lower end of which is connected to a steam boiler or exhaust 
steam pipe, the upper ‘end of the pipe being provided with two 
branch pipes d and e of unequal lengths, the pipe d passing through 
the brickwork, and terminating just within the chimney, so that 
its open orifice commands the area thereof. The pipe e also 


through the brickwork and extends across the shaft near to the 


opposite side of the chimney, both pipes being inclined or con- 
verging towards each other with their open ends directed to one 
common centre. On the opposite side of the chimney is a pipe f 
of larger diameter than the pipe c, with its upper end bent in- 


wards at right angles and inserted -into an opening in the brick- 
work of the chimney, formed directly opposite the mouths of the 
branch pipes d, e. In the pipe ¢ is a valve g which is opened and 
closed by means of handwheel h for the admission or otherwise of 
steam. When dense smoke is being given off by the fire, the 
yalve g is opened to allow steam to issue from the open ends of 
the branch pipes d and e in the form of spray. The jet of steam 
from the pipe d intercepts the ascending smoke and forces it across 
the chimney into the pipe f, whilst the jet of steam from the pipe 
e assists in drawing the smoke from the chimney into the pipe J, 
and further forces such smoke down the said pipe, by which it may 
be conducted to the ‘fire to be consumed, or if the intercepted 
smoke is too moist by reason of absorption of the condensed steam, 
the smoke may be passed through an ordinary condenser and thus 
be rendered in a fit condition to be consumed by the fire. Instead 
of consuming the smoke, it may be d ited into a tank to be 
treated for manuring or for the production of gas and ammonia. 
(Accepted October 23, 1889). ; 


MISCELLANEOUS. 
17,730. C. W. Crossley, London. Improvements in 
their ui 


the ————— of ers or va- 
lents for Use as Fans, pellers, 


and 
Apparatus for yet ha Air, Fluids, and Gases for 
Ventilating and other and in the Manner 


Fug ! 


of Revolving such Apparatas, ({lld. 27 Figs.) Decem- 
ber 5, 1888.—According to this invention two p Hers or sets of 
blades of the form and arranged as shown, so that the blades of 
one of the propellers or sets of blades will pass more or less 
through the spaces between the blades of the other propeller or 


set of blades. The propellers f, g are fixed respectively on the 


bosses h, 7, the tubular shaft k being adapted to be rotated b 
means of pulley m in bushes g, g about an inner fixed shaft /. 
The inner shaft Zis fixed in supports 0, 0, on which are formed 
wings p, p fastened to arms curved so as to clear the blades 
of the propellers. The other end of each arm is also 
fastened to a ring ergs | an inside diameter larger than the 
diameter of the circle described by the tips of the blades 
during their revolution. The blades of the propellers are cut 
from sheet metal and are furnished with strengthening pieces v, v 
extending from the boss to near the periphery of each blade. 
The blades are further prevented from bending over by means of 
stay-rods w connected to the other part of the blades at one end 
and screwed into the bosses at the other end. (Sealed December 
17, 1889). 

17,738. J. A. Yeadon and R. Middleton, Leeds. 
Improvements in Machinery for Manufacturing 
Blocks Materials for 


Smel oses, (8d. 4 Figs.) De- 
cember 5, 1888.—Rams BI, B2, and levers C, C1, on either side of a 
vertical revolving mould-plate A, exert a pressure on the briquettes 
therein on both their faces simultaneously. Below the revolving 
mould-plate is a central horizontal main shaft D at right angles to 
the axis of the mould-plate. From a crank D! on this shaft a con- 
necting-rod E, fitted with springs E!, E*, to avoid breakages, 
extends downwards and engages with the crossbar F? of the 
toggle levers F, F1, the other ends of which are coupled to.the 
lower ends of the two pressing levers C, Cl. A peculiarity of this 
arrangement is that the central crossbar F2 of the toggles is 
caused to work in a vertical line, between guide bars G and G!, 
hence, the two toggle levers being of the same length, symme- 
trical as well as simultaneous movements are given to each of the 
pressing rams B! and B?2 by the revolution of the main shaft D. 
On the end of the latter is mounted a disc H to which are attached 
double cams H1, H?. At the side of the disc H is suspended a 
slotted link J fulcrumed at J! and coupled by arod K to a rocking 
lever L fulcrumed on a rocking shaft L! that carries a lever L* 
coupled by the rod Ml! to the expelling ram M sliding in the 


fig-t. 





























guide M2, and a second lever L? coupled to the charging 
ram N working in the charging box N2 at the foot of the vertical 
heater or pug-mill O; this latter connection is made through a 
coiled spring sliding on a rod N1. The cam H1, acting with a long 
leverage, produces the slow advance of the rams, whilst the cam 
H2, acting with a short leve , produces a quick return. The 
cam H? projects beyond the main body of the link J, and being in 
advance of the other, causes the quick return to take place earlier, 
and thus a pause occurs before the next advance. The mould 

late A has an even number of moulds in the two central and 

orizontal ones of which the charging and expelling rams work. 
The mould table is rotated by means of a revolving cam, having 

iral grooves engaging with studs fixed at the circumference of 
the mould plate. The spiral grooves draw these studs to the centre 
of the cam, where a rest is shag which stops the mould plate at 
the times required, the — ling of one stud drawing in the next. 
The pug-mill O is arranged vertically on the top of the machine, so 
as to gravitate its contents forward towards the mould plate. The 
charging ram N works into the charging box N2 at the foot of the 
vertical heater and forces the material into the moulds. A belt 
from the main shaft D drives the countershaft V, which in turn 
drives the shaft W for working the pug-mill shaft. A shaft V 
operates a bucket elevator (not shown). (Sealed December 24, 1889), 


18,181, T. Nordenfelt, London. Improvements in 
Base Fuzes for Pro aaa [6d. 5 Figs.) December 12, 
1888.—The pellet a is cylindrical in form, and furnished in front 
with a point al, and is lod; in acentral longitudinal cavity in the 
fuze body, which is cl in front by a screw plus b. Inthe plug 
b there is a hole for the passage of the point al, and over the hole 
in a cavity in the plug is a patch of fulminate b!, which is kept in 
place by a small orated cover plate b? ; e isa bolt also approxi- 
mately cylindrical in form ; it is lodged in a cavity in the fuze body 

lel to that which contains the pellet. The pellet cavity and 

e bolt cavity communicate by a passage in which a ball d is 
lodged. The ball d is partly received into a cup-like recess in the 
side of the pellet a, and partly occupies the passage between the 
cavities. The ball is kept in the passage by the bolt ¢, which is 


bye) 


held by the pin f screwed into the body. Behind the bolt is the 
copper gas check y. The bolt cavity is partially closed in rear by 
the screw ring h, and between the ring and the gas check there is 
a thin wax wadi. Atk there isa lead. ring washer. In the side of 
the bolt ¢ is the recess cl, The fuze is screwed into the base of the 
projectile, and when the gun is fired the bolt ¢ is driven forward, 
the end of the pin f being shorn off. This brings the recess c] into 
— to receive the ball, and the ball falls into it, leaving the 

It c free to pass to the fore end of its cavity in the fuge body 
when the flight of the projectile is checked on impact. The point a! 
then strikes the fulminate b!, and the flash which results 8 
through the holes in the cover }? to the bursting charge. (Sealed 
December 24, 1889), 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
Senecmted. eration at Sindh 5 atmdued ited Si may be 
consulted, e Offices INEERING, 35 and 
street, Strand. : ™ and 
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MODERN FRENCH ARTILLERY. 
No. IV. 
STEEL ORDNANCE. 

In the Aide-Memoire de lV’Officier de Murine for 
1889, by Ed. Durassier, the various existing types 
of French naval ordnance which are manufactured at 
Ruelle* are described briefly as follows: The cannon 
of the 1870 type are made with a body of cast iron 
lined with a steel tube and reinforced outside with 
one or two rows of steel hoops. The guns of the 1875 
model consist of a steel body with a lining tube and 
one or two rows of hoops, all being made of steel. 
The guns of this type are divided into two classes, 
short and long. Modifications of the types of 1870 
and of 1875 differ only from the standard models 
in having enlarged powder chambers. Lastly, the 
1881 type and its subsequent modifications are 
made wholly in steel with one or two strengthening 
jackets. All of these guns are breechloaders ; the 
larger calibres down to 14 centimetres (5.51 in.) have 
an arrangement by which the breech mechanism is 
supported by a bracket, while for the smaller sizes 
the breech-block is carried in a ring hinged to the 
body of the gun. 
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manufacture tubes and bodies for guns in steel for 
calibres of 14, 16, 19, and 24 centimetres (5.51 in., 
6.29 in., 7.47 in., and 9.45in.), especially for naval 
purposes. The ‘ Marie-Jeanne,’ a steel gun 24- 
centimetre bore, which, during the siege of Paris, 
did such good service at Mont Valerien, was the 
first gun of large calibre manufactured in France 
with French steel, and this was made by the St. 
Chamond Company; these works can therefore 
claim to have taken the initiative in this branch 
of military industry.” The weight and import- 
ance of steel ordnance made in France rapidly 
increased, and several other firms followed the 
initiative taken by St. Chamond, but it was not 
until between 1875 and 1879 that the Creus6t Works 
undertook the production of steel guns of very 
large size, following, in fact, in the footsteps of the 
works at Elswick, whence had been sent in the same 
period, the first of the famous 100-ton guns for the 
Italian Government ; this development made France 
independent of Messrs. Firth and Sons, from 
whom it had been purchasing large quantities of 
gun steel. The only heavy ordnance in France to 
compare with these—or, indeed, with the heaviest 





natures then made at Woolwich— were eight 16.54-in. 
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34-CENTIMETRE GUN MADE OF FIRTH STEEL, 
















16-CENTIMETRE AND 65-MILLIMETRE STEEL GUN, FRENCH STANDARD TYPE. 


The first steel guns tried experimentally in France 
were undoubtedly those which had been purchased 
from Krupp of Essen, and also from Armstrong. In 
1856, 12-pounder smooth bore muzzle-loading guns 
made of steel were subjected to a long series of 
experiments. In 1857 twosuch guns, 4.88 in. bore, 
were tried in Paris, when it was impossible to 
burst or injure them by firing.- In a report 
dated July 12, 1857, it is stated that one of these 
guns ‘‘ was fired 1400 times with a service charge 
of 4.4 lb., 600 times with a charge of 3.3 1b., and 
1000 times with a charge of 31b.; in all 3000 
charges which it resisted perfectly.” In a previous 
trial a gun of the same class had endured 1400 
rounds with 4.41b. of powder, and 1600 rounds 
with reduced charges, but in a second series of 
trials it burst at the fourth round with 6.6 lb. of 
powder. Another gun after 3000 of such rounds, 
was fired 20 times with 6.6 lb. and two balls, ten 
times with 6.6 lb. and three balls, and six times 
with 13.2 1b. and six balls. The gun remained 
uninjured at the end of these extreme tests (see 
Holley’s ‘‘Ordnance and Armour’). About 1862 
this country was manufacturing built-up steel 300- 
pounders for France, but two years later the steel 
works of Assailly, now forming a part of the cele- 
brated St. Chamond establishment, commenced the 
manufacture for the first time in France of steel 
tubes and jackets for heavy ordnance. It was 
stated in a recent number of the Temps .‘‘ that 
thanks to the active collaboration and continued 
help of General Frebault and Colonel Maillard, 
the Assailly Company has been able since 1865 to 





* Some French guns, especially 10 cm., 16 cm. (steel), 
and 27 cm. to 32 cm. (cast iron and steel), for coast de- 





fence, were made at Havre by the Forges et Chantiers de 
la Mediterranée. 


and five 13.39-in. guns (1875-1879), constructed at 
the State factories from material supplied by pri- 
vate makers. These, and six others of 14.57-in. 
bore, of which the elements for three were made at 
Creusét, and for three at St. Chamond, were the first 
of the largest steel guns produced in France, and 
with more or less important modifications, chiefly as 
regards reduced size, they have served ever since 
as standard types. The 37-centimetre (14.57 in.) 
guns weighed 72 tons, and were designed to throw 
1180 1b. projectiles with an initial velocity of 
1960 ft. ; of the eight 42-centimetre guns mentioned 
above (16.54 in.), two were 21 calibres in length, 
the remaining six being 22 calibres; the steel 
bodies were reinforced by three steel jackets, and 
they weighed 75 tons. The shorter natures were 
intended to throw a projectile weighing 1430 Ib. 
with a velocity of 1730 ft.—a common shéll con- 
taining a bursting charge of 80 1b.—or a steel shell 
17161b. with a bursting charge of 23 lb.* 

It is scarcely to be supposed that, if France 
lagged behind this country in the matter of heavy 
ordnance, it was because she was not thoroughly 
alive to all that was going on in England, Germany, 
or Italy, or that she could not, had she considered 
it expedient, have taken a front rank instead of 
following closely behind ; but the practical solution 
of problems in heavy ordnance is a very costly one, 
which doubtless France—adopting the American 
policy—preferred to see practically studied by some 
other power, and although it was a matter of early 
necessity to answer the big guns of England and 
Italy with others as powerful, and possibly of greater 
endurance, yet the experience with these large bores 
and heavy weights does not seem to have been 
very satisfactory, and France, not caring to venture 


“* Nouveau Matériel Naval, par MM. Ledieu et Cadiat. 
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further on the same lines, preferred to pursue a 
somewhat retrograde policy. During this period she 
was making a large number of experiments with 
different types of guns at Gavre, and was gradually 
accumulating experience before committing the 
country to a vast and doubtfully useful expense. 
‘* The 1881 type of artillery is characterised by the 
suppression of the tube, the fixing of which in place 
was a very delicate and difficult operation for heavy 
calibres ; the body of the gun was made of tempered 
steel. Guns of 65 millimetres (2.56in.)had no jackets 
excepting the broad ring carrying the trunnions. 
Those of 90 millimetres (3.54 in.), 10 centimetres 
(3.94in.), 14 centimetres (5.51 in.), and the light 
16 centimetres (6.29 in.), had one thickness of 
jacket. The 16 centimetres heavy type, the 24 centi- 
metres (9.45 in.), the 27 centimetres (10.63 in.), 
and the 34 centimetres (13.39 in.), had two reinforc- 
ing jackets. In proportion to the increase of the 
bore, the thickness of the jackets relatively to the 
body of the gun was increased. The practice was 
followed, as far as possible, not to have greater 
thickness of steel than was employed in the type 
of 1875, though it was found that this practice 
could not be closely followed for very large 
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calibres. The great risk which is incurred in the 
use of steel forgings or blocks of very large dimen- 
sions arises from the uncertainty about imperfec- 
tions in the interior of the metal. The progress 
that has been made in the manufacture of steel 
permits us to hope that the bodies of heavy guns 
will have sufficient elasticity to exert on the adjoin- 
ing thicknesses of metal, a sufticient compression 
under the force exerted by the use of jackets of 
relatively heavy dimensions. Long experience 
and careful experiments appear to have made 
French artillerists stop at the 34-centimetre gun as 
the maximum calibre; in its latest form this weapon 
has a weight of 53 tons, and is intended to give toa 
projectile weighing 924]b. an initial velocity of 
1970 ft. ; such a projectile fired at short range will 
pierce a forged iron armour plate 29.14 in. thick and 
a wooden backing of 32 in.”* Fig. 25 shows the 
type of 34-centimetre gun of the type immediately 
preceding that to which the foregoing paragraph 
refers ; this particular piece has several peculiarities ; 
the body was manufactured of steel supplied by 
Messrs. Firth and Sons, of Sheffield. It is made 
in two parts, an inner tube extending the whole 
length of the piece, that is to say, for 28.5 
calibres for the long type, and 21 calibres for the 
short type, and along steel jacket ; around this are 
shrunk two steel jackets made up of broad rings. As 
already stated, in the actual guns now manufactured 
the inner tube is often dispensed with, and the 
body is made of one piece of solid steel ; Figs. 26 
and 27 indicate this type of construction ; they 
represent, however, two smaller calibres, the 
former, the 16-centimetre (6.29 in.) gun, and the 
latter the 65-millimetre (2.56 in.) As will be seen, 
this smaller gun is not reinforced excepting by the 
trunnion ring, the thickness of the body being 
increased behind it towards the breech. The earlier 
type of steel gun, that is the 42-centimetre bore made 
between 1875 and 1879, and already referred to, is 
indicated in Figs. 28 and 29 (see next page), but 
the precise arrangement of lining tube and jackets is 
not shown and the gun may be considered as obsolete. 

The following is a general description, gathered 
from the source we have already quoted, of the 

rocess now followed in the manufacture of 

rench steel ordnance. The steel is cast in 
ingot moulds having the form of a truncated 
cone, sufficient length being allowed at top and 
bottom to cut off the ends where the metal is 
less likely to be perfectly sound ; this casting is 
the first process in the manufacture of the body of’ 
the gun, and the lower part of the ingot corresponds 








* Nouveau Matériel Naval, par MM. Ledieu et Cadiat, 
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with the breech. After a first reheating the ingot 
is placed beneath the steam hammer and gradually 
roughed out into shape; this operation, however, 
is only completed after several reheatings ; in the 
case of the 34-centimetre gun there are at least ten 
or twelve. After the forging has been completed, 
the block is placed in an annealing furnace raised 
to a clear cherry heat and then allowed to cool 
very gradually; the first rough turning is then 
completed, which brings the block down ap- 
proximately to it its final dimensions; it is 
necessary, however, to allow a margin, because 
the operation of tempering, however carefully it 
may be performed, is liable to distort the shape of 
the block, and it is especially required to take out 
the slight curve which is almost always produced in 
the heating furnace before tempering. The next 
process is boring the block ; for this purpose a crown 
drill is employed which cuts away the metal in an 
annular form, leaving a steel cylinder in the middle 
of the bore ; after this, the turned and bored block 
is again annealed and oil-tempered ; the tempering 
furnace is vertical, and has to be of large dimen- 
sions to receive the bodies of the heavy calibres ; it 
is afterwards plunged into a vertical bath of oil. 

The tempering is carried out at two operations ; in 
the first of these the steel is raised to aclear cherry 
heat or about 1000 deg. Cent. ; in the second it is 
only brought to a dull red, corresponding to 
600 deg. Immediately on being brought out of the 
furnace the tube is plunged into the oil bath, and 
remains there until it is quite cold. The practice 
of tempering in molten lead has of late found strong 
advocates in France, and many interesting experi- 
ments have been carried out in this direction, chiefly 
by the Chatillon et Commentry Company ; to 
these we shall take an opportunity of referring on 
another occasion. Test-pieces are removed from 
the tube before and after tempering; these are 
discs cut perpendicularly to the axis of the bore, 

both at the muzzle and breech ; out of them are cut 
the bars which are subjected to a series of carefully 

arranged tests for tensile strength, resistance to 

shock, bending, and elasticity. The Société de 

St. Chamond showed at the Paris Exhibition a 
large number of these test-pieces which had been 
subjected to the trials prescribed by the French 
Department of Marine ; these trials are as follows : 

The falling weight tests are made on bars 1.18 in. 

square by11.81 in. long, or.79 in. square and 7.87 in. 

long, the falling weight of the block being 39.61b., and 
the maximum height of drop 108.27 in. The follow- 
ing Table gives particulars of the regulation tests : 


TABLE V.—Government Test for Gun Steel under a Falling 
Weight. 





Tubes and Hoops. | Breech. 





| 1.18 in. | .79in. | 1.18in. | -70 in. 
Weight of tup 39.61b. | 39.6 1b. (39.6 Ib. 
Height of fal .. «+ { 108.27 in, 43.31 in.!108.27 in. 43.31 in. 
Distance between knife-; | 
29 ,, | 4.72 ,, | 
20 


6.2 
15 





..| 39.6 Ib. 


6,29 
15 


edges ‘ss = oat o» | 4.42 5, 
Minimum number of blows 2 

If the test-pieces have shown resistances equal 
to the prescribed amount, the tube itself is sub- 
jected to a powder test before any of the jackets 
are placed around it. Care is taken that the strain 
thrown upon the tube by the explosion of the 
charge, is somewhat less than that corresponding 
to the elastic limit of the metal. The mode of car- 
rying out this test is indicated in Fig. 30; the 
charge of powder is placed as shown between pro- 
jectiles, which are encircled with copper rings so as 
to fit the bore closely ; one of these projectiles is 
bored through to allow the passage of the firing 
circuit. The tube is subjected to three such rounds, 
one near the breech, one in the centre, and one 
at the muzzle. This powder test is objected to by 
many artillerists as unnecessary, costly, and very 
troublesome ; it is, we believe, likely to be aban- 
doned. As shown in the engravings, the jackets 
are composed of a number of bread steel rings, which 
are made in a manner similar to the mode followed 
in producing railway tyres ; they are rolled roughly 
into shape on a mandrel and afterwards forged. 
The rings are carefully tempered in oil precisely in 
the same manner as the body of the gun, and they 
are subjected to tests for tension, compression, and 
bending in a similar way to the larger body of steel ; 
the powder test is of course omitted, but in its 
place every finished ring is tested upon a coned 
mandrel, which is driven into the ring at one blow. 
Before this last test takes place, the rings are 
finished as nearly as possible to their ultimate size, 


but they are distended by the mandrel in a propor- 
tion of 2.5 millimetres per metre of diameter ; after 
they are withdrawn from the mandrel, they are 
carefully measured, and if the permanent extension 
exceeds 1 millimetre per metre, the rings are 
rejected. All the various fittings of the guns, in- 
cluding the breech-blocks, are made of cast steel, 
carefully forged, oil-tempered and annealed ; sample 
pieces are taken from the steel of which the various 
parts are made and subjected to test. 

Although a considerable number of heavy guns 
in France are made without any lining tubes, some 





oe), 





around the exterior of the body. The lining tube, 
which is suspended over the bore, is run down 
rapidly as soon as the latter is sutticiently ex- 
panded, and when it is definitely in place the body 
is cooled by a stream of water distributed equally 
over the outer surface, commencing at the breech 
and going upwards ; this method of proceeding is 
necessary, because as the metal near the muzzle is 
thinner it cools more rapidly, and by cooling the 
mass with a stream of water from the breech up- 
wards, the process is rendered uniform and the con- 
traction upon the lining tube is made equal through- 
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Figs. 32 anp 33. 


of the types and calibres are provided with them ;| 
the process of inserting them is very similar to that 
described in a previous article for lining cast-iron 
guns, only in this case the steel tube is introduced 
at the muzzle, the body being suspended vertically, 
breech downwards. The greatest care has to be 
exercised to heat the whole mass regularly through- 
out its length, since if this is not attended to 
the expansion would be uneven, and the operation 
would result in failure; the heat applied must 
also be kept carefully within certain limits that 
have been ascertained by experiments, and which, 
if exceeded, would tend to set up molecular 


strength ; the temperature which has proved to 


expanding the metal, does not exceed 400 deg. 
Cent. The gun is placed in a pit in communication 
with the furnace, from which air, heated to the 
temperature above named, is delivered direct into 





the bore of the gun, and is also allowed to circulate 


disturbances in the metal which would affect its | 


be the safest, and at the same time suflicient for | 
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RIFLING MACHINE, 


out. The amount of contraction given to the 
reinforcing rings, as well as to the body of the gun 
from the lining tube, is equal to 1.7 millimetres per 
metre in diameter; the expansion obtained by 
heating the metal to 400 deg. is equal to 3 milli- 
metres per metre. In some cases it is found more 
convenient to make the gun body in two pieces, and 
the old method of joining the blocks together prior 
to inserting the lining tube, has been abandoned since 
1886 in favour of the following process. The block 
which forms the breech portion of the gun is finished, 
the forward end being formed as shown in that part 
of Fig. 31 marked A; into this the tube is driven, 
the forward end projecting, and when the whole 
has cooled down, the second block which forms the 
forward part of the gun is shrunk over the projecting 
part of the lining tube. The adjoining ends of the 
blocks A and B are forced one over the other as 
shown in the diagram, the depth of the locking 
shoulder at M being 1 millimetre ; the lengths of 
the parts brought into close contact are drawn to 
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32-CENTIMETRE STEEL GUN AND CARRIAGE. 
CONSTRUCTED BY MESSRS. SCHNEIDER AND CO., CREUSOT, 
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scale on the section. This process, however, is 
entirely unusual, as either of the large works of 
St. Chamond, Firminy, or Creusét are capable of 
turning out solid blocks surpassing the specifica- 
tions of the French gun factory, and large enough 
to form the body of the heaviest calibres made. 
The adjustment of the reinforcing rings, in one, 
two, or three tiers, is the next stage in manufac- 
ture; a slight projection is formed around the 
breech of the gun to serve as a shoulder, against 
which the first ring may be driven; the body of 
the gun is placed in a horizontal position, and the 
rings having been expanded by raising them to the 
necessary temperature, they are forced on one after 
the other until the first series is completed, when 
the metal is cooled by a plentiful application of cold 
water, and the surfaces are trued up perfectly for 
the application of the next row of the reinforcing 
rings. After these operations have been com- 
pleted the gun is ready to be placed in the rifling 
machine, the general principle of which will be 
presently indicated. Fig. 38 above shows a finished 
32-centimetre breechloading gun and carriage made 
by MM. Schneider and Co., of Creusdt. 

As we have already stated in a previous article, 
the earliest experiments with rifled guns in 
France were carried out with only two grooves 
opposite each other ; this was about 1855. Ex- 
perience soon showed that this number was alto- 
gether insufficient to give the necessary rotation 
to the projectile, and the number was gradually 
increased, until, in 1870, as many grooves were 
cut in the bore as the latter was centimetres 
in diameter, or one in excess if the number of 
centimetres was unequal ; the width of the lands 
was 10 centimetres. Subsequently the number was 
again increased, until in 1875 it was one and a half 
times the number of centimetres of bore, and again 
it was increased to twice for all calibres, the width 
of the lands being reduced to 4 millimetres. The 
system of rifling adopted for French naval guns 
differs from that in use for land defences, and which 
is known as the Parabolic system. In this the 
development of a groove represents the are of a 
or ap tangent to the generating line at the 

reech, and making with this line a constantly in- 














creasing angle ; this curve is extended for a con- 
siderable part of the length of the bore, and is then 
terminated by a uniform twist ; by this system it 
is claimed that the advantages of uniform and of in- 
creasing twists are combined, the angle formed by 
the last portion of the rifling being sufficient to 
insure a sufficient rotation to the projectile whilst 
the gun is subjected to less strain as the shot is 
gradually started from rest along the parabolic por- 
tion. In naval guns, however, the parabolic curves 
of the grooves are followed throughout. 

Figs. 32 and 33 are diagrams, and the following is 
a description of the rifling machine generally em- 
ployed in France. An endless screw V, Fig. 32, which 
is mounted parallel to the axis of the gun as it is 
centred in the rifling lathe, gives motion to 
a carriage that supports the rifling bar R; at the 
end of this bar is the cutting head shown in 
section, Fig. 33, and which contains the rifling 
tool used ; if no movement of revolution is given 
to the bar R, it would cut—through the motion 
due to the screw V—a straight line. It is there- 
fore necessary to give it a turning movement 
to an extent that can be carefully regulated, and 
this is effected by means of a pinion D which is 
mounted upon it, and which gears into the rack L, 
to which a movement can be given at right angles 
to that of the cutting bars. At one end of the 
rack is a pin B, which passes through a curved slot 
in a fixed former P, and the combined movement 
of the rack and of the driving screw V forces the 
cutting bar to turn to the curve desired, and which 
is varied at will by the form of the slot P. As 
it is necessary that the rifling tool shall only pro- 
ject from the head when it is making its cut, it is 
mounted in a slot in the head as shown in Fig. 33 ; 
the bar R is made hollow, and through it passes the 
rod T, the end of which terminates in an inclined 
headI. Thisrod isfree to slidetoand fro inthe barR, 
and upon its position depends the projection of the 
cutter U or of its withdrawal within the head E. As 
will be seen from the section, the rod T is also hollow, 
and it, as well as the head E, is provided with a 
number of ports through which an abundant supply 
of oil or soap and water can be fed to the cutting 
tool. Fig. 34 shows the standard form of rifling 


adopted, and by way of comparison earlier forms of 
French rifling are given. Fig. 35 shows the type 
of about 1861. The bore was rifled with three such 
grooves cut with an increasing twist, and into which 
entered three studs on the projectile faced with zine. 
Fig. 37 is a sketch showing the relative position of 
these three grooves, and Fig. 36 is a similar section 
indicating the earliest form of French rifling. 








FIRST AND SECOND FORMS OF FRENCH RIFLING. 


Hitherto we have not referred to the breech- 
loading mechanism which forms an all-important 
feature of modern ordnance ; but in subsequent 
articles we shall describe in detail the standard 
systems as used for French guns, and compare them 





with the methods adopted by some other countries, 
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THE AMERICAN SOCIETY OF 
MEOHANIOAL ENGINEERS. 
(From our New York CorRESPONDENT.) 
(Continued from page 66). 

Sream Pires ror CoLLieRIEs. 

In this paper the author, Mr. E. F. C. Davis, 
stated that the common method of conveying steam 
is through wrought-iron gas-pipe joined by taper 
threads screwed into sockets or ferrules, and then 
proceeded to show that while cheaper than any 
other, and suited to small pipes unexposed to 
corrosive action, it does not answer under other 
circumstances. He showed how the condensed 
steam caused a cutting out at the joints, and the 
whole line must be screwed up to prevent leakage. 
Flange unions would avoid some of these difficul- 
ties, but there was still some corrosive action. He 
then submitted the drawings of the flange pipe 
used by the Philadelphia and Reading Coal and 
Iron Company, as shown in Fig 2. 





These flanges are screwed tightly on the pipe— 
the pipe carried in a steady rest—and the end of 
ipe and flange faced off flush with each other. The 
ugs are at the same time bored out, and the pro- 
jection turned off concentric with the bore of the 
pipe. This insures perfect continuity in the pipes, 
and the lugs also centre the gum-joint rings accu- 
rately, so that a gum-joint is obtained between the 
abutting ends of the wrought-iron pipes. The con- 
tinuity of the bore of the pipe insures a free flow of 
steam and condensed water, so that all liability to 
furrowing at the joints is avoided, and the gum- 
joint formed between the ends of the wrought-iron 
pipes protects the thread from all danger of corro- 
sion. If an odd length of pipe needs to be made at 
a colliery, the pipe—if not over 4in.—can be 
threaded with a hand-stock and die, and a finished 
flange screwed on until the pipe projects through. 
The pipe must then be filed off flush with face of 
flange. 

In moulding these flanges it is best to have the 
pattern arranged to leave its own cores, This 
insures accuracy in the positions of the bolt-holes 
and the large central hole, relative to each other 
and to the other parts of the flange. 

Several thousand feet of steam pipe fitted with 
these flanges have been put in service, and have 
all proved perfectly satisfactory. 

The following are the dimensions adopted : 
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through flange so as to be steam-tight, 
and flange and end of pipe faced off flush at one operation. 





Pipe must be screwed 


Roturne Street Rats. 


It is difficult to make an abstract of this 
admirable paper contributed by D. K. Nicholson, 
since the caiee had condensed it to the almost 
smallest possible matter which will accurately de- 
scribe the process, hence it must either be given 
substantially complete or be omitted altogether. 

In a three-high mill a rail is made at one heat, 
and generally in eleven passes, from a bloom 7 in. 
square, or a little larger. 

The first six passes are taken up in working the 
bloom from side to side into a billet, rudely, the 





shape of a rail. It is then ready for the finishing 
rolls. The seventh pass, or squabber, which is 
generally the first pass in the finishing train, is 
principally for forming the flanges of the rail 
(Fig. 3). The billet goes through this pass with 
the head down and the flanges horizontal; the 
flanges are caught between the two rolls and made 
thinner and wider according to the distance be- 
tween the rolls forming the pass; so that this pass 
has almost absolute control of the flanges. The rail 
passes through the three succeeding passes with 
head and flanges vertical, without any change 
except uniform reduction and a gradual increase in 
the height. Then the rail goes through the finish- 
ing pass, where the head is rounded (Fig. 4), and 
from that it passes on to the saws to be cut. 

Assuming that the passes have been properly 
turned out, it is the essential feature of the whole 
matter of rolling a rail to have them all exactly 
filled. If the bar does not fill out to any pass, more 
stuff is put in the pass; this is done by enlarging 
the preceding pass or passes by moving the rolls 
apart so as to bring out a bar of larger cross-section. 
On the other hand, if the bar is of too great a cross- 
section for the pass to roll out in length, the extra 
metal will squeeze out in the partings of the rolls, 
and either shear off or make a fin. The opposite 
course of treatment must then be resorted to. 

Side guards are used to guide the bar to the pass, 
and to aid in keeping it from twisting or drawing 
to one side on leaving the pass. Side guards are 
sometimes called into play to put more metal into 
one side or the other of a piece by forcing it over, 
and compelling one side of the pass to rob the 
other. It is unnecessary to have a side guard on 
each side of the pass when there is a greater 
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amount of draught on one side of the bloom than 

on the other. The extra amount of draught on the 

one side throws the piece to the opposite side. 

There is then no need for a side guard on the side 
the bar has no tendency to touch. 

The purpose of a guide is to keep the bar from 

following the roll on coming out of the pass when 

for any reason it has a tendency to doso. The 


._|pass in the rolls is turned out so as to throw the 


piece against the guide to insure the bar being de- 
livered safely from the rolls, Guides and side 
guards are then, exactly as their names indicate, 
to ‘guide and guard” the bar in entering and 
leaving a pass in the rolls. 

Finning and shearing comes from the metal 
squeezing between the partings of the rolls. It is 
the result, as stated above, of too much stuff going 
in the pass or part of the pass, or the bar not pro- 
perly entering the pass. A small fin, or the indi- 
cation of one, is the only positive evidence there is 
that the bar has filled out as intended. The wedge- 
like shape of the flange of a rail gives a consider- 
able amount of end thrust to the rolls. If this 
thrusting is not met by a force sufficient to over- 
come it the rail will be higher on one side than the 
other and have a thick and thin flange (Fig. 5). 

Of all the troubles to be overcome in rolling a 
rail the overfilling of the head in the finishing 
pass is probably the greatest. There is no real 
remedy for it except returning the rolls. Since the 
head of the rail is made somewhat rounding, the 
two rolls must be parted at the middle of the head 
in the finishing pass. When the metal runs out 
between the collars, it makes a fin, which is gene- 
rally objected to more on account of its appearance 





than the harm it does (Fig. 5). The cause may 
be looked for in the pass immediately preceding 
the finishing, the leading pass. When the rail has 
too much stuff under its head on each side of the 
web on coming out of this pass, on entering the 
finishing, there is nothing to oppose this side work 
at the middle of the head where there is a space 
} in. wide between the collars of the rolls, From 
this it is plain that the greater the angle under the 
head of the rail the more scope for the roll turner 
in the leading pass, and consequently the less 
liability to fin or overfill in the finishing pass, 
Rounding the collars with a file will sometimes 
make the overfilling less noticeable. 

In speaking.on the subject of the amount of 
draught that ought to be put on a piece of steel, no 
fixed rule can be given on account of the varying 
conditions under which a piece is rolled. However, 
taking nearly everything into account, 10 to 20 per 
cent. has been found to cover nearly all cases, when 
the piece is turned to receive work on all its sides, 
In breaking down a piece of steel light draught 
tends to make the sides concave ; the work seems 
to be confined near the surfaces on which it is 
being rolled. Heavy draught will have the oppo- 
site effect. It follows, as would naturally be sup- 
posed, that in the same rolls the hotter the piece 
the more the tendency of the stuff to go out in the 
length ; while the colder and harder the piece the 
more spread, and consequently the more the ten- 
dency to fin. More spread may then be looked for 
in high carbon steel than in low carbon or mild 
steel. It might be here remarked that in either 
case the shape into which the piece is to be rolled 
has a good deal to do with an imperfection in the 
steel wreeme | out. For instance, a bad place in the 
part of the bloom falling to the head will work out, 
where it will not in the flange of a rail. 

When a train of rolls is not strong enough, re- 
course can be had to three ways of making the 
rolls stronger, enlarging the diameter, shortening 
the body, and using better material in making the 
rolls. For every size bar there isa roll of a certain 
diameter that will make that bar probably better 
than a roll of any other diameter. Of course such 
a thing as having different size rolls for every 
section of rails would not be practicable. So a 
train is selected with respect to the average work 
that is to be done. Rolls of small diameter are 
more likely to work the flaws out of a piece of steel 
than rolls of a large diameter. There is very little 
spring ina roll witha short body. For these reasons 
alone it appears that the second of the above-men- 
tioned schemes (to shorten the body) would be the 
one to adopt. 

The great drawback to a cast-steel roll is the fact 
that the surface cracks so badly. They do very 
well for roughing or where enough passes follow to 
smooth the bar. A forged steel roll cracks very 
much less than a cast roll, but the cost puts it out 
of the question. As for strength, they may be said 
to be everlasting. This puts somewhat of a limit 
on the material used for a finishing roll after going 
outside of the best mixture of cast iron. 

In a three-high mill the passes in the top and 
middle rolls can be altered without disturbing the 
passes in the middle and bottom rolls. A two-high 
mill has the advantage in handling the bar, since 
it enters all the passes of the rolls on the same 
plane. And it is only necessary to have two rolls 
instead of three. But then in altering a pass, shift- 
ing one roll affects all the passes except where the 
finishing pass is in separate housings, which is a 
good thing in either train. The great speed at 
whieh the rolls are run after the bar has entered 
the pass in a two-high reversing mill often goes 
against the proper formation of the rail. 

In going above two lengths it is very necessary 
to take every precaution in putting down a mill. 
The long-continued strain in a set of rolls when 
120 ft. of rail go through is trying in the extreme 
on the rolls, especially as regards the end thrust. 
It is only by having several set screws and a well- 
babbitted surface on the lip of the brass, that the 
rolls can be held in their proper place in single 
lengths. In four lengths this would probably be 
double, and possibly more. Of course all this is 
not insurmountable if all the parts are made strong 
enough to resist the strain put on them, and the 
train kept in line—that is, the engine shaft, the 
pinion and roll to which it is coupled, having their 
axes in one straight line, and the axes of the rolls 
in the same vertical plane ; for besides the train 
pulling hard, when the rolls are not in the same 
plane, the piece is liable to come out twisted. 
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One of the best experts present stated in the discus- 
sion that railway engineers were the great objectors 
to overfilling, and a slight indication of overfilling he 
thought desirable. He also gave his opinion that 
a satisfactory steel roll did not exist. His mill 
turned out in October 28,491 tons of rails from one 
train of rolls, or one. 30-ft. rail every 15 seconds. 
He thought one of the most important features in 
rolling steel was the temperature. 


Metuops oF Repucine Fire Loss. 


“¢ Methods of Reducing Fire Loss,” by C. J. H. 
Woodbury, of Boston, followed. In view of the 
recent fire loss in this city, it would seem that the 
best way was to have a fire department sufficient 
ample to cope with any emergency and to so attac 
a fire that it does not assume such proportions as 
to defy control. At this writing, when the facts 
are not all known, the writer would not criticise, 
but will state that ten days ago the New York Fire 
Department sent out three alarms for what to a 
novice would seem a comparatively insignificant 
fire. The last alarm was undoubtedly a precau- 
tionary one, since the engines summoned by it were 
not used, but they were there, and the building, a 
five or six-story manufactory, had the fire confined 
to the fifth story, where it broke out. These three 
alarms were sent within ten minutes. 

Mr. Woodbury, however, looked to means of 
preventing fire, which is undoubtedly the best 
method. 

His plans were to have careful supervision by 
means of watchmen, and to have the building so 
constructed that it would burn but slowly, by mass- 
ing the material in such a way as to leave the mini- 
mum spaces about’ the structure and the fewest 
projections of timber possible. Fire-doors should 
be used to separate the parts of the building, 
arranged so as to close automatically by the melting 
of the catch. He also favoured private organisa- 
tions, automatic sprinklers, and the like. 

Many members then gave their experiences, and 
this all tended to one end, that it was better to 
prevent fires, still Mr. Woodbury’s methods received 
the approval of the meeting, for they were care- 
fully matured, based on a large experience, and 
were well presented. 

That evening the members rested their brains at 
the expense of their stomachs, and thus equalised 
the strain on the body. Mechanical engineers, as 
arule, have a good healthy look, and the relative 
proportions between their heads and their stomachs 
are very largely in favour of the latter ; but none 
need argue from this that their brains have in any 
way suffered on this account. The dinner was a 
thoroughly enjoyable one, and ‘‘Our English 
Hosts” were many times alluded to in terms of the 
most flattering and appreciative character. The 
time of breaking up showed how thoroughly the 
evening had been enjoyed. 


(To be continued.) 





MINING INDUSTRIES AT THE PARIS 
EXHIBITION.—No. III. 
SILVER. 

Mexico and Bolivia were by far the most con- 
spicuous exhibitors of silver and silver minerals at 
the Paris Exhibition. Of course in the United 
States section there were some fine silver specimens 
in Professor Blake’s collection, but as before referred 
to, no data was forthcoming regarding the mines 
these minerals came from. We will have to mention 
hereafter an exhibit of a Peruvian silver mine— 
Ticapampa—whose collection took refuge in the 
Uraguayan pavilion, Peru not being one of the 
exhibiting countries at the Champ de Mars. 

Mexico.—No country in the world can boast of 
so many rich silver mines as Mexico. In nearly 
all the States, large and prosperous mining esta- 
blishments are to be found, and were all well 
represented in the magnificent collections of the 
Mexican pavilion. We will pass each State in 
review aud mention the most prominent and 
striking of the Mexican mining centres. 

State of Sonora.—Here the ancient workings, 
attributed to the first Spanish settlers, are very 
numerous and important, but during the last 
century, owing to Indian invasions, they had to be 
abandoned. It is only recently that this State has 
attracted new capital for the development of its 
mines. The principal company at work is of 
Mexican origin, called El Tajo ; lodes are found 
here in adioritic porphyry containing quartz, 
sulphides of silver, and complex sulphide minerals 





with blende, galena, iron pyrites, antimony, arsenic, 
&c. The richer portions of ore from this mine are 
sent for treatment to Colorado, where they are 
smelted at the Puebla foundries. Mining opera- 
tions are also carried on in the Ures district by the 
———— Company ; in the Alamos district by the 
Almada, the Tirito, and the Baucari companies ; 
finally in the Hermosillo district by the Minas 
Prietas Company. All these companies work lodes 
containing complex minerals. A few other Mexican 
companies of less importance are also at work in 
Sonora ; the total silver production in the State 
amounting to a value of about 400,0001. 

The State of Sinaloa,—Here several companies 
are to be found working silver mines, and amongst 
others an English company called Guadalupana, 
and a Mexican company, Guiidalupe de Los 
Reyes. The lodes show the same characteristics 
as those of the State of Sonora, the rich ores being 
also sent to the United States foundries to be 
smelted. The production of this State in silver is 
valued at about 500,000/. per annum. 

The State of Chihuahua.—One of the most 
important mining States in Mexico. Some of its 
mining centres show lodes possessing the same 
characteristics as those found in the preceding 
States, but others, as at Batopilas, contain a 
number of lodes where nine-tenths of the silver 
is found in the native state in a gangue composed 
solely of carbonate of lime; of this formation 400 
to 500 lodes have been discovered, and in none of 
these can a particle of quartz be seen in the gangue. 
The width of these Sales varies from 1 ft. to 15 ft. 
The principal companies in the State of Chihuahua 
are as follows: (a) The Batopilas Silver Mining 
Company, managed by Mr. Alexander Shepherd, 
an American who has brought up the yearly pro- 
duction in silver to 200,0001. (b) The mining works 
of Mr. Becerra, a very enterprising Mexican, whose 
name is as well known here as in his own country, 
where his loss will be much felt,* His principal 
mines are at Batopilas, Urique, El Zapuri, &c., 
and their production in silver amounts to 120,0001. 
(c) An English company, Pinos Altos Mining Com- 
pany, produces about 80,0007. a year in silver. 
(d) The Palmarejo Mining Company, where com- 
plex ores are worked, similar to those of Pinos 
Altos just mentioned, produces at present 120,000I. 
worth of silver, and is said to have a great future 
before it. (e) Cosihuiriachic Mining Company 
(American) works complex ores and produces from 
60,0007. to 80,0001. worth of silver a year. 
(f) Another American company, called the Santa 
Eulalia Mining Company, works immense deposits 
having the character of contact lodes placed between 
the cretaceous beds and porphyry eruptions. The 
ore is composed of carbonate of lime containing 
argentiferous carbonate of lead; the production 
amounts to 40,0001. yearly. (g) Near atown of the 
name of Parral, a considerable number of mining 
enterprises are at work of more or less importance ; 
we will only mention Mr. Botello’s mine, which 
appears to be the most striking. All these mines 
together produce about 200,0001. yearly. The pro- 
vince of Chihuahua contains many more mining 
centres of less importance that we have not men- 
tioned here. 

The State of Coahwila.—The most striking dis- 
trict in this State is that of Sierra Mojada, where 
immense deposits composed of contact lodes con- 
taining argentiferous carbonate of lead, in an 
earthy state, yield without any mechanical pre- 
paration 40 per cent. of lead and one per thousand 
of silver. This mineral, constituting a magnificent 
flux, is much appreciated in the Mexican and 
American foundries, the consequence of this being 
that very little ore is treated on the spot, but about 
80,000 tons are yearly sold to the smelters. This 
amount of ore with the above-mentioned percent- 
age, represents a value in silver of 460,000/. The 
mineral is bought in the United States at about 
35 dols. a ton. The expense of extraction being 
very small, the Mexican miners have only to 
support the expense of transport, this ore is often 
found in the shape of immense pockets from 200 ft. 
to 250 ft. long by 20 ft. to 30 ft. in thickness. 

The State of Durango contains a great many 
~— important districts, of which we will mention 
a few. 

The Mapivai district contains large contact lodes 
situated between the limestones of the cretaceous 
beds and porphyry, and composed principally of 
carbonate of lead with gangue of carbonate of lime. 





* Mr. Becerra died in London a few weeks ago. 





The ore contains about 25 dols. worth of silver per 
ton and the silver is highly auriferous, averaging 
from 2 1} per cent. The American Mapivai 
Silver Mining Company is at work in this district. 

The Topia district contains complex argentiferous 
ores composed of galena, blende, and arsenical 
pyrites. Their percentage in silver averages from 
121. to 401. to the ton. 

The Canelas district contains lodes very similar 
tothose just mentioned in connection with dioritic 


rphyry. 

The Panuco district is very similar to the two just 
mentioned. 

The Matates district is celebrated for a magnifi- 
cent bonanza lode, which, at the beginning of this 
century, yielded enormous quantities of silver ; rich 
sulphides of silver are here very abundant. 

he Guanaccoi district is worked by a few 
Mexican companies, who deal with lodes contain- 
ing complex ores with various percentages of silver. 

El Carmen district is worked by an American 
company, the ore being composed of argentiferous 
copper. 

The Penoles district contains several lodes, of 
which one is very large and very important; its 
thickness varies from 12 ft. to 15 ft., and is very 
richly mineralised by pure argentiferous galena 
yielding, after simple hand picking, 70 per cent. of 
lead and 241. worth of silver to the ton. This mine 
is worked by a Mexican company, and the ores on 
account of their purity are purchased by the Puebla 
foundries for mixing with other minerals. Another 
lode is worked by this same company which is com- 

ed of native silver, sulphide of silver, arsenio- 
sulphide, and iodide of silver. 

The State of Guanajuato.—The town of the same 
name is the centre of a very old and important 
mining district containing the two famous lodes 
known as the Valenciana and La Luz, from which 
enormous quantities of silver have been extracted. 
These deposits are highly bonanza in their character; 
the ores are composed of sulphides, sulpho-arsenides, 
and are worth on an average about 81. per ton. The 
works have been carried to the considerable depth 
of nearly 2000 ft. by two Mexican companies. 

At a few miles from Guanajuato the new district 
of Pozos is being developed by a Mexican and an 
English company, and is considered to have a 
brilliant future before it. 

The State of Hidalgo.—At Pachuca and Real del 
Monte, the largest mining company in Mexico, is at 
work formed of Mexican capital, but having pur- 
chased their mines from an English company for 
4,000,000 dols. Several lodes here are very wel! 
worked with magnificent plant and machinery ; the 
ore is sulphide of silver and the yearly production 
amounts to from 800,000/. to 1,000,000/. Several 
other companies of less magnitude are busy in this 
district and are all prosperous. 

The State of Jalisco.—Amongst other companies, 
two Mexican enterprises of some importance are 
at work in this territory, one being the Aviadora 
Company, and the other the Agua Blanca Com- 
pany ; the ores are sulphides of silver. 

The State of Nuevo Leon.—In this State we may 
mention the important company of Guadalupe of 
Mexican origin, working a large deposit of argenti- 
ferous lead which is exported to the United States 
for treatment. 

The State of San LIwiz Potosi.—This very impor- 
tant mining territory is worked by several large 
companies, of which we may mention that of De La 
Paz, De Ameztoy and Aguinaga, Del Senor de la 
Humildad, and Del Refujio. These companies are 
at work in the districts of Cartorce, Charcas, and 
Guadalcazar. The ores are composed of sulphides 
and chlorides, and the total yearly production of 
silver in this State is not less than from 800,000I. 
to 1,000,000/. 

The State of Zacatecas.—It is one of the most 
important mining States of Mexico, where several 
Mexicanand English companies are at work, of which 
the most important are: The San Rafael, the Que- 
bradillas, the Mala Noche, the Asturiana, &c. The 
minerals are principally composed of arsenio-sul- 
phides of silver (ruby silver); the yearly produc- 
tion in silver in this State is valued at 1,200,0001. 

Bottv1a.—The Bolivian exhibit of silver minerals 
was certainly the finest in the whole Exhibition ; 
the crystalline specimens of sulphide of silver sent 
by various companies were very remarkable, but 
the most striking display was that made by the 
Huanchaca Company, occupying a whole section of 
the Bolivian pavilion and showing specimens, not 
only of the ores, but also of the products of the 
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different metallurgical phases of the treatment 
adopted on the mine, as well as large bars of 
metallic silver. 

The Huanchaca mine is particularly worthy of 
interest, considering that it is worked by a ee 
company, who deservesthe greatest credit for having 
overcome difficulties of an unusual character. The 
mine itself called Pulacayo is situated seven miles to 
the south of the village of Huanchaca, at an altitude 
above the level of the sea of about 12,400 ft. The 
nearest port is that of Antofagasta, at no less dis- 
tance than 400 miles. Finding the impossibility 
of working these mines without railway communi- 
cation the company took measures to construct 
the line, and actually accomplished this long and 
important work. The original capital of the com- 
pany was 6,000,000 dols. for the actual working of 
the mines. 

Attempts were made, from 1830 to 1873, to work 
the rich minerals found at Huanchaca, but these 
attempts, owing to the difficulties of transport, had 
proved unsuccessful ; it is true that in former days, 
in the time of the Spanish dominion, silver had 
been extracted in considerable amounts from this 
deposit, but in consequence of an Indian revolt, 
headed by Tupac Amaru, the Spaniards had to fly 
andabandontheterritory. Togive anideaof the pros- 
perity of the present company it may be stated that 
from 1877 to 1888 the production of the Huanchaca 
mine amounted to the enormous sum of 50,000,000 
dols., leaving a clear profit of 20,000,000 dols., of 
which 17,000,000 dols. were distributed to the share- 
holders. The ore contained in the Pulacayo lodes 
is composed of blende, galena, iron and copper 
pyrites, calopyrites, and argentiferous arsenical 
pyrites, sometimes stained with ruby silver. The 
silver ore proper is in reality the arsenical pyrites 
which often yields 10 per cent. of silver, the other 
ores contain silver but in less quantities. 

The minerals extracted from the mine are divided 
into three principal divisions: 1. Ore containing 
less than 6 lb. to the ton that is put aside as too 
poor to be treated. 2. Minerals containing from 
12 lb. to 17 lb. of silver to the ton which are 
treated on the spot. 3. Minerals for exportation 
containing an average of 35.4 lb. of silver to the 
ton that are shipped to Germany, England, and 
France. 

The metallurgical treatment is carried on in two 
centres, one at Huanchaca and the other at Asiento. 
In 1887, 10,218 tons of mineral were treated at the 
Huanchaca works and produced 115,082 lb. ; dur- 
ing the same year 2583 tons of mineral were treated 
at the Asiento Foundry and produced 25,929 Ib. of 
silver, making a total of 141,011 1b. During the 
same period 4350 tons of ore containing 1.54 per 
cent. of silver was sent to Europe and produced 
147,378 lb. of silver, making a total yield in silver 
for 1887 of 288,389 1b., corresponding to a value of 
about 800,000/. 

The Aullagas Mining Company showed also in 
the Bolivian pavilion a tine collection of specimens 
from their workings. The district of Aullagas is a 
division of Chayanta, in the territory of Potosi. 
The mines are situated at the foot of the Cerro 
Hermoso, which is of volcanic origin, containing 
various extinct craters and many vestiges of recent 
eruptions. This company was organised in 1882 
with the idea of discovering the Embudo lode which 
had been looked for by other explorers by means 
of a tunnel which was left unfinished. The com- 
pany was very successful not only in finding the 
Embudo lode, but also in intersecting the Inespe- 
rada, both of which were found to be rich in ruby 
silver and other silver minerals ; the company dis- 
tributed dividends for the year 1884 to the amount 
of 191,250 Bolivian dollars, and in 1885 increased 
the dividend to 550,000 dols.; in 1886 they distri- 
buted 425,000 dols., and in 1887, 200,000 Bolivian 
dollars. 

Many other Bolivian compenies exhibited, but 
unfortunately did not supply any figures or data 
concerning their enterprises. There can be no 
doubt that after Mexico, Bolivia may be looked 
upon as a most unquestionably rich country in silver 
minerals. 

Prrvu.—As before mentioned, the Ticapampa 
Mining Company, possessing a French capital of 
120,0001., exhibited in the Uruguayan pavilion a fine 
collection of specimens. The company only dates 
from February, 1888 ; it possesses thirty-two con- 
cessions, comprising thirty silver mines and two 
coal mines, most of these are in the Recuay. Some 
of the mines had been worked during the Spanish 
dominion, but, as was the case in Mexico, were 
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abandoned in 1780, in consequence of an Indian | 
revolt. The mines are situated at the foot of the | 
Huancapeti summit, which attains 15,000 ft. above | 
the level of the sea, the mines themselves being at | 
no less a height than 10,100 ft. 

The minerals taken from the celebrated Collaracra | 
lode are composed of cupriferous ores and galenas ; | 
the first of these are the richest, but are extremely | 
complex as to their composition, containing along | 
with silver, copper, lead, antimony, arsenic, iron, 
zine, and sulphur, with sometimes traces of gold 
and nickel ; the gangue is exclusively composed of | 


The average percentage of 


white hard quartz. 
these ores in silver may be said to be 54 lb. to 
the ton, but the picked ores that are sent to 
Europe for treatment contain from 11 Ib. to 22 Ib. 


of silver to the ton. The contents in copper is 
from 5 to 6 per cent. 

The second-class of ores, although composed 
principally of galena, still carry some copper and 
other impurities ; these galenas contain from 6.6 lb. 
to 7.7 lb. of silver to the ton. 

The ore obtained from the Huancapeti lodes are 


exclusively composed of argentiferous galena, 
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carrying antimony blende with white quartz as ores, laboratory, workshops, &c. The fuel em- 
gangue ; the silver contained may be said to vary | ployed is anthracite coal obtained from mines in 
from 64 lb. to 131b. to the ton of ore. | the district, as well as peat and charcoal. 
- 7 ag ha Maen ag Company exported to | 
nglan f sacks of mineral weighing 1100 * 
tous and averaging 0.65 per cent. J A PORCELAIN MANUFACTURE IN FRANCE, 
5 per cent. of copper, making a total of 15,730 Ib. (Continued from page 56.) 
of silver. In our last issue we described the first process to 
During the same period the local treatment pro-| which the clay for making porcelain was subjected, 
duced 14,000 marks of silver, equivalent to 7084 Ib., | that of cleansing and filtering, and we illustrated the 
thus making a total yearly production in silver of |P¥™p and filter press made by M. Faure, of Limoges, 
22,792 Ib., valuing about 64,0001. |for this purpose. The engravings on the opposite page 
The local treatment is carried on at three centres: | show the two machines which carry the ae oe nage 


as | further, and in fact prepare the clay to be formed into 
Ticapampa, Santa-Gertrudes, and San-Jose, the | different vessels. After having been removed from the 


first of these being the most important. They all | compartments of the press, the clay is heaped upon the 


a, a | 
possess unlimited water power and have a plant table of the edge roller mill, which is represented by the 
upper figure on the page. It consists of a table from 





cross-beam, that serves as a bearing for a central 
vertical shaft supported at the bottom and in the centre 
of the table by a footstep; this shaft is driven by a 
pinion on the pulley shaft that gears into a large bevel 
wheel on the vertical spindle. Near the bottom, this 
spindle is enlarged to receivethe horizontal shafts of two 
coned and grooved rollers, mounted so that their taper- 
ing peripheries lie in similar planes, and below these 
shafts are two others at right angles to them to which 
are hung vertical tapering guide rollers, the distance 
between which can be adjusted by altering the positions 
of the bearings on the shaft. The table is formed with 
a coned surface eam to one of the grooved tapering 
edge runners. The clay, being placed on the table, is 
ag outwards by one of the runners and inwards 

y the other, while the hanging guide rollers define the 
position it must take up on the table. As the mill is 
driven the clay upon it is worked up thoroughly by 
these various rollers until it has become thoroughly 
homogeneous. The machine illustrated requires 4 or 
5 horse-power to drive it, and can turn out from 10 to 
15 tons per day. The lower engraving on the same 
page shows a smaller and somewhat similar machine 
in which the clay receives a final working before it is 
moulded. In this case the driving gear is placed 
under the table, the coned and grooved edge rollers 
are smaller, and their shaft is mounted in a slot in the 
vertical spindle, so that it can rise under any unusual 
resistance. The clay is only worked in this machine 
for about twenty minutes, in smaller quantities, but 
at a higher speed ; it requires about 14 horse-power to 
drive it, and finishes about 3 tons of clay per day. 
When the material is thoroughly manipulated, it is 
taken from this machine and cut up into pieces, each 
of the size required for the finished object. This is 
then placed in a machine which spreads it into a disc, 
and which we shall refer to on another occasion. The 
disc of clay is placed on the machine shown on the 
left-hand side on the present page; this machine carries 
on a vertical spindle, driven by a small pulley, a socket 
in which is placed the mould in plaster-of-paris, of the 
object to be made ; the disc of clay being laid on this 
mould, the latter is caused to revolve and a pres- 
sure plate is brought down on the clay, forming the 
back, and forcing the clay upon the mould ; after this 
is done the mould is shifted on to the finishing ma- 
chine (shown on the right-hand side of the page). The 
principal feature of this machine is the fixed template, 
varying with the form of the object to be made. A 
variety of movements are introduced for raising or 
lowering the template holder ; as the mould is revolved, 
the clay is pressed against the edge of the template, 
which forces off the superfluous parts, and the vessel is 
completed. A set of these machines can turn out fifty 
dozens of plates a day. 


(Zo be continued.) 





SHIPBUILDING AND MARINE 
ENGINEERING IN 1889. 
No. IV.--ENGLAND AND IRELAND, 


In the preceding articles we have dealt fully with 
two principal shipbuilding centres, Scotland and the 
north-eastern ports in England, and in this, the con- 
cluding article, we propose to deal with the other ports 
in England and in Ireland, and give a summation of 
the work done, including the warships completed in 
the Royal Dockyards, and also the aggregate tonnages 
of the work under construction in the various districts. 

Although the shipbuilding industry on the Thames 
is now only a very small consideration compared with 
what it was prior to the great strikes, the works in 
operation have been very busy and have done some 

ood work. The Thames [ron Works, Samuda 
rothers, Humphrys, Rennies, and other large firms 
have been actively employed with Government con- 
tracts, and these have been so frequently referred 
to lately that they need not be specified. The first- 
named company have been engaged during the greater 
part of the year with the first-class cruiser Blenheim, 
of 9000 tons, and they have recently started two 
cruisers, Grafton and Then, of 7450 tons. Messrs. 
Samuda Brothers completed seven vessels totalling 
1120 tons, as compared with four vessels of 282 tons in 
1888. The vessels include the Florence, a water- 
carrying boat of about 25 tons; Rex, a steam tug of 
63 tons; Shah, H. M. Stanley, Kaiser, and Duke of 
Cambridge, passenger steamers of 150 tons; and a steam 
passenger boat, Sultan, of 430 tons for the Turkish 
Government. The firm have on hand two second-class 
cruisers for the British Government, Sugyhe and 
Scylla, of 3400 tons displacement. Messrs. R. and H. 
Green completed eleven vessels of 1801 tons, including 
two paddle steamers of 500 tons, with engines of 600 
indicated horse-power, a steel hydraulic lifeboat, of 
21 tons and 270 indicated horse-power, and several 
barges. Messrs. Green’s work on hand includes two 
nger paddle steamers for the Bosphorus Steam 
avigation Company, two light composite vessels for 
the Trinity House Corporation, an iron screw tug for 
the Thames traffic, and several barges. Messrs. Yarrow 





composed of crushers, amalgamators, furnaces for | 
refining the silver, others for smelting the copper | which rise two standards connected near the top by a 


and Co. have been very busy during the year, with 








84 


ENGINEERING. 


[JAN. 24, 1890. 








torpedo boats for the British and other governments, 
having built about twenty such craft, six of the first- 
class of 100 tons cach and ten of the second-class, with 
a speed varying from 164 to 23 knots an hour; launches 
of the Zephyr type, principally for pleasure sailing, 
light draught, stern-wheel steamers for the Portuguese 
Government, and intended for service in their Kast 
African colonial possessions ; and steam launches for 
large steamers. Messrs. Westwood, Baillie, and Co., 
build principally bridges, and this year constructed 
seven Iron screw tugs, aggregating 683 tons and 1980 
indicated horse-power. Messrs. J. G. Tagg and Son, 
East Molesey, built eight launches totalling 53 tons, 
ee by electric power, against three steam 
aunches of 16 tons and 36 horse-power. 

The Naval Construction and Armament Company, 
Limited, Barrow-in-Furness, have had a very active 

ear, and the work on hand, which includes three 
arge speedy Canadian Pacific twin-screw steamers, 
and three of the second-class cruisers, insures con- 
tinued activity for many months. During the past 
year the company completed ten vessels of various 
sizes, totalling 26,847 tons, with engines of 27,375 indi- 
cated horse-power. The largest were the two steamers 
Oruba and Orotava, each of 5552 tons and 6000 indicated 
horse-power, and other five of the vessels were between 
2500 and 3000 tons. In the preceding year, before the 
new cm go | and new management took over the well- 
equipped establishment at Barrow, the output was 
very small, being only four small craft, aggregating 
635 tons and 700 indicated horse-power. In 1887 the 
output was 2920 tons, and in 1886, 18,228 tons. The 
Whitehaven Shipbuilding Company completed five 
vessels of 10,041 tons, all for British owners—two 
steamers, each of 872 tons of iron for Glasgow, and 
three steel ships, totalling 8297 tons. In 1888 the 
output was five vessels of 7969 tons, only one of 1763 
tons being a steamer. At Workington, Messrs. R. 
Williamson and Son constructed three steel vessels, all 
for Liverpool, aggregating 4703 tons, one of 300 tons 
being a steamer; while in 1888 the production was 
two sailing ships of 3982 tons, including ‘one for 
Germany. 

The Mersey builders have shared in the prosperity 
of the year. From five yards located in the district 
there were launched in 1889 twenty-one vessels aggre- 
gating 35,773 tons, while in 1888 the production was 
nineteen vessels totalling 22,538 tons-—an increase of 
13,235 tons. In 1887 the total tonnage was 10,664 
tons, and in 1886, 20,966 tons. Of last year’s total, 
seven vessels of 6207 tons were of iron, or about 18 
per cent. of the total, which is much higher than on 
the Clyde or Tyne. Of sailing ships there were nine of 
6353 tons. For foreigners there were constructed 
three vessels of 13,599 tons, or 38 per cent., which is 
very much greater than in the previous year. Liver- 
»001 owns over 8500 tons of the total. Messrs. Laird 
srothers completed six vessels measuring 13,478 tons, 
all steel steamers with engines aggregating 23,050 in- 
dicated horse-power, against four vessels of 4187 tons, 
with engines of 4470 tons in 1888. The largest and 
most notable of these ve:sels, and probably the largest 
vessel launched in England during the year, was the 
Columbia for the Hamburg-American Company’s 
Transatlantic service between Southampton and New 
York. This vessel, which measures 7363 tons, with 
eugines of 13,500 indicated horse-power, with the other 
Hamburg-American liner Augusta-Victoria, has kept 
up a lively competition with the North German liners 
which also sail from Southampton, and the Columbia at 
present holds the record to that port, having main- 
tained a good sea speed. But if all stories be true she 
will not carry the blue ribbon of the Hamburg- 
American fleet long, asin the Normannia from the 
Fairfield yard, she will find a strong opponent. The 
Russia, also built for Hamburg, measures 4017 tons 
and 3509 indicated horse-power. The other firms’ 
outputs are as follows : 
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Number 
Tons. Tons. 
Vessels. 


9234 3 

7698 8 

3406 2 
949 


9532 
3801 
1237 


Thos. Royden and Sons 
W. HL. Potter and Sons.. 
R. and J. Evans and Co, 
John Jones and Co, 
Canada Works 
Cochrane and Co. 


+ 2 668 
| 942 


The prospects are good for the year. Messrs. Laird 
Brothers, amongst other work, have a first-class battle- 
ship to construct for the British Admiralty. 

Messrs. Cox and Co., Falmouth, completed three 
steel vessels of 245 tons, with engines of 710 indicated 
horse-power, and in addition constructed two sets of 
compound engines, with boilers, &c., for foreign 
owners, and of 50 and 100 horse-power respectively, 
also new boilers for different steamers. The work on 
hand includes two powerful despatch vessels with 
triple-compound engines of 350 indicated horse-power 
each, a twin-screw salvage steamer of 220 indicated 
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Total Production. 
District. 


1839. 1883. 
tons. tons 
335,201 278,970 
60,664 30,047 
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Clyde (including outports) 
Other Scotch ports.. 
England, 
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Tees .. we a a ie in «+ 110,436 
West Hartlepool . 84,109 
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Humber - si 7 oie 
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AGGREGATES OF PRropucrtion, 


1889, 1888, 





tons. 
824,946 
88,543 


tons 
1,188,094 
122,267 


Steamers Steamers 


Sailing ships 
1,310,361 913,489 
36,155 27,950 


941,439 | 


Totals .. 
British Navy yards Ordered, 


Grand total 1,346,516 


842,965 | Tonnage 


Steel tonnage of private yards. | 1,237,108 
<a - si 4 Per cent. 


Per cent. of total 


Foreign owned tonnage 


; 174,694 | 
Per cent. of total é* ee é 


19.12 | Per cent. 


Per cent. of steam tonnage to total 90,660 90.307 | P.c. stear 


horse-power, and a tug with triple-compound engines 
of 460 indicated horse-power for foreign owners. 

In other English ports, which need not be enume- 
rated, trade has been very active, excepting one or two 
cases ; Southampton has not shared in the prosperity 
as largely as some other districts. The figures are 
given in our totals dealing with the kingdom, and 
include three first-class torpedo boats 96 tons each, and 
23 knots guaranteed speed, built by Messrs. Thorny- 
croft at Chiswick, and three others built at Cowes. 

Whatever other grievances Ireland may have, the 
people cannot complain of not getting a fair share of 
the year’s prosperity so far as shipbuilding is con- 
cerned, as during the twelve months there were con- 
structed in Belfast, Londonderry, and Carrickfergus 
thirty-one vessels, aggregating 87,265 tons, as com- 
pared with twenty-five vessels of 40,308 tons in 1888. 
Of the total there were twenty-four steamers of 79,891 
tons, with engines of 70,750 indicated horse-power, 
against twenty-two steamers of 35,355 tons, and 20,380 
indicated horse-power in 1888 ; seven sailing ships of 
7374 tons in 1889, and three of 4953 tons in 1888. Only 
a caisson of 381 tons was built of iron, and in 1888 six 
vessels of 2796 tons were constructed of iron. The 
foreign-owned vessels totalled two of 3148 tons in 1889, 
and two of 2311 tons in 1888. It is noteworthy that of 
the total tonnage of vessels built in 1889, 64,579 tons 
were for Liverpool companies. Messrs. Harland and 
Wolff, of course, have the largest total. Indeed they 
occupy the third place on the list for the United King- 
dom. They produced in 1889 twelve vessels totalling 
56,439 tons, all steel steamers, with engines of 51,800 
indicated horse-power. while in 1888 they completed six 
steel vessels of 21,112 tons, five being steamers, with 
engines of 9800 indicated horse-power All the vessels 
last year were for Liverpool owners, and in 1888 there 
was but one exception, and that vessel, the Lord Lon- 
donderry, was fora Belfast firm. The most remarkable 
vessels included in the total are the Majestic and 
Teutonic for the White Star Line. We have already 
described these vessels and from time to time dealt 
with the performances of the latter vessel, so that it 
is not therefore necessary to make more than a passing 
reference. The Majestic is expected to take up her 
station soon. Messrs. Workman, Clarke, and Co., 
Belfast, completed seven vessels of 17,710 tons, six of 
16,136 tons being steamers, with engines of 11,450 
indicated horse-power. The machinery was supplied 
in nearly all instances by marine engineers in the 
Clyde district. In 1888 this firm turned out 12,275 
tons. Messrs. MacIlwaine and McColl completed six 
vessels of 5715 tons, including two sailing boats each 
of 50 tons, and in addition to supplying the machinery 
to the other vessels they re-boilered and compounded 
the engines of other two steamers, the total indicated 
horse-power being 6200, while in 1888 the production 
was two vessels, 2108 tons and 1700 indicated horse- 
power. Mr. Chas. J. Biggar, Londonderry, completed 
tive vessels of 7268 tons, including one steamer of 1568 
tons. In 1888 the tonnage produced was 4813, and in 
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1887, 2290 tons. The percentage of steel to total was 

last year 77.60, and this year all were built of steel. 
The following are the firms who have produced over 

25,000 tors of shipping, in the order of production : 
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| Name of Firm. Place. omg Reno 


Tyne 
Hartlepool 
Belfast 
Clyde 
Tees 
Tyne 
Wear 
Tees 
Wear 
Tyne 


| 64,669 
58,731 
| 56,430 
46,500 
40,689 
| 34,415 
| 30,543 
29,441 
| 29,160 
28,312 


1 Palmer's Shipbuilding Company .. 
2 William Gray and Co. a 

3 Harland and Wolff 

4 Russell and Co. is ae 

5 Raylton, Dixon, and Co... 

6 Sir W. G. Armstrong and Co. 
7J.L. Thompson and Sons .. 

8 Ropner and Sons 

9James Laing .. oe 
10C. 8. Swan and Hunte es ee 
11 Naval Construction and Armament 

Company ee os 

12 J. Readhead and Sons ee 
13, William Denny and Brothers 


26,847 
26,182 
25,230 


Tyne 


Barrow | 
Ciyde | | 
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Reference may next be made to the tonnage launched 
from the Royal dockyards last year. The vessels 
launched from the dockyards were as follows : 


Number. Tons. 
12,675 
11,200 
6,380 
3,555 
2,345 


Chatham .. 
Portsmouth 
Pembroke bs. ae 
Sheerness . ~~ 
Devonport es a 


Total from Royal yards 36,155 


The work done by private builders for the British 
Admiralty, and included in the totals of the district, 
was as follows : 

Tons. 
9,195 
5,150 
1,610 


Vessels. 
Sir W. G. Armstrong & Co., Newcastle 
Messrs. Thomson, Clydebank 
Scott, Greenock 


Total .. a oe 


Grand total for British Navy 52,110 
Previous year ee “ 6 34,550 

To the year’s total must be added twenty-three 
torpedo boats, aggregating 1428 tons. There were 
constructed six of the first class of 100 tons and ten of 
the second class of 15 tons at Poplar, three of the first 
class of 96 tons at Chiswick, three of 98 tons at Cowes, 
and one of 96 tons at Paisley. 

The work done at Elswick and Clydebank was for 
the Australian squadron—-vessels described by us in 
our last volume, and those by Messrs. Scott were 
‘* police boats”—Sparrow and Thrush—-and belong to 
a type also described by us. Of this class there were 
nine launched. 

The vessels launched at Chatham included Blake, 
9000 tons, Salamander, Seagull, Sheldrake, Skipjack, 
Spanker, each of 735 tons ; _ nario ays 2 Pe, (6620 
tons), Barham (1830), Barossa (1580), and Beagle 
(1170); Pembroke—- Blancheand Blonde(each 1580 tons), 
Widgeon, Redpole, Magpie, and Redbreast (each 804 
tons); Sheerness—Barracouta (1580 tons), Basilisk 
(1170 tons), and Goldfinch (805 tons); Devonport—- 
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Lapwing and Ringdove (805 tons each), and Speedwell 
735 tons). These all belong to well-known types, 
which will be recognised by the classification of names. 


SUMMATION OF STATISTICS. 

The work therefore done by private builders in the 
country for the mercantile and naval fleets aggregates 
1,310,361 tons, and if to this be added the warships 
launched from the Royal yards the total production of 
the year is found to be 1,346,516 tons, as compared 
with a grand total in 1888 of 941,439 tons, showing an 
increase of 405,077 tons, of which 17,560 tons is due to 
the increased production in warships, and over a 
quarter of a million to the mercantile marine. 

In the Tables which accompany this article we give 
a summation of the statistics. The first Table requires 
no explanation, as it brings out strikingly the total 
production, and the proportion owned by foreign coun- 
tries. From the second Table which gives the aggregates 
it will be noted that 94.4 per cent. of the tonnage was of 
steel, as compared with 92.28 per cent. in 1888. It is 
remarkable that 22.367 per cent. was for foreign coun- 
tries, against 19.12 per cent. in 1888, and also that of 
the tonnage on hand 18.33 per cent. is for foreigners. 
The third Table refers to the work under construction 
and ordered from British yards. 


Vessels Building in Britain for Foreign Countries. 





January 1, 1890. | January 1, 1889. 




















Country. 1 <a 
Number of Number of 

| Vessels. | Tons. Vessels. Tons. 
Germany 20 | 53,288 21 54,213 
France .. 10 19,850 4 9,150 
Norway .. 12 11,600 6 7,550 
Holland .. 2 | 7,000 
Italy 4 | 6,352 2 3,600 
Russia .. 3 | 4,590 3 5,600 
Spain 4 3,774 ) 17,956 
Portugal ae 1 3,540 6 16,500 
South America 6 3,520 8 7,850 
Greece .. 1 2,560 3 5,933 
Roumania 1 2,350 
Japan 1 1,900 8,650 
Denmark 2 1,238 2 3,490 
Mexico .. 3 350 
Belgium.. ee “se me 1 7,000 
United States .. 1 5,500 

| 68 66 152,992 


121,912 


To this has to be added ships the nationality of which have not 
yet been reported. 

The return by Lloyd’s Register of Shipping as to the 
work under construction in the shipbuilding yards in 
the kingdom, states that there are in various stages of 
construction 521 vessels of 872,957 tons, as compared 
with 445 vessels of 811,468 tons at the beginning of 
1889, and 279 vessels of 439,335 tons in January, 1888, 
showing an increase on a year ago of 8 per cent. ; while 
the work on hand at the beginning of 1888 was only 
about one-half the totals of the work now on the stocks. 
‘* The work for the construction of which preparations 
are being made” is 171 vessels of 304,275 tons as 
against 171 vessels of 318,730 tons in the same condi- 
tion a year ago. If to the work on hand for the 
mercantile marine be added the tonnage of warships 
constructing, it will be found that altogether the 
work on hand exceeds the output of the year, large as 
it has been, and when the aggregates for the two years 
are compared, the gain is 47,000 tons, the work now 
in the order books of builders being 1,177,000 tons 
against 1,130,000 tons a year ago. Of the new work 
steel is represented by 95.25 per cent. against 94.4 per 
cent. of the work actually done in 1889. The work 
on the stocks is apportioned as follows among the 
principal districts : 

Ships Building. 
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|Number) Number Number 
of Tons. of Tons. of Tons. 
| Vessels. Vessels. Vessels. 
ba = 
Clyde e-| 151 274,232 «114 247,526 69 131,329 
Tyne 74 157,183 72 147,384 40 81,461 
Wear 64 142,789 55 112,794 28 58,843 
Tees 57 110,621 46 105,744 24 | 54,512 
Mersey 18 |194,440, 19 | 34,907; 14 | 18,604 
Ireland 26 70,177 23 |: 70,0830; 16 — 60,483 
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The figures given of work on the stocks, it should be 
clearly understood, do not include war vessels. Of 
these twenty-seven of various types, from the ironclad 
of 14,150 tons to the torpedo boat, have been placed 
with British firms within the past six months, the 
total tonnage of these being over 150,000. The value 
of the work placed by the Admiralty is, on the 
authority of the Secretary of the Admiralty, 15 mil- 
lions sterling. The tonnage on hand is as follows : 


Tons. 
Mercantile steamers for British owners 611,331 
” aa a colonies 3 31,980 
” o sale and unclassified. . 107,734 
pee 99 foreign owners (as 
given in Table) <6 AP F ; 121,912 





Mercantile steamers, “preparing” (unclassi- Tons. 
oe oe - ee ee oe 304,275 
British Admiralty vessels .. 150,000 
Total 1,327,232 


In a recent issue we gave an enumeration of the 
vessels placed by the Admiralty and the districts in 
which these were placed, so that it is not necessary to 
again refer to the subject. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 10, 1890. 

PERHAPS at no time in the history of the American 
iron trade was there as much interest felt in the future 
course of iron and steel prices. The situation in the 
States is about this. Up to last September there was 
nothing of importance in the iron trade, there being a 
good steady demand, but considerable furnace and mill 
capacity was idle. Since then the pig iron production 
has increased 30,000 tons per week. Rolling mills of 
all kinds have increased their output ; between fifteen 
and twenty idle mills have started up. Improvements 
and additions have been made in nearly every mill in 
the country. Prices began to climb last September and 
are still pointing upward. Buyers began to place 
orders for future delivery, and the effect of this has 
been that consumers everywhere are now carrying 
stocks to protect them against the very advance which 
their forward buying has induced. The present pig 
ircn output is about 170,000 tons per week. The muck 
bar mills, merchant bar mills, merchant steel mills, 
steel rail mills, and plate mills have been oversold for 
ninety days, and notwithstanding the creeping up of 
prices orders for winter execution have been flowing in, 
and it is safe to say that there is now more business 
for future execution on the books of the ironmakers 
than has ever been known. The steel rail demand has 
been light, as the total mileage for the past year foots 
up only about 5000 miles, as against 12,000 miles three 
years ago. Tomake up for this falling off an extraor- 
dinary demand for soft steel has set in to meet all 
manner of requirements. The bridgebuilders have 
been very heavy buyers, and under the pressure beams 
and channels were advanced to 3.1 cent per pound. 
Steel rails have advanced from 26 dols. to 35 dols.; 
billets advanced from 28.50 dols. a year ago to 37 dols. 
now. Manufactured iron from 1.75 cents to 2 cents. 
Gray forge from 16 dols. to 18 dols.; No. 1 foundry, 
18.50 dols. to 20 dols. Railroad requirements for the 
coming year are likely to be much heavier than last 
year. The thirty new blast furnaces in the south will 
be making iron some time during 1890. Some western 
pig iron buyers are purchasing twelve months ahead. 
This isa very unusual proceeding, but one which other 
buyers who are not purchasing so far ahead do not 
think unwise. The agricultural interests of the 
country are very prosperous. Farmers are making 
money. Cotton planters have raised a large crop an 
are selling at a high price. Over 5000 new enterprises 
have started in the Southern States during the past 
year. Each of these constitutes a little market in 
itself for shop equipments and supplies. The cotton 
factories throughout the south are all busy and — 
money, and a p or more new factories are projectec 
every month, 

The Waysand Means Committee are listening to the 
appeals and arguments of manufacturers in favour of a 
continuance of high duties. There will be no material 
reductions in existing duties. The administration is 
thoroughly protective ; in fact it came into power upon 
the protection issue. The outlook for 1890 is as bright 
as manufacturing interests could desire. 





STEEL ALLOYS. 

Mr. James Ritey, the general manager of the Steel 
Company of Scotland, has again dealt with the subject 
of alloys of steel with other metals, this time in a lecture 
to the Greenock Philosophical Society, ‘‘in honour of the 
anniversary of the birth of James Watt.” This Society 
has annually such a lecture, usually by one who by his 
work has merited a place among leading scientists ; and 
in inviting Mr. Riley to read a paper they paid a compli- 
ment as deserved as it was graceful. With the view of 
associating the subject with the great work of Watt, he 
referred to the connection between the steelmaker and the 
engineer. The former required the power of the steam 
engine to contend with, to make use of and to control 
many of the most powerful forces of nature, and the steel- 
maker’s work rendered possible those marvellous develop- 
ments in engineering, which are the special features of the 
past dozen years. It is not advisable here to follow Mr. 

iley in his very carefully prepared exposition of the 
‘‘manufacture, properties, and uses ” of steel ; but as he 
was clear in his expressions of opinion on one or two 
matters of paramount interest at the pont time, it 
may be interesting to refer briefly to these. Since the 
production of his paper on “Alloys of Nickel and 
Steel” at the Iron and Steel Institute, the pros 
and cons of several alloys have been discussed more 
freely than formerly. A great deal, for instance, has 
been said and written of the advantages to be derived 
from the use of aluminium in the manufacture of steel, 
but so far as Mr. Riley’s experience goes, and it is of con- 
siderable extent, he thinks this usefulness is considerably 
overrated. The use of aluminium in the molten steel, Mr. 





Riley says, greatly increases its fluidity and reduces its 
melting point and thus enables one to make castings which 
shall be sound, and which, being cast at a lower tempera- 
ture, shall be less subject to the hot cracks due to contrac- 
tion. But then equally good results can be and are 
ovtained without its use, as he had demonstrated to more 
than one of its advocates. Further experience led him to 
the conclusion that the strength and ductility of steel are 
not improved by additions of aluminium, even if they are 
not slightly impaired. Thus, then, as this metal is as yet 
a very costly one, although daily becoming less so, it is 
only in a tentative, careful manner that he would use it. 
We may incidentally note that it is stated that a factory 
for the making of aluminium by the electrolytic process 
as used in Neuhaus, reer ts | is about to be formed in 
Austria. Hitherto it has been used most largely for 
opera glasses, and as a small ingredient in the manufac- 
ture of cast steel, by which the metal is made more 
tenacious. The high price has hitherto hindered a more 
general use of the metal for industrial purposes ; but as 
the system to be adopted will reduce the cost of produc- 
tion it is probable that its price will result in its being 
used in many directions. the alloys of iron and man- 
anese steel need not be dealt with here. Chromium, 
argely used as an alloy with steel particularly for 
war purposes, was next referred to, and here, Mr. 
Riley, although he did not mention it, was speaking 
with the authority of a producer of chrome steel, as 
his company have recently provided protective plates 
of this metal for a Japanese cruiser building in the Clyde- 
bank yard. Chromium, like aluminium, he says, is some- 
what expensive to use, its first cost being considerable. 
and the loss by oxidation great. Considerable care an 
skill are required in the production of chrome steel to get 
the necessary amount of chromium present together with 
a reasonable amount of carbon. The effects of chromium 
in steel are shown in increased hardness and strength, 
and some loss in ductility, in increased facility for harden- 
ing and tempering in water or oil, and also in great diffi- 
culties in machining. In working this steel at the hammer 
or rolls, care must be taken that the masses of steel are 
heated very gradually and not to a very high temperature. 
“*The most important of the alloys and the one which is 
likely to prove of greatest interest, because of its great 
utility” is ferro-nickel or nickel steel. No serious diffi- 
culties, he says, are met with in alloying it with iron or 
steel to any extent, no special plant required. Most re- 
markable properties are possessed by this steel, properties 
which vary to a very large extent, according to the con- 
tents of the nickel. When present to the extent of not 
more than 7 per cent. the effects are a great augmenta- 
tion of the hardness and tensile strength, a very consider- 
able raising of the elastic limit and much less corrodibility. 
As in the case of manganese steel, so in the region between 
7 per cent. and say 20 per cent. of nickel, the alloy 
becomes exceedingly hard, somewhat brittle, and it is 
utterly impossible to machine it. Beyond this region 
its properties are again modified, very great ductility 
being found, together with high tensile strength, 
and practical incorrodibility. Steel containing, say, 
not more than 5 per cent. of nickel has an elastic 
limit of about 28 tons, an ultimate tensile strength 
of over 40 tons, with an extension of over 15 per cent. on 
8in. This steel can be machined with moderate ease 
and stands punching very well, both in its annealed an 
unannealed condition. As a demonstration of its great 
importance, he mentioned that with nickel steel the engi- 
neer had the means placed in his hands of nearly doubling 
boiler pressures without increasing weight or dimensions. 
It will be remembered that when the subject was being 
discussed at the Iron and Steel Institute the question of 
the manufacturing cost of nickel was raised. Then 
Mr. Riley said he ee a vague notion, arrived at by some 
very casual calculations, that the cost of production would 
not be prohibitive. And at the more recent lecture he 
said that the probability of the introduction of nickel 
steel into the industrial arts has developed considerable 
excitement amongst the owners of mining property where 
nickel is found, and he anticipated that in no long time 
the supplies of this metal would be so much increased 
that it will be possible to supply the steel at prices which 
will not be considered at all unreasonable. He made no 
intimation as to manufacture, but the Steel Company of 
Scotland, it may be taken, will be ready to supply nickel 
steel when called upon by any of their numerous clients. 
Speaking of steel made by the basic process, Mr. Riley 
was very pronounced in his opinion. The basic process, 
he said, has been useful to the world in general, but 
as yet has been sadly disadvantageous to Great Britain. 
This, he thinks, is in part due to the distrust which has 
attended the use of basic steel in this country, a distrust 
which will not be easily removed from the basic Bessemer 
process, but for which there is no ground in connection 
with the open-hearth basic process. ‘The whole operations 
in the basic Bessemer process are of such a character as 
to render it peculiarly easy to produce metal which 
shall not be thoroughly homogeneous and of a perfectly 
reliable character. He knew and frankly admitted that 
by the exercise of the greatest skill and care this can be 
avoided, and thoroughly good steel be produced ; and 
evidence of the truth of this remark has been furnished 
in the steel sent out from works in the West of Scotland, 
Yet none the less did he assert that only in the open- 
hearth furnace can the basic process be conducted with 
such uniformity, regularity, certainty, and comparative 
ease, as will warrant that firm confidence in results, 
which has been developed with regard to acid steel of 
high quality. 





A Russtan Canat.—The Russian Minister of Public 
Works proposes a canal to connect the White Sea with 
Lake Onega. 
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EXTENSIONS OF THE GLASGOW COR- 
PORATION GAS WORKS. 
(Continued from page 57.) 

In the half of the building now erected there are 
placed eight purifiers, as illustrated by Fig. 2 on 
page 59 ante, and Figs. 10 and 11 on the present page. 
‘They are arranged in two sets (Fig. 2). Each purifier 
is 35 ft. square and 5 ft. 54 in. deep inside mea- 
surement, and the foundation of each consists of 
eight walls of brickwork built with Portland cement 
mortar, the outside walls being 14 in. thick, and 
the others 9in. The bottom plates (see Fig. 12 on 
our two-page engraving this week) are 5 ft. square, 
those for the sides 5 ft. wide and 6 ft. 1 in. high 
(Fig. 13), and for the ends 5 ft. wide and 6 ft. 2} in. 
high, and all are # in. thick. They are bracketted as 
shown in Figs. 12 and 13. Close joints being abso- 
Iutely necessary, the flanges have been specially 
planed to a true surface. ‘The lute of each purifier 
is 2 ft. deep and 6 in. wide cast on the side and end 
plates as shown by the section of the purifier, Fig. 14, 
with details. 

The covers, shown by Figs. 14, 15, and 16 of our two- 
page illustration this week, are 35 ft. 8in. square, and 
weigh about 12 tons each. The sides are flat fora depth 
of 22 in., and are then rounded to a radius of 7in. An 
angle-iron 4 in, by 4 in. by 4 in. is rivetted to the sides 
at the commencement of the round. The side plates are 
7; in. thick and 3 ft. broad, strengthened with bottom 
bars and diagonals. The framework is of lattice girders 
16 in, deep at centre, and tapering at each end to form 
the slope. The girders rest on angle-irons, and are 
secured by suitable straps (Fig. 14). The top and 
bottom members of the main girders are of T iron 
and the cross-girders of angle-iron, secured in each case 
by lattice bars of flat iron. The sheets at the centre 
ot the cover are No. 10 B.W.G., and on the slopes 
No. 8 B.W.G. Each cover is fitted with holding- 
down straps formed of two bars of flat iron on edge, 
and secured by twelve holding-down bolts 2 in. in 
diameter, attached to suitable snugs cast on the side 
and end plates of the purifier. (See Figs. 13 and 14.) 

The grids are made of red pine 2 in. thick, with hard- 
wood washers between the bars. The grids (Fig. 17) 
are carried on [ and T iron bearing bars fitted into 
each purifier (Fig. 14), Four hydraulic cylinders, 
4 ft. 8} in. long, 6 in. inside diameter, and having 
piston-rods 34 in. in diameter, are fitted into the corners 
of each purifier for raising the covers (Fig. 18). The 
covers are raised to a sufficient height to enable the 
wheels shown in Fig. 19 to be attached to their lower 
edge. The pistons are then lowered and the wheels 
allowed to rest on the edge of the lute which forms a rail 
along which the covers are run until clear of the 
purifier to be cleaned. This method of raising the 
cover does away with the necessity of all top gear, 
and has been found to work very satisfactorily. The 
benefit in the way of compactness is too obvious to 
necessitate further comment. 

Each set of purifiers is provided with an hydraulic 
centre valve, with connections, 20 in. in diameter, 
shown on plan (Fig. 10). Fig. 20, on our two-page 
engraving, shows the hood over inlet pipe, Fig 21 the 
escape valve on cover, and Fig. 22 the support for main 
beams in purifier, Between the walls and the purifiers 
on each side of the building a line of rails is laid on a 
flooring which rests on longitudinal sleepers carried on 
the one side by malleable iron I beams supported on 
cast-iron columns, and on the other by brick piers built 
with and forming part of the side walls of the building. 
Fig. 2 shows the general arrangement, and Fig. 23 the 
details. 

At the north end of the purifier house a lime shed 
has been erected 120 ft. long by 40 ft. wide, with a 
curved roof similar to that of the purifier house. The 
two buildings are connected by a railway so that 
the manual labour both in filling and emptying the 
purifiers is reduced to a minimum, Indeed, through- 
out the whole works this principle of obviating 
labour as much as possible has been carried out most 
consistently. 

The back wall of the meter-house is formed by a con- 
tinuation of the east wall of the purifier- house as indi- 
cated on plan, Fig. 1, page 58 ante. The front and gable 
walls are 2 ft. thick below floor level, and 18 in. thick 
above, and arepanelled. A cornice and parapet wall are 
carried round the front and gable walls. This house 
is 86 ft. long by 34 ft. wide, inside measurement, and 
the walls are 21 ft. high above the floor. The 
roof has pavilion ends. The principals are formed of 
T iron 3 in. by 3 in. by 4 in. placed 5 ft. 3 in. apart, 
centre to centre, carrying purlins of angle-iron, 14 in. 
by lj in. by fin., placed 104 in. apart. The details 
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Fig.10. — Plan partly im Section of one set of Purifiers. 
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. 26. Front Elevation of Meter. 
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Fig. 28.— Detail of Meter Drum. 


are shown in Fig. 24, on our two-page engraving. The 
roof is slated. In this house three concrete seats are an 
placed for the meters to rest on ; but only two meters | on the opposite page, is a sectional plan, Fig. 26, | as indicated in Fig. 27, is 13 ft. 6 in. in diameter, and 
are erected at present. annexed, an elevation of the front. Fig. 27, on the 16 ft. 1 in. long, and is designed to pass 120,000 cubic 

As these meters are amongst the largest at work in| opposite page, is a longitudinal section, and Fig. 28, | feet of gas, while making 80 revolutions per hour. The 
Scotland, it may be interesting to describe them. They | annexed, shows details of the drum. tank is made cf } in. cast-iron plates, with flanges to 
have been designed by Mr. Foulis and made by Messrs. The tank of each meter is 15 ft. 63 in. broad, 18 ft. the inside strengthened by brackets between the 
Laidlaw and Sons, Edinburgh and Glasgow. Fig. 25, ! 8 in. long, and 16 ft. 6in. deep. The cylinder or drum, bolts. The flanges are 6 in. broad en the bottom 
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and 4 in, on the top. The sides and bottom plates are 
secured to each other by ? in. wrought-iron stays 
screwed to patches on ia plates as shown on the 
front elevation and longitudinal section, The pilasters 


(Figs. 25 and 26) are fixed to the tank by countersunk 


screws to enable them to be removed easily when it is 
desired to examine the joints of the meter. The inlet 
and outlet of the meter, 20 in, in diameter, are shown 
on Figs. 25 and 27. 

The shaft, which is 17 ft. 94 in. over all, is of Bes- 
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| six strips of lignum vite fin. thick, and before the 


shaft was placed in position these were bored to the 


| exact diameter of the journals. 


The drum (Figs. 27 and 28) is designed to pass 1500 
cubic feet of gas at one complete revolution when the 
meter is filled to its proper water level, As shownon 
| the longitudinal section, there are fixed on the shaft at 
| equalintervals of 2 ft. 3in. from each other, cast-iron 
| discs bored to the exact diameter of the shaft and faced 

where the radial arms are placed, These discs are fixed 


ip? 
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Fig. 27.— Longitudinal Section of Meter. 
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semer steel 64 in. in diameter at body, 7 in. at 
neck ; while the journals are 6 in. in diameter, that 
at the front being 163 in. long and that at the back 
15} in. The journal at the front end has a pin 
34 in. in diameter by 2} in. long turned from the 
shaft to carry the pinion for working the index. 
The journals at both ends are supported by pillow 
blocks resting on brackets cast on the inside of the 
front and back plates at the centre, extending from 
the bottom plates as shown on the longitudinal 
section. Cast on the lower half of the bearing blocks 
are six dovetailed grooves into which are wedged 








| to the shaft bysteel keys l}in. by Zin. thick, and when 
driven homeeach key hasa #in. cheese-head screw placed 
inthe shaft at its head to preventits drawing. Oneach of 
these four cast-iron discs are four angle-iron arms of 
the dimensions given on Fig. 28, and on the outer end 
of each lumps are welded to make a true circle of 
113 ft. 6 in., the diameter of the drum. ‘To each 
centre disc there is fixed 1}-in. iron tubular stays with 
solid parts welded at the ends (Fig. 28). The method 
of screwing these to the disc and to the hoops round 
the body of the drums is shown on Fig. 28. Four 
iron hoops, 3 in. by $in., are fastened to the angle- 








iron arms by 3-in. screws, passing through the outside 
of the drum into the end of each radial arm. There 
are four manholes in the drum, one in each compart- 
ment. They are 16 in. in diameter, with an outside 
ring lj in. by 4 in. 

he index box is cast on the inside centre of the 
front plate, as is shown on the front elevation, and the 
index has a telltale with clock, and registers up to 
100 millions. There are also water-line and pressure 
gauges fitted on the front of the meter. 

The outside finish of the meter may be seen from the 
elevation ; and the longitudinal section and the plan 
show at a glance the dimensions, &c., of the entabla- 
ture, bottom, front, and sides, so that it is not necessary 
to refer at length to them. The roof is of iron rivetted, 
with layers of cloth, soaked in red lead and oil, be- 
tween each lap to make a gas-tight joint. This sheet 
iron is supported on a framework of longitudinal flat 
iron bars and six angle-iron crossbars. Manholes are 
provided in the roof immediately above those in the 
drum. Each meter embodies, in all respects, the 
latest ideas both in construction and equipment. 


(To be continued.) 





100-TON CRANE AT BELFAST. 

WE give on page 90 engravings of a very fine derrick 
crane which has recently been erected at the Alexandra 
Graving Dock, Belfast. This crane, which is the 
largest yet built on the derrick system, was constructed 
at the Britannia Works, Birkenhead, an establishment 
of which Mr. James Taylor was for so many years the 
proprietor, and which is so intimately associated with 
the development of steam crane construction. The 
Belfast crane, which was erected under the super- 
intendence of Mr. James McGregor, an old apprentice 
of Mr. Taylor’s, has been constructed to lift and swing 
100 tons at 50 ft. radius, but the range of the jib can 
be varied from 30 ft. to 80ft. radius, the loads lifted 
decreasing from 100 tons at 50 ft. to 80 tons at 60 ft. 
radius, and to 60 tons at a radius of 70 ft. 

The main lifting blocks give a clear hoist of 90 ft., 
and the specified speeds of lifts are as follows: 100 tons 
at 4 ft. per minute, 50 tons at 8 ft. per minute, 25 tons 
at 16 ft. per minute, and 12} tons at 32 ft. per minute. 
On the trial of the crane in November last the 100-ton 
load was lifted 8 ft. in 75 seconds, with a steam pres- 
sure in the boiler of but 50 1b. per square inch (the 
regular working pressure being 70 lb.), while a load 
of 120 tons was lifted at the rate of 5 ft. per minute at 
a radius of 50 ft., the boiler pressure being then 45 lb. 
only. Also, the 50-ton load was lifted 8 ft. in 40 
seconds and the 124-ton load 32 ft. in 45 seconds. 
The load of 100 tons also was travelled in and out, from 
45 ft. to 55 ft. radius, and in fact the crane appears to 
have gone through all its tests most satisfactorily. 

Referring to our engravings it will be seen that the 
crane stands on three massive concrete piers, the two 
back legs being joined at their lower ends to a trian- 
gular framing of box girders which connects them to 
the base on which the mast of the crane pivots. The 
back legs are of box section. 

The lower ends of the back stays are held down by 
steel bolts which pass down through the concrete piers 
as shown, these tie-bolts being made in two lengths with 
an intermediate casting as shown, so as to accommo- 
date any movements due to expansion or contraction. 

The mast of the crane consists of a pair of plate 
girders which approach each other at the top, on are 
connected by cross-bracing as shown in our engravings, 
the hoisting gear being all contained between these 
girders. At the bottom the mast is provided with a 
steel pivot 15 in. in diameter which rests on steel and 
phosphor-bronze discs held on a massive central step 
which is bolted down to the concrete pier. At the top 
of the mast there is also a 15-in. steel pin which is 
embraced by the upper attachments of the back legs, 
and which is furnished with a T head to which are 
connected the links from the lower blocks of the luffing 
tackle, as shown. 

The jib is 100 ft. in length and consists of a pair of 
box girders merging into a single girder at the upper 
end. At the lower part the pair of girders are con- 
nected by diagonal bracing. At its upper end the jib 
carries two sets of pulleys, the upper one for loads up 
to 26 tons, and the lower set of four pulleys for the 
main load of 100 tons. All the pulleys, of both hoist- 
ing and luffing tackle, are of steel, and are 5 ft. in 
diameter, with split bosses and gun-metal bushes. 
The main hoisting block has three such pulleys, and 
the hook or sling is carried on a set of conical friction 
rollers so as to allow of its easy rotation. 

The steel wire hoisting rope is of special manufac- 
ture by the Whitecross Iron and Steel Cs 
Warrington, and is 7 in. in circumference, it being 
made up of six strands each having a breaking strain of 
over 30 tons. This rope passes down to a grooved 
barrel which is driven through heavy gearing by a pair 
of engines. Above this main barrel are arranged, on 
the same axis, two other shorter barrels, one of these 
being for the rope for light lifts and the other for the 
luffing tackle. The former of these two drums has 
two sets of spiral grooves, one right-hand and the 
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other left-hand, the drum winding on both ends of 
the rope at once. This drum is driven by the same 
pair of engines as the heavy hoisting drum, the power 
being transmitted through the inclined shaft and bevel 
gear shown in Fig. 2. The drum for the luffing tackle, 
on the other hand, is driven by a separate pair of 
engines having cylinders 12 in. in diameter with 16 in. 
stroke, these engines driving direct on to the shaft of 
a worm gearing into a wormwheel 8 ft. 53 in. in dia- 
meter, 84 in. wide, and 3} in. pitch fixed to the drum. 
‘To prevent any chance of running back there is a 
brake on the wormshaft. 

The turning gear consists of a pair of pinions gear- 
ing into an annular steel rack bolted down to the pier 
on which the crane turns, the vertical shafts on which 
these pinions are fixed each carrying a wormwheel at 
its upper end as shown in Fig. 2. Into these wheels 
gear worms carried on a shaft, which is driven by a 
pair of engines having cylinders 8 in. in diameter with 
12 in. stroke. The turning gear gave every satisfac- 
tion at the trial. 

The three sets of engines are all fitted with link 
motion reversing gear, and they are all under the con- 
trol of one man, who is protected from the weather by 
a glazed inclosure. The boiler is of the vertical cross- 
tube type; it is of mild steel and is 6 ft. 6 in. in dia- 
meter by 14 ft. high, the firebox being traversed by 
eight cross-tubes. It has been constructed in accord- 
ance with the Board of Trade requirements and has 
been tested to 160 1b. per square inch. 

Mr. James Taylor constructed his first steam derrick 
crane for quarry purposes in 1839, and the fine crane 
which we have just been describing, and the construc- 
tive materials of which amount to 220 tons, well illus- 
trates the vast progress which has been made in lifting 
appliances during the past half-century. 





THE FEDERATED INSTITUTE OF MINING 
ENGINEERS. 

THE first conference of the above-named Institution 
was opened at Sheffield on Wednesday by_ the holding of 
a council meeting at the Royal Victoria Hotel. Mr. 
‘John Marley, president of the Institution, occupied the 
chair, and there was a good attendance. Prior to this, 
however, a number of visitors inspected collieries in the 
district for the purpose of seeing coal-cutting and electric 
machinery at work, and others repaired to works where 
the manufacture of mining implementsand machinery was 
to be seen. 

At the Cutlers’ Hall there was an exhibition of mining 
appliances, and this excited much interest. An im- 
posing display was made of specimens of the various 
seams of coal worked in Yorkshire, together with speci- 
mens of coke, the principal exhibitors being Newton, 
Chambers, and Co., Wharncliffe Silkstone collieries, 
Aldwarke Main, Carton Wood, Karl] Fitzwilliam’s col- 
lieries, Manvers Main, Nunnery and Birley. Messrs. John 
Brown and Co., Limited, exhibited a double-decked cage, 
the firm’s steel-stamped wheels, and other specialities. A 
large show of mining tools was made by the Hardy Patent 
Pick Company, amongst their contributions being the 
“devil disintegrator,” a variety of boring machines, a 
patent self-lubricating pedestal for corves, insuring a 
supply of oil for several months, and wedges intended to 
supersede blasting in fiery mines. Messrs. R. Roper 
and Son, Sheffield, showed electrical apparatus for 
shot - firing, signalling, and other purposes, and also a 
number of picks for Re special ad vantages are claimed. 
Patent props for the superseding of wooden ones in mines 
were sent by Messrs, Steel, Peach, and Tozer, and Messrs. 
Buckley and Co., Sheffield, forwarded examples of their 
patent piston rings which are now largely in use. A very 
mstructive exhibition of safety lamps, arranged in chro- 
nological order from the first Davy to the latest inven- 
tions in this branch, was forwarded by the Aldwarke 
Main Colliery Company (John Brown and Co.) This 
showed at once the gradual developments which have 
been made in this direction. The four lamps recom- 
mended by the Royal Commission on Accidents in Mines 
were amongst the number. Mr. James Thorne, D.C.L., 
of Gracechurch-street, London, showed the Thorneburry 
safety lamp, which it is claimed fulfils all the recommen- 
dations of the Royal Commission, besides giving a brilliant 
light. Safety lamps were also exhibited by Mr. James 
Ashworth, of eres, and Messrs. Davis and Sons, of 
that town, the latter firm also having shot- firing 
apparatus and electric light appliances specially adapted 
for mines. Mr. C. W. Bartholomew, of Barnsley, sent a 
lamp-cleaning machine, and the ‘* Climax ” pick was also 
on view. It posssses movable points, which can be taken 
out or changed without removing the pick head. The 
principles of a smokeless gas-heating boiler were illus- 
trated by a contribution of Mr, Alan Badger, Sheffield, 
agent for Mr. James Fernee, the patentee. Mr. C. H. 
Cobbold, Barnsley, showed a patent contrivance for the 
prevention of overwinding, and one for a similar purpose 
was also shown by Mr. A. Bertram, Wigan. Consider- 
able exhibits were made by Messrs. Tasker, Sons, and 
Co, (Limited), of Sheffield, including the ‘‘ Wells” light, 
King’s patent safety indicator and counter, and sections 
of various patent injectors. Mr. James Rhodes, of Shir- 
land, sent a patent wedge brake for use in pit bottoms to 
stop corves, and Mr, T. Andrew, of Wortley, had a special 
show of the best qualities of iron suitable for axle, corve, 
and general colliery purposes. The exhibition was visit 
by large numbers of people in addition to the members of 
the conference, 


Representatives of the press were admitted to neither | tion of a steamship line between Cardiff and New 


| the council nor business meeting. The former was of 
ja purely administrative character and lasted for an_hou 
‘and a half. Amongst those present were Mr. C. E 
| Rhodes, president of the Midland Institute ; Professor 
| Lupton; Professor Hicks; Mr. J. Gerrard, H.M. 
| Inspector, Wakefield; Professor G. A. Lebour, M.A., 
| F.G.S., secretary of the Federated Institute; Mr. C. E. 
| Neve Foster, Llandudno; Mr. T. C. Carrington, Shef- 
field ; Mr. W. Cochrane, Newcastle ; Mr. G. B. Walker, 
Wharnecliffe Silkstone Collieries, &c. The President, in 
his opening address, dwelt on the benefits to be derived 
| by federating the various institutions. Whilst inde- 
| pendent action was left to each institution as before, the 
federation would lead to greater efficiency as well as 
| economy in the management of the business, and would 
| bring to bear a larger amount of knowledge on the various 
subjects which interest mining engineers and the mining 
industry of the country generally. 

The various institutes in the federation will continue to 
| hold their meetings as before, but the federated meetings, 
| which will be open to all, are to be held at various 
places in the country. It has been decided that the next 
gathering shall take place in London. 

Mr. G. Blake Walker, of Wharnclitfe Collieries, read 
a paper on ‘‘Coal-cutting Machines ;” Mr. R. Russell 
one on “The Geology of the Southern Portion of the 
Yorkshire Coalfield ;’ and Mr. A. T. Snell spoke on 
“The Distribution of Energy over Large Areas in Mines 
by Electricity.” There was a short discussion after each 
paper, which will hereafter be submitted to the various 
institutes, The discussion will be continued and finally 
disposed of at the next meeting of the federation in 
London. z 

At half-past five o’clock the members partook of dinner 
at the Royal Victoria Hotel, and in the evening the 
Mayor and Master Cutler held a reception and conversa- 
zione in their honour in the Cutlers’ Hall. 

On Thursday, a number of excursions were made as 
follow: To Aldwarke Main Colliery; Denaby Main 
Colliery (where the Barnsley seam, 10 ft. thick, is worked 
at a depth of 14 ft.); Denaby Main new sinkings (intended 
to win the Barnsley seam at a depth of 600 yards); 
Wharncliffe Silkstone Colliery (where owing to the 
broken character of the coalfield a large quantity of 
machinery is used) ; Lidgett Colliery (coal got entirely by 
machinery) ; Rockingham Colliery and Chemical Works ; 
Barrow Colliery ; St. John’s Colliery, Normanton (where 
electric pumping and hauling plant were shown); and 
Allerton Main Colliery. 





NOTES FROM THE SOUTH-WEST. 

Rhymney Iron Company (Limited).—The_half-yearly 
meeting of this company has been fixed for the 50th inst. 
The directors, in their report, state that the production 
of steel for sale in the second half of last year was 30,032 
tons, as compared with 35,818 tons in the corresponding 
period of 1888, showing a decrease of 5786 tons. This 
decrease was partly attributable to the premature failure of 
one of the company’s furnaces, in consequence of which 
the output of pig was restricted ; and to some extent 
to certam repairs rendered necessary at the Bessemer 
works during which the auxiliary pit only was worked. 
The furnace referred to has since been relined, and the 
company has now four furnaces in blast. The directors 
do not consider it advisable to light a fifth furnace on 
account of the high price of fuel. They have recently 
authorised further improvements in the works, including 
the erection of a new blowing engine for the Bessemer 
works, with a view to duplicate the power. The quantity 
of coal sold in the six months ending September, 1889, 
was 117,291 ewt., as compared with 104,376 cwt. in the 
corresponding period of 1888. The directors hope, when 
they meet the proprietors in June, to be enabled to recom- 
mend a satisfactory division of profits for the current 
financial year. In the mean time they propose an 
interim dividend at the rate of 1 per cent. per annum. 


Cardiff.—Steam coal has continued extremely firm. 
The best descriptions have made 15s. to 15s. 6d., and 
good dry coal 14s. to 14s. 6d. per ton. House coal has 
shov.n increased activity ; No. 3 Rhondda has made 14s. 
to 14s. 2d, per ton. Patent fuel has continued brisk. 
Coke has advanced 1s. to 1s. 6d. per ton. The demand 
for Spanish iron ore is still active, although large supplies 
have recently arrived. The manufactured iron and steel 
trades continue active; heavy section steel rails have 
brought 7/. to 7/. 10s. ; and light section ditto, 8/. 5s. to 
8l. 10s. per ton. 


Rating Welsh Iron Works.—At a meeting of the Mer- 
thyr Union assessment committee on Saturday it was 
decided to increase the rating of the Cyfarthfa Works by 
2000/., and that of the Dowlais Works by 20001. 


Llynfi Valleuv.—Mr. O. H. Thomas has purchased the 
Llynfi Valley Collieries, and arrangements are in progress 
with a view to the sinking of two pits to the seam coal. 


Bristol Port and Pier Railway.—The Midland and the 
Great Western Railway Companies are to give 97,500/. for 
the Bristol Port and Pier Railway. The purchasing com- 
panies are to provide equal amounts of the purchase 
a and they are to possess equal rights one with the 
other. 


Bristol and South Wales Railway Wagon Company 
(Limited).—The directors of this company at their board 
meeting on Friday decided to recommend the payment of 
a dividend at the rate of 10 per cent. per annum, with a 
bonus of 6d. per share, free of income tax, for the half- 
year ending December 31. 


Cardiff and New York.—Messrs. Edwards, Robertson, 





and Co., of Docks, Cardiff, have announced the inaugura- 
ork. 





The first steamer—the Rhosina (4000 tons)—will be 
despatched from New York on the 6th prox., and will be 
followed some eighteen days later by the Rhodora (also 
4000 tons). Messrs. Edwards, Robertson, and Co. have 
arranged for the issue of through bills of lading to and 
from stations in South Wales and the Midland Counties, 
and the principal towns in Europe, the United States, and 
Canada. 


Barry Dock.—A contract for a hydraulic engine-house 
at this duck has been let to Mr. R. Price, of Cardiff. An 
embankment adjoining the up line of railway at Barry 
Dock has been removed, and a view can now be obtained 
from the station platform of the entire expanse of Channel 
from the Flat Holm downwards, 


Midland and South-Western Junction Railway.—Two 
gangs of navvies who have been working from either end 
of a tunnel at Chedworth, on the Cheltenham extension 
of the Midland and South-Western Junction Railway, 
met on Wednesday, when it was found that the two 
workings were in exact line. The stations are erected, 
the works generally are in a forward state, and it is 
hoped that the. completion of the line will not be long 
delayed beyond the time specified in the contract, viz., 
May, 1890. 

Lianelly.—The exports of coal and slag last year 
amounted to 242,534 tons, as compared with 204,977 tons 
in 1888, showing an increase of 37,557 tons last year. 
The monthy shipments last year ranged from 13,959 tons 
in February, to 26,074 tons in April. 


Rhymney Railway.—This company’s pending Bill came 
on Saturday before Mr. Campion, one of the examiners 
of the House of Commons, for proof of compliance with 
the standing orders. There was no opposition at this pre- 
liminary stage, and the necessary formal proofs having 
been given, the examiner decided that the standing 
orders had been duly complied with. The object of the 
Bill is to authorise the Sicienes Railway Company to 
make new railways, to raise additional capital, &e. 


Holsworthy and Bude Railway.—The solicitors of the 
promoters of this line (Messrs. Fisher and Reece) are 
making the necessary arrangements for entering on the 
land. An application will be made to Parliament for an 
extension of time for the completion of the works, which 
are to be commenced forthwith. 

Taff Vale Railway.—The coal traffic is increasing rapidly. 
In the second week in December the quantity of coal 
brought down was considerably larger than during any 
week since the railway has been opened. Had the old 
rates continued, it is calculated that the income would 
have exceeded by 80,000/. that of any previous half-year. 
The decrease, owing to a recent war of rates, amounts to 
65,0007. 

Po'lution of the Yeo.—The Yeovil authorities have been 
discussing the state of the Yeo, in consequence of the 
sewage of Yeovil flowing into the river. Sewage also 
runs into the river from Langport, Ilchester, Sherborne, 
Milborne Port, and Bridgewater. The Yeovil town 
council has recently expended 14007. in carrying the 
sewage of Yeovil into the river at a point further from 
the town, but the position of affairs is still regarded as 
unsatisfactory. 


NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Iron Market.—When the market opened 
last Thursday forenoon there wasa quiet tone prevailing, 
but on the announcement that the Bank rate was con- 
tinued at 6 per cent., a better feeling set in, but near 
the close weakness again prevailed, and buyers were 
very unwilling to operate. At noon Scotch warrants 
showed an advance of 5d. per ton over the closing quota- 
tion of the preceding day. Cleveland iron was nominally 
1s. 14d. better in price, and hematite iron was without 
change. In the afternoon prices again fell back. Scotch 
warrants were done as low as 60s 11d. cash per ton, and 
about the close the settlement prices were—NScotch iron, 
61s. per ton ; Cleveland, 60s. 74d. (a fall of 3d. from Wed- 
nesday’s close) ; hematite iron, 76s. 9d. per ton (a fall of 
43d. per ton). It was reported that the price of Carron 
No. 1 had been advanced to 81s. per ton and of No. 3 to 
74s. per ton. Friday’s market was quiet and steady at 
the opening, and a good business was done during the day. 
The price of Scotch iron did not vary beyond 4d. per tor. 
Prices were easy for a short time both forenoon and after- 
noon, but the finish was firm. The settlement prices at the 
close were—Scotch iron, 61s. 14d. per ton; Cleveland, 
60s. 6d. ; hematite iron, 76s. 74d. per ton, so that on the 
day there was very little change in prices. Monday’s 
market was dull and depressed, and there was an evident 
disinclination to buy warrants. In the afternoon the 
“bears” made an onslaught on prices, especially of Cleve- 
land and hematite warrants, and in this way a severe 
drop was made in the quotations. Scotch iron receded in 
price in the forenoon 7d. per ton, and a similar decline 
took place in the afternoon, or 1s. 2d. in all. The price 
of Cleveland iron declined 9d. per ton in the forenoon, 
while in the afternoon it suffered a drop of 2s. 14d. per 
ton, or 2s. 11d. on the day. Hematite iron fell in price 
1s. 1d. in the forenoon and 1s. 9d. in the afternoon, or 
2s. 10d. in all. The settlement prices at the close were— 
Scotch iron, 60s. per ton ; Cleveland, 57s. 6d.; hematite 
iron, 73s. 9d. per ton. The market was excited at the 
opening yesterday forenoon, but by-and-by it became 
more steady. Monday’s severe drop in prices, coupled 
with the decline in prices during the preceding two weeks, 
caused some persons to think that there should now be a 
change, and they were ready to goin and buy. Holding 
off, however, to see the opening, they were put out of 
their calculations by quite a pressure of sales, which was 





! said to be from outsiders who were taking fright and 
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wishing to realise. A further smart decline took place 
during the first half-hour, but on the selling easing off, 
there were some excited buying offers, which soon sent 
prices bounding up, the result being a recovery of more 
than the early decline. Scotch iron touched 59s. 4d. 
per ton, being a fall of 7d. from the previous day’s close, 
and a drop of 6s. 11d. from the best price on January 6. 
The price of Cleveland iron touched 57s. in the forenoon, 
but recovered to 57s. 104d. per ton in the afternoon, but 
44d. over Monday’s close, but still 8s. 3d. under the best 
price of the recent ‘“‘boom.” Hematite went down in 
price to 72s. 44d., a drop of 1s. 44d. per ton in the fore- 
noon, and a fall of 9s. 74d. during the two past weeks. 
Prices recovered 1s. 6d. per ton in the afternoon. A large 
quantity of iron changed hands during the day, and the 
settlement prices at the close were—Scotch iron, 60s. 14d. 
per ton ; Cleveland, 57s. 104d.; hematite iron, 73s. 103d. 
per ton. There was a large amount of business done in 
the pig-iron market this forenoon, and the tone was firm. 
Scotch iron made an advance of 6d. per ton, and in Cleve- 
land and hematite iron the advance was 1s. and 1s. i 
per ton respectively. The afternoon market was also 
firm, more especially in the case of hematite iron, which 
was in demand, and advanced to 75s. 44d. per ton. The 
price of Scotch iron went up to 60s. 104. per ton, but fell 
away to 60s. 5d. per ton cash. Cleveland iron was quiet 
and lower in price. For shipping brands of makers’ iron 
there is not much inquiry at present, There are still 88 
blast furnaces in actual operation, as compared with 79 at 
this time last year. The shipments from all Scotch ports 
last week amounted to 9399 tons, against 6411 tons in the 
corresponding week of last year. i. included 820 tons 
for the United States, 500 tons for India, 992 tons for 
Australia, smaller quantities for other countries, a» d 6227 
tons coastwise. The stock of pig iron in Messrs. Connal 
and Co.’s public warrant stores stood yesterday afternoon 
at 917,069 tons, as compared with 923,872 tons yesterday 
week, thus showing for the week a decrease of 6303 tons. 


Shipments of Machinery, &c., from the Clyde.—The 
shipments of machinery, &c., to foreign and colonial 
ports from the Clyde, reported last week, included the 
following: Locomotive engines for Buenos Ayres and 
Natal, valued at 1670/. ; sugar-crushing, marine, colliery, 
and other machinery, chiefly for Sydney, Calcutta, 
Trinidad, Demerara, New York, Rangoon, of the value 
of 13,800/. ; sewing machine parts, valued at 2816/. ; for 
Malaga, Valencia, Oporto, Rouen, and India; blooms, 
billets, plates, bars, sheets, and other steel goods, valued 
at 5037/., chiefly for Calcutta, Rangoon, Melbourne, New 
Zealand, Boston, Barcelona, and Japan; pipes and other 
castings, plates, sheets, bars, tubes, bridgework, wagon- 
work, railway sleepers, and miscellaneous iron manufac- 
tures, of the value of 50,000. 


Steel and Iron Imports.—The imports of iron and steel 
goods into the Clyde reported last week, included 
500 ewt. of steel and iron plough parts, 700 cwt. of plate 
iron, and 25 ewt. of machinery from New York ; 720 ewt. 
of girders, 260 ewt. of channels, 429 ewt. of bolts and nuts, 
and 80cwt. of iron and steel from Antwerp. 

Shipbuilding Orders.—There is at present, and has been 
for several weeks, quite a lull in giving out orders for 
new shipping. That fact is perhaps due in some measure 
to the lowness of the freights now ruling; it is certainly 
due, in part, tothe high quotations of shipbuilders conse- 
quent on the high prices of materials and the increased 
rate of workmen’s wages. There is alsosome difficulty on 
the part of shipbuilders to guarantee delivery within a 
reasonable period. It is reported this week that Messrs. 
William Denny and Brothers, Dumbarton, have received 
an order to build another steamer for the Union Steam- 
ship Company, similar to one which they have in hand 
for the samme owners. 


Steel and Malleable Iron.—The local steel trade is well 
employed and will be so fora long time. Merchants are, 
however, credited with Faving within the last few days 
sold a considerable quantity of shipbuilding steel, which 
they expect to be able to cover at lower prices. It may 
be that their view of the market is not correct, but it is 
certain that at present there are very few new shipbuild- 
ing contracts available. The makers quote prices as 
follows : Steel ship-plates, 10/. ; boiler plates, 11/. ; bars, 
91. 5s. ; and angles, 8/. 15s., all less 5 per cent. discount. 
Despite the unsettled condition of the pig-iron market, the 
makers of malleable iron are well employed, and they are 
adhering to high quotations. The lowest grade of common 
bars is quoted at 8/. 12s. 6d. ; second grade, 8I. 15s ; first 
grade, 8/. 17s. 6d. ; sheets, 10/. 10s.; hoops and plates, 
97. 10s. ; nail rods, 8/. 15s. ; and angles, 8/. 12s. 6d., these 
prices being subject to the usual trade discount of 5 per 
cent. Gas tube strips are at 91. net. 


Contract for Cast-Iron Pipes.—Messrs. Robert Maclaren 
and Co., of the Eglinton Pipe Foundry, Glasgow, have 
within the past few days closed a contract that had been 
in the market for some time for 18,000 tons of cast-iron 
pipes for Queensland. 


Coal for Swedish Railways.—There are said to be orders 
in the coal market for 100,000 tons of coal for the Swedish 
railways. The Scotch coal specified is Lochgelly, Fife- 
shire, and there are also several varieties of English coals 
required. This contract was implemented last year in 
the face of a constantly rising market, and very little 
profit could have been made out of it by the contractors. 

ut very much higher prices will have to be paid for the 
coals this year. In consequence of the favourable position 
of the coal market generally, there appears to be less 
anxiety here to secure contracts such as those referred to 
than has been shown on former occasions, 

Coalmners’ Wages.—It was lately resolved by some of 
the Lanarkshire coalmasters to give the colliers a further 
advance of 6d. a day at the end of a fortnight, while the 





Coalmasters’ Association has refused the advance. This 
circumstance has again thrown the element of uncertainty 
into the coal trade, and will prevent engagements being 
made as to forward shipment. If the masters could be 
got to act in concert, either in giving or withholding ad- 
vance, it would evidently be an advantage to the export 
department of the trade. 


Royal Society of Edinburgh.—At the ordinary meeting 
of this Society, held on Monday evening, Sir William 
Thomson, president, made a very important communica- 
tion on ‘ Electrostatic Stress.” 


Institution of Engineers and Shipbuilders.—A_ meeting 
of this Institution was held last night, at which the 
principal business was a discussion on the Ship Railway 
scheme of Mr. William Smith, harbour engineer, Aber- 
deen, who made an excellent reply to ee objections 
raised against it. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Miners and their New Demands.—At a meeting of the 
executive of the Yorkshire Miners’ Association, held on 
Monday, it was decided to agitate for a further advance 
in wages. It was further resolved that if a boy had not 
worked in a pit before he was sixteen years of age, he be 
not allowed to work in it after, thus preventing the intro- 
duction of unskilled labour into mines. It was also 
decided to deal stringently with managers who ‘‘ vic- 
timised” miners by “striking” the collieries until the 
men were reinstated. 


Sheffield Society of E gineers. — Professor Arnold 
Lupton, M. Inst. C.E., of the Yorkshire College, Leeds, 
has delivered a lecture before the Sheffield Society of 
Engineers on ‘‘Some Mining Machines, Pneumatic, Hy- 
draulic, and Electric.” He observed that in most depart- 
ments of industry the heaviest labour was done by steam 
power, but in mining it was probable that not 5 per cent. 
of the material was got by it. He then showed how power 
was conveyed on pneumatic, hydraulic, and electric prin- 
ciples, and said each system had its advantages and draw- 
backs. Let no one think that one invention occupied the 
field to the exclusion of others. Each invention brought to 
perfection was the parent of others and made for itself the 
ground on which it stood, enlarging the area of require- 
ments and increasing the scope of all 


Proposed New Railway from South Yorkshire to Man- 
chester.—A scheme is projected to provide ashorter route 
from Leeds and Bradford to Manchester by opening up 
direct communication with the Denshaw, Castleshaw, 
Marsden, and Ryburn Valleys, lying between Oldham 
and Halifax. The proposal, in effect, is to construct a 
practically independent line of railway, connecting the two 
last-named towns, upon which the trains of the Great 
Northern Railway Company and the Lancashire and 
Yorkshire Railway Company may have running powers, 
and having connection not only with the existing lines of 
these companies, but with the London and North- 
Western Railway and the Manchester, Sheffield, and 
Lincolnshire callees, in the vicinity of Oldham. The 
total length of the line from Halifax to Oldham, in- 
cluding its various parks, would be about 17 miles. There 
would have to be a considerable amount of tunnelling, 
including the making of one tunnel 24 miles in length 
between Booth Bridge and Marsden Dale, another a mile 
and a quarter long through Stottley Moss, and another a 
mile inlength. Several viaducts would be required, the 
largest being that to span the Calder Valley with ten 
arches at a height of 110 ft. 


Wages and Hours in the Leeds Engineering Trade.— 
Some weeks ago the Leeds executive of the Leeds 
Amalgamated Society of Engineers revised their rules 
relating to wages and working hours in the engineering 
trade of the borough. These rules were to have come 
into operation on the Ist of the present month, but as 
there was unavoidable delay in getting out the circulars 
to the various engineering firms of the town, the council 
fixed Monday as the time when they were to be enforced. 
The first point dealt with was the scale of wages, and the 
demand of the men was that the minimum rate of wages 
for fitters, turners, and millwrights should be increased 
from 26s. to 28s. a week. The conciliatory manner in which 
the negotiations have been conducted on both sides of 
the matters in question have been practically settled with- 
out resort to extreme measures. There are 2061 members 
of the Amalgamated Society in Leeds, about 600 or 700 
of whom were in receipt of he than the minimum rates 
fixed by the council. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was an 
excellent attendance on ’Change, but the tone of the 
market was flat and little or no business was done, the 
operations of the ‘‘ bears” during the previous day or two 
having been very successful in bringing down prices. For 
prompt f.o.b. delivery of No. 3 g.m.b. Cleveland pig iron 
merchants offered to take 58s. 6d., but there were no 
buyers at this figure, and later in the day when sellers 
were willing to do business at 58s. purchasers could 
not be found. Most of the makers asked 62s. and 
62s. 6d. for No. 3, and would not take less, but no busi- 
ness was recorded. In the early part of the day Cleve- 
land warrants were very weak, but they stiffened a little 
afterwards, and at the close of the market were quoted 
58s. 9d. cash. To-day matters are a little better. 
Inquiries are more numerous and buyers appear more 
willing to operate. Makers’ No. 3 Cleveland pig is 
steady at 58s, 9d. per ton for prompt delivery, and for 





delivery during the next three months buyers offer 61s. to 
61s. 6d., but sellers are shy and hold off, believing that 
they will be able to obtain a better price ere = 
Middlesbrough No. 3 warrants are steady at 58s. 74d. 
cash. The demand for hematite pig iron is not so great 
but sellers here ask 78s. for mixed numbers, notwith- 
standing the fact that warrants are obtainable at 73s. 6d. 


Manufactured Tron and Stcel.—The manufactured iron 
trade is quieter and prices are easier. Common bars are 
quoted 8/.; best bars, 8/. 10s.; ship-plates, 7/. 17s. 6d. to 
8/.; ship angles, 7/. 10s.; and boiler-plates, 8/. 17s. 6d.; all 
less the usual discount for cash. There is quite a lull 
in steel, inquiries being very few indeed. For shipbuild- 
ing material there are no new orders being __ just 
now. Producers, however, are well supplied with con- 
tracts and all the establishments are kept. busy. They 
will not reduce their quotations much at present. Steel 
ship are &/. 15s. to 9/.; steel angles, 8’. 10s.; and heavy 
rails, 7/., but 6/. 15s. would be taken. 


Engineering and Shipbuilding.—Engineers are well 
occupied, and in the marine departments of many of the 
leading firms in the North some exceedingly fine work has 
recently been executed. All the shipbuilding yards pre- 
sent a very active appearance, and most of the firms have 
contracts booked which will keep them in full swing for a 
number of months. Few, if any, fresh contracts for 
vessels have been entered into of late, but many ship- 
builders are not disposed to book new orders at present 
as they consider they have sufficient work on hand. 


The Coal and Coke Trades.—There is little alteration 
in the coal and coke trades. All classes of fuel is in great 
demand and is very searce. Sellers of blast furnace coke 
now ask as inuch as 26s., 28s., and even 30s. per ton for 
this material. 








TASMANIAN MaIn Linz Rattway.—A proposal made by 
the Tasmanian Government to purchase the Tasmanian 
Main Line Railway for 1,125,000/. has been negatived by 
the Tasmanian House of Assembly, which agreed to give 
1,000,000/. for the line. It is not likely that the company 
at present owning the line will accept 1,000,000/., as it 
refused the same amount three years since. 


Exxectric Light™ne at DUNDEE.—The Dundee Corpora- 
tion before proceeding with the provisional order for 
supplying electricity to the inhabitants have taken the 
wise precaution to ascertain the prospect of its being 
adopted by the large consumers of gas at present, not 
only in Dundee, but also in other large towns. Within 
“‘the compulsory area” in Dundee there are 264 gas con- 
sumers, each paying over 5l. per annum for gas, their gas 
bills totalling 5894/. odd. Each of these was asked to 
state whether they would be willing to adopt the electric 
light provided it did not cost more than twice the price of 
gas. Answers were returned by 147 of the consumers, 
representing 3013/., and of these forty-one were in favour 
of electric lighting and 106 against. The forty-one repre- 
sented 787/. and the others 2226/. The majority of the 
parties desirous of taking the light are comprised within a 
comparatively small area in High-street, while two — 
consumers (paying 2181. for gas) are in the Nethergate. The 
reply received from Manchester was to the effect that the 
lighting authority was only applying for a provisional 
order, and had done nothing further. In Bradford the 
authorities had got a provisional order, and had felt so 
encouraged that they were going for further power to 
borrow money to extend their works. In London none 
of the public boards have applied for any authority ; they 
have left everything to private companies. From these 
companies it was learned that in all cases the districts 
had been canvassed as in Dundee, and the result was 
encouragement, inducing the company to supply the 
electric light. The committee having charge of the 
matter at Dundee do not consider the statistics applicable 
to their city very encouraging. 





A LarcE Puospeuor- Bronze Castinc.— Messrs. Steven 
and Struthers, brassfounders, Glasgow, have successfully 
completed the first of several phosphor-bronze pate m=, 
which are interesting in view of their size and weight. 
It will be remembered that it was decided by the Admi- 
ralty to have several of the second-class cruisers recently 
ordered wood-sheathed and copper-bottomed. As the 
copper would result in the corrosion of steel by galvanic 
action, it is necessary to make the stem and sternposts of 
phosphor-bronze. The London and Glasgow Company 
are building at Govan three of the wood-sheathed crui- 
sers, and three others are being built by Messrs. Palmer 
on the Tyne, and for these Messrs. Steven and Struthers are 
supplying the castings. The stem of one of the vessels 
has been completed. It weighs over 10 tons, and fromthe 
connection with the built keel to the point of the ram 
the measurement is 23 ft. 6 in., while the height from the 
ram to the top of the stem is 20 ft., making the length 
from tip to tip 43 ft.6in. The stiffening bracket in con- 
nection with the ram forms part of the casting, and is 
not, as is usually the case, separate and bolted to the 
stem. At its broadest part the stem is 3 ft., and is scarfed 
for the steel plates and teak planking. The principal 
casting of the stern framing, the first of which is now in 

rogress, will weigh 12 tons 5cwt. To it are fixed two 
Souskste for the propeller shafting tubes, each bracket 
being 4 tons 10 cwt. ; while the rudder, on the balance 

rinciple, will be 10 tons, making in all 31 tons 5 ewt. The 
arger casting in connection with the sternpost measures 
from point to point 35 ft. 6 in. The rudder is cast in 
frame, and plated with bronze sheeting § in. thick. It 
may be added that the metal is composed of 90 per cent. 
copper, 9.5 per cent. tin, and .5 per cent. phosphor. The 
castings for each ship will cost about 2200/. 
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NOTICE TO AMERICAN SUBSCRIBERS. 

We beg to announce that American ape icon ENGINEERING 
may now be addressed either direct to the publisher, Mr. CHARLES 
GILBERT, at the Offices of this Journal, Nos. 35 and 36, Bedford- 
street, Strand, London, W.C., or to our Sole Agent for the United 
States, Mr. W. H. Wiley, 15, Astor-place, New York. The prices 
of Subscription (payable in advance) for one year are: For thin 


(foreign) paper edition, 1. 16s. 0d.; for thick (ordinary) paper 
edition, ob” 0s. 6d., or it remitted to Mr. Wiley, 9 dollars for thin 
and 10 dollars for thick. 
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NOTICES OF MEETINGS. 

Tue INSTITUTION OF CivIL ENGINRERS.—Students’ meeting, Friday, 
January 24th, at 7.30 p.m. Paper to be read: ‘“‘ The Up-Keep of 
Metalled Roads in Ceylon,” by Thos. H. Chapman, Stud. Inst. 





C.E. Sir Guilford L. Molesworth, K.C.I.E., M. Inst. C.E., in the 
chair.—Ordinary meeting, Tuesday, January 28th, at 8 p.m. 
Paper to be further discussed: ‘‘ Recent Dock Extensions at 
Liverpool,” by George Fosbery Lyster, M. Inst. C.E. And, time 
— paper to be read: ‘‘ Bars at the Mouths of Tidal 

tuaries,” by Mr. W. H. Wheeler, M. Inst. C.E.—Students’ visits to 
works, Thursday, January 30th, at ll a.m. The Deptford Station 
of the London Electric Supply Corporation ; 2 p.m., the new chill 
rooms at the Foreign Cattle Market, Deptford. 

INSTITUTION OF MECHANICAL ENGINEERS.—- Wednesday 29th, Thurs- 
day 30th, and Friday 31st January, at 25, Great George-street, 
Westminster. The chair will be taken by the President at 7.30 p.m. 
on each evening. The annual report of the Council will be pre- 
sented tothe meeting on Wednesday. The annualelection of the 
President, Vice-Presidents, and bers of Council, and the 
ordinary election of new members, associates, and graduates, will 
take place at the meeting on Wednesday. The following papers 
will then be read and discussed, as far as time permits: “‘On the 
Compounding of Locomotives Burning Petroleum Refuse in 
Russia,” by Mr. Thomas Urquhart, locomotive superintendent, 
Grazi and Tsaritsin Railway, South-East Russia. ‘On the Burn- 
ing of Colonial Coal in the Locomotives of the Cape Government 
Railways,” by Mr. Michael Stephens, chief locomotive superin- 
tendent. ‘On the Mechanical Appliances Employed in the 
Manufacture and Storage of Oxygen,” by Mr. Kenneth S. Murray, 
of London. Communicated through Mr. Henry Chapman. In 
connection with this paper the members are invited to visit 
Brin’s Oxygen Works, 69, Horseferry-road, Westminster, between 
10 a.m. and 1, and between 2.30 p.m. and 5.30 p.m. on the three 
days of the meeting, and on the following morning (Saturday) 
till 1 p.m., for the purpose of witnessing the process of manufac- 
ture and inspecting the machinery employed. 

Puysicat Society.—February 7th, at 5p.m. Annual general 
meeting. ‘‘On Galvanometers,” by Professor W. E. Ayrton, 
F.R.S., T. Mather, and W. E. Sumpner. ‘‘On a Carbon Deposit 
in a Blake Telephone Transmitter,” by F. B. Hawes. 

LIVERPOOL ENGINEERING Society.—Wednesday, January 29th, at 
the Royal Institution, Colquitt-street, at 8 o’clock. A paper will 
be read by Mr. Charles H. Yeaman, entitled ‘‘ Notes on Central 
Station Electric Lighting.” 
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TECHNICAL EDUCATION. 

THE subject of technical education, like the poor, 
we have always with us, and for this reason it is apt 
to be continually shelved till a convenient season, 
in the press of subjects of more immediate but not 
greater interest. We are reminded of our duties 
in this matter by the receipt of several recent 
publications, which suggest points decidedly de- 
serving of consideration. One of the most im- 
portant of these particulars is a compilation issued 
by the National Association for the Promotion 
of Technical and Secondary Education, entitled 
‘*Technical Education in England and Wales.” 
This work is intended to give a brief account 
of the main objects and working of the chief 
organisations and institutions which at present 
exist in England and Wales for promoting and 
diffusing technical and scientific instruction. A 
triple classification is attempted, the compilers 
dividing the matter according to organisations, 
to grades, and to localities. This has raised 
an initial difficulty which might well have 
been avoided ; but in spite of it the work is 
one which may be cordially recommended to all 
interested in the subject; a term which will 
naturally include every intelligent employer of 
labour, and indeed every patriotic individual 
throughout the kingdom. In saying this we do not 
wish to support that wholesale demand for tech- 
nical education, the ‘‘ vague cry,” as Lord Arm- 
strong calls it, which some sciolists appear to think 
is the panacea for all industrial ills. In fact, much 
harm has been done by what is termed technical 
education, wrongly so-called if we are to give the 
term education its true dignity of the acquirement 
of useful knowledge. In our own profession more 
especially this danger exists, that we may become 
too professorial. It is a rock the French educa- 
tionalists have split upon, and even the practical 
Germans with their vast system of State-supported 
education, have failed to avoid it altogether. 

Professor Coleman Sellers, of the Stevens In- 
stitute of Technology, has recently given in a letter 
to the United States Railroad Gazette, a few in- 
stances worth quoting. He mentions some mathe- 
matical professors who were fond of discussing 
equations at once capable of application to the 
motions of the planets, and of the connecting-rod 
of a steam engine; but they had only developed 
their knowledge in the former direction, and the 


102| transformations needed to reduce it to shape were 


by no means easy. - Even when practical problems 
are approached by the mathematicians, it is con- 
sidered, Professor Sellers remarks, rather undig- 
nified to make them too practical, and broad 
generalisations are preferred to direct every-day 
examples. 

Professor Sellers illustrates this by an incident 
within his own knowledge. Some years ago it was 





determined by the authorities to make the Jowrnal 
of the Franklin Institute of a less severely scientific 
but more useful character. A new editor was ap- 
pointed, and among articles awaiting publication 
were found some of a highly mathematical character 
from the pen of a certain learned professor. These 
were returned tuo the writer with an intimation that 
they were hardly of sufficient interest to mechanics 
at large to be appropriate to the new character of 
the journal, and asking him to contribute some- 
thing of a more popular character. The professor 
took the matter in good part; he said that he had 
himself been surprised that the journal was willing 
to publish articles of so purely a_ theoretical 
character as he had been writing, but as long as they 
were willing, he, as a mathematician, was well 
pleased to work in that line. In place of the mathe- 
matical dissertation, he inclosed a valuable practical 
discussion on the action of jam-nuts. 

This professor was evidently a man of good nature 
and good sense, which only emphasises the moral 
of the tale; but we will quote Professor Sellers’ 
own words. ‘‘ The incident well illustrates the 
tendency on the part of the educated professional 
instructor to direct his energies along the line of 
the general and unpractical rather than that of the 
concrete and useful. And it naturally followed 
that young men taught under this system, if they 
came into the workshop, would be distinguished 
more by ignorance of the concrete methods there 
called for, than by their knowledge, however pro- 
found, of the generalities which were not required 
and which they did not know how to reduce to some 
useful shape.” 

This is the danger into which an ill-considered 
scheme of technical education is likely to lead. 
There is something about the educational profession 
that has a narrowing tendency, and it is only the 
most healthy and practical characters can withstand 
this. Schoolmasters and professors are always apt 
to forget that education is a means to an end ; and 
it may be said in passing that the present system on 
which State education is conducted is calculated to 
intensify this evil. Fortunately for us, at present, 
the chief engineering professors at our technical 
colleges have not been professors all their lives, but 
have acquired their scientific knowledge in the 
course of practical work. Unhappily there are 
signs that this wholesome state of affairs is not 
likely to continue, and young men — sometimes 
very young men—fresh from college, are being 
appointed to professorial chairs. It is not possible 
for a teacher to know what scientific attainments 
will be of the greatest value to the future practical 
or producing engineer unless the teacher has been 
himself engaged in practical work. In writing on 
this subject over twenty years ago, when technical 
education was seldom heard of, we took occa- 
sion to point out the danger of over-refinement 
of theory. If it were necessary then, how much 
more so is it now when the professor is so widely 
abroad. 

It may be said that it is the professor’s duty to 
teach only the scientific principles upon which the 

ractical work of the engineer should be founded, 
eaving the application of these principles to the 
time when the student shall be launched on his 
career in life. As a general proposition this is not 
to be gainsaid. The most perfect academical train- 
ing cannot take the place of practical work. For 
educational purposes we had better be without our 
colleges than our workshops, and that is the reason 
British engineers still rank before all others, and 
that in spite of the admirable State-supported 
systems of technical education of Germany, France, 
and Switzerland. But whilst we acknowledge this 
limitation to the professor’s duties, we must not 
forget that men, especially young men of the 
students’ age, are not machines, and want some 
living interest to give them zest for their work. 
There are few so mentally constituted as to delight 
in mathematics for their own sake (even the great 
Bidder invoked the aid of peas), and even these few 
are little likely to become successful engineers. The 
purely professional training can hardly fail to relapse 
into that barbarous system of doing lessons for 
lessons’ sake under which nine out of ten middle- 
aged persons were brought up. 

It is to such reasons that the success of the few 
private technical schools which we possess in con- 
nection with works, such as Armstrong’s, the 
London and North-Western at Crewe, and Mather 
and Platt’s, may be attributed. The latter has 
been aenene successful and is worked on an 
eminently practical basis. In his evidence before 
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the Royal Commission on Technical Education, 
Mr. Mather described the system upon which it 
is carried on. The drawings made are of work 
actually in progress in the shops. One day the 
teacher, who is employed in the works himself, 
gives the necessary calculations, and the next 
the pupil sees the work carried out_ practically 
and commercially in the shops. Mr. Mather told 
the Commissioners that his firm had derived incal- 
culable advantage from the school. ‘‘ We desire,” 
he said, ‘* to send out yearly one or two thoroughly 
competent men who shall not be simply mechanics 
in the ordinary sense of the word, but shall be able 
toturn their attention to anything coming under 
their notice, whether they have done the same thing 
before or not. We had the greatest difficulty in finding 
such men until we began to take them from the 
school ; and since the school has been established 
we have been able to send boys of twenty and 
twenty-one to long distances from England, and 
place in their hands work with which they have 
not had much to do before.” 

We have dwelt at length on what appears to us 
to be the great danger to which technical education 
is subject. Great Britain has everything to expect 
from technical education, without it our still un- 
rivalled factories and workshops will not keep us 
in front of the world’s industry. Professor Cole- 
man Sellers tells another tale not, this time of a 
professor. The owner of a large machine shop 
once applied to him for a spurwheel. He had 
marked the diameter on a wooden rod. On being 
asked whether the mark indicated outside diameter 
or pitch line he replied: ‘‘ Pitch line! What the 
h—— is pitch line? I want a wheel as big as this 
stick with eighty teeth in it.” Now it will be 
evident that such men as this, however well 
equipped for primitive times and rural districts, are 
not calculated to uphold national engineering 
industry, but we would rather depend on such a one 
than on the product of the professors referred to 
who could not accommodate the mathematics of the 
solar system to the movement of c ank and con- 
necting-rod, 








COLOUR BLINDNESS. 

Last Wednesday evening, at the rooms of the 
Society of Arts, Adelphi, Mr. R. Brudenell Carter, 
F.R.C.S., read an important paper on ‘‘ Practical 
Vision Testing.” The occasion had been looked 
forward to with considerable interest, as it was 
thought that the reading of the paper would give 
rise to an exceptionally lively discussion, but these 
hopes were doomed to disappointment. 

It is only fair, however, to state that this disap- 
pointment was in no way attributable to Mr. Carter, 
who spoke out very plainly upon the ignorance of 
those who differed from him and appeared extremely 
desirous to do all that lay in his power to stimulate 
a lively discussion. 

As might have been naturally expected Mr. 
Carter's paper contained a great deal of valuable 
matter, the result of a long experience in an 
important post, and of exceptional interest at the 
present time, when railroad and steamship com- 
panies are waking up to the grave dangers that 
may arise in employing persons who are colour 
blind, or whose vision is defective in other ways, 
in such responsible positions as that of the driver 
of a locomotive or the officer of the watch at 
sea. On the other hand, we are inclined to think 
that the medical occulists are disposed to exag- 
gerate the dangers thus arising. Both Dr. Carter 
and Dr. Bickerton, who followed him in the dis- 
cussion, did this, the latter expatiating on what 
a comfort it would be to passengers, if they could 
feel certain on entering a train or steamship, that 
there was no risk of an accident happening from 
this cause. If Dr. Bickerton really feels uncomfort- 
able on entering a train now, he must, we think, be 
an exceptionally nervous individual, and as for Dr. 
Carter, when challenged later or by an engine- 
driver to give any instance of an accident occurring 
on a railway from colour blindness in the driver, he 
pleaded that, though he knew such cases had 
oceurred, he had never anticipated such a ques- 
tion being asked, and was therefore unable to 
answer it. 

Before laying down the conditions to which any 
satisfactory test for colour blindness should con- 
form, Mr. Carter made the statement that Max- 
well had proved that there were only three colours 
in the spectrum, viz., red, green, and blue, all 
others being obtained by combining these, but as 





was pointed out afterwards by Mr. Trueman Wood, 
this is not an exact way of speaking, as what 
Maxwell really proved was that there were only 
three colour sensations, a very different matter. 

With the exception of Dr. Edridge Green, all 
the speakers who dealt with the subject considered 
that the system of testing fer colour blindness, 
devised by Professor Holmgren, of Upsala, was by 
far and away the most satisfactory, and we accord- 
ingly abstract the following account of it from Mr. 
Carter’s paper, who in turn has taken it from a 
work by Mr. Frost. 

The test consists of three parts; the first enables us to 
discover the existence of defective colour vision, the 
second to detect its nature, while the third is merely con- 
firmatory. 

In the first stage the examinee is given a test colour, a 
skein of a rather pale green, a grass green much diluted, 
and there are spread out upon a white cloth, in a good 
light, a number of other skeins, consisting of all shades 
of green, as well as greys, drabs, pinks, and yellows, all 
considerably diluted with white; the examinee is then 
told to pick out from the heap those skeins which appear 
to him to be of the same colour as the one held by him, 
but without regard to differences of shades. If he chooses 
all the greens and no other colours, he has normal colour- 
vision ; if this is defective, he will choose one or more of 
the ‘confusion colours,” and he must Le put through the 
second test. 

In this the test colour is a dilute purple or rose colour; 
as it is composed of red and violet, the red blind matches 
it with blue and violet. For the green blind a combina- 
tion of red and violet produces grey, and green has a 
similar effect ; hence he chooses these confusion colours, 
If the examinee fails in the first test, but succeeds in the 
second, he has a weak colour sense, but is not totally 
blind to one of the fundamental colours. 

In the third test a bright red, such as is used in signal 
flags on railways, is the test colour ; the red blind matches 
it with dark green and dark brown, the green blind with 
brighter shades of these colours, 

To the above account we must add that the can- 
didate is not allowed to handle the colours, the 
standard skein being simply laid at one side of the 
pile, whilst the other skeins are to be simply thrown 
beside it, and no close comparison of the two skeins 
is permitted. 

Dr. Green objected that this test was unreliable 
in two ways, as in the first place he stated that 
uneducated people of normal vision would fre- 
quently choose out the skeins with reference to 
their shade, instead of to their colour, and hence 
be rejected unfairly. Secondly, he held that a 
really colour-blind person might be educated up to 
pass the test, in illustration of which he exhibited 
a set of sixty water-colour sketches, by colour- 
blind people, in which the colours were faithfully 
copied from the originals. On the other hand, we 
recall a story related of one of the younger Darwins, 
who was colour-blind, and who in making a sketch 
with a lawn in the foreground, got his paints mixed, 
with the result that the grass finally appeared in 
all the glories of a beautiful vermilion, As to Dr. 
Green’s first statement, Dr. Carter pointed out in 
his reply that when the Holmgren test is properly 
carried out the candidate is always instructed to 
choose the skeins by their colour, and not by their 
shades, and as to the second objection raised, he 
evidently did not believe that any colour-blind 
person could pass a properly conducted Holmgren 
test, and challenged Dr. Gre2n to prove it. 

Dr. Bickerton made some strong points in quot- 
ing letters from ofticers of vessels, who either 
sutfered from colour blindness themselves, or who 
had narrowly escaped from a disaster by the 
existence of the defect in some of their fellow 
officers. He advocated that every sailor should be 
made to pass a satisfactory test, but as Mr. Wood 
and another gentleman remarked later on, this 
measure would be very unadvisable in the present 
dearth of seamen. Nor indeed is it necessary, as 
there is always more than one seaman on deck at a 
time, and if the officers are made to pass a satis- 
factory test, but little danger can arise. The 
speaker held, however, and the letters he quoted 
go to prove it, that the present Board of Trade re- 
gulations for testing the sight of officers are totally 
inadequate. 

Whether Holmgren’s test is more severe than is 
required for insuring practical safety on our rail- 
roads is a moot point, but we understand that in 
America, where the men raised strong objections 
to it at first, it is now willingly aquiesced in, as the 
railroad employés have, no more than other people, 
a fancy to be injured by an accident arising from 
the defective vision of their fellow workmen. It 
should be remarked, however, that good sight in 
the engine-drivers is much more important in the 


United States than in this country, as the signalling | 





arrangements are still imperfect on most of the 
American lines. 

Mr. Clement Stretton holds that the test should 
have some more direct reference to the practical 
working of the line than that of Holmgren, and 
advocates a series of tests for vision which consists 
in distinguishing actual signals at various distances 
and in every variety of weather. This, however, 
would be such a very tedious process, that it can 
hardly be considered practicable. 

Many engine-drivers imagine that the colour tests 
are misused by their foremen for getting rid of 
workinen against whom they have a grudge. But 
if, as suggested by Mr. Carter, any man rejected 
for imperfect vision by a foreman had the right of 
an independent trial afterwards by an expert before 
final dismissal, this fear would be removed. In any 
case, the number of men affected by even stringent 
tests would be but small, or on an average not more 
than 4 per cent. of the whole railroad employés. 
Dr. Carter, however, states that the methods now 
used on some of the lines are liable to cause the re- 
jection of men with perfectly normal vision, which 
if true certainly constitutes a real ground for com- 
plaint. 

We have dealt above with the tests for colour 

blindness only, as it was on this point that practi- 
cally the whole of the discussion turned. Of equal 
importance for many purposes, however, is acute- 
ness of vision, and here again the official tests are 
said to be unsatisfactory. The best test for this, 
Dr. Carter states, is the spot test, but for really 
trustworthy results it is necessary that the spots 
should be round, and separated by a distance equal 
to their diameter. According to the size of the spots, 
normal-sighted people would count them accurately 
at different distances. One set, apparently about 
;3; in. in diameter, should, he stated, be counted 
rom the back of the lecture-room, a distance of 
45 ft. The spots to be counted, to the number 
of five or six, are distributed irregularly, and 
not placed in a single line, as otherwise astig- 
matism might pass without detection. This latter 
defect, he maintained, was exceptionally important 
to railway men, as an employé thus affected might 
be unable to see the horizontal signal, though 
having perfect vision of the vertical signal post. 
Here, again, we think Mr. Carter was exaggerating 
the danger, as though we know personally several 
individuals with astigmatic vision, we have never 
met one who would be unable to see at a reason- 
able distance the broad blade of a signalarm. Such 
cases may occur, but we fancy they are very rare, 
and it would be interesting to know how often Dr. 
Carter has met with such during his very long 
experience. 








ELECTRIC PROJECTORS. 

In several of our articles dealing with the Paris 
Exhibition, and particularly in that describing the 
electric lighting of the Eiffel Tower, we endea- 
voured to give an account of the entirely novel 
use which was made: of reflectors as a means of 
rendering electric light available as a means of 
decoration, and also for effecting illumination at a 
great distance. This last application was greatly 
appreciated by the public. The strange spectacle 
of great luminous rays, starting from the summit 
of the tower and traversing Paris to inundate, in 
the twinkling of an eye, the most distant spots, 
and all the time moving as readily as if they 
were alive, was not the least attractive feature of 
the Exhibition. Every one in Paris, however, 
remarked the feeble effect of the electric rays 
themselves as compared with the intensity of illu- 
mination of the object, notwithstanding the perfect 
clearness of the beams, which were brightly located 
by two straight lines. 

Although the invention of electric projectors 
dates back several years, the improvements which 
have raised them to their present power are quite 
recent. In this branch of the applications of elec- 
tricity very considerable progress has been made. 
Projectors were originally made in aid of military 
and naval operations, the object being to render 
operations visible at night, in order that an effec- 
tive fire might be directed against an object. A 
projector comprises two principal parts. 1. The 
luminous source, the intensity and power of which 
depends upon the electric lamp employed and the 
dynamo by which it is fed. 2. The optical appa- 
ratus, the object of which is to obtain the best 
utilisation of the light by concentrating the rays in 
a given direction. Itis principally in the optical 
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part of the apparatus that the recent great improve- 
ments have been made. 

With a given luminous source, how is it possible 
to increase its intensity? This can be done by 
gathering up the rays which it emits in all direc- 
tions, and concentrating them in a given line. 
This is done by the aid of reflectors and lenses. 
Lighthouses, for example, concentrate the light 
into a straight band which sweeps the entire 
horizon, or a portion of it. Projectors, on the 
contrary, ought to accumulate all the light on a 
given point, giving the rays a minimum deviation. 
The only geometrical surface reflecting into a 
parallel bundle rays emitted from a mathematical 
point, is a parabola of revolution. It would be 
difficult to produce such a surface in glass, conse- 
quently metallic mirrors have been employed for 
the last thirty years. The results obtained were 
not altogether satisfactory, the metallic reflector 
absorbing a great part of the light, and its imper- 
fect form giving rise to a wide dispersion of the 
rays. The first improvement was the use of glass 
mirrors, of concave spherical form, silvered on the 
convex face. These could be figured more exactly 
than metallic mirrors, and the reflection was sub- 
ject to less losses. Unfortunately the dispersion of 
the rays, due to the spherical form of the mirror, 
rendered the reflector unsuited for use at long dis- 
tances. When the angle of opening exceeds a few 
degrees the different points of the reflector have not 
the same focus, or, in other words, the rays emitted 
from a point of light are not all reflected in parallel 
directions. This defect augments rapidly, as it is 
sought to diminish the focal distance, that is, to 
place the luminous source near to the mirror in 
order to utilise a large fraction of the light. 

Efforts of inventors have been directed to the 
diminution and removal of spherical aberration. 
This was the more difficult since it was most desir- 
able to retain glass surfaces on account of their 
rigidity, and also the spherical curves which can be 
figured with certainty. The first improvement con- 
sisted in the invention of lenticular projectors. The 
reflector is formed of a Fresnel lens made of 
dioptric and catadioptric rings. In spite of a short 
focal distance the spherical aberration is reduced in 
a large degree ; it is only one-half or one-third of 
what it would be with a spherical mirror of the 
same diameter and focal distance. The true 
solution of the problem was found, however, by 
Colonel Mangin, of the engineering corps of the 
French army. This reflector, formed of two sur- 
faces of different curves, sends forth a bundle of 
parallel rays derived from a luminous point at its 
focus. It acts exactly like a parabola. To realise 
the importance of this result it is necessary to 
remember that in every reflector not exempt from 
spherical aberration, the reflected rays are not 
parallel but form a cone of a certain angular open- 
ing. The beam cannot be concentrated beyond 
that limit, and consequently the illuminated surface 
loses in intensity in proportion as its area is enlarged. 
The intensity therefore diminishes as the square of 
the angle of opening of the beam. Thus a reflector 
of 60 centimetres diameter, being a spherical 
concave mirror of 40 centimetres focal distance, has 
10 deg. to 12 deg. of aberration, a lenticular reflector 
would have 45 deg. of aberration, and a Mangin re- 
flector 0 deg. With this latter the beam projected 
has no opening other than resulting from the dimen- 
sions of its source about 14 deg. to 2deg. Thus 
the illumination is twenty times more powerful 
than with a spherical mirror of the same dimen- 
sions. 

Whatever may be the form and arrangements 
adopted for the projector and the lamp, no me- 
chanical improvement can replace the perfec- 
tion of the optical part. With a projector fur- 
nished with a spherical mirror it is impossible to 
exceed, under the best conditions, a poor efticiency, 
as numerous experiments have shown. The surface 
of the circle illuminated becomes too great, and the 
illumination of the objects too feeble to impress the 
retina. 

The French Admiralty, which has studied the 
question very carefully, has adopted the Mangin 
reflector exclusively for the navy and coast defence. 
Nearly 600 Mangin apparatus are in use in this 
country ; this is the greatest number which has 
been constructed for any one nation. This does 
not mean that the various English projectors, such 
as those known by the names of Scott, Statter, 
Chance, Clarke, Chapman, Crompton, and Muir- 
head cannot render good service. But their weak 
point is the spherical reflector, which, as we have 





seen, has considerable inconveniences. They can, 
therefore, only be usefully employed at short dis- 
tances. Whatever the power of the -lamp their 
range is always limited by the dispersion of the 
beam. For short distances, for the lighting of 
passes, the mouths of harbours, for the loading 
and discharging of ships, they can be usefully em- 
ployed, but for the varied requirements of modern 
warfare they are inapplicable owing to the extended 
range of artillery. The merits of a projector depend 
chiefly on its optical arrangements, and defects in 
this part cannot be compensated for by mechanical 
perfection. 





THE WEATHER OF SOUTH-EAST 
ENGLAND IN 1889. 

THR meteorological data yielded by the observa- 
tions made at the Royal Observatory, Greenwich, 
apply more particularly to the metropolis and 
generally to the south-east of England. The fol- 
lowing monthly results have been computed from 
data published in the Registrar-General’s weekly 
returns of births and deaths : 





Mean Tem- | Amount of Duration of 


Months. 





perature. | Rain. Sunshine. 

deg. in. hours 
January 37.1 0.84 17.2 
February 37.0 2.20 40.4 
March.. | 40.6 1.25 | 78.8 
April .. ai 45.7 1.84 87.7 
May .. “al 56.5 3.28 | 172.8 
June .. sal 61.4 2.06 195.4 
July .. eal 61.0 2.07 138.5 
August P “ul 60.1 1.81 170.3 
September .. | 55.8 1.68 125.8 
October | 48.6 3.91 77.5 
November .. | 44.3 0.79 31.6 
December ~ | 37.6 1.44 20.0 
Year .. + 48.8 23.17 1156.0 








The data representing a typical or normal year 
have been given in ENGINEERING for January 18, 
1889. 

January, 1889, was dry, rather cold, with very 
little sunshine. The monthly mean temperature 
was nearly 2 deg. below the normal. The mean 
temperature of the 5th was 10 deg. colder, of the 
6th 14 deg. colder, of the 9th and 31st 8 deg. warmer 
than the normal values for these days. There were 
only twelve rainy days, and the smallest rainfall 
since 1880, when only 0.26 in. was recorded. Bright 
sunshine was very deficient, only 1879 has recorded 
less, 14.8 hours. 

February, 1889, had very variable and rather 
cold weather. The mean temperature was nearly 
3 deg. below the average. The 1st was 11 deg., 
the 17th and 18th 8 deg. above the average ; the 
4th, 9th, 11th, 13th, 26th were 8 deg., the 28th 
9deg., the 10th and 12th 10 deg. colder than usual. 
Raia fell on nineteen days and the amount was 
rather large. The largest recorded rainfall, 5.7 in., 
occurred in 1833. The wind pressure attained 
10.2 lb. on the square foot on the 2nd, 11 lb. on 
the 4th, 14 lb. on the 8th, 11.8 lb. on the 9th. The 
wind direction was from between N. and E. from 
the 20th to March 4th inclusive. Sunshine was 
above the average duration, but less than half the 
highest recorded, 81.8 hours in 1887. The 2nd had 
5.4 hours of sunshine. 

March, 1889, had nearly seasonable temperature 
and small rainfall. There was but one decidedly 
warm day, the 8th, with mean temperature 8 deg. 
above the average ; the Ist and 15th were 8 deg., 
the 2nd and 5th 9 deg., the 3rd and 4th 11 deg. 
below the average. The lowest temperature ob- 
served during the year, 18.7 deg., was on the 4th. 
Rain fell on fourteen days. The driest March was 
1852, when only 0.14 in. of rain fell. The 9th had 
8.3, and the 23rd 8.9 hours of sunshine, and alto- 
gether the duration of sunshine was small, though 
much more than in 1888, which had only 45.9 hours, 
the smallest recorded. Wind pressure, 10.3 lb., 
was registered on the 9th. 

April, 1889, was rather cold. Rain to a season- 
able amount fell on seventeen days. From the 6th 
to the 18th the winds were from E. to N. The 26th 
had 10.2 ; and the 29th 12.9 hours of sunshine, and 
the whole duration was small ; the least sunshine, 
71.8 hours, occurred in 1877. 

May, 1889, was warm and wet. The mean tem- 
perature was nearly 4deg. above the average. 
Since 1771 there have only been eight instances of 
so warm a May, The 4th was 10.7deg.; 5th, 
12 deg.; 6th, 10.9 deg.; 9th, 10.2 deg.; 22nd, 
9.4 deg.; 23rd, 11.6 deg.; 24th, 12.4 deg. abnor- 
mally warm, The warmest May, 59.7 deg., 





occurred in 1848. On the 23rd the temperature 
rose to 85.2 deg. Rain fell on fifteen days. On 
the 27th, 0.74 in. of rain fell. The wettest May, 
1865, had 4.37 in. of rain. From April 30th to 
May 9th the winds were from S.E. to E.; from 
20th to 27th, N.N.E. to S.E. There was a season- 
able amount of sunshine ; the 24th had 13.2 and 
the 30th 12.2 hours. 

June, 1889, was the finest month of the year. 
Since 1771 there have been only twelve instances of 
a warmer June ; the hottest, 65.2 deg., was 1846. 
The 2nd was 12 deg. above, the 10th 9deg. below 
the average. Rain fell only on six days, and most 
of it, 1.37, onthe 10th. Winds were north-easterly 
5th to 10th and 16th to 27th. June had more sun- 
shine than any other month of the year. The Ist 
had 12.8, the 16th 12.6, the 26th 13.1 hours of sun- 
shine. The greatest duration of sunshine in June, 
267.1 hours, was in 1877. 

July, 1889, had a mean temperature 1.6deg. 
below the average. The warmest July on record, 
68.1 deg., was 1859. Rain fell on sixteen days, and 
was less than the average quantity. The winds 
were from N.E. till the 5th, and chiefly westerly 
the rest of the month. Sunshine was below the 
average duration, only about half that in 1887, 
277.1 hours. The 5th had 11.5, 6th 12.5, 31st 12.7 
hours of sunshine. 

August, 1889, had a mean temperature 1.8 deg. 
below the average. The maximum shade tempera- 
ture of the year, 86.6 deg., was observed on the Ist. 
The coldest August, 55.4deg., was 1817. Rain fell 
on fourteen days, was less than the usual quantity, 
and none fell during the last week. The force of 
wind attained 101b. on the square foot on the 20th. 
Sunshine was above the average, though much less 
than the maximum duration, 216.9 hours, in 1876. 
Every day had some sunshine, and the 6th, 28th, 
29th, and 30th had nearly twelve hours each. 

September, 1889, had a mean temperature 1.7 deg. 
below the average. The maximum temperature on 
the 11th was 81.8 deg., the minimum, 35.7 deg., on 
the 17th,. and 36.1ldeg. on the 23rd. The daily 
mean temperature was 9 deg. above the average on 
the 11th, 12th, and 13th ; 9 deg. below on the 21st, 
22nd, 23rd, and 25th. Rain fell only on seven 
days, and was small in quantity; there was none 
from the 4th to 18th, and 25th to 30th inclusive. 
Sunshine exceeded the average duration ; the 16th 
and 17th had 10.5 hours each, and only four days 
were entirely without sunshine. The first eight 
days had very light north-easterly winds ; the 19th 
to 30th S.W. to N.W. The weather was very 
similar in every respect to that of 1888. 

October, 1889, had mean temperature 2.3 deg. 
below the average. The coldest, 43.9 deg., was in 
1784. The maximum temperature, 61.9 deg., was 
observed on the 16th ; the minimum, 34.9 deg., on 
the 25th. Rain fell on seventeen days, and the 
month was wet; the wettest, 7.65 in., was 1880. 
Winds prevailed from 8.W., 3rd to 14th; S.E., 
15th to 20th ; N.E , 21st to 28th ; and a pressure 
of 15 lb. was recorded on the 7th. Sunshine ex- 
ceeded the average duration ; the 9th had seven 
and the 31st ten hours. 

November, 1889, had the mean temperature 
1.5 deg. above the average. The warmest on record, 
49.2 deg., was 1818. The highest temperature, 
61.1 deg., was observed on the 15th; the lowest, 
27.7 deg., on the 27th. The daily mean tempera- 
ture was more than 10 deg. above the average on 
the 15th and 23rd ; 8 deg. on the 16th, 17th, and 
24th ; 8deg. below on the 27th and 28th. Atmo- 
spherical pressure was above 30 in. from the 6th to 
23rd. W.S.W. winds prevailed from the Ist to 
8th; E.S.E. or S.E, 12th to 14th, 18th to 21st, 
and 30th. The month was very dry ; rain fell only 
on nine days ; from the 4th to 22nd only .02 fell. 
The driest November was in 1867, when only 
0.42 in. was recorded. There was little sunshine ; 
from the 16th to 27th none; nearly six hours on 
the 2nd, and five each on the 12th and 13th. In 1886 
the least sunshine, 29.3 hours, was registered. 

December, 1889, had the mean temperature 3 deg. 
below the average. The mean daily temperature 
of the 1st to 8th was 10 deg., 11th and 12th 8.5 deg., 
28th 9 deg., 29th 12.3 deg. colder ; 17th, 18th, and 
22nd 9.3 deg. warmer than the normal values. The 
coldest December, 29 deg., was 1788. Rain fell 
on thirteen days, and the amount was small ; the 
smallest, .08, was in 1829. From November 30th 
to December 6th the winds were E.S.E. to N.E. ; 
7th to 26th S. to W. Sunshine appeared on seven 
days only. 

The winter of 1888-9 had slightly more sunshine 
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and less rain than a normal winter; and though 
the mean temperature was below the average, it was 
not a decidedly cold season. The spring was 
seasonable as to mean temperature, with more rain 
and less sunshine than usual. The summer was 
seasonable, for the mean temperature was normal, 
rainfall slightly below and sunshine slightly ex- 
ceeding the averages. The autumn also was nearly 
seasonable in all respects. The year’s weather may 
therefore be considered nearly normal, although the 
mean temperature, the rainfall, and sunshine were 
all a little in defect. The year of most sunshine, 
1887, had 1401.2, of least, 1879, only 982.8 hours. 
The rainfall of 1879 was 31.36, that of 1884 only 
18.05 in. A very cold year, 1879, had a mean 
temperature of 46.3 deg. ; a very warm year, 1868, 
had 51.6 deg. 

There were no very hot days in 1889. The only 
days on which the maximum temperature exceeded 
80 deg. were May 22nd, 23rd, 24th; June 2nd, 
6th, 7th, 26th, 27th, 28th ; July 5th, 6th ; August 
Ist, 30th, 31st ; September 11th. 








THE FILTRATION OF SEWAGE. 

Tue Massachusetts Board of Health have issued 
a report embodying the results of their recent 
experiments on the filtration of sewage. One of 
the first conclusions at which they have arrived is 
that sewage can be more efficiently filtered through 
open sand than through sand covered with soil. 
Very fine material, such as dust, on top of the sand, 
may, by excluding the air, entirely prevent the 
“eammssingey of the sewage. This difficulty can, 
owever, be got over in many cases by only allow- 
ing the sewage to pass through the filter inter- 
mittently, so that the surface may, by becoming 
dry, allow air to enter the filter, and in this way a 
high degree of purification may be effected. On 
the other hand, this method of working materially 
reduces the flow through the filter, and thus in 
every way the advantage lies with the filter, the 
upper layers of which are composed of open sand. 
Experiments made last winter show, the report 
states, that intermittent filtration can be carried on 
upon a bed of coarse sand during the coldest 
weather, even when the beds are exposed to snow, 
but the efticiency of the filter is much reduced as 
the temperature falls. If, however, the beds are pro- 
tected from snow very complete purification may be 
effected by allowing the sewage to flow inter- 
mittently on to the bed at the temperature at which 
it usually comes from the sewer. Filtering beds of 
sand, covered with soil, may be much increased in 
efficiency by digging trenches along a slight incline 
in the bed, about 2 ft. deep, 1ft. wide, and 6 ft. 
apart, and filling them with coarse sand. The 
sewage should be applied to this sand, and once in 
a month or soa layer of in. should be removed 
from the top of the sand and replaced with fresh 
material. In winter the trenches should be covered 
with boards to keep out the snow. In the course 
of the experiments, four tanks, filled with clean 
coarse sand from the same pit, were prepared and 
subjected to different conditions. One was exposed 
to cold and snow, and with this the filtration was 
found to be very imperfect, even when but 30,000 
gallons per acre per day were passed through the 
bed. The three other tanks were protected from 
the cold, and sewage passed through them at the 
rate of 30,000, 60,000, and 320,000 gallons per day 
respectively. During the winter these beds acted 
’ very well, the ammonias showing that 97, 94, and 
80 per cent. of the impurities of the sewage were 
removed. Nitrification increased in all the tanks 
between March 26 and 30, when the temperature 
of the effluent was from 39 deg. to 40deg. In the 
course of three weeks the nitrates had increased 
from 0.025 part in 100,000 to 0.25, and after this 
the increase was even more rapid, the amount 
being on May 6 to 10 from 2.5 to 3 parts per 
100,000, At first the ammonia increased with 
the nitrates, but afterwards rapidly diminished 
until they became between 1 and 1} per cent. of 
those of the sewage. The filter receiving 120,000 
gallons per acre per day gave an effluent, for 
three months, after purification, resulting from 
the establishment of nitrification, in which the 
ammonias were less than 14 per cent. of those 
in the raw sewage. Upon increasing the rate of 
filtration to 180,000 gallons, the percentage of am- 
monias increased, but did not exceed 2 per cent. of 
those of the untreated sewage. The filter, which was 
worked at the rate of 60,000 gallons per day, gave 
an effluent with but 4 per cent, of the ammonias 





present in the sewage, the free ammonia being 
0.0012 part, and the albuminoid 0.0105 part in 
the 100,000, or less than in many drinking waters. 
In both the above tanks the filtration was inter- 
mittent, but with the third, after some weeks of 
filtration on the same plan, the surface of the sand 
was covered with sewage, the outlet being opened 
just sufficiently to let the quantity of 30,000 gal- 
lons per acre escape daily, and the filtration was 
thus rendered continuous. During the first month, 
this plan worked very well, but after that the 
ammonias in the effluent increased rapidly, and in 
four months were equal tothose in the unfiltered 
sewage. In addition to the chemical tests, the 
effluent was also examined by the bacteriological 
method, and when the filtration was good, this 
test showed the bacteria to be but a very 
small percentage of those in the untreated 
sewage, the figures ranging from a small frac- 
tion of 1 per cent. to 2 per cent. of those in the 
sewage. An examination was also made of the 
bacteria in the sand of the filter. This showed 
that the number decreased very rapidly from the 
surface downwards, and in the finer sands they 
nearly or quite disappear before the bottom is 
reached. In some of the tanks it appears that of a 
large number of species found in the sewage, but a 
single species lives to reach the outlet. With these 
facts before them the Board of Health express the 
hope that filters may be so made and managed that 
all disease germs may be with certainty removed. 





NOTES. 
WILLIAM STURGEON. 

In his first Cantor lecture, delivered on Monday, 
20th inst., Professor Thompson addressed himself 
to the task of reviving the memory of William 
Sturgeon, the inventor of the electro-magnet. He 
referred to Sturgeon as a lecturer in electricity and 
magnetism at Woolwich and at the Adelaide 
Gallery, and as editor of the Annals of Electricity. 
He dwelt at some length and with marked emphasis 
on Sturgeon’s fruitless attempts at recognition by 
the Royal Society. Indeed, the picture that was 
drawn of the inventor of the electro-magnet, vainly 
endeavouring to get his remarkable paper inserted 
in the Royal Society’s Transactions, seemed well 
calculated to convey the twofold lesson of warning 
and encouragement ; of warning to the patrons of 
learning and of encouragement to the toilers. Pro- 
fessor Thompson seems to have a special mission 
for resuscitating past but forgotten worthies. In 
his ‘‘ Elementary Lessons in Electricity and Mag- 
netism,” he was the first to call general attention 
to the scientific work of Dr. Gilbert, of Colchester ; 
and it must be specially gratifying to him to see 
that a Gilbert Club has been recently formed in 
Londen mainly for the translation and publication 
of Gilbert’s marvellous work ‘‘ De Magnete.” Just 
as Dr. Tyndall did good service in rescuing from 
oblivion the name of Professor Holmes, whom he 
aptly calls ‘‘the father of electric lighting,” so has 
Professor Thompson done equally praiseworthy 
work in establishing the claims of Gilbert and of 
Sturgeon to the remembrance of all students of 
magnetic science. 


Proposep Nationat Memoria To JAMES Wart. 

Although, as is inscribed on the memorial in 
Westminster Abbey, the name of James Watt 
‘*must endure while the peaceful arts flourish,” it 
is yet necessary, to quote the same authority, ‘‘ to 
show that mankind has learned to honour those 
who best deserve their gratitude.” This being so, 
the idea of a national memorial to James Watt will 
be welcomed by all engineers as most fitting. A 
long time ago we referred to a project on the part 
of the people of Greenock, Watt’s native town, to 
commemorate his memory, and still more recently 
toa remark made by Professor Barr, in his first 
address to the engineering students in Glasgow 
University, in favour of the erection of a memorial 
engineering laboratory at the university, with which 
Watt was closely identified in his initial experi- 
ments. But the proposal now made supersedes 
these ideas, or rather, combines and widens them. 
It is the Greenock people themselves who have 
broadened the scope of their scheme, and, as was 
appropriate, intimation of the development was 
made at the Watt anniversary dinner held in Glas- 
gow the other day. A large and influential com- 
mittee has been appointed jointly by the town 
council, citizens, and Greenock Philosophical 
Society for the purpose of promoting the national 
memorial, Nothing but unqualified success will 





compensate for the apathy which has been shown 
for so long towards the movement. 


DIscHARGE OVER A WEIR. 

Under the auspices of the French Government, 
aseries of experiments on the discharge over a 
weir were made by M. H. Bazin, by whom a 
paper, containing his preliminary results, has 
been presented to the Académie des Sciences. In 
conducting these experiments a standard weir, de- 
signed so as to reduce to a minimum such disturbing 
influences as width of edge, lateral contraction, and 
velocity of approach, was first erected, its length 
being 6.57 ft., and its height 3.7 ft. This weir was 
carefully calibrated for heads ranging from 0.16 ft. 
to 1.31 ft., and the coefficient m determined from 
the equation : 

Q=mlh JIgh. 
This coefficient was found to vary with the head, 
its value ranging from 0.449 to 0.426, the minimum 
value occurring with a head of between 0.65 ft. and 
0.82 ft. Having obtained a series of these values 
M. Bazin now proceeded to determine the flow 
over weirs with heights of 2.45 ft., 1.64 ft. 1.15 ft., 
0.79 ft. respectively, the velocity of approach now 
being no longer negligible, with the result that the 
equation 
Q=mlh /2gh 
was still applicable, where 
Q=discharge per second in cubic feet, 
l=length of weir in feet. 
h=head over weir in feet. 


and m being given by the equation : 


sid h? 
m=M (140.55 5 Fy) 
where 
M has an average value of .42. 
h=head in feet. 
p=height of weir in feet. 
TEsTING THE FortA BRIDGE. 

A further step in preparing for the opening of the 
Forth Bridge was taken on Tuesday last, when the 
engineers tested the structure for deflection. To 
this end, two trains, each consisting of two engines 
ahead, followed by fifty coal trucks, with a third 
engine at the tail, were got ready, and moved on 
to the bridge. The engines were of the heaviest 
type, weighing with their tenders about 72 tons 
each. The coal trucks were intended to weigh 
134 tons each, but owing to a fall of snow, their 
weight was somewhat greater, and the total weight 
of the trains reached fully 900 tons each. Close 
buffered each train measured 998 ft. 9 in. in length, 
and loose buffered 1040 ft. Careful arrangements 
had been made previous to the test for ascertaining 
the deflection of the structure, both vertically and 
horizontally, and all was ready for the observations 
to be made when the trains were moved on to the 
bridge at a walking pace, and side by side from the 
south shore of the Forth. The trains were stopped 
when the leading engines were a little more than 
half way across the south central connecting girder, 
which is the most unfavourable position for loading 
the North Queensferry cantilever, and a series of 
levels were then taken. After this had been done the 
trains were moved on to the corresponding position 
on the north central girder, when another series of 
levels were taken. Finally the trains were moved 
forward until the engines were just within the ver- 
tical columns of the Fife pier. As it has been 
arranged that no train shall cross the bridge before 
to-day, when the directors are to have the honour 
of first crossing the structure, the two trains went 
no further, but were backed on to the south ap- 
proach viaduct, and further levels taken. We do 
not know the actual amount of the deflection 
observed, but we are informed by the engineers 
that the measured and calculated results are in 
exact accord. The following is the official account 
of the test : 

Sir John Fowler and Mr. Baker, engineers of the Forth 
Bridge, have to-day (Tuesday) tested the two 1700 ft. 
spans by placing on the centres two trains, each made up 
of fifty loaded coal wagons and three of the heaviest 
engines and tenders, the total load thus massed upon the 
spans being the enormous weight of 1800 tons, which is 
more than double what the bridge will ever be called 
upon in practice to sustain. The observed deflections 
were in exact accordance with the calculations of the 
engineers, and the bridge exhibited exceptional stiffness 
in all directions. 

Still earlier in the week, on the Sunday, the bridge 
went through another test, which, though the 
engineers had nothing to do with it, was of equal 
importance to that of Tuesday. On that day the 
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wind gauges on Inchgarvie registered a pressure of 
37 lb. per square foot, the heaviest wind load the 
completed structure has yet experienced, and under 
this the maximum lateral deflection of the canti- 
lever was less thanlin. Arrangements are now 
being completed for the opening of the structure 
by the Prince of Wales on March 4 next, all the 
details for which are being carried out under the 
personal superintendence of the engineers. 








THE EDUCATION OF ENGINEERS. 
To THE EpiToR OF ENGINEERING. 

Srtr,—About twelve months ago you published, in the 
columns of your valuable paper, a letter from Mr. A. 
Brunner, of Munich, defending the scientific education 
of English engineers, both past and present. At that 
time no one seemed inclined to take the matter up, but 
the present discussion in your columns of the method of 
technical education pursued by the Science and Art De- 
partment being nearly allied to the same question, it 
bas seemed to me a good opportunity to call attention 
once more to the same subject. 

In doing so I speak from a personal experience, which 
I have no doubt is that of many more. I believe I may 
take it for granted that the great majority of those who 
study engineering (beginning on the average at about 
sixteen years of age on leaving school), have neither time 
nor means to go through a costly college training, such 
as Owen’s, Mason’s, or University College offer. The 
usual plan, and so far a good one too, is that a certain 
time, say three years, are to be spent in the workshops, 
turning, fitting, erecting, &c., and during the same period 
the winter sessions of the Science and Art classes are 
supposed to be attended. So after about three years 
have elapsed, the student begins to look out for the 
next vacancy in the drawing office, supported by his 
confidence as to his abilities by the various certificates he 
has obtained. He has a smattering of the theory of heat, 
knows the principle of the lever, mathematics, second 
stage, and that is all; and, alas! the little knowledge he 
has, has been ‘‘crammed” into him, and in a few months 
his brain is filled with a heterogeneous mixture, which 
can be of no use to him. Verily ‘‘ confusion worse con- 
founded.” But if he keeps his ideas tolerably definite 
and arrives in that Ultima Thule, the drawing office, why 
then he finds himself surrounded by colleagues, some 
young and some old, but all have one common trait—all 
calculation is ta “Molesworth” is used for 
getting out weights or calculating heating surfaces, but, 
with the exceptions of the pages of tables of areas and 
circumferences of circles, the book is little thumbed. 
Perhaps he gets a safety valve to make, and innocently 
calculates the necessary section of the lever. Then comes 
the “‘chef.” ‘*Oh!” says he, ‘‘look up the safety valve 
drawing of Order so-and-so.” On inspection he finds 
that the new valve is to be 4in. bigger or the pres- 
sure 20lb. higher. ‘‘Hm! make the lever like this, 
only }in. deeper,” and off he goes. If, however, 
the student is at all original, he reckons the strength 
of the old lever and finds it has, say, a factor of safety of 
10 or 12, and then he reasons, ‘‘Why must I make my 
lever so abnormally strong, it’s unnecessary weight and 
expense, and what was the good of my studying every 
winter during the past three years?” And if then he 
still persists, like Dickens’ hero, in ‘‘ wanting to know 
you know,” he soon gets a chilling rebuff and becomes a 
sadder though not wiser man, and in nine cases out of ten 
in the long run he becomes possessed ofa kind of laissez- 
faire feeling, which is only too fatal to all ambition. 

For several years now it has been my fortune to see, 
and become acquainted with, Continental practice in more 
than one country of Europe. Here, too, I find draw- 
backs in the polemic method of technical education, but 
unlike Mr. Brunner, I am reluctantly compelled to admit 
that the foreigners are on the right track. The technical 
courses are much cheaper, the results are practical, and on 
getting into a drawing office means are always at hand, 
at least for those on the look-out, to effect useful compari- 
sons between a theoretical strength and that which prac- 
tice has shown to be best. Although the technical schools 
onthe Continent are not adapted for evening work, yet I 
am persuaded that a sharp student could ina three years’ 
course of winter evening lectures, and with a good general 
education as a foundation, learn sufficient for future 
advancement and be useful in any office. The present 
system, as worked in Engiand, is, I do not hesitate to say, 
useless. Lectures in machine design, theory of steam 
engine, &c., must be by men who have had a prac- 
tical experience, and not, as is too often the case 
with the Science and Art teachers, ‘‘mere text-book 
professors.” 

The rising generation of engineers in Germany, France, 
Austria, Switzerland, &c., is practically and theoretically 
equipped for the struggle, and the fittest will survive. 
Any one whocompares, say, stationary engine building, on 
the Continent of oad pee day, with that of ten years 
ago, must be surprised at the progress made. Engines of 
perfect regularity of running, silent motion, carefully 
constructed, even to a nicety of detail, first-class work- 
manship, and an elegant contour; a tout ensemble 
which might well shame many a leading English firm. In 
marine oeemrng the Germans and French are making 
rapid strides forward, and in locomotives, in spite of light 
rails, poor ballast, sharp curves, and steep gradients, they 
pull immensely heavy trains with very creditable results. 

Continental office hours are, on the average, two hours 
longer than in England; there is no Saturday half- 
holiday, and sometimes even Sunday work ; in all this the 
Englishman has great advan . With an office day of 
74 or 8 hours it may surely expected that he can 


devote—on say four evenings in the week—a couple of 
hours to study, without overworking himself. Let the 
science classes be arranged an an entirely reformed basis, 
all ill-growths cut-off with an unsparing hand, let prac- 
tical teachers Tia practical lessons, and then if the 
owners and leaders of our engine building works will also 
give their mite by recognition of the value of a true tech- 
nical training, then our old mother country, which has led 
the van a and civilisation for so many years, 
will, backed up by her engineers, have no reason to fear 
the stress of foreign competition, and who dare say that 
the coming twentieth century shall not show on her roll- 
call of famous Englishmen, names the brilliance of whose 
lustre, may even outshine that of the giants of the 
nineteenth century and stand in the esteem of generations 
to come, second not even to those of Stephenson, Rankine, 
Denny, and Elder ? 

I fear, Sir, I have taxed your patience long ere this, 
but the innate jealousy of an Englishman for the honour 
of his country is my excuse. inclose my card and 
remain Faithfully yours, 

ANGLO-SAXON, 


NOTE ON TRIAL DATA OF TORPEDO 
BOAT ‘‘ SUNDERLAND.” 
To THE EpiTorR oF ENGINEERING. 

Srtr,—As a general rule, erroneous theories have had 
their origin po nutriment in misstated and misunderstood 
facts. In many cases such fallacies are in direct contra- 
diction to, at least, somuch known true theory ; that this 
properly applied, ought to have insured the definite and 
immediate rejection of the mistaken assumptions. 

General moralising, however, is not my purpose; 
rather, to give a direct application to the important 
inquiry, the laws of steamship propulsion. Given: A set 
of carefully conducted, honestly reported data, of the 
trials of a torpedo boat (such as published for the Sun- 
derland in ENGINEERING of January 10, 1890). It is not 
difficult to show the great discrepancy which exists 
between that, which really takes place, and the dominant 
theories which have been advanced as explanations of the 
phenomena. Also, how miserably these theories com- 
pare with long-known truths, which, singularly enough, 
are never referred to, in connection with the subject, by 
the numerous, doubtless able, although mistaken philo- 
sophers, who have been considered authorities on this 
special matter. In respect of the data published: I 
would premise a regret that the figures were not obtained 
for a speed lower than 14 knots, and, further, explain, 
seeing the figures for trials (9) and (10) are almost a 
replica of those for (7) and (8). To spare space, I have 
taken the mean of these four. We thus have five distinct 
speeds and their data as in the following Table : 


Trial Data Torpedo Boat ‘*‘ Sunderland.” 





Trials. Speeds V. Powers E. Revolutions N. 
|e 14.044 232.5 205 
Il. 16.026 472,5 247.5 
me. 17.371 648.5 274.5 
RY. 19.546 971.3 316.0 


Ae 21.033 1203.5 _ 352.0 
The first deduction from these figures, is, they disclose 
the general relation expressible by the formula : 


E 
L = tg Ve 
8 Ni +e 


In which C and ¢ are conditioned constants, which, 
as repeatedly illustrated by me, in such class of vessels, 
have three distinct sets of values, each extending over their 
special adjacent ranges of speeds. Thus, for the Sun- 
derland, we have for the lower speeds, I. and II. : 


— 2.4471+.1144 V. 


Log E 


Then changing from the second speed to 18.61 knots into 


E 


Log p= ~1.1745+.069 V. 


And, again, from 18.61 knots over speeds IV. and V. into 
Log 5 =~ 1,8740+.0314 V. 


In explanation of these, at the lower speeds, the power 
is expended under circumstances of which the effect is, to 
make the effective unit piston pressures, less than the 

$s unit piston pressures, by the amount f= 1.746 lb. 

hen, from 16.026 to 18.61 knots, we have f= 9.32 
And from 18.61 to 21.033 s oe f=46.66 ,, 
f being the quantity known to mechanicians as ‘‘ Morin’s 
constant. 

At the higher speeds we have thus a quantity 26.7 
times its value at the lower speeds ; and these, viewed as 
resisting pressures upon the pistons, when multiplied for 
their areas and rate of travel per minute, will give the 
measure of the power, as it were, absorbed by the engine 
in working itself. Denoting this by W, we have the 

d? 8 
21,010 


” 


simple formula: Log. W = C + log. N=log. 
log N. 
Calculation of Values Log. W for various Trials. 


f+ 


Trial. I, I. Il. Til. IV. Ve 
ValueC = —2.4471 —2.4471 —1.1745 —-1.1745 — 1.8740 —1.8740 
Log. N = 2.3118 2.3936 2.3936 2.4385 2.4997 2.5465 
-. Log. W= 7589 -8407 1.5681 1.6130 §2.3737 = 2.4205 

These, then, are the logarithms of the works done on 


Morin’s constants, at the respective piston speeds ; and if 
we now return to the fundamental relation : 


Log # =C+cV, 
it will be seen we may put this into the equivalent form 





Log E=log W+c V; 


or, aS @ necessary consequence, we ought to have the 
logarithm of the gross indicated horse-power for the speed 
V, on ee product ¢ V, to the above calculated 
values of log W. 





Thus trial speeds =14.044 16.026 )16.026 17.371 |19.546 21.033 
Then, since ¢ = .1144 069 | 0314 
Therefore c V = 1.6066 1.8334) 1.1058 1.1980 -6137  .6604 
Add log W as 

above = .7589 .8407) 1.5681 1.6130) 2.3737 2.4205 
Sum or log E = 2.3655 2.6741) 2.6739 2.8116) 2.9874 3.0809 
By data, ,, = 2.3655 2.6740| 2.6740 2.8116) 2.9874 3.0804 





It is obvious, we have perfect agreement between the 
formula and experimental values ; the slight excess, .0005, 
on the highest speed, would be explained by a very slight 
racing of the engines, which has made the revolutions 
slightly greater than they ought to be, by the normal 
circumstances at the lesser speeds. 

Fully two centuries ago ey | in the Latin tongue, 
and, as to be expect in the somewhat inexact 
phraseology of a primary epoch, Sir Isaac Newton 
advanced the ideas embodied in the following statement : 
In every machine developing power and doing work, the 
gross power developed, will always be exactly equal to the 

s sum of the works done on the several resistances. 
ow apply this to the foregoing figures. In each re- 
spective case, the data value of log E is that of the gross 
power developed at its particular speed, and we have 
seen, in every case, when we apply the hypothesis. In 
propelling the same vessel, under the same circumstances, 
at different s s, the logarithms of the s work done 
at each s , are obtained by adding definite small frac- 
tions of the speed to the logarithms of the power expended 
on ‘‘Morin’s constant” for those speeds. In other terms, 
the respective powers for the different speeds involve two 
factors ; one, a quantity which in the Sunderland we have 
seen to vary from 1.746 to 46.66, while the other com- 
ponent factor, in the same vessel, simultaneously varies, 
in an inverse ratio, between the values log.—! .6604 an 
log.—! 1.8334. That is to say, from 4.575 up to 68.15. The 
dominant modern doctrine is to totally ignore the first 
of these factors, and then, to remedy matters, entirely 
misrepresent the second. 

Thus, small scale models, without machinery, being 
towed at proportionate low speeds, the results, when ex- 
panded, are se in some inexplicable way to involve 
the results which would be due to the machinery of the 
actual vessel. The second, or speed factor, is then pro- 
vided for, by the theory involved in the following state- 
ment advanced at the meeting of the Institution of Naval 
Architects in 1887: 

‘* Experiments went to show that upto 10 knots the power 
varied as the square of the speed; at 13 knots it varied 
as the 3.4 power; but from 16 to 19, it augmented 
further, only as the 1.5 power, the resistance being 
reduced as the speed augmented, owing to the influence 
of the waves accompanying high speed boats, as had been 
explained by Dr. Froude.” In this highly elastic empi- 
rical hypothesis, as they say in Scotland ‘‘ each herring 
hangs =. its ain head,” and it is a matter of little diffi- 
culty to find some whole or fractional power of V to suit 
any possible case. Newton’s criterion, again, has suffered 
rectification, and under the title of ‘‘ Admiralty coeffi- 
cients,” with the meaning entirely perverted, it now 
figures as a ‘‘measure of comparative efficiency.” Thus 
we find published with the data for Sunderland values of 


O=s> 

I. C = 232.4 In their origin such numbers were 
II. C =169.7 meant to represent, respectively, the 
IIT. C = 156.58 ratios of the work done to the power 
IV. C = 140.25 doing it; which, according to New- 
V. C=148.21 ton, ought to be unity; or it may 


be, some constant depending upon the 
nature of the units employed for the 
elements of the formula, 

But it is perleciiy well known such quantities are 
never constant, neither in this nor in any other actual 
steam vessel. (The nearest approach to constancy which 
I have come across for a long time are the values of IV. 
and V. given above.) 

Was Newton, therefore, mistaken? Most assuredly 
not! The error lies in this; the numerator implies that 
the resistance has varied in the ratio of the square of the 
velocity ; whereas, as shown at the beginning of this 
letter, the manner of this variation is altogether different. 
The variations of C are due to this improper hypothesis 
as to the resistance; they have no other definite meaning, 
and instead of being a measure of comparative excellence, 
are rather indicative of positive absurdity. In every case, 
if we substitute the true values of the works done, we 
will find Newton’s criterion exactly satisfied. 

Lastly, another error to be noticed is, the general belief 
that the speeds and powers taken as co-ordinates, ought 
to form one fair curve. The changes of constants in the 
formula : ; 

Log E = C+c V* 
show that this figure or potential curve is made up by 
portions of three distinct curves. One curve to represent 
this is only an approximate hash of errors. And the fair- 
ing such a figure generally amounts to spoiling it, by sup- 
pressing the individuality of its constituent parts. 
Rosert MANSEL, 
Whiteinch, Glasgow, January 15, 1890. 








FORMULAS FOR MODEL EXPERIMENTS. 
To THE Eprror o¥ ENGINEERING. 

Sir,—Mr. Phillips has shown the rarefaction in the 

manner he states, and I had overlooked this, but he has 

~ * Carefully note ; the C of this equation is not the same 





as the C of the Admiralty formulas. 
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certainly not proved that the on’y manner in which a pro- 
peller is set a to work ina fluid is by creating a rare- 
faction in front of itself; he did not even mention that 
the thrust of a close-hauled sail results from that cause, 
but now he states: ‘‘ That the rarefaction on the leeward 
side of the sail is caused by the current of air rushing past 
the luff of the sail and rubbing into motion, and carryin 
away with it the particles of air to leeward of the sail.” 
This definition is perfectly correct, buttoolong. I prefer 
to call the process suction, but should be glad to learn a 
better word, if possible. 

Mr. Phillips begs to be excused “from diving deeper 
into the theory of propulsion, for fear he should propound 
some impracticable siaunes ;” but why does he not ascer- 
tain, by means of a practical experiment, the thrust of a 
water propeller and sierwnals the thrust of an air 
propeller, letting the same man turn each? Suppose the 
thrust of the water propeller to be 14 1b., and that of the 
air propeller 144 1b. or 15 1b. (as the result of a short exer- 
tion) then an explanation for this might be required : 
When a propeller is required to yield a thrust in a fluid, 
then it must take hold upon, or grasp upon, the huye ocean 
of fluid in front of itself, but the only means for doing 
this is a rarefaction in front of its blades, whereat the 
fluid is drawn towards the propeller; the greater part, 
thus drawn, passes through the same, and is then acted 
upon by the rear side of the blades; here it is that the 
elasticity of the air comes into play, as an elastic body 
rebounds, its impulse being twice as great as that of an in- 
elastic body. The resistance or reaction of the air 1s there- 
fore nearly twice as great as the relation ;45 between the 
specific densities of air and water. 

If Mr. Phillips would investigate the law of variation 
in the resistance of flat-ended cylindrical cannon balls, he 
would find that the resistance commences to vary with 
the third power at about 409ft. per second, &c. How- 
ever the tips of the blades of an air propeller would never 
have that speed. 

I should most earnestly warn Mr. Phillips against too 
frequent use of the words “screw” and ‘slip’ when 
used in connection with the theory of propu'sion of 
ships; experiments must have to'd him that the mathe- 
matical screw surface is the worst shape possible, or 
nearly so, for a propeller in the air; and practical expe- 
rience has a'so taught peop’e that the said shape is not 
efficient in water. A twisted surface of proper curvature, 
but with angles varying from the axis towards the cir- 
cumference, like that of the screw surface, is better. 

Suppose a screw working in solid matter to drive a 
ship, hen, even if the thread was cut, the loss would be 
about 50 per cent. in friction, and what would the loss be, 
if, besides, the screw had to cut the thread itself? Sup- 
pose further the ship held fast, the screw wou'd simply 
cut a track and revolve in that without yie'ding any 
thrust at all ; but a propeller in a fluid yields its greatest 
thrust when the ship is held fast, and has not the 
remotest connection with a screw working in solid 
matter; what part would centrifugal force pay in so'id 
matter’ The thinner and more clastic the fluid, the 
more effective the propeller ; therefore migratory birds 
keep themselves at enormous heights when making long 
passages. 

Mr. Phillips thinks that a propeller is more efficient 
when it has a great forward speed, but that is not the 
case; he seems to forget that all motion is relative. 
When the size is changed accordingly, the efficiency is 
just the same, whether the propeller has forward speed or 
not. The fluid will come to the propeller when wanted. 

I remain, Sir, yours obediently, 
H. C. Voer. 

Aagade, No. 4, Copenhagen. 








RADIAL VALVE GEARS. 
To THE Eprror or ENGINEERING. 

Sin,—In a letter published in yours of November 29th, 
Mr. Bremme makes the two following statements : 

1. ‘*My claim consists in an eccentric-rod used as a 
lever of the first order and guided by a radius-rod which 
may be located on either side.” 

2. ** My specification concisely but clearly describes the 
arrangement without tying me down to any special loca- 
tion of the radius-rod, which is an easily understood detai} 
determined by circumstances and at the option of the 
engine builder.” 

As there is no ambiguity about these statements, a re- 
ference to the specification to which Mr. Bremme appeals 
for corroboration should at once determine their accuracy, 
and as the part of that specification which relates to the 
gear is very short, I propose, with your kind permission, 
to first quote and then examine it. The patent is num- 
bered 2037, A.p. 1879, and it is for ‘‘improvements in 
steam and other steering gear for ships, &c.” The valve 
gear in question is only a part of such improvements, 
and not the primary subject of the patent, and it is de- 
scribed as follows : 

**Under the fourth head I co.struct reversing gear 
for motive power engines having a slide valve or slide valves 
of any ordinary or desired construction, and used for 
operating the steering appliances above mentioned, or 
other steering appliances and applicable for other pur- 
poses as follows : +2 ? 

**T connect the valve-rod to a rod receiving motion 
from an eccentric or crank actuated by the engine. The 
said eccentric or crank-rod is placed at right angles or 
nearly so to the direction of motion of the valve. The 
said eccentric or crank-rod at or near its point of connec- 
tion to the valve-rod is controlled in its motion by a pin 
or guide. The said pin or guide is adjustable in such 
manner that the direction of motion given to the end of 
the said eccentric or crank-rod may be at right angles or 
nearly so, or at more or less acute angles to the direction 
of motion of the valve. 





‘* Fig. 27 is a sectional elevation of reversing gear and 
apparatus illustrative of the above fourth head. Fig. 28 
is a view showing the arrangement of the connecting 
levers, and Fig. 29 a diagram showing the valve’s motion, 
81 is the valve, 82 valve spindle and rod 83 eccentric-rod 
and strap connected to the valve at right angles or nearly 
so, 84 eccentric, 85 weighshaft, 86 arm fixed to the weigh- 
shaft, 87 radius-rod connected to and by preference of the 
same length as the arm 86. The said radius-rod is also 
connected to the. eccentric-rod 83 by preference between 
the eccentric and valve-rod so as to obtain lead if desired. 

“The radius-rod 87 acts as a guide for the end of the 
eccentric-rod 83 and the direction of the end 83 will 
depend on the position of that end of radius-rod attached 
to the arm 86. The position of the arm 86 is controlled 
by gear attached to the weighshaft 85, such is the gear 
described in Figs. 1, 2, 3, 4, 5, 6, or by any other suitable 
mechanism. On reference to diagram 29 it will be easily 
perceived how the position of the lever arin 86 will regulate 
the motion of the end of the eccentric-rod and with it the 
valve so as to reverse the engines or shut off steam alto- 
gether, which latter is the case when the arm 86 is parallel 
to the direction of motion of the valve. 

‘* Having now described the nature of my said inven- 
tion and illustrated the same in such manner that others 
will be able to carry my improvements into effect, I claim 

“‘Under the fourth head, reversing gear constructed 
and operating substantially in the manner and for the 
prepese set forth.” 

Under the same head the modification illustrated by 
Fig. 40 is also described and included in the above claim, 
but Mr. Bremme, in 1886, amended his patent by cancel- 
ling this part of his specification and by erasing the words 
“by preference ” shown above in italics. 

This, then, is the specification which, according to Mr. 
Bremme, concisely but clearly describes the arrangement 
he claims, and which he says ‘‘consists of an eccentric 
rod used as a lever of the first order, and guided by a 
radius rod which may be located on either side,” yet no 
one who reads it can fail to see that it contains no single 
allusion to a ‘‘lever of the first order” or a word of any 
kind which has reference to any location of the radius- 
cod beyond the one shown in his Fig. 27. 


FIG. 27.) FIC. 40. 





One thing, however, this specification shows clearly 
enough, and that is that at the time it was drawn Mr. 
Bremme, as he plaintively confesses, was entirely ignorant 
of the existence of Hackworth’s previous patents. No in- 
ventor in his senses who knew of them could possibly have 
described and claimed as a novelty the modification shown 
by Fig. 40, seeing that it is identical in every particular 
with one of Hackworth’s, nor could a patentee who had 
discovered that an eccentric-rod used as a lever of the first 
order was an improvement upon the leverof the second order 
previously used have been so inexcusably silly as to 
omit from the text of his specification all reference to the 
thing he had discovered, and content himself with leaving 
it to be inferred from a drawing, the chief peculiarity of 
which was neither described nor in the remotest way 
alluded to. The improvements Mr. Bremme at that time 
considered novel and made the subject of and claimed in 
his patent were not limited toa re-arrangement of the parts 
of something already existing, but embraced the whole 
gear as set forth by him in his second paragragh which is 
the keynote of his specification, and in which he says, ‘I 
connect the valve-red to a rod-receiving motion from an 
eccentric or crank actuated by the engine. The said 
eccentric or crank-rod is placed at right angles or nearly 
so to the direction of motion of the valve. The said 
eccentric or crank-rod at or near its point of connection 
to the valve-rod is controlled in its motion by a pin or 
guide. The said pin or guide is adjustable in such manner 
that the direction of the motion given to the rod of the 
said eccentric or crank-rod may be at right angles, or nearly 
so, or at more or less acute angles to the direction 
of motion of the valve.” This description of the nature 
of the improvements he shows carried into effect by 
means of the two illustrations, Figs. 27 and 40, and they, 
taken with the descriptions, fully confirm what Mr. 
Bremme has admitted ‘‘ that up to the time he became 
acquainted with Hackworth’s patents he considered him- 
self the original inventor and patentee of the whole gear 
as described and claimed by him.” Under these circum- 
stances the discovery of Hackworth’s patents must have 
been a great blow to him, for in them he found every point 
of his description of the nature of his improvements set 
forth in language as concise and clear, but far more com- 
prehensive than his own, and illustrated by figures show- 
ing many modifications answering precisely to that 
description, and having amongst them the identical 
modification shown by his own, Fig. 40. With his patent 
thus shattered into splinters it was of course no longer 
possible for Mr. Bremme to claim the gear asa whole, nor 
was it within his power to save himself the mortification 
of having to publicly disown and evict from his patent his 
modification, Fig. 40, and having done that the only frag- 
ment left of his patent was his modification, Fig. 27, use- 
less for the purpose intended, and if useful, fully described 


and provided for in Hackworth’s specifications, though 





not shown in his drawings. But Mr. Bremme objects to 
being tied down to this Fig. 27, and boldly claims the 
right to enlarge his patent by varying it in ways which 
are not set forth textually or otherwise indicated in his 
specification, being oblivious of the fact that he cannot 
untie himself from his Fig. 27 without at the same time 
tying up Hackworth to Tis figures in the very way he 
himself objects to be tied. 

Ir. Bremme says ‘‘ the radius-rod is an easily under- 
stood detail, the location of which is determined by cir- 
cumstances and at the option of the engine builder.” 
Precisely so, and when Hackworth said that many varia- 
tions of his arrangements might be made without de- 
viating from the principle of his invention, he said 
exactly the same thing. Surely Mr. Bremme must see on 
reflection that this admis-ion on his part is fatal to his 
case, seeing that unless Hackworth is tied to his figures 
in the way he himself objects to be tied, Hackworth’s 
patent rights included the option of locating the radius- 
rod wherever he pleased. 

; Yours faithfully, 
Richmond, December 22, 1889. WALTER Payton. 





To THE Eprror or ENGINEERING. 

S1r,—As there have been no replies to my letter of De- 
cember 14 last, I ask you to grant me space to slightly 
correct one point in that letter. In the first place it 
appears that my surmise as to the sufficiency of Engle- 
mann’s demonstration of his gear was correct, else, why 
no replies ? 

The point I wish to slightly amend is, where I stated 
that so far as I was aware Joy had a patent sufficient for 
its purpose as such. Now, as is well known, any one 
claim of a patent being proved public property or that of 
any other previous patentee, renders the whole patent null 
and void, and as Joy in his patent of 1879 (No. 929) claims 
the combination of two levers for the purpose of correcting 
the path of his valve lever, it appears to me from the ex- 
tracts I gave from Englemann’s specification that this 
combination is public property, and consequently the 
whole patent follows suit. 

Further, as Morton claims the combination of the valve 
lever, vibrating link, actuating link, and radius link, all 
used as used by Englemann, does it not follow that this 
patent also becomes public property? Morton, however, 
deserves credit for his mechanical equivalent, whereas Joy 
does nothing in which any ingenuity is ‘shown, as the 
mechanical equivalent introduced by him is old. 

I am, yours truly, 
JAMES DUNLOP. 

138, Aitkenhead-road, Glasgow, January 6, 1890. 





To THE Eprror oF ENGINEERING. 

Srr,—Mr. James Dunlop in a recent letter to you on 
the above subject challenges the validity of the Joy and 
Morton patents. Until the publication in your journal 
of Mr. J. R. Smith’s paper, I was totally ignorant of the 
existence of Englemann’s gear or his patent specification, 
but with them before me one is forced to ask what con- 
stitutes a patent? The Patent Act says novelty ; but it 
also says you cannot patent a mechanical equivalent. 
Keeping in mind the fact that a combination of parts, 
however old in themselves, to effect a new purpose may 
be novel, yet it has been proved that to take the gist of 
one patent and add to or take from it so as to make it 
appear new, is quite the reverse of novel. 

Joy claims in No. 929, 1879, as the essential part of his 
invention the combination of compensating levers, well 
known in the so-called Joy valve gear, but this combina- 
tion of compensating lever is Englemann’s, and shown b 
him twenty years previous. That this is the gist of Joy’s 

yatent is also the opinion’ of Mr. Sisson, as expressed in 
his letter in your issue of 18th December last. Morton 
in No. 1490, 1882, claims a curved bar or slot, or its substi- 
tute the link, to transmit to the valve the motion of the 
corrected lever, as well as to reverse. Now this alternative 
arrangement—the link—is the method shown by Engle- 
mann, the curved slot or bar being the mechanical equi- 
valent for the link. This is the gist of Morton’s patent, 
for the perfect steam distribution claimed by Morton is 
due to the anchor link vibrating from a fixed centre, the 
same as shown by Englemann. 

I am, Sir, yours faithfully, 
8, Park-terrace, Govan. JOHN WEIR. 








BOILER INSPECTION. 
To THE Eprtor OF ENGINEERING. 

Srr,—Your journal is the only one of the trade I think 
that has inserted the report of the Board of Trade inquiry 
into the Charlesworth boiler explosion, likewise followed 
the same up with a leading article in a very proper and 
able manner. 

For the last thirty years I have occasionally corre- 
sponded in your esteemed journal as well as others of the 
trade, contending chiefly that ‘‘the issuing of a policy 
was no guarantee that a boiler was in safe condition,” 
likewise that the fact of insuring boilers at all was 
actually offering a premium upon neglect, and ought—in 
the words of the late Sir W. Fairbairn, Bart.—never to 
have been introduced to the public. 

Now with reference to the ‘‘ false security ” that boiler 
insurers labour under when they insure their boilers and 
expect efficient inspection ; although it is wrong for any 
company to convey that impression—and that is done by 
the local agents, if not by Mr. Longridge and his 
brother officials with large salaries—it would be equally 
wrong to say that all the insurers either expect or 
desire efficient inspections. That is a lamentable fact 
that I for one can vouch for by sad experience. I have 
before me, Sir, a list of some of the principal firms and 
boiler users of this city and neighbourhood, that I have 
had the honour and pleasure of inspecting for, all of 
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whom had gone over to the insurance companies not 
because they had too many ‘‘accidents” whilst under my 
inspection—there was only one boiler exploded, and that 
I had condemned both verbally and in writing to the 
owner himself—but because they ‘‘could get something” 
by insuring, as more than one frankly acknowledged to me. 
Also that the insurance company’s agents had told them 
that their inspectors could all that I did, and they 
would have insurance to boot, and that for less money even 
than my friends paid me for inspection alone. By-the- 
bye, Sir, Mr. Michael Longridge, I see, has taken you 
to task for your criticism of his evidence and admis- 
sion before the Board of Trade inquiry, viz., “‘that the 
issuing of a policy was no guarantee that a boiler was 
safe,” and he labours hard in two or three of your columns 
this week, but he does not ‘‘distinctly” repeat that re- 
markable admission ; nor is it at all probable that it will 
be printed in large type and inserted as a leaflet in the 
issuing of all future policies by his company, although 
they are careful to tell the insured that “‘they are under 
no obligation to carry out any recommendations,” and 
this they certainly do by the aid of “ large type.” 

As to their ‘skilful agents making all proper inquiries 
about the boilers previous to insurance,” how much is that 
worth in the face of the fact—Mr. Longridge very properly 
places great importance upon ‘‘ facts”—that the insurance 
companies have accepted old second-hand and worn-out 
boilers, and inspected them too for a considerable time 
before they exploded from sheer weakness? Is he not 
aware that an old boiler once flew across a canal out of 
Staffordshire into Warwickshire, killing one or two only 
in its flight, and that this boiler I found, the first time 
I inspected it, was an old boiler I had formerly inspected 
at another place and condemned as unfit to work at con- 
siderably less pressure than it was working at when it 
finally exploded ? 

Allow me, Sir, to remark, with reference to the ‘‘ small 
firms” and “‘ little people” whom Mr. Longridge said did 
not, as a rule, insure, that it is more to their credit if it is 
so, and I can truly add that I have had a goodly number 
of ‘‘small firms” and “‘little people” who have paid their 
guineas for the inspection of their small boilers a great 
deal more readily then have large firms paid their guineas 
for the inspection of their large boilers. 

beg leave to remain, yours faithfully, 
JOHN Swirt. 
55, Stanmore-road, Birmingham, January 21, 1890. 





MACHINERY FOR THE MANUFACTURE 
OF EMERY CLOTH. 
To THE Epiror oF ENGINEERING. 


Srr,—We are anxious to communicate with any firm 
who can supply the complete plant for the manufacture 
of emery cloth on the most improved system. If any of 
your numerous readers would furnish us, through your 
intervention with the names of re English firm of engi- 
neers who make this class of machinery, we should feel 
greatly obliged. 

We inclose card, and remain, yours faithfully, 

BivE CoruNnDUM. 

Montreal, January 7, 1890. 








LEATHER-WORKING MACHINERY. 
To THE EpiTor OF ENGINEERING. 


Sir,—Can any of your readers give information on 
leather-working machinery of the more modern type, and 
its capabilities for all kinds of harness, saddle, and bag 
work ? Tendering thanks in anticipation, 


Yours obediently, 
London, January 21, 1899. G. 





THE SUN AND PLANET MOTION. 
To THE EpiTor OF ENGINEERING. 

S1r,—In the report appearing in a daily paper to-day of 
the James Watt anniversary dinner, held on Saturday 
night in the Grand Hotel, Glasgow, the chairman, Mr. 
Ebenezer Kemp, is represented as having said : ‘‘ But for 
James Watt’s invention of the separate condenser, the 
sun and planet motion,” &c. In crediting the inventive 

enius of Watt with the sun and planet motion, Mr. 

emp is giving expression to the not always discrimi- 
nating popular belief in such matters. The sun and 
jlanet motion was amongst the earliest inventions of 
William Murdoch, and was frequently spoken of by Sir 
William Fairbairn as ‘* the most distinguished veteran of 
mechanical engineering ;” while James Nasmyth, in his 
autobiography, refers to the ‘‘ vast series of workshops of 
that celebrated establishment (the Soho Works), and to 
the special machine tools, which, I believe, were chiefly 
to be ascribed to the admirable inventive power and 
common-sense genius of William Murdoch.” 

Watt, in his patent dated October 25, 1781, had five 
distinct methods of obtaining the circular motion. The 
fifth in the specification was the sun and planet motion 
of William Murdoch, and was the method finally adopted 
in the Soho machinery in preference to the four devised 
by Watt. Itis thus referred to in a letter by Boulton : 
“Mr. Watt’s packet is not ready. I am to wait till his 
drawings (of the rotary motion) are completed, which he 
is executing himself. There was some uniformity in 
those sent from Soho. Besides, he has another rotative 
scheme (to add) which I could have told him of long ago, 
when first invented by William Murdoch, but I did not 
think it a matter of much consequence.” Further, Dr. 
Smiles, on the authority of Mr. Josiah Parkes himself, 





' belonging to Messrs. 


relates in his ‘‘ Lives of Boulton and Watt:” “ At an 
interview which Mr. Parkes had with Mr. Watt at 
Heathfield, at which Murdoch was present, Murdoch 
spoke of the sun and planet motion as his invention, 
which Watt did not contradict.” 

The sun and planet motion is not the only invention of 
William Murdoch’s erroneously attributed to James 

att. Tam, &c., 

ALEX. MuRDOCH. 
2, Berlin-place, Pollockshields, Glasgow, 
January 20, 1890. 





MISCELLANEA. 

THE gross receipts of the 23 principal railways in the 
United Kingdom, for the week ending January 12, 
amounted, on 16,1425 miles, to 1,170,299/., and for the 
corresponding period of 1889, on 16,030 miles, to 1,119,898/., 
an increase of 112$ miles, or 0.7 per cent., and an increase 
of 50,401/., or 4.5 per cent. 


Dr. Gatling, the inventor of the well-known machine 
gun, has submitted designs to the United States Navy 

epartment for a sea-going torpedo boat of the following 
dimensions: Length, 156ft.; breadth, 18ft.; and 6 ft. 
draught of water. As the engines of the boat are in- 
tended to indicate 2000 an the boat should, if 
built, attain a very high speed. 


The accounts of the London, Chatham, and Dover 
Railway Company for the past half-year, subject to final 
audit, show a balance available for dividend of 205,211/. 
The directors propose that a dividend of 2I. 5s. per cent. 
for the half-year be paid on the arbitration preference 
stock, carrying forward 62,786/. to the credit of the current 
half-year. For the second half of 1888 the dividend was 
at the same rate, and 26,9761. was carried forward. 


Messrs. Richard and Henry Green, of the Blackwall 
Yard, E., have received an order from the Admiralty to 
construct a steel steam water-tank and fire-float vessel for 
service at Sheerness Dockyard. She is similar to two 
steamers already built for the Admiralty, and will be 
placed on her station at the end of the present year. The 
machinery and pumps will be supplied by Messrs. Haw- 
thorns and Co., of Leith. 


The hour system which came into use at Messrs. Simp- 
son, Strickland, and Co.’s engineering works and launch 
building yard at Dartmouth, Devon, has stimulated the 
masons and carpenters of that town on the 18th inst. to 
apply for its adoption. The master builders took the 
occasion of the journeymen’s notice to hold a meeting, 
but they, on good old English fashion, had a dinner on 
the 22nd inst., and agreed to adopt ten hours per diem and 
six hours on Saturday. 


The third general meeting of the Graduate Section of 
the North-East Coast Institution of Engineers and Ship- 
builders was held in the reading-room of the Institution, 
St. Nicholas-buildings, Newcastle-on-Tyne, on Wednes- 
day evening, January 8. Mr. H. Macoll, vice-president, 
occupied the chair. An instructive paper on ‘‘Crank- 
shafts for Marine Engines” was read by Mr. Oswald 
Wheeler. There was a good attendance, and an interest- 
ing discussion followed. 


The first of the series of exhibitions to be held at the 
the Crystal Palace in 1890 will be the Stanley show of 
cycles, which will be open eight days, from January 24 to 
February 1 inclusive. Last year the exhibition occupied 
the whole of the grand central nave, as well as the 
north-western courts, and was unanimously pronounced to 
be the largest and finest show of cycles ever held. This 
year’s show, however, will be still larger, the demand for 
space being so great that it has been found necessary to 
utilise the concert-room also. 


The United States Government are calling for tenders 
for two steel gunboats of 1000 tons displacement. The 
boats in question are to be 190 ft. long on the water line, 
and to have an extreme beam of 32 ft., the depth of hold 
being about 16 ft. When completed the boats are to have 
a speed of at least 13 knots maintained over a run of four 
hours, during which the pressure in the stokehold is not 
to exceed 41in. of water, and the draught of the vessel 
during the run isto be 12 ft. It will be seen that the 
conditions are not very onerous and should be easily com- 
plied with. 


The Admiralty have decided to reorganise the draughts- 
men's department of the steam branch of the dockyard at 
Portsmouth. The status of the chief draughtsmen will be 
superior under the new arrangement to that which he 
now occupies. His office will be open to competition, and 
the holder of it will be expected to have a knowledge of 
engine design in addition to his other qualifications. The 
chief draughtsmen will have a position higher than that 
of the foremen of the yard, and will rank next, after the 
engineer assistants, to the chief engineer of the establish- 
ment. 


At a meeting of the Council of the Royal Society, held 
on November 30 last, it was resolved to raise a fund for 
the purpose of establishing a memorial, of an international 
character, to commemorate the work of the late Dr. Joule. 
A powerful committee has been formed to carry out the 
wishes of the Council, and it is to be hoped that engineers, 
than whom none know better of the importance of Joule’s 
work, will subscribe largely to the fund. Sir H. E. 
Roscoe, F.R.S,, is the hon. sec. to the committee, and all 
communications should be addressed to him at the Royal 
Society, Burlington House. 


Mr. Henry Simon, of Manchester, has recently started 
a further considerable coal sorting and washing plant to 
treat 600 tons of coal per day at Bardykes, at a colliery 
erry and Cuninghame. The plant 





started for the same firm about a couple of months ago at 
Motherwell and capable of treating 800 tons per day is 
now in full and regular swing, and giving complete satis- 
faction. Mr. Simon is also Guildin at Leven, Fifeshire, 
for the Fife Coal Company, Limited, and at stony 5 for 
the Maryport Hematite Iron and Steel Company, Limited, 
similar plants to those mentioned above, and also about a 
fortnight ago started to work a similar plant for the 
Denaby Main Colliery Company, Limited, Mexborough. 


A meeting of the Institution of Marine Engineers was 
held on January 13, when a paper on “The Marine 
Engine Considered as a Machine” was read by Mr. J. G. 
Hawthorn. The paper was specially intended for the 
benefit of the junior members and graduates of the society, 
and Mr. G. D. Churchill occupied the chair. After 
referring to the advantage a knowledge of mathematics 
was to the engineer, the author proceeded to give 
examples of the application of formula to different ques- 
tions arising in connection with the marine engine. In 
the discussion which followed the reading of the paper, 
Mr. J. Macfarlane Gray gave some hints and some simple 
formule of a useful kind. At the close of the meeting it 
was announced that at the next meeting (on the 31st inst.) 
a paper would be read by Mr. Somerville ‘‘On the 
Ventilation of Engine-Rooms.” 


At the resumed meeting of the Board of Trade inquiry 
respecting railway rates, on Wednesday, Mr. Henry 'Ten- 
nant, general manager of the North-Eastern Railway Com- 
pany, was under examination and gave some interesting 
information as to the nature of the trafticover his line. The 
lowest rates, he said, were from jd. to 1d. per ton, and 
a full train load was 270 tons, or only about one-seventh 
of the train loads said to be carried in America. The 
wagons carried 8 tons and weighed themselves between 
5 and 6 tons, so that the non-paying is a large proportion 
of the paying load even assuming the wagons to be full. 
That this is not often the case he showed by quoting a 
case, where out of 3000 consignments at one station, 
nearly 2000 weighed less than a ton, the average weight 
being 2 tons 3 qrs. per consignment. The locomotives of 
the company cost from 230/. to 240/. per annum for main- 
tenance. 


The Seagull, gunboat of the first-class, went out to 
Spithead last Wednesda morning for further trials of 
her torpedo gear, in which the four air guns are on the 
Yarrow system. The tubes are disposed in pairs on 
the starboard and port quarters, but instead of the 
axes being parallel each tube is fitted at an angle 
of 24 deg. from the normal, so that when the pro- 
jectiles leave the muzzle they diverge at an angle 
of 5 deg. By the usual method of firing, as the pro- 
jectiles pursue a parallel course, it is probable that should 
one miss, its fellow will also miss the object aimed at, but 
with the new arrangement the chances are, as they follow 
diverging lines, that should one miss the other will strike 
the target, and one fairly good hit is all that is required 
to sink or maim anenemy. The Seagull was driven at 
rates not exceeding 140 revolutions of the engines with 
the primary purpose of determining the proper angles at 
which to fire at an object at a known distance at various 
rates of speed. Up to the present time the practice has 
not heen good. 


On Tuesday last an interesting experiment in jumping 
a torpedo boat over a boom was carried out in Porchester 
Creek, by the officers of the Vernon. The boom, which 
was 20 ft. in length, differed from the usual spars which 
are used for the defence of harbours against torpedo 
attacks, in that it was 6 ft. broad and surmounted by a 
number of spikes, which it was supposed would receive 
the boat and hold it a prisoner. No. 49 first-class torpedo 
boat, which had been strengthened for the purpose, was 
selected to attack the boom. Having made a few preli- 
minary runs in the harbour to enable her engines to 
obtain full speed, she made a dash at the boom at a 
rate of about 20 knots. At this speed her stem was lifted 
out of the water almost as high as the boom itself, which 
sunk on impact, and before it could rise to the surface 
the momentum of the craft had carried her over. She 
was subsequently berthed in No. 1 dry dock, and it was 
found that neither her cut-water nor propeller had suffered 
in the least, nor had a single plate been bulged or started. 
The result of the experiment goes far to show that either 
the booms must be duplicated or that they must be sup- 
plemented with nets, with the object of entangling the 
screws of the attacking boats. 


The seventh meeting of the present session of the Liver- 
pool Engineering Society was held on Wednesday, the 
15th inst., Mr. Henry H. West, M. Inst. C.E., President, 
in the chair. After the usual routine business had been 
transacted, a paper entitled ‘‘ Mechanical Refrigeration 
and the Manufacture of Ice” was read by Mr. M. C. Ban- 
nister. After a brief summary of the laws regulating the 
transmission of heat or cold from one medium to another, 
the author reviewed some of the various chemical and me- 
chanical methods which have been used for the artificial 
production of cold, and then proceeded to treat thermo- 
dynamically the various systems of ae now in 
use, taking up in turn the cold air, sulphuric ether, sul- 
phurous anhydride, carbonic anhydride, ammonia com- 
pression and ammonia absorption methods. The general 
results obtained were demonstrated by graphic thermal 
diagrams showing the various losses and ultimate useful 
effect of each system, and by tables giving the vapour 
tensions and latent heat units at various temperatures. 
The author then briefly sketched the mechanical details of 
ice manufacture, explaining his own recent improvements 
for the more economical manufacture of crystal ice in 
large blocks. The discussion upon the paper was ad- 
journed until February 12. The annual dinner of the 
Society was held on the 17th inst, 
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CLYDE EXPORT TRADE IN 1889. 

THE year now closed has been a fairly active one in 
the Clyde export trade. Of machinery and steel and 
iron manufactures there were shipped 2,613,259/. 
worth, which when compared with the previous year 
shows a decrease of 60,203/., the total value in 1888 
being 2,673,462/. When comparison is made with 
1887 the total for the past year is found to be greater 
by 53,547/., although 1886 had to credit a very much 
greater total than either of the years named— 
3,444,409/., or 831,150/. more than in 1889. The de- 
tails are placed in tabular form for easy reference. 


ao | 1889. | 1888. 1887. | 1886. 
£ £ Sa 4 1s 
Locomotives .. -. 861,629 283,553 232,903 438,119 
Machinery ‘ 494,376 487,326 | 457,434 331,478 
Sewing machines 228,683 139,612 169,690 | 171,272 
Steel (manufactured) 332,510 396,307 427,550 362,468 
Iron S 1,196,061 | 1,366,664 | 1,272,115 | 2,141,072 


Totals .. .-| 2,613,259 2,673,462 | 2,559,692 3,444,409 











Of course, it must be borne in mind that the home 
trade during the past year or two has been exceptionally 
great, and steel and iron merchants have been in a 

reat measure entirely precluded from considering 
oreign contracts except at ey good rates, 
The , se market has absorbed possibly double the 
decrease in the material for export. It is notable, too, 
that the decrease in the aggregates is more than due 
to the falling off in steel and iron, which last year were 
63,797/. and 170,603/. respectively. The decrease on 
the figures of 1887 are—steel, about 95,000/. ; and iron, 
86,000/. The most gratifying feature in the above 
Table is probably the marked recovery in_loco- 
motive engineering. This is due in some measure 
to Australasia returning to the home market, having 
taken 14,000/. worth, against practically nothing 
in the preceding two years. To Mexico a large 
export trade has been done, and also to the 
West Indies and South America, which latter countries 
are credited with 19,150/., against practically nil in 
previous years. South Africa is also a welcomed cus- 
tomer, having taken 94,110/., while to Continental 
rts, especially Spain and Italy, there have been 
arge consignments, the total being valued at 134,349/., 
against 6480/. and 21,705/. in the two preceding years. 
Against this is a very marked drop in the value of ex- 
ports to the East, which have taken but 83,709/., not 
a fourth what it was in 1886, less than a third what it 
was in 1888, and less than a half what it was in 1887, 
Machinery shows a steady development. Here the 
East, the States, and Egypt, however, each show a large 
falling off, particularly in the latter case, to which part 
special shipments of steel and machinery were made in 
1888 and 1887. The Continent shows an improvement 
of 80 per cent., and the West Indies and South 
America have increased their take from 78,846/. in 
1886 to 178,817/. in 1889; 60,000/. more than in 1888. 
Australasia would seem to have found after all that the 
home country can do work more economically than 
native factories, or the demand has been too great for the 
latter ; for not only have locomotive shipments been 
greater, but machinery shows a recovery of nearly 
200 per cent., being 25,565/., which is considerably 
above the figures for any of the preceding three years, 
In sewing machines there has also been a steady im- 
provement. The Continent has doubled the quantity 
taken, and Canada has done much better, 7806/, 
against 5777/. in 1888, and 1870/. in 1886, but West 
Indies and South America have only taken 10 per cent. 
of what was sent thither a yearago. Egyptand Africa 
shows a slight forward movement, and the figure for 
India and China does not come up to that of 1888, 
although it is double those of the two years preceding. 
Steel and iron, as we have already shown, have de- 
creased, because manufacturers have had enough, 
sometimes more than enough, to do to meet home re- 
quirements. Exceptional shipments of steel to Egypt 
in the two preceding years brings out a large de- 
crease in that case; while there is a falling off of 
50,0007. in the take of the eastern countries (85,9911). 
The United States also show a decrease of from 228,445/, 
in 1887, and 170,642/. in 1888, to 145,000/. in 1889. 
Australasia here also has improved about 30 per cent., 
having reached 26,322/. worth, the West Indies and 
South America 80 per cent. at 29,388/., and the Con- 
tinent, 22 per cent. or 44,280/. In iron the most 
notable change is in the case of the West Indies and 
South America with 215,247/. worth against 113,046/. 
worth in 1888, and 99,709/. in 1887. All other coun- 
tries show declines. As regards the vessels engaged 
in the foreign trade it may be noted that the arrivals 
last year were 1539 vessels of 1,509,677 tons net 
register, an increase of 101 vessels and of 164,437 tons 
on 1888 ; of 35 vessels of 186,512 tons on 1887 ; and 
of 168 vessels and 271,103 tons on 1886. The depar- 
tures totalled 1722 vessels of 1,869,546 tons net re- 
gister, a decrease of 2] vessels, but an increase of 
51,739 tons on the figures of 1888; and an increase of 
111 vessels and 230,000 tons on 1887. The average 


size of the vessels arriving was 990 tons net register, 
against 935, 879, and 880 in the three preceding years; 
and of vessels clearing 1085 tons, against 1047, 1017, 
and 1000 tons respectively in 1888, 1887, and 1886. 








THE ‘‘WELLS LIGHT” SELF LIGHTER. 

Most of the many types of high candle-power oil 
lights are more or less troublesome to light, and in 
many cases a good deal of smoke is given off during 
the operation which, though of but slight importance 
out of doors, becomes decidedly inconvenient when 
the light is used inside. To get rid of these draw- 


.| backs so far as their own lamp was concerned, 


Messrs. A. C. Wells and Co., of the Midland-road, 
St. Pancras, London, have brought out, under the 
patents of Messrs. Wallwork, Wells, and Craig, the 
device we show below. Before — this 
lighter, however, it may be well if we_ briefly 
remind our readers of the general construction and 
action of the Wells light. The reservoir marked R 
on the drawing contains the oil, above the surface of 
which air is forced to a considerable pressure by the 
hand pump shown to the left. The oil is in this way 
raed up the vertical pipe shown on the right and 
round a couple of coils marked K, where it is gasified 
and thence passes to the burner L. Issuing from this 
it flows through a combining cone M, through which 
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it drags by inducing a current, sufficient air to make it 
burn with a bright smokeless flame many inches 
long. This flame passes through the coils K and 
heats them sufficiently to turn the oil passing round 
them into gas. It will thus be understood that 
before the light can be started it is necessary 
to. heat up these coils to a fairly high temperature, 
and this was formerly done | placing a little oil 
and waste in the dish shown below the coils and 
setting fire to it, a crude and, we understand, 
somewhat slow method of working. The new self- 
lighter acts in a different manner. An oil reservoir 
A is made to hang on a pin on the wind guard of 
the light, and is fitted at the bottom with a small 
injector, one of the cones of which is shown at B. This 
injector is supplied with air from the main oil reservoir 
by means of the valve E and the rubber tubing marked 
‘‘air.” This air passing through the injector turns 
into spray the oil which is admitted from the reservoir 
A by means of the needle valve H. As this jet of 
oil and air issues from B it is lighted, giving a 
large flame as indicated in our engraving, which in 
two and a half to three minutes heats up the coils 
sutticiently to allow the lamp to be started. The sole 
changes made in existing lamps are the substitution of 
the valve E fora simple plug on the main reservoir 
and the poms of a hole about 1 in. in diameter 
through the back of the wind guard, alterations that the 
user of the light can make for himself, and the device 
is therefore immediately applicable to existing lamps. 
A single lighter can moreover be used for a large 
number of lamps. 





American Stream Navication.—The steel steamship 
Kansas City has been just put on the route between New 
York and Savannah by the Ocean Steamship Company. 
She was built at Chester, Pennsylvania, at the Delaware 
River Iron Shipbuilding and Engine Works, from plans 
drawn by Mr. B. EK. Le Fevre. Her dimensions are as 
follows: Length, 349 ft. ; beam, 45 ft. ; depth, 27 ft. 6 in. 

he engines are of 3600 horse-power, triple-expansion, 
carrying steam at a pressure of 160 Ib. to the square inch, 
supplied from eight boilers heated by sixteen furnaces. 
The cylinders are 33 in., 54 in., and 86 in. respectively, 
with a stroke of 54in. The Kansas City is built to carry 
not less than 6000 bales of cotton per voyage, and she 








is expected to attain a speed of 14 knots per hour, 








LAUNCHES AND TRIAL TRIPS. 

THE new steamer Antonio Zambrano was launched on 
Thursday, January 9, from Aker’s Engineering Company, 
Norway. Length, 1723 ft.; breadth, 26 ft.; height, 
134 ft. ; size about 650 tons. It belongs toa syndicate in 
Christiania and is intended to trade between the West 
Indies and North America. 


On January 17, the s.s. Deseado, built and engined by 
Messrs. Newall and Co., of Bristol, went on her official 
trial trip in the Bristol Channel. The Deseado measures 
125 ft. Soto perpendiculars by 26 ft. beam by 9 ft. 
6 in. moulded depth. She has triple-expansion engines 
having cylinders 12in., 18 in., and 314 in., by 20 in. 
stroke, and steel boiler 10ft. Gin. by 10 ft. with Fox 
furnaces. The results of the trial were very satisfactory, 
the engines and supplementary machinery worked well 
and steam was amply maintained at 9 knots speed. 





On Monday, January 20, Messrs. Edward Withy and 
Co. launched from their yard at Hartlepool a large 
steel screw steamer named the Blenheim and over 300 ft. 
long, which they have built to the order of Mr. George 
Steel, of West Hartlepool, for Messrs. Steel, Young, and 
Co., of London. She will be fitted with triple-expansion 
engines by Messrs. T. Richardson and Sons, Hartlepool. 


On January 21 Messrs. Schlesinger, Davis, and Co. 
launched from their shipbuilding yard, allsend-on- 
Tyne, a large steel screw steamer named the Bendi, built 
to the order of Mr. Jos. Hoult, of Liverpool, the 
managing owner of the Ben Line of steamers of that port. 
The vessel is of the following dimensions: Length 
between perpendiculars, 345 ft.; breadth moulded, 
42 ft. 11 in. ; depth moulded, 24 ft. lin. ; and is designed 
to carry a Pas watt cargo of about 5100 tons. The 
engines, of the triple-expansion description, are of about 
1500 indicated horse-power, having cylinders 25 in., 42 in., 
and 64 in., by 45 in. length of stroke. The boilers are of 
steel, two in number, re sesany hes a pressure of 160 Ib. per 
a inch. The machinery has been constructed by the 

orth-Eastern Marine Engineering Company, Wallsend- 
on-Tyne. 

On i. the 21st inst., there was launched from the 
yard of the Tyne Iron Shipbuilding Company, Limited, of 

illington Quay-on-Tyne, a steel screw steamer named 
the Strathdon, which has been built to the order of Messrs. 
Burrell and Sons, of Glasgow. She is of the following 
dimensions, viz.: Length, 300 ft.; breadth, 41 ft. ; depth, 
22 ft. The engines, which are to be supplied by Messrs. 
Wigham, Richardson, and Co., are of the triple-expansion 
type, having cylinders 23 in., 37 in., and 62 in., by 42 in. 
stroke, with two large boilers working at 160 lb. pressure. 





On Tuesday, January 21, the steel screw steamer 
Maori, built by Messrs. C. $. Swan and Hunter. Walls- 
end, for the Shaw, Savill, and Albion Company, Limited, 
of London, had her official trial trip. The dimensions of 
this vessel are 334 ft. over all, 40 ft. beam, and 25 ft. 9 in. 
depth moulded. The engines are by the Wallsend Slip- 
way and Engineering Company, Limited, Wallsend, and 
have cylinders 26 in., 42 in., and 69 in., by 45 in. stroke. 
The mean speed on the measured mile was 123 knots. 





The Grangemouth Dockyard Company launched on 
Tuesday, the 21st inst., from their yard at Grangemouth, 
a steel screw steamer named Edith, and built to the order 
of Messrs. Robinson Brothers, of Whitby and London. 
The vessel is of the following dimensions : Length, 270 ft.; 
breadth, 36 ft. ; depth, 194 ft. ; and her carrying capacity 
is 2600 tons. The —— machinery has been sup- 
plied by Messrs. Alley and MacLellan, Glasgow, and 
1s of the triple-expansion type, with cylinders 19 in., 
30in., and 51 in. in diameter by 39in. stroke. Steam 
will be generated in two boilers, 12 ft. 6in. by 10 ft., 
working to a pressure of 160 Ib. to the square inch. 


The s.s. Illovo, which has been built to the order of 
Messrs. J. T. Rennie, Sons, and Co., of London and Aber- 
deen, was launched on the 21st inst. from the yard of 
Messrs. Hall Russell, Aberdeen. Her dimensions are as 
follows: Length, 270 ft. 4 in. ; breadth, 35 ft. 2in. ; and 
depth, 20 ft. 6 in. She will be fitted with triple-expansion 
engines also of Messrs. Hall Russell’s manufacture, having 
cylinders 34 in. and 56 in, and 42in. stroke. This vessel 
has been built under the superintendence of Messrs, 
Flannery, Baggallay, and Johnson, of London and Liver- 
pool, 





The steamer ey oO the latest addition to the Star 
Line, of Calcutta, has had a successful speed trial run from 
the River Clyde to the Mersey, during which, notwith- 
standing boisterous weather, the engines worked smoothly 
and developed full power. The vessel was constructed 
for her owners, Messrs. Thomas and James Harrison, 
Liverpool, by Messrs. Charles Connell and Co., Scots- 
toun, on the Clyde, and engined by Messrs. John and 
James Thomson, Finnieston, Glasgow. The Capella is 
350 ft. long, 60 ft. broad, and 28 ft. depth of hold, her 
gross tonnage being 3200 tons. The engines which, in 
ordinary working, developed 1600 indicated horse-power, 
are of the tri-compound type, the cylinders being 24 in., 
40 in., and 66 in. respectively, with a stroke of 54 in. 
Steam is generated in two double-ended boilers 13 ft. in 
diameter and 16 ft. long, working to 160 Ib. pressure. 





Messrs. Russell and Co., Port-Glasgow, have just 
launched a sailing ship built for Dundee owners, and 
named Glen Cona. She is of 2500 tons net register, her 
dimensions being as follows: Length, 213 ft. ; breadth, 
42 ft. ; depth, 24 ft. Gin. 
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WILSON’S VALVE GEAR FOR THREE-CYLINDER ENGINES. 


























(303 — x Wenn Sea 

WE illustrate above a three-cylinder engine fitted 
with an arrangement of valve gear devised by Mr. 
Matthew Wilson, of 70, Wellington-street, Glasgow. 
This gear is simple and lends itself most conveniently 
to the usual type of engine construction, as it avoids 
the use of eccentrics and economises the space they 
usually occupy on the shaft. It may be explained in 
afew words. Designating the cylinders 1, 2, 3, and 
numbering the corresponding cranks, which are sup- 
posed to be 120 deg. apart, in like manner, No. 1 valve 
is driven off No, 2 crank, No. 2 valve off No. 3 crank, 
and No. 3 valve off No. l crank. This arrangement is 
possible because the eccentric, if there were one, for 
driving No. 1 valve would be set at about 120 deg. in 
advance of No. 1 crank, that is, it would correspond in 
position to No. 2 crank, and may be replaced by that 
crank if care is taken in fixing the lap and lead so 
that the angle of advance required is exactly 120 deg. 
This is exactly what Mr. Wilson does ; he designs his 
valve so that the angle of advance of the eccentric 
shall be 120 deg., and then he makes the crank of the 
adjoining cylinder replace the eccentric. 

In practice it is more convenient to work off the 
crosshead than the crank. In a non-reversing engine 
two levers, connected together by a sleeve, are em- 
ployed ; one lever is coupled by a link to the cross- 
head of an engine, and the other to the valve of the 
next engine, and the stroke is adjusted by the propor- 
tions of the lengths of the two levers. Calling the 
right-hand engine in Fig. 1, No. 1, it will be seen that 
its valve is driven off the crosshead of No. 2 engine 
by two levers cast on one sleeve, which is loose on the 
shaft. No. 2 valve is similarly driven. No. 3 valve 
is driven from No. 1 engine, the motion being con- 
veyed through the shaft on which the sleeves are 
threaded. In a reversing engine, such as a triple- 
expansion marine engine, the same arrangement is 
followed, except that the valves are worked off the 
air-pump levers, and that the relation of the cranks 
and cylinders is changed when the engine is reversed. 
Thus in going ahead No. 1 valve is worked by No. 2 
crank, and in going astern it is worked by No. 3 
crank, and so on. The air-pump shaft is extended in 
the case of No. 1 and No. 3 engines, and the two loose 
sleeves moving on the air-pump shaft of No. 1 engine 
drive No. 1 ahead and No. 2 astern, The movement 
taken from the levers is conveyed to the link for 
reversing in the usual manner. 

It will be seen that the gear is exceedingly simple, 
and that it offers very little chance of breakdown, while 
it enables the valves to be placed at the side of the 
cylinders, thus economising space. 








INDUSTRIAL NOTES. 

Tue Labour Correspondent to the Board of Trade, 
in reviewing the conditions of the skilled labour market 
for the current month of January, incidentally turns 
back to partially review the situation at the close of 
1889. Mr. Burnett’s opinion ‘‘the force of the 
dispute epidemic would seem to have somewhat 





Fig.1. 


Fig .2. 


abated.” In November no fewer than ninety-two 
strikes were recorded ; in December only fifty-seven 
have been noted. Of these seven were connected with 
the iron and metal trades, four in the engineering 
trades, three in the iron shipbuilding trades, four in 
the coal trades, two in the nail and chainmaking 
trades, and two among the dock labourers. There 
were thirteen strikes in the textile trades, and twenty- 
two among the miscellaneous trades of the country. 
Notwithstanding these disputes, owing to the expan- 
sion of trade, and the open weather, there has ed 
positively an improvement in the state of the labour 
market, except in the building trades. In the whole 
of the engineering, shipbuilding, iron, steel, and metal 
trades, and in mining, there is not only no scarcity of 
employment, but in many quarters there are com- 
plaints of a scarcity of labour. Only 1.7 per cent. are 
returned as out of work, most of whom are on dispute 
benefit. The numbers employed in the numerous 
branches of the iron and steel industries exceed those 
of any previous period, while the proportion out of 
work is less than heretofore. The relative proportions 
of unemployed were in January, 1887, 9.9; in 1888, 
6.8; in 1889, 6.9; and in 1890, only 1.7. These 
figures tell their own encouraging tale. 





The January report of the Boilermakers and Iron 
Shipbuilders declares that the past year was one of the 
most prosperous in the entire national record ; and it 
further states ‘‘ that the pone for the ae year 
are of the most hopeful and cheering description.” 
The report goes on to say that ‘‘ work in nearly every 
branch of industry is abundant and wages have in- 
creased accordingly, both for the skilled and unskilled 
labourer.” It deplores the frequency of strikes and 
says that many of them might have been avoided had 
wiser counsels prevailed. The report attributes many 
of the strikes of the past year to the sudden conversion 
of large bodies of men to unionism, who had never 
before even thought of the matter, and who, a year 
hence, may cease to belong to “— union, declaring 
that the whole sytem is a failure. The report records 
a further advance in wages in all the boiler shops and 
shipyards of the Clyde, in the Liverpool and Birken- 
head districts, and also in Dundee. Men are adver- 
tised for in the several branches, such as platers, 
boiler-platers, and angle-iron smiths. There are fewer 
men on the funds than in the month of December, 
except on the superannuation fund, which shows an 
increase of nine. The Society has invested the sum of 
10,0007. in the firm of Sir W. Armstrong, Mitchell, 
and Co. in preference shares ; this amount is to be 
regarded asa reserve fund for future contingencies. 
The council again revert to the subject of drinking, and 
urge the members to avoid the perilous self-indulgence 
in drink with its evil consequences. 





The January report of the Associated Ironmoulders 
of Scotland shows that the Society has advanced to 
the highest point of membership ever reached—nearly 





6000 members—while the funds in hand amount to 





13,6241. 3s. 4d. The total paid as idle benefit for the 
last six weeks of the year only amounted to 300/., or 
about 50/. per week, inclusive of all claims, holidays 
included. The last report intimated that notices for 
an advance in wages been given in to the Em- 
— Association, representing the districts of 
lasgow, Paisley, Coatbridge, and Dumbarton, re- 
uesting an advance of 3d. per hour from December 20. 
ter some negotiation the advance has been conceded, 

to take place from the 3lst of the present month. The 
wages then will be 8d. per hour in all these dis- 
tricts. Other districts are preparing for a similar 
advance. The report speaks hopefully of the trade of 
the several districts, and of the prospects during the 
whole of the present year. A very curious and 
singular demonstration is referred to in this report. 
The trades of Glasgow demanded that the tramways 
should not be further leased to the present company 
after the expiration of the present lease, on account of 
the treatment of the tramcar employés. The demon- 
stration took place ; the total cost to this one society 
was 12/, 18s. lld. The total subscriptions only 
amounted to 7/. 12s. 4d.; the balance had to be made 
up out of a soirée. The men were willing to demon- 
strate—did, indeed, lose time in order to do so—but 
they would not subscribe 3d. each to the cost thereof. 


The Associated Blacksmiths of Scotland are able to 
report substantial progress during the year 1889. The 
number of members has increased by 467, the total 
now being 2095, while the funds have risen to 4900/., 
showing an increase of 1730/. in the year. Trade is 
reported as being extremely good, and the prospects 
cheering. Throughout the Glasgow and ch de dis- 
tricts generally a movement has been on foot for some 
time for an advance in wages. At the recent confer- 
ence the employers offered one halfpenny per hour in 
time wages and 24 per cent. on piece prices, but these 
terms were not regarded as satisfactory by the men. 
The latter demanded 5 per cent. on piece prices, and 
a general levelling up of wages in the poorer paid 
shops. The matters in dispute are not yet finally 
settled, but no immediate strike is expected. The 
state of trade is such in all districts that the Society 
does not not anticipate any need of a strike to enforce 
their demands. In only one district, and that a small 
one, is the trade said to be “dull,” in which district 
three only were out of work. The total number on 
idle benefit in the month was only 24, costing 
16/. 11s. 9d,, or twopence per member for four weeks. 
The report complains that a larger proportion of men 
at the trade are non-union men than in any other 
branch of the engineering or iron trades in Scotland, 
and hence the wages of smiths are below the usual 
standard of skilled men in those branches of industry. 
The comparatively few men required in any one firm 
in this branch of trade may account for this. 


Trade along the banks of the Tees, and at the Hartle- 
pools, is in a most flourishing condition. The ship- 
yards are full of work to repletion, the boiler sho 
are full to their utmost capacity, and the trade in the 
bridge shops, which had been a little backward, is im- 
proving, and showing signs of immediate and future 
activity. There is, it appears, abundance of work for 
all classes of workmen in the engineering, shipbuilding, 
and iron trades generally, employment being assured 
to all grades for at least six months to come. Over- 
time is general, wages are good, and extras are paid 
for without stint, if only the men will stick to their 
work. At present there seems to bea very cordial 
understanding between employers and employed, and 
no dispute of any consequence looming in the near 
future. 





In the Mersey districts, on both sides of the river— 
Liverpool and Birkenhead— trade is exceedingly busy, 
both as regards repairs and work, in all the shipyards, 
boiler shops, and engineering establishments. The 
workmen in the shipping trades have had a further 
advance in wages, dating from the first pay-day of the 
present month, making the fifth advance granted both 
to the day workmen and on piece rates, The men 
admit that this latter advance has been conceded in a 
‘* most free and liberal manner,” and their delegates 
urge that the men shall in consequence keep good 
time and pay attention to their work. Men who 
lose more than one day in each week are to be fined 
5s. for each such offence. A strike has taken place 
at a firm at Garston, the only dispute in the district. 

A review of the trade of the Clyde during the past 
year shows that it has been a year of unexampled 

rosperity. Enormous as the output of shipping has 

en, the work in hand, and in perspective, seems to 
indicate that the present year, 1890, will possibl 
exceed that of 1889. The work in hand, and eeu 
amounts to 375,000 tons of shipping. The relations 
between employers and employed appear to be of the 
most friendly character, and from and after the 13th 
instant the rivetters and caulkers in the several ship- 

ards receive a further 5 per cent. advance in wages, 
both in time and piece rates; the fitters and angle. 
smiths 5 per cent. on time rates ; and all the boiler- 
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shop rivetters, platers, and caulkers, 5 per cent. on 
time rates. These advanced rates have been conceded 
in so frank, free, and friendly a manner that the shop 
delegates in the various yards and firms urge the men 
‘* not to create petty disputes,” but to seek an inter- 
view with the employers and thus avert a strike. 
Never before, on the banks of the Clyde, has there 
been a more friendly feeling between the employers 
and their workmen. Formerly strikes were very 
ges ; now friendly negotiation takes their place. 
f the employers are making large profits, the men 
adinit that they are earning eualiniy ood wages— 
the only drawback to which is the habit of losing 
time. However, even this has been checked by the 
determination of the unions to enforce the penalty of 
fines for neglect of work—thus benefitting both the 
workmen and the employers at the same time. 





In the Sheffield and Rotherham district the past 
year is described as the most prosperous for ten years, 
and so pressed were the various firms in the locality 
with orders that the holidays were cut down as closely 
as ane and only such repairs were effected as 
could not longer be dispensed with. The present year 
has begun with even increased work, in some cases 
with advanced wages, and everywhere with full and 
constant employment. The iron moulders at the 
Thorncliffe and Chapeltown Iron Works have ob- 
tained 10 per cent. advance on certain kinds of work, 
while in another branch the matter is under considera- 
tion. With the general advance of 2s. per week con- 
ceded to the ironmoulders generally, with time and 
half for overtime, the labourers sought an advance for 
overtime rates, At first it was refused and the men 
struck work ; but after a couple of days’ idleness the 
employers consented to pay time and a quarter for all 
overtime worked, which the menaccepted. In the file 
tradeand many other of the purely local industries, trade 
is better than it has been for many years, and the 
workmen are resuscitating their unions. The iron and 
steelworkers are exceedingly busy and are earning 
good wages, their pay being regulated by a sliding 
scale, as in the north of England. The two great 
Sheffield firms, Messrs. Browns and Co., and Messrs. 
Cammell’s, are working at full speed and high pressure 
to keep pace with the enormous mass of work on hand; 
but even now they are unable to despatch orders quick 
enough for their more urgent customers. 





Throughout Lancashire all branches of the engineer- 
ing and iron trades are excessively busy, and overtime, 
at the full extra rates, is general. Boilermakers have 
more work on hand than they can execute within a 
reasonable time, and they hesitate to accept any 
further orders for early delivery. In the locomotive 
branches, and in all kinds of stationary engines, in the 
manufacture of tools, and machinists generally, the 
shops are full of work for a long time ahead, and over- 
time is excessively worked to keep pace with the 
orders. In addition to all this the new orders that 
keep pouring in are more than sufficient to replace 
those on hand, at the completion of existing contracts. 
In some descriptions of iron and metal goods prices 
have been advancing, and there is a brisk demand for 
all kinds of raw material. Speculators have scarcely 
been able to affect the markets very much, as makers 
and consumers seem to have drawn closer together. 
Speculation seems also to have suffered a check in 
Glasgow, at Middlesbrough, and other parts of York- 
shire. 





The engineers’ strike at the Maxim-Nordenfelt gun 
works still continues. The directors state that the 
applications are coming in by the hundred, and that 
they are able to dispense with the less skilled, by 
supplying their places with more skilled mechanics, 
In this way they hope, in the course of a few weeks, 
to have their factories in full swing once again. On 
the other hand, the strike hands = Fon that the new 
men are incompetent, and that the works are but 
poorly supplied with competent men. 





The coalmining industry is again ina bit of a fer- 
ment. The two great northern counties organisations, 
of Durham and Northumberland, are asking for 15 per 
cent. and 20 per cent. respectively, on current rates. 
In the Forest of Dean the men are seeking a 10 per 
cent, advance. In South Wales the miners have 
agreed to accept 74 per cent. acvance on the sliding 
scale, although some are discontented with the arrange- 
ment and allege that it ought to have been 10 per cent. 
all round. Some disputes have been occurring in Lan- 
cashire as to timbering, wagoning the coal over long 
distances, &c. ; but no dispute has taken place over 
the advance of 10 per cent. as agreed upon. Mr. B. 
Pickard, M.P., has been estimating the relative 
advance in wages and in prices, and he alleges that 
the increase on miners’ wages amounts to about 5d. per 
ton, whereas the rise in prices ranged from 4s. to 5s., 
and in some instances to 7s. or 8s. per ton on the 


the mineowners could afford to pay 150 per cent. in- 
crease to the miners. 





The working miners at the Halken lead mines, near 
Holywell, went out on strike for 20 per cent. advance 
in wages towards the close of last week. The directors 
offered 124 per cent. advance, which the men refused 
to accept. Hitherto this class of working miners have 
not done much in the way of organisation, and have 
consequently had but few advantages from the im- 
proved state of trade, 


The ironworkers at the Mostyn (North Wales) Iron 
Works have obtained a further increase in wages of 
5 per cent., the second advance in a period of six 
months. 

The vice and anvil manufacturers in the South 
Staffordshire and East Worcestershire districts have 
conceded an advance of 15 per cent. in wages to all 
classes of their workmen. 

The pattern makers and ironmoulders employed in 
the Derbyshire foundries have sent in their notices 
demanding an increase in wages all round of 2s. per 
week. The masters have not yet definitely replied to 
the demand, but it is thought that the demand will 
be complied with, as trade is exceedingly good in the 
district. 





Some further concessions have been made to the 
railway employés in Dublin; in a large number of 
cases the full 2s. per week was conceded, Sunday work 
is to be paid for, and overtime is to be paid for after 
ten hours, Conferences have taken place between the 
directors and the employés on some of the Scottish 
lines, and the former have promised to take into con- 
sideration all the points raised at the several interviews. 





The gas stokers still make a show of resistance, but 
the strike seems virtually over. The dockers have 
tried another move in the London district, and 
succeeded. They struck for payment for meal times, 
so that in the general reckoning of time work meal 
hours are to be included, At Hay’s wharf the pro- 
prietors resisted the demand, 








ENGINEERING NOTES FROM NORTH- 
WESTERN INDIA. 
SHELABAGH, December 30, 1889. 

THE meeting of civil engineers at Delhi has passed 
off very successfully in spite of minor drawbacks in the 
Commissariat Department. There was little, if any, 
discussion of professional as distinguished from per- 
sonal matters ; it appears that the Delhi Umballa 
Kalka Railway is making very fair progress and is 
laying its road as fast as materials arrive, which, 
however, is none of the fastest on record. The Den- 
ham-Olpherts cast-iron sleeper is in use, the same that, 
as we have seen, came to such utter grief on the Bolan 
line when laid in the bed of a mountain torrent that 
rolls down big boulders with tremendous velocity. 
Here in the plains of Hindustan, where boulders are 
conspicuous a their absence, they will do better, but 
itis a great question whether a cast-iron road with 
light tie-bars is even the thing for a new line unless 
it runs so near the surfaee of the natural ground 
that no serious sinking of one rail, as compared with 
the other, is to be anticipated. Those who have seen 
a line of road cut right down into a sloppy embank- 
ment will readily indorse this proposition, and the 
fact that the now solid and settled embankments of 
the East Indian Railway carry the Denham-Olpherts 
road so well now the earthworks have had over 
thirty years in which to settle down, has as little to 
do with the case of a new line in a sub-Himalayan 
district as have the flowers that bloom in the spring. 
Time will alone tell if the Denham-Olpherts selection 
in the case of the Delhi Umballa Kalka line is or is 
not a wise one; it is admittedly unsafe to prophesy, 
but if the: Umballa Kalka section of the new line is 
ready to run on immediately after next monsoon, and 
carries its traffic without mishaps, it will be a distinct 
feather in the cap of the cast-iron sleeper system— 
even if the monsoon rains turn out much less heavy 
than those for three years running washed out the 
North-Western Railway. 

In the locality from which this letter is dated, 
the visit of Lord Lansdowne in the middle of Novem- 
ber to the Chaman post—our extreme frontier on the 
further side of the Khojak range—has attracted public 
attention to this part of the world. The heading of 
the big tunnel through the Khojak should have n 
through at the time of his visit, but had been much 
delayed by striking a water-bearing stratum in the 
middle of the hill. This may eventually prove a 
blessing in this arid country, but at present is a sad 
hindrance to the works. 

There are two lines leading to Quetta—the Sind 
Pishin Railway originally intended as the route, and 
the Bolan Railway hastily constructed during the last 
Russian ‘‘ incident,” as a temporary line to bring up 


Both these lines have suffered severely during last 
floods ; the Bolan, which was only laid as a temporary 
line right in the bed, having been obliterated in yo 
laces ; while many bridges and long stretches of ban 
hive been washed out on the Sind Pishin. 
There is besides a trouble about the Sind Pishin 
Railway not being able to carry the traffic at a reason- 
able rate on account of the severity of the curves and 
grades ; and an animated controversy is in progress 
as to whether the road or rolling stock is in fault. 
The truth appears to be that the locomotives were 
ordered for a line with des of 1 in 45, whereas 
the engineers who built it appear to have made no 
allowance in grading for the extremely sharp curves 
that have been introduced, and the natural result 
is the engines cannot take the loads they are sup- 
posed to. 
It is intended to spend a small sum on improving 
the grades on the lower section of this line, as is being 
done on the Punjab Northern, but the upper part 
cannot be touched on account of the heavy works 
involved. 
Besides the detailed errors in location, it is doubtful 
if the main drainage valley of a hilly country, where 
it is a mere gorge with bad soil, is not the last place 
an engineer should select for a line instead of the first. 
In this particular instance a shorter and better line in 
every respect has since been found 7 surveys made 
after the construction of the Sind Pishin Railway. 
The whole of the defects of this unhappy line, its 
enormous cost and its bad location, are directly re- 
ferable to the system of party government, the first 
survey and construction of the line having been 
eremptorily stopped by the Secretary of State only to 
* resumed with frantic haste without any proper 
surveys on the next appearance of the Russian scare. 
Even in the construction of the first section of the line 
from the trunk road of the Indus Valley at Ruh Junc- 
tion; the work was actually commenced before it had 
been decided where it should strike the hills towards 
Quetta. It appears that marriage is not the only 
undertaking that can be repented at leisure when 
started in haste. 

Coal appears to exist in many places in these hills, 
but only in thin seams, averaging 18 in. and very 
highly inclined, which is a fortunate circumstance for 
working with such a thin seam. 

The North-Western State Railway are working one 
of these seams at a place called Khost, about half way 
up the hill, and many more seams will doubtless be 
discovered as the country is explored. A seam only 
9 miles from Quetta is being worked by a private firm. 
The quality of the coal is poor, but even thin seams of 
inferior coal area boon in a country which is absolutely 
destitute of any other sort of fuel. 

Petroleum is known to exist all over the district, 
and the local authorities are working borings at a 
place called Kuttun about 45 miles from the railway. 
The oil is brought to the line on camels, and railed up 
to the Khojak works, where it is used in the engines, 
Unfortunately this oil is too thick to be pumped 
through a pipe line, as in America and at Baku, and 
sufficient exploration has not yet been made to warrant 
any predictions as to whether Beluchistan will rank 
as an oil-producing country or no. 





Smartt Arms ror SwepEN.—The Swedish “ calibre 
committee ” has now:sent in its report, which has given 
cause for some surprise. It was formed some time 
and consisted of Swedish and ee eee and its 
object was understood to bring a uniformity for the rifles 
of the Swedish and Norwegian armies, based upon the 
8 millimetre calibre and model recommended by the 
Swedish war minister. The committee recommends, 
however, as regards Norway, that only the older rifles 
shall be altered to 8 millimetres, whereas the new rifles, 
as before, will be made with 10.15 millimetre calibre. 





Tue Barric.—This winter is extraordinarily mild in 
Sweden, and as a curiosity it may be noted that a con- 
siderable amount of rain fell in Stockholm on January 10. 
The ice which had been formed in the outer ‘‘ Skargard” 
at Stockholm about the end of December had entirely 
disappeared by the middle of January, and the steamer 
Nora, which arrived at Stockholm on the 10th of January, 
had encountered no ice since she passed the coast of Sconia. 
Also the ice on the Malar lake had grown much thinner, 
only 2 in. or 3 in. thick, and a number of steamers have 
resumed their traffic. ‘The earlier part of last winter was 
also comparatively mild in Sweden. 





Tue Battic North Ska Canat.—The works on this 
large undertaking were partly suspended during the 
Christmas week, but were with the new year resumed 
with a larger number of men. At Diickerwisch, in 
Southern Ditmarsk, the projected depth of 25 ft. has been 
reached in several places. A considerable amount of 
power is constantly required for the pumps, so as to 
remove the water, which jeopardises the large works in 

nite and concrete. On several farms in the neighbour- 
ee of the canal, where a depth of 20 ft. to 25 ft. has 
been reached, considerable inconvenience has been caused 








price of coal before the advance. He further states 
that as coke has risen from 17s. per ton to 37s. per ton 





military supplies and material to enable the other 
line to is laid from both ends, 


by the wells losing their water, 
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JAMES WATT. 
James Watt and the Application of Science to the Mechanical 
Arts. 


By ARCHIBALD Barr, B.Sc. 


It would appear to be the chief distinctive characteristic 
of the nineteenth century that it is the age of applied 
science. The ancients were perhaps our superiors in 
literature, in art, and in philosophy, for though in all 
departments of thought and action, continual progress 
must be made, still the most noble individual works in 
literature and in art, and the most far-reaching departures 
in philosophy, belong to long past times. The science of 
mathematics has been the growth of centuries, and 
mechanics, astronomy, and mathematical physics have 
grown with its growth. Those who rank to-day as the 
greatest musicians the world has seen are men of a past 
time. Physics and chemistry and geology have made 
marvellous progress during this century, but though these 
sciences may rank with astronomy as worthy, for their 
own sakes, of the devotion of the noblest minds, yet it is 
their ee to the material -wants of man that is 
to-day the most potent incentive to their study and the 
chief cause of their growth and diffusion. The sciences of 
medicine and surgery have no doubt undergone an almost 
complete change in method, and an unprecedented] 
rapid development since this century began, and wit 
them the science of biology, in all its branches, has grown 
from small beginnings. Still the conditions of life to-day 
are vastly more in contrast with those of last century in 
the material environment of man, than in any other 


anyon. 

orks which were produced ages ago still remain the 
grandest creations of the human mind and hand, in the 
realms of literature and of art, but few, if any, of the 
inventions of our forefathers remain in use. Even those 
connected with the most necessary processes in preparing 
clothing to cover, and food to nourish us, have entirely 
changed. The distaff and spinning wheel alike are 
superseded, and the millstone, which may be regarded as 
the last relic of the age of stone, and which only ten years 
ago held its place as almost the only contrivance for 
the grinding of corn, may be looked upon to-day as a 
thing of the ot which must soon find its only place in 
historical collections. 

Mechanical arts have necessarily been practised in all 
ages, and have dvevioaee and expanded through the 
centuries, but that which is the distinctive feature of the 
arts of the present is that those which have come down to 
us from ancient times have been entirely changed in 
method, and greatly extended in scope, by the aid which 
science has given them; and the growth of scientific 
knowledge has given rise to new arts, which could not 
even have been dreamt of by our forefathers. In any 
retrospect of this modern development of the mechanical 
arts, and of the aid which science has given to them, we 
cannot fail to be led back to the genius of James Watt as 
the fountain-head in which the stream of progress had its 
source. With Watt, engineering, as we know it, may be 
said to have begun. His life must therefore be full of 
lessons for those who inherit the rich fruits of his labour, 
and especially for those who are to devote their lives to 
the profession which he may be said to have founded. 

And at the very outset, we find foreshadowed the lesson 
which his life has for us as engineers. The grandfather 
of the great engineer was a teacher of mathematics and 
navigation ; his tombstone describes him as ‘‘ Thomas 
Watt, Professor of Mathematics in Crawfordsdyk.” Of 
histwo sons, John was a land surveyor and teacher of 
mathematics, and James, the father of the engineer, was 
a carpenter and shipwright, and a general merchant. 
James Watt must therefore have inherited—if there is 
heredity in such matters—all the elements which go to 
make the successful engineer. Theory and practice may 
be said to have been blended in the very flesh and blood 
of the boy who was born in Greenock in 1736. 

At the time when Scotland was agitated by the Stuart 
rebellion of 1745, we get a glimpse of the early life of Watt, 
whose labours were destined to work a change in the con- 
ditions of life more widesp and beneficent than that 
which any political revolution could effect. We see a boy 
of the most fragile constitution, enduring all the hardshi 
and ridicule which his weakness brought upon him in the 
playground, and the no less severe trials of a dunce in the 
schoolroom. But like many others, young and old, who 
are accredited dunces, Watt was simply a human being in 
an uncongenial and unsuitable environment. When, at 
the age of fourteen, he began the study of mathematics, 
his powers soon asserted themselves, and he speedily took 
the lead among his schoolfellows. 

In reading the lives of the { engineers, nothing 
strikes one more forcibly than the fact, that in all or 
almost all cases a mechanical bent very early manifested 
itself, and was allowed free exercise. A home workshop 
has afforded an essential part of the early training of most 
of those who have afterwards risen to greatness in engi- 
neering. In Watt’s case we have no exception to this 
rule. From childhood he was accustomed to work with 
his hands, to make his own toys, and to work out his own 
ideas in models which he contrived and constructed. His 
father provided him with a bench and a smith’s fire, and 
his mother encouraged him in the use of his pencil. What 
better early training could there be for the future engineer ? 
I fear that in these days of long school hours and cram, 
when much the same tools are used to shape the young 
mind of whatever stuff it may be made, and for whatever 
sphere of action it is intended, few Watts are likely to be 
produced. So expert did Watt become in manual work, 
that we are told that it became a by-word among his 
father’s journeymen that ‘“‘ Jamie had gotten a fortune at 


* An inaugural address delivered in the University of 
Glasgow, November 11, 1889, 








his finger ends.” Nor did he neglect reading and study. 
All books that came in his way were eagerly , and, as 
far as his opportunities allowed, he studied natural philo- 
sophy, chemistry, and other sciences before he was fifteen 
years of age. 

His father’s business, which it was originally intended 
that he should follow, had suffered reverses, and besides 
the youth's tastes went beyond the work of a common car- 
penter ; it was therefore arranged that he should become 
a mathematical instrument maker, and with this end in 
view he went to Glasgow at the age of eighteen to learn 
the trade. He found no one who could instruct him in 
the art, but he got employment with a small tradesman, 
who repaired drawing instruments, fiddles, and spectacles, 
and sold fishing tackle. In all such work Watt was at 
home, and especially perhaps in the fishing tackle branch 
of his master’s business, rn was as a boy an enthusiastic 
angler. But there was little chance among such surround- 
~— his learning much that would lead to future success 
in life. 


He had made the acquaintance of Dr. Dick, Professor 
of Natural Philosophy in the University, and on his 
advice, and bearing a letter of introduction from him, 
Watt started for London in the following year, his journey 
occupying a period that would now suffice for a voyage to 
New York and back. After considerable delay Watt 
secured a place, paying twenty guineas, and his labour, 
for a year’s instruction. He was already so expert with 
his hands, and so apt in learning anything of a mechanical 
nature, that one year suffi for his apprenticeship. 
During this time he contrived to earn some small amount 
by getting up early and working on his own account 
before he went to the shop. His work was however 
carried on in constant fear of the ef and kid- 
os a because, as he himself has said, ‘‘ If Ton carried 
before my Lord Mayor, I durst not avow that I wrought 
in the City, it being against their laws for any unfreeman 
to work, even as a journeyman, within the Liberties !” 

His hard work told upon his weak constitution, and 
suffering from “violent rheumatism,” ‘a gnawing pain 
in his -k,” and ‘‘ weariness all over his body,” he 
returned to Greenock, bearing with him a stock of tools, 
materia's of which to make others, and a work on the 
construction and use of mathematical instruments. His 
whole future life was overshadowed by dyspepsia and 
sick headaches, and what may have been only the natural 
effect of this, he lived in chronic despondency. Long 
afterwards he wrote to his partner Boulton, who lay ill in 
Cornwall, and complained of lowness of spirits: ‘* There 
is no pitch of low spirits that I have not a perfect notion 
of, from hanging melancholy to vish melancholy. 
You must conquer the devil when he is young.” And 
not only from within but from without difficulties and 
often despair overshadowed him, and the smallest diffi- 
culty or reverse worried and vexed him beyond measure. 
He must indeed have had a good heart beneath it all, 
when he could make and maintain so many close friend- 
ships. Dr. Robison has written of him: ‘‘I have seen 
something of the world, and am obliged to say that I 
never saw such another instance of general and cordial 
attachment to a person whom all acknowledged to be 
their superior.” 

It happened that at the time Watt returned to Scot- 
land, a valuable collection of astronomical instruments 
had been bequeathed to the University by a Scottish 
merchant long resident in Jamaica; and we find Watt 
writing from Glasgow to his father in Greenock, under 
date October 25, 1756: “‘I would have come down 
to-day, but that there are some instruments that are come 
from Jamaica that Dr. Dick desired that I would help 
to unpack, which are expected to-day.” The minutes of 
a University meeting held on the following day contain 
the statement that ‘‘several of the instruments from 
Jamaica mtg, Png” a by the sea air, especially those 
made of iron, Mr. Watt, who is well skilled in what 
relates to the cleaning and 
accidentally in town, Mr. Moor and Dr. Dick are 
appointed to desire him to stay some time in town to 
clean them, and put them in the best order for preserv- 
ing them from being spoiled.” And six weeks later the 
same records show that ‘‘a precept was signed to pay 
James Watt five pounds sterling for cleaning and refitting 
the instruments lately come from Jamaica.’ 

Watt next attempted to begin business as an instru- 
ment maker in Glasgow, but trade customs and preju- 
dices were in his way. The Corporation of Hammermen 
would not permit one who was neither the son of a burgess, 
nor a craftsman according to the usages of the trades, to 
open even the smallest me om of business within the city, 
nor even to use a workshop for the carrying on of his 
favourite experiments. 

At this juncture his connection with the University 
stood him in good stead. ‘The senate having complete 
control of all that went on within the University pre- 
cincts, granted Watt the use of rooms and a workshop in 
the college buildings, and appoin him “ instrument 
maker to the University.” Here he could ply his trade 
and carry on his business free from molestation by the 
city craftsmen. Nor did the professors grudge him any 
help that their science could afford. ey made him 
their friend and confidant in their work to the mutual 
advantage of their science and his practice. 

He at first occupied himself especially in the making 
of navigational instruments, and he managed to earn a 
moderate living by the sale of these. Though he did not 
attend any classes in the University, he devoted himself 
very earnestly to the study of science. He thus gained 
the wewag wr of Dr. Black, who was lecturer on chemistry, 
and also held in succession the chairs of anatomy and the 
practice of medicine. Dr. Black thus speaks of him: “I 
soon had occasion to employ him to make some thin 
which I needed for my experiments, and found him to 
a young man possessing most uncommon talents for 


reserving of them, being 


mechanical knowledge and practice, with an originality, 
readiness, and copiousness of invention, which often sur- 
prised and delighted me in our frequent conversations 
together. also many opportunities to know that he 
was as remarkable for the ness of his heart, and the 
candour and simplicity of his mind, as for the acuteness 
of his genius and understanding. I therefore contracted 
with him an intimate friendship, which was continued and 
increased ever since that time.’’ 

But Watt made another friendship in his college 
workshop, a friendship which had a great influence upon 
all his future life. young student of natural philo- 
sophy— John Robison by name—was brought to the 
workshop by three of Watt’s patrons—Dr. Simpson, 
professor of geametey j Dr. Dick, professor of natu 
philosophy ; and Dr. Moor, professor of Greek, all men 
with strong leanings towards Watt’s favourite pursuits. 
Robison, who afterwards succeeded Dr. Black as lecturer 
on chemistry (in which science he got his first instruc- 
tion from Watt) and who afterwards occupied the chair 
of natural philosophy in Edinburgh University, gives 
remarkable testimony to the mechanic’s knowledge of 
the exact sciences. ‘“‘ After first feasting my eyes with 
the view of fine instruments, and prying into everything, 
I conversed with Mr. Watt. Isawa workman, and ex- 
pected no more ; but was surprised to find a philosopher, 
as nyene as myself, and always ready to instruct me. I 
had the vanity to think myself a pretty good proficient 
in ge pene study, and was rather mortified at finding 
Mr. Watt so much my superior.” 

Watt tells us that he owed to his friend Robison the 
first suggestion of ‘‘ the idea of applying the power of the 
steam engine to the moving of wheel carriages and other 
purposes ; but thescheme was not matured, and was soon 
abandoned on his going abroad.” 


(To be continued.) 





THE PHYSICAL SOCIETY. 

A MEETING of the Physical Society was held on January 
17, 1890, Professor W. G. Adams, vice-president, in the 
chair. Owing to the unavoidable absence of Mr. F. B. 
Hawes, his paper on ‘‘ A Carbon Deposit in a Blake 
Telephone Transmitter ” was postponed. 

Dr. S. P. Thompson made a communication 

“* On Electric Splashes,” and illustrated his subject by 
beautiful experiments on the production of Lichtenberg’s 
be ne The author has recently investigated these 
phenomena as modified by varying the conditions under 
which the figures are obtained, and has arrived at the 
following conclusions: 1. The nature of the dielectric 
plate does not change the character of the figures pro- 
duced. 2. The nature of the powders used seems to have 
no material effect on their shape. In the course of his 
experiments he has found a mixture of sublimed sulphur 
and lycopodium to give better figures than the red lead 
and sulphur usually agen and also that a large and 
highly polished knob is advantageous, particularly when 
the Leyden jar is charged negatively. Sometimes when 
obtaining negative figures, nebulous patches occur, and 
these are attributed to the so-called electric winds sent off 
from roughnesses on the knob when not sufficiently well 
polished. If instead of bringing the knob in contact with 
the plate, it is only brought near to it, then a peculiar 
figure closely resembling a “‘splash” results. A positive 
splash consists of short lines radiating from the point of 
approach, whilst a negative splash is made up of more or 
less rounded spots which become elongated in a radial 
direction, as their distance from the centre of the splash 
increases. Negative splashes are however much more 
difficult to produce than positive ones. 

When viewed in the dark, the discharge producing the 
splash is seen toconsist of a bundle of small sparks which 
branch outwards on approaching the plate. In conclusion 
the author remarked that roughnesses on a conductor pro- 
duce more ‘‘ electric winds” when the conductor is charged 
negatively than when positively charged, and invited the 
opinions of members as to the causes of the differences 
daweed between positive and negative electricity. 

Professor Riicker said he had recently cbtaiant figures 

roduced by discharges on —— plates. General] 

is observed that negative discharges produce undien 

tches, whilst positive ones give more filamentary 
figures. On passing a spark across a glass plate covered 
with lampblack, its trace was found to have a black core 
at one end, whilst the other was quite clear. He also 
made remarks on the distinctive character of the positive 
and negative discharges in partial vacuo, and considered 
investigations as to the causes of such differences to be 


of t importance. 

Proleieer Adams thought any attempt to discover 
the causes of such differences as those noted in the paper, 
was to be commended, for the well-known fact that it is 
more difficult to insulate a negative charge than a positive 
one has long needed an explanation. 

A paper “‘On Galvanometers,” by Professor W. E. 
Ayrton, F.R.S., T. Mather, and W. E. Sumpner, D.Sc., 
was read by Professor Ayrton. In fitting up the physical 
laboratories of the Central Institution of the City and 
Guilds of London Institute, the authors have had occa- 
sion to obtain galvanometers of various types and patterns, 
some of which have been made to special designs, and 
specimens of instruments embodying recent improvements 
were exhibi at the meeting. The question as to 
whether fairly sensitive galvanometers should be astatic 
or non-astatic was answered in favour of the former 
system, from the fact of its being less affected by external 
magnetic disturbances and the ter ease with which 
great sensibility may be obtained. The usual method of 
placing the mirror inside the coil was shown to be unde- 
sirable, and in the newer forms of instruments Mudford’s 
improvement of placing the mirror outside the coils has 





been adopted, the space near the axis of the coil being 
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nearly filled with wire. It was also shown that if wire be 
wound in a certain approximately spheroidal space near the 
magnets, then these convolutions will tend to oppose the 
more distant portions of the coil ; however, by winding 
the two parts in opposite directions they conspire to de- 
flect the magnet. 

Details as to methods of supporting the coils were then 
discussed and the importance of fitting them in boxes 
mounted on hinges or otherwise, so as to be readily remov- 
able, was pointed out. 

lvanometer devised for teaching purposes and 
provided with variable damping arrangements was de- 
scribed, in which the damping is effected by inclosing the 
mirror in a glass cell whose sides can be caused to approach 
or recede by turning a milled head outside the instru- 
ment. This arrangement enables the damping to be 
varied between mr limits, and its effect on the swing 
produced by a given discharge can be determined. The 
instrument is also serviceable both as an ordinary damped 
galvanometer, or as a fairly ballistic one. 

In measuring quantities of electricity by the first swing 
of a galvanometer needle, a correction has usually to be 
introduced for damping; this correcting factor is simple 
enough when the damping is small, but becomes more 
complicated as the damping increases, and to facilitate 
the calculations a table of values of the factor for various 
values of \ (the logarithmic decrement) has been calcu- 
lated. From this it appears that for values of \ less than 
0.5 the value of the factor is very nearly (1+4,), the cor- 
rection usually employed. 

Improvements in methods of insulating the coils and 
terminals of galvanometers required for insulation tests 
were next described, the principle of which may 
gathered from Figs. 107, 108 in Professor Ayrton’s 
“Practical Electricity.” A special form of instrument 
for high insulation work was exhibited, in which the copper 
resistance of the coils is nearly 400,000 ohms, and the 
shortest path along which surface leakage can take place 
from the coils to the base of the instrument is between 
30 in. and 40 in. of ebonite artificially dried by sulphuric 
acid. This is attained by supporting the coils from two 
corrugated ebonite rods which depend from a brass ring 
carried on the top of three corrugated pillars fixed to the 
baseplate. The instrument was constructed to drawing 
and specification by Messrs. Nalder Brothers, ‘but the 
method of supporting the coils was suggested by Messrs. 
Eidsforth and Mudford. 

With reference to the proportionality of deflection to 
current in reflecting galvanometers, it was pointed out 
that ordinary instruments may differ as much as 2 per 
cent. within the limits of the scale, hence showing the 
necessity for calibration when any approach to accuracy 
is desired. Galvanometers of the D’Arsonval type some- 
times differ from proportionality quite as much as the one 
above referred to, but by fitting such instruments with 
curved pole-pieces and allowing the coil to hang freely 
from the top suspension, a proportionality true to less 
than 0.15 per cent. has been attained over a scale about 
30 in. long. 

Coming to the question of sensitiveness, the import- 
ance of keeping the wire as close as possible to the magnets 
was brought prominently forward, as well as the necessity 
of reducing the ‘*tigures of merit” of various instruments 
to the same standard, in comparing their sensibilities. 
The standard adopted as most convenient and closely 
approximating to practical usage is arrived at by sup- 
posing the distance of the mirror from the scale to be 
equal to 2000 scale divisions, and the sensibilities for 
current and quantity are given as scale divisions per 
micro-amptre, and scale divisions per micro-coulomb 
respectively. The period of oscillation is also taken into 
account. 

A table showing the resistances, sensibilities, coefficients 
of self-induction, and volumes of the coils of various instru- 
ments, together with the relations existing between them, 
accompanies the paper, and from this it appears that in 
the best astatic double-coil instruments of from 10,000 to 
30,000 ohms resistance, the number of scale divisions per 
micro-amptre may reach 400 times the resistance to the 
two-fifth power (400 R %) when the period is ten seconds. 

Tn obtaining data of various instruments, the authors 
have consulted, amongst others, Professor Threlfall’s 
paper on the ‘* Measurement of High Specitic Resist- 
ances,” in the Phil. Mag. for December, 1889, and noticed 
two serious errors. The first of these makes an instru- 
ment constructed according to Messrs. Gray’s pattern 
nine times less sensitive than it actually was, whilst the 
sensibility of a form recommended in the paper is given 
seventeen times too great. 

On account of the lateness of the hour, the discussion 
was adjourned till February 6, before which time it is 
hoped that a fairly full abstract will appear in the techni- 


cal papers. 





SUPPLEMENTARY NOTES ON BREMME’S 
VALVE GEAR. 
To THE Eprvror oF ENGINEERING. 

Srr,—This invention has formed the subject of exhaus- 
tive and public controversy which established the validity 
and scope of Bremme’s patent. As this gear has been mis- 
called ‘* Marshall’s,” and the validity of patent right has 
been questioned, the author, who has given attention to 
this invention and matters connected with it since 1870, 
believes himself entitled to bring the following salient 
points under public notice : ‘ 

A Mr. Klug, of Hamburg, and his friends initiated an 
action for infringement inst Mr. Marshall’s firm, 
Messrs. R. and W. Hawthorn, of Newcastle-on-Tyne, 
but it was subsequent] found that Bremme’s patent 
anticipated and covered uge patent. The immediate 
result was that Mr. Marshall began to negotiate through 


see 
ts 





a Mr. B. G. Nichol, who called on the author November 
15, eegr On 08 24th re a called come the view of 
buying the author’s rights for the purpose of proceeding 
with the lawsuit pn Mr. Marshall, a the sum 
named for these rights was 2000/7. 

It suffices to state here that the author declined subse- 
quently Mr. Klug’s offer, thereby stopping a lawsuit 
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which would have affected Mr. Marshall’s interest very 
seriously, and granted on March 18, 1882, a license under 
Patent 2037, a.D. 1879, to Mr. Marshall and his firm. 
Notwithstanding repeated protests and intimation as to 
illegality and injury to the patentee’s interest, Mr. Mar- 
shall continued to affix the words ‘‘ Marshall’s patent” to 
engines with Bremme’s valve gear built by his firm. 
e consequence of this has been that this gear has 
been miscalled Marshall’s in the public prints, and that 


from the patentee and attempted to disguise the infringe- 
ment by what has been called ‘provisions for unequal 
port openings.” 

The following analysis of some of these so-called provi- 
sions for unequal port openings will not therefore be 
without some general interest. In the previous notes on 
Bremme’s valve gear (see ENGINEERING of October 11 
1889), it was shown that in applying this gear to inverted 
marine engines, if desired, equal cut-offs may be obtained 
with equal lap and equal lead, and with only small dif- 
ferences in the port openings. Diagram Fig. 1 shows the 
oscillation curve for a deviation of gudgeon of 24 deg., as 
indicated, of Bremme’s valve gear suitably proportioned 
for inverted marine engines, and gives their proportions 
with the eccentric radius (7) of the two maximum oscilla- 
tions (@, and @), and of the port openings (S, and S.) 

The difference between the port openings in this case 
is 3 S,, and the best practical results are obtained by 
simply bringing the smaller one (S) into calculation. 

r. Marshall, in applying what he terms the dis- 
similar ended valve, increases the smaller port opening 
by means of an extra port, and thus carries out a simple 
7 fe obvious to any ordinary engineer; and by making 
this extra port equal to the difference, his gain is, that he 
can bring the larger port opening (S,) into calculation 
with the disadvantage of adding considerably to the 
valve face area. A slight increase of the eccentric pro- 
duces the same gain, but cheaper and without the dis- 
advantage, which is more serious than appears at first 
sight. is expedient is, however, covered by Bremme’s 
patent which describes the use of slide valves of any 
ordinary or desired description. 

Another mode descri by Mr. Marshall as levers on 
a working shaft, and applied to the twin-screw engines 
(7700 indicated horse-power) of the Royal Italian torpedo 
ram Etna (see ENGINEERING of February 6 and 27, 1885), 
will be easily understood from the diagram (Fig. 2). Thetwo 
lever arms T U and S U form an angle of 180—£ and the 
larger oscillation 6, is the chord to an arc of 2 &, as will be 
understood from the drawing. 

It is: ‘ 

cos 2€ a” 


and 


V= a 
2n 


n 
=” (6,-6), 
a, 6) 


This yields the general formula 


“taa-9} 


n being the length of lever arm T U, corresponding with 
the difference (@,— 6). 

a practical example, substitute for 0, and @ their 
values marked on diagram Fig. 1, and the formula becomes 
n=1,893 7, and for the eccentric radius r=3in., n = 
5.679 in. 

The shortness of the lever arm T U necessary to assimi- 
late a moderate value of (@,— @) is at once obvious, and it 
requires no special knowledge to understand that as a 
provision for pers ra port openings this arrangement is 
of no practical utility or merit. 

The late Mr. Wyllie deemed it of advantage to deviate 
from the ordinary rule and to place the valve chests over 
the condenser, and found that he could best surmount 
constructive obstacles by adopting Bremme’s valve gear. 
He placed the eccentric lever at an acute angle with the 
centre line of the engine and restored its necessary 
rectangularity with the direction of motion of the valve 
by means of bell-crank levers. The valve-rod ET, see 

ig. 3, which connects the eccentric lever with the bell- 
crank lever, and which he called compensating link, be- 
comes for constructive reasons and oe too short 
to permit its — being neglected. Although the 
radius-rod is so located as to produce the smaller oscilla- 
tions for downstroke and the larger ones for the up- 
stroke, provided the eccentric levers were dinectly 
attached, by means of the valve-rod E T, to the valve 
spindle, the insertion of the bell-crank levers (of the 
first order) reverses this and the location of the radius-rod 
becomes practically the same as that shown in the draw- 
ings of Bremme’s specification, which represent the gear as 
applied to steam steering engines. Diagram Fig. 3 shows 
the essential details mae dimensions of Bremme’s valve 

r so applied to marine engines of large size. The oscil- 
ation curve is described by centre E, while the gudgeon 
is at a deviation of 18 deg. as indicated. 
The port openings are practically equal, but the initial 
laps are unequal, owing to the location of the radius-rod 
explained above. The cut-offs are 0.805 for downstroke 
and 0.645 for upstroke. The functions of the valve-rod 
ET asa ee link are accidental, because if this 
rod is 32 in. long its obliquity will, under the conditions 
described above, equalise the actual laps, and if it is of 
such alength as to permit its obliquity being neglected, 
the actual laps become the same as the initial laps. The 
cut-offs remain always the same as originally produced by 
the gear, and are not affected by the so-called compen- 
sating link, of whatever length the same rey § be. 

The general arrangement of the engines built by Mr, 
Wyllie’s firm necessitated this obvious expedient, 

Tam, yours truly, 
Gustav A. C. BREMME. 





Sourn ArricaNn TELEGRAPHY.—The Cape Government 
has authorised the construction of a direct line from Pot- 
chefstroom to Vredefort over Venterskroom. Eight wires 
will be added to the line from Potchefstroom to Klerks- 
dorp, and four wires to the line from Klerksdorp vid Wol- 





other firms have used the invention without authority 


maranstad, Bloemkof, and Christiana, to Kimberley, 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Compitep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883. 
The number of views given in the ification Drawings is stated 
in each case after the price ; at none are mentioned, the 
Specification is not illustrated. 
Where Inventions are communicated from abroad, the Names, 
&c., of the Communicators are given in italics. 
— of Specifications a oe obtained at 38, Cursitor-street, 
hancery-Lane, E.C., either personally, or by letter, enclosing 
amuunt A = and postage, addressed to H. READER Lack, Esq. 
The date of the advertisement of the acceptance of a complete spe- 
—- ts, in each case, given after the abstract, unless the 
‘atent has been sealed, when the date of sealing is given. 
— may at any time within two months from the date of 
the advertisement of the acceptance of a com; specification, 
give notice at the Patent Ofice of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES. 


18,629. W. Chilton, London. Improvements in 
High-Speed Compound Engines. (8d. 1 Fig.) December 
20, 1888.—This invention consists in attaching a single-acting high- 
pressure cylinder tandem fashion to a double-acting low-pressure 
cylinder in such a way that steam is admitted to and expanded in 
the high-pressure cylinder, and is then exhausted into a receiver, 
whence it is admitted to the top end of the low-pressure cylinder 
where it is again expanded. From the top end of this cylinder the 
steam is exhausted into asecond receiver through which it passes 
on its way to the bottom end of the low-pressure cylinder, where 
it is again expanded, and from which end of the low-pressure 
cvlinder it is finally exhausted into a condenser or discharged into 
the atmosphere. The steam is thus expanded three times during 
its passage through the cylinders. ais the upper cylinder and 6 
the lower cylinder ; ¢ the upper piston and d the lower one, con- 
nected together by the trunk cl; e is the piston-rod passing 
through a stuffing-box f and driving the crank-pin g in the usual 
way by means of a connecting-rod, not shown in the drawing. h 
is the steam admission valve, and ¢ is the distributing valve 
worked by eccentrics k. When the pistons are at the top of their 
stroke as shown, and steam is admitted to the inlet pipe 7 from a 
boiler, the valve h allows the steam to pass through the port o to 
the upper end of the cylinder a above the en ct ge piston c¢, 
the pistons moving downward. After completing part of their 
stroke the steam is cut off by the valve h and is expanded in the 
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“cylinder @ until the end of the stroke. During the return or up- 
stroke the steam in the cylinder __ by the valve h into a 
receiver m, where it is stored up ready for use in the intermediate 
cylinder (consisting of the upper part of the cylinder b) above the 
piston d at the next stroke. When the pistons were commencing 
their downstroke the intermediate cylinder was taking steam 
above the piston d, which had been stored up during the previous 
upstroke from the receiver m. The downstroke being completed 
and the pistons at the bottom of their stroke, the steam in the 
intermediate cylinder above the piston d passes by means of the 
valve i, during the upstroke of the pistons, into a second receiver 
p, and thence into the low-pressure cylinder below the piston d; 
and when at a certain point admission iscut off from this cylinder 
the steam is compressed by the continuing stroke of the pistons 
into the receiver p. The steam in the low-pressure cylinder b is 
at the same time expanded, and at the end of the stroke it is 
finally exhausted through the valve 7 into the exit passage 7, 
whence it passes either to a condenser or to the atmosphere. The 
back pressures above the pistons during their upstrokes are 
utilised to counteract the momentum of the moving parts, whilst 
they are moving up to complete their trok The condenser 
acts during the downward stroke upon the lower side of the low- 
pressure piston ; thus the vacuum in the condenser has no ten- 
dency to pull the pistons and their connections from contact with 
the crank-pin and crosshead pin during the upstroke. (Sealed 
January 7, 1890). 





STEAM BOILERS. 


17,424. J. Murrie, G ow. Improvements in and 
relating to Feed-Water Mechanism for Steam Boilers, 
also Applicable for Steam Trapsand other Analogous 

s. [ 9 Figs.) November 29, 1888.—This inven- 
tion relates to escape steam valve mechanism for giving an alarm 
when the water falls below or rises above the desired normal level 
in the boiler. The improvement shown in Fig. 1 consists in mount- 
ing the float A, and its horizontal water and steam valve lever 
B, B! on a fulcrum at B? within the hollow vessel E, having an 
enlarged part E! at the one end, sufficient for the motion of the 
float Ain the water; and in connecting the lower part of the 
chamber E by a branch pipe at E'! with the boiler below the water 
level Z?, and in connecting the upper part of the chamber E by a 
steam branch E? leading into the steam space Z. The lever B, B! 
is connected on ass sides of its fulcrum to the lower ends 
of the spindles of the two outlet steam valves C and D, so as to open 
these respectively, as the float A and level of the water Z? fall or 
rise. Steam cl lead from each valve chamber Cl, D! to a 
central branch cl! fitted with a steam whistle. In Fig. 2, instead 
of sounding an alarm the steam escaping by the pipe Dl! from the 
valves C or D of the float lever arrangement is caused to actuate 
the piston d! of a cylinder d11, which is made to close a steam inlet 
valve d against the pressure of the boiler in the inlet steam chest 





d3 leading to the steam cylinder of the feed pump. Thus when 
the water rises to the normal level Z, the valve d is closed and 
the feed pump is stopped ; and when the water falls below the 
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normal level, the float falls, shuts the valve C or D of the arrange- 
ment, when the pressure of the steam within the chest E will 
open the valve d, and the steam will escape to the engine by the 
branch d2, (Sealed January 7, 1890). 


18,882. W. Duff, G: ow. Improvementsin Steam 
Boilers, [6d. 6 Figs.) mber 27, 1888.—The improved 
boiler is provided with two furnaces A, A, terminating in flues 
B, B, or in asingle flue or combustion chamber C at the rear of 
the boiler, and communicating through this chamber with return 
tubes D, D, in the upper part of the boiler as in an ordinary 
marine boiler. The return tubes D, D, instead of communicating 
with the usual ‘“‘ uptake,” lead into a gas chamber or ‘‘down- 
take” E in front, through which the fire gases passing from the 
furnaces by the flues and return tubes are led into a flue F con- 
stituting a gas furnace extending through the boiler in proximity 
to the bottom, and in a space under and intermediate between the 
firegrate flues B, B, and communicating at the rear with an 
uptake G leading to the chimney or funnel. This furnace or 
flue F is fitted with cross water tubes H, to provide for rapid 
heating and circulation of the water in the lower part of the 
boiler, a ‘‘ wedge firebrick” being fitted in front to serve the two- 
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fold purpose of protecting the front shell of the water space from 
direct action of the heat, and of dividing the flame and directing 
it against the sides of the flue F. Air to effect combustion of the 
gases led by the return tubes D into the gas chamber E in front 
of the boiler, is supplied through a perforated tube or tubes L 
provided with regulating valves /, and led down by ventilators 
from the decks when on | Bm ship, or it may be a by fans 
or blowers when it is desired to employ forced draught. In 
practice, the firegrates will be supplied alternately with solid fuel 
so that the bulk of the smoke generated in firing may be con- 
sumed in the furnace flue or flues B, and combustion chamber C, 
whilst the unconsumed gases per y Byrne the return tubes D 
into the gas chamber Ein front will be therein genes on meeting 
with the air supplied —_ the air pipe L. e resultant flame 
will be carried through the lower or furnace flue of the boiler, 
a small grating e being fitted at the bottom of the gas chamber E, 
on which burning fuel is placed to ignite the flame at starting. 
(Accepted November 6, 1889). 


HOISTING. 


Wail Bescot, Staffs. Improve- 

tus for Use with Cranes and 

and Moving 

. Fig.) December 14, 1888.—a is a cylinder or chamber 
formed at the lower end with a shoe or flange b to which is fitted 
a jointing ye ec of india-rubber, asbestos, or other suitable 
material. d is a piston fitting within the chamber a, and packed 
with acup leather d}. ¢ is a piston-rod, f a shackle, and g a pack- 
ing at the top of the cylinder to maintain the piston-rod central ; 
h is a space round the piston-rod containing some liquid to pre- 
vent air from leaking a the piston. 7 is a valve closing a 
passage j leading from the atmosphere to the lower part of the 
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apparatus below the piston ; k is a spring for keeping the valve 
uaa ; Lis a lever for opening the valve. When in use the appa- 
ratus ‘s coupled to the hoisting chain of a crane derrick, or equi- 
valent device, and is lowered until the shoe with its jointing ring 
rests on the weight to be lifted; the valve being open so that the 
piston or plunger falls to the bottom of the cy inder. The valve 
is then closed, and the crane or hoist set in motion so as to raise 
the piston or plunger. The piston or Lown gd rises in the cylinder, 
thus forming a vacuum beneath it, which causes the weight to 
adhere to the shoe. The weight is then moved and deposited in 
the required position by hauling on the piston or plunger. (4c- 
cepted October 23, 1889). 


tle-cum-Linacre, Lancaster. 
ting to Colliery and other Wind- 
Engines ting Ove: and the 
Starting thereof inthe Wrong Direction, (8d. 5 Figs.) 
September 17, 1889.—This invention relates to improvements on 
apparatus described in the specification accompanying Letters 
Patent No. 3769 of 1887 granted to the present inventor. Fig. 2 is 
an elevation of the reverse side of the apparatus to that shown in 
Fig. 1. A ding to the p t invention, means are provided 
by which full steam may be given to the engine, and then as soon 
as the limit of travel of the cage has been reached, the reversing 





lever is automatically and instantly thrown back so that overwind- 
ing cannot take place. This means consists of a trigger mechanism 
operated by a weight and comprises a slide S working in and 
guided by a slotted guide T ; a catch bar U having a catch u and 

pted to rest and slide on the notch plate Al, and connected at 
its other end to the trigger U1; a catch V mounted on the shaft v 
with which the trigger is en and disengaged; a weight W 
fixed on the shaft v ; and a lever X mounted on the said shaft and 
connected to the back plate 8! of the slide S by the rod X!. This 
mechanism is actuated by means of an adjustable stud e provided 


on the wedge blocks or pieces }! and on the side next the fixed 
quadrant A, so that its path lies in the same vertical plane as 
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the catch u (Fig. 2). To aid in stopping the engine, the brake 
gear may be connected to the p t hani ay 
providing levers 1 (shown in dotted lines in Fig. 1) on the 
shaft v. These levers 1 (Fig. 3) communicate their motion to 
the brake lever H by means of the rods 2, 2, the bar 3, and 
the rod 4; and these rods are provided at their ends with 
slots, which work over pins in the bar 3 and the lever H, so 
that the quadrant J, lever H, and the brake cylinder may 
be operated without interfering with the action of the escapement 
mechanism. The action is, that when a weight W is released the 
rods move in the direction of the arrows, and pull the brake lever 
H forward, and so admit steam to the brake cylinder G, the brake 
being thus applied. (Sealed January 7, 1890). 


LOCOMOTION. 





17,536. J. Donn WwW. seRenen, anton, and A. 
Trask, Brockley, Kent. New or ro Manu- 
fact of Axle-Boxes for Railwa; and 


ure 
other Vehicles. [8d. 13 Figs.] December 1, 1888.—A plain 
plate or blank A of mild steel is heated to redness and placed upon 
the top of a female die 2 of suitable contour. A male die 3 of 
similar but smaller contour is then placed upon the metal plate 
and forced downwards by hydraulic or other power, so as to draw 
or force the metal plate round the male die downwards through 
the female die into the position shown in full lines in Fig. 1, and 


Fig.1. ¥ 






































thereby impart to the plate a cupped or dished form. The edges of 
the plate are then trimmed and the partially formed axle-box is 
subjected to further drawing operations with suitable pairs of 
dies of decreasing cross-section until the axle-box has acquired 
approximately the shape of the desired finished axle-box, as 
seen in horizontal section Fig. 3. The axle-box is provided with 
bearing parts, &c., by treatment with suitable dies (Fig. 4). Figs. 
5, 6, and 7 are sections illustrating the finished axle-box, in which 
the grease box 16 and “‘ keep” 18 are peers formed separate from 
the ly of the stamped axle-box. (Accepted November 27, 1889). 

17,636. C. W.E. Marsh, Newport, Mon. Improve- 
ments in Chairs for Railway Crossings and Switches. 
(8d. 22 Figs.) December 3, 1888.—This invention relates to a 


A Fig.3. A 
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wrought-iron chair for railway crossings and switches 
ew dy an ae, or lips turned up out of the solid base-plate of 
the ne at an angle other than a nght angle to the base, to suit 





the angle of the railway crossings and switches, combined with 
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tapered keys. The chair shown in Figs. 1 and 2 in section and 

lan has the clip pieces C turned up from the solid base B at an 
inclination to suit the angle of the crossing or switch. The two 
rails R, R are bolted together with a distance piece or block D, and 
are held in position at the required angle by the clip C and the 
usual key K. Figs. 3 and 4 show a similar chair with the method 
of holding the two rails R, R down on the chair or base B without 
the use of a distance block D, which in this instance is replaced by 
a clip H secured to the chair or base between the two rails R, R. 
Figs. 5 and 6 show the chair as intended for the nose or point of 
the crossing, with distance pieces D, D between the rails R, R, R, 
and a bolt through them, the clips C being set up at the proper 
angle on the outer side, and the keys K, K being driven in as 
above. (Accepted November 6, 1889). 


909. A. G. Spencer, London. Improvements in 
Wheels. [6d. 2% Figs.) January 17, 1889.—This wheel is made 
of two thin circular plates of suitable metal, such as steel, each 
stamped or pressed by suitable dies to the cross-sectional form 
shown in Fig. J, so that each plate has an outer curved rim 1 and 
a flange constituting a hollow boss 2 at the centre, these parts 
being connected by parts 3, 4, and 5 that are respectively flat or 
approximately flat, so that when the two plates are placed together 
as shown, they form a wheel body having an elastic hollow rim 
and a hollow nave. 6 isa centre, lining, or bush constituting a 
hub that may be of cast iron placed within the hollow nave, formed 





by the bosses 2 of the plates and made with an external flange 7. 
The two plates are secured to each other and to the flange 7 of the 
centre 6 by any suitable connections, it may be by rivets 8 as 
shown. 9 is a ring of elastic material, such as india-rubber, 
arranged to fill the hollow wheel rim. 10 is a metal tyre surround- 
ing the wheel rim ; it is provided with an internal annular rib or 
projection 11 that is interposed between the juxtaposed edges of 
the two plates and enters a groove in the elastic ring 9 so as to be 
securely retained in place upon the wheel rim. In some cases the 
elastic rim 9, or the metal tyre 10, or both, may be dispensed with, 
the wheel then having in the latter case simply a hollow elastic 
rim. (Accepted November 27, 1889). 


14,399. N. weeowene, Buenos Ayres, Argentine 
Republic, South America. Improvements in the 
Construction of Rails for Tramways and Railwa 

and in the Means for Connecting the Lengthsof Ra 

and also Two Lines of a Track together. [6d. 4 Figs.) 
September 12, 1889.—The head A of the rail may be of any suitable 
section, and the underside of its base A! is dished, preferably of 
inverted Y form, spread out and enlarged so as to form a solid base 
which will rest upon and bed into the soil, thus doing away with 
the necessity for the employment of sleepers to receive the rails. 
In each of the lengths of rail is formed a recess in a portion of the 
web of the rail, so that when two lengths of rail are placed in line, 
a recess is formed of such shape that the two lengths may be keyed 
together and prevented from moving in relation to each other in 
a vertical plane. Over the joint formed by two abutting lengths 
of rails are placed fish-plates B, in the centre of which is an open- 
ing corresponding in shape to that formed by the adjacent ends 
of the lengths of rail to be joined, and in a position to coincide 












































therewith when the fish-plates are applied to the rails. A lock 
bolt is employed, the portion C of which is a to fit the open- 
ings in the a and in the web of the rails. A nut D screws 
on to the end of the lock bolt, to tighten and hold the whole firmly 
together, The fish-plates B mnt 6 further secured to the ends 
of the rails by bolts EB. The improved form of tie-bar employed 
for connecting the two lines of rail of a track together consists of 
bars F, the ends of which are of rectangular section and pass 
through holes of corresponding form mane through the webs of 
the rails, so as tokey with such rails and be prevented from turn- 
ing in the holes through which they pass. Three holes in each end 
of the tie-bar F are arranged so that when in a proper tion two 
of the holes in each end are outside each line of rails, while the 
third hole is inside the rails, and occupies a central ition 
between the other two. The s between the adjacent ends of the 
two sets of holes is rather less than the thickness of the web of the 
rails, A wedge G is driven into each of the holes in the ends of 
the tie-bars F. (Sealed January 7, 1890). 


ELECTRIC MOTORS. 


17,178. W. M. Mordey, London. Improvements in 
Electric Motors. [6d. 1 Fig.) November 26, 1888.—This 
invention has reference to alternate or periodic current motors. 
A principle of electro-dynamo rotation has recently been described, 
based on the combination of two alternating electric currents that 
are displaced in position and in point of time with regard to each 
other, and which produce an effect which is the equivalent of a 
rotating magnetic field. It has heretofore been sought to apply 


this principle to the construction of practical alternate current aa 


motors by using for the generation of alternate currents two 
dynamos having a certain difference between the phases of their 
currents, or it may be by one dynamo whose armature, being 
wound with two sets of coils or windings differing in position, 
produces currents of corresponding difference of phase. The 
currents so produced require three or four conductors to convey 
them to the motor or motors. The principal object of this inven- 
tion is to construct motors which will themselves cause the differ- 
ence of phase, and thus dispense with any necessity for special 


transmitted by two conductors instead of three or four. This 
result is obtained by causing the coils or winding of one portion 
of the field of the motor to be traversed by currents received from 
an ordinary alternating source, while currents induced in the 
armature are caused to traverse the coils or windings constituting 
the other portion of the field. The figure shows such an arrangement 
diagrammatically. F, F is the fixed portion or field magnet which 
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receives an ordinary alternating current by the terminals T, T. 
This current traverses the coils f, f. Other coils f1, f1 are provided 
on the fixed portion, and these are connected to a winding a @ on 
the armature or coring — A by means of the collecting 
rings C, C, and brushes 6, 6. Another winding or other windings 
al, a1, which‘are short-circuited on themselves, are provided on the 
armature A. An inductional resistance or imped coil L may 
be inserted in the circuit aa, ff as shown. (Accepted December 
4, 1889). 





REFRIGERATION. 


18,948. V. Popp Paris, Improved Methods and 
Apparatus for Compressed Air for the Pro- 
duction of Cold, [8d. 7 Figs.] December 28, 1888.—Accord- 
ing to this invention ee air taken from a supply main 
passes into a motor cylinder, where it gives up motive force, the 
exhaust being passed to the refrigerating chambers, whence it is 
afterwards drawn and compressed by the motor and returned to 
the supply main. In the arrangement illustrated the compressed 
air distributed by the slide d to the expansion cylinder a gives up 
part of its motive force to the crankshaft 7, and.also serves to 
compress in another cylinder b the cold air which is drawn in 
through the _ m and past the valve n from the refrigerating 
chambers. The relative volumes of the two cylinders are such 
that the work done in the compressing cylinder is nearly equal to 








that given off in the motive power cylinder. The exhaust of the 
air expanded in the cylinder a is effected by means of a slide 
valve e which is balanced by the pressure of the air upon a small 
piston f through a branch pipe g. The cold air escaping 
t the slide valve e is conveyed to the refrigerating chambers 
y a pipe 7. The slide valves d, e, are operated by means 
of two small cylinders A, ¢t. The air from the refrigerating 
chambers is drawn into and recompressed in the cylinder 
b and forced past the valve o through a pipe p back into 
the supply main. The small cylinder ¢ has for object to adjust the 
power absorbed by the compressing cylinder to that given out by 
the motive cylinder by increasing or diminishing the waste space 
—s ao) piston of the compressing cylinder. (Accepted Decem- 
or 4, 1889). 


MISCELLANEOUS, 


18,085. A. E. Tavernier, E. Casper, and G,. C. 
Fraser, London. An Improved Pressure Gauge. 
(6d. 3 Figs.) December 11, 1888.—a is a case in which is a 
flexible diaph b to receive the pressure of the steam or other 
fluid. Upon this diaphragm rests a piston c working in a cylinder 
cl, and connected by a link d with an arm e pivotted at f, the free 
end of which arm isattached to one end of aspringg insuchamanner 
that the pressure upon the diaphragm is communicated to and 
counterbalanced by the spring. The spring itself is carried upon 
a guide h, which is pivotted at h! to the case of the apparatus, 
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and is bent to the form of an arc of a circle of which the pivot hl 
is the centre. The pivotted arm e is connected by a link k to a 
toothed sector / pivotted at m, and engaging with a pinion n on 
the arbor o of an index finger p moving over a dial g, whereby 
the a of the spring, and quently p , is 
indicated. r is a rod connected to the free end of the arm e, and 
extending outside the case, the rod at its free end rl being 
adapted to receive a weight whereby the accuracy of the sprin 
in relation to the indicating mechanism can be tested. (Sealed 
December 24, 1889). 


18,663, H. S. Maxim, Crayford, Kent. Improve- 
to the Manufacture of Explosives 
and to Ap therefor, (8d. 2 Figs.) December 20, 
1888.—The object of this invention is to recover the solvents with 
which gun-cotton is treated for the production of explosive mate- 
rial, and which are generally evaporated and lost in drying the 








doubly wound or duplicate dynamos, and enable power to be 


product. A is a drying chamber in which pans B, B! are arranged 





one above another and extending alternately from opposite sides of 
the chamber A. A condenser C, which is connected with the 
upper end of the chamber A by pipes D, D1, is placed in a tank H, 
through which water is caused to flow, and is provided with a 
pipe J, through which the condensed solvent may be discharged 
into a receptacle K. The condenser C is connected with a heater 
F for heating the air on its return to the chamber A through the 
pipe G, which may be provided with a chamber M for containing 

ygroscopic material. The pans B, B! are each provided with a 
pipe @ for the introduction of the explosive material. A fan S is 
provided for causing the circulation of air through the apparatus, 
the operation of which is as follows: The pans B, B! being 
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charged, the fan S is started and air circulated through the heater 
F, up between the pans B, B!, where it absorbs the vapour of the 
solvent, and through the condenser C, the solvents being con- 
densed and discharged into a receptacle K, and the air again 
passed through the apparatus. Fig. 2 shows a modification, 
according to which the chamber A is heated externally by sur- 
rounding it with a casing N, through which steam is circulated. 
An air pump P is connected on the suction side with the chamber 
A and on the delivery side with the condenser P by pipes D, D!. 
On the pump P being started the volatile solvents are vaporised by 
the heat under the diminished pressure and pass over to the air 
pump, whereby they are delivered into the condenser C. (Sealed 
January 7, 1890). 


UNITED STATES PATENTS AND PATENT PRACTICE. 
er with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. 





THE KaTRINA PASSENGER ELEVATOR AT STOCKHOLM. 
—The Katrina passenger elevator in Stockholm, of which 
we published a description with illustrations a week or 
two ago, was last year used by 1,257,508 passengers, ave- 
raging 3445 passengers per day. is is the largest 
number of passengers who have used the lift during any 
one year, and exceeds last year’s by 100,351 passengers. 





THE DanisuH Coast.—A considerable amount of money 
and labour is constantly being expended upon the protec- 
tion of the Danish coast against the North Sea. Durin 
the ten years from 1875 to 1884 over 100,000/. were use 
for dams, breakwaters, dredgings of Thyborén Canal, &c. 
Since then the annual expenditure has amounted to some 
15,0002. to 20,0007. Similar amounts have been provided 
for in the budgets for the current and the next financial 
year, which, with a few — works, will bring the total 
expenditure up to some 250,000/. tor the last seventeen 
years, 





Tue Inventors’ InstituTr.—At the meeting of the 
Inventors’ Institute on the 15th inst., Dr. G. Danford 
Thomas, coroner for Central Middlesex, took the chair, 
when a paper was read by Mr. 8. J. Mackie, C.E., on 
“The Lessons to be Deduced from Recent Fires.” ‘This 
was followed by a paper by Captain Fairholme, R.N., on 
‘* The Loeb Respirator” for use against smoke, and one 
by Mr. M. Vinning, R.N., on his “High Pressure Fire 

ain System,” which has been adopted for the South 
Kensington Museum and the Small Arms Manufactory 
at Enfield. Kelly’s improved fire escape ladder and 
Faweett’s system of fireproof flooring were then shown 
and explained by those gentlemen. In the discussion 
which ensued on the important subject of fires and 
their prevention, the necessity was urged for legislation 
on the subject, and the Merchant Shipping Life-Saving 
Appliances Act of 1888 was cited as an example of what 
should be done, as by it a permanent committee has been 
appointed by the Board of Trade to examine and report 
upon life-saving 7 apreece at sea, with rules for providing 
for the safety = the crews and passengers. Resolutions 
carrying out these suggestions were proposed, and the 
discussion will be renewed at the next meeting of the 
Institute, on the 29th inst. 
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VICTORIAN GOLDFIELDS. 
SANDHURST. 


(By our SpEectaL CoRRESPONDENT.) 
(Continued from page 56.) 


Eaglehawk the rule is the same ; wherever slides 
are abundant, or two make from east and west, then 
join and go down, heavy gold is sure to be found 
a few feet below the junction. It may be observed 
in some cross-sections, notably in Landsell's 180 


Berore leaving the subject of saddle reefs it may | (Fig. 4) and Garden Gully United Company No. 1 
be well to notice certain peculiarities about those | shaft (Fig. 3), that the slide after passing through 


of the particular gold field under review. 


reef from north to south. 
that the superincumbent strata has travelled west 
in a general movement of the strata ; this explains 


why in sinking vertical shafts through the saddles, 
closest to the surface, that further down other 














Every 
main reef is cut by a slide dipping from west to) 
east, which always forms the wall of the east leg ;' 
the slide follows in the same plane the dip of the} 
It is therefore obvious | 


one reef and going down on the wall of the east 
leg for a considerable distance before the auriferous 
zone in the leg has turned back, crossing through 
the bedding planes of the rocks until reaching the 
so-called ‘‘centre country ” or anticline, and there 
again becomes the wall of another lode or saddle 
formation. From this it may be assumed that 
these main slides form a connection from saddle to 
saddle, and may be considered fissure veins form- 
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saddles are generally found to the eastward of the | 


vertical shaft (see Fig. 2 on next page, showing a 
vertical cross-section of the main shaft of the North 
Garden Gully United Company; in this the lava 
streak and bedding planes of the country rock are to 
be seen). The miner's popular way of explaining 
this is—that the country has slipped down to the 
eastward. It may also be observed that in pay- 
able saddle formations a slide intersects the reef 
above the saddle (see two cross-sections shown by 
Fig. 3), coming from the west and turning east 
with a wall of the east leg, where the leg of reef 
is observed to go down deeper and to carry a 
greater amount of gold than in ordinary cases ; 
short slides can be observed leading into it from 
the west. Adopting the theory of lateral secretions 
as the origin of the quartz in these particular forma- 
tions, all evidence points to the slides as being the 
carriers both of the quartz and the mineral con- 
tents of the lodes. This action can be seen in 
almost all of the mines at Sandhurst, especially in 
the rich ones ; evenin the different formations seen 
in the Black Leader and St. Mungo ‘“‘ backs ” at 








ing their payable ore bodies in the anticlines as 
being the point of least resistance. Ordinarily it 
can be noticed that the slide passes across the west 
leg and goes down with the east, and that the east 
leg is more laminated than the west, so it may also 
be inferred that in such cases the east leg is of later 
age than the saddle or west leg. The cross-sections 
of these reefs do not show very clearly the actual 
strata ; they only show what was visible at the 
time of the survey. Since they were made much 
has been done. Again, before survey much old 
work had been filled in, and was therefore in- 
accessible. Figs. 5 and 6 are excellent examples, 
showing the form of the saddle reefs; Fig. 6 
being cross-sections along the strike of one reef from 
its strongest point at the north to where it died out 
southward. Fig. 7 shows the cross-section of one of 
the reefs in a very remarkable mine—Watson’s 
Kentish ; out of 450 yards of one of the reefs over 
12 tons of gold were taken. This was a private mine 
of the late Mr. J. B. Watson, a Sandhurst 
millionaire. From 239 yards of a reef in the next 
claim (Fig. 2) 242,0001. worth of gold was obtained; 


many of somewhat similar sensational figures could 
be given. Returning to the cross-sections, it may be 
seen that ‘‘lava streaks” are generally present. 
Volcanic dykes are of common occurrence in the 
district ; they generally occupy the same strike as 
the reefs. These dykes vary in width from Lin. to 
5 ft. or 6 ft. Frequently they are divided into 
several branches, and pass without distinction 
almost vertically through the beds of slate and 
sandstone, and also through the reefs. Frequently 
they jump from one saddle to another along the 
course of the slides ; in other cases they take quits 
an independent line through the country rock, but 
pede adjacent to the line of reef. They have 
effected but little or no alteration in the rocks they 
pass through. They vary in shades from almost 
white to black, contain in places much olivine, in 
others mica, and from passing through all forma- 
tions indiscriminately are obviously of a later age 
than the reefs and have no important bearing upon 
them, being merely a characteristic feature of the 
goldfield. 

In the year 1852, the Government quarters 
or barracks at Bendigo were called ‘*Sand- 
hurst Camp,” and when the Government town- 
ship was being surveyed in about the year 
1855, the place was named the town of Sand- 
hurst ; this subsequently was changed to the 
City of Sandhurst, and a boundary laid out 
larger than that of any other city in Australia. 
Owing to this change of name there may be some 
confusion, as even now the place is spoken of by 
both names; it is the City of Sandhurst in the 
County of Bendigo in the Mining Division of 
Sandhurst. There are now 1348 heads of stamps 
at work in the mining division ; 298 steam-engines 
with an aggregate nominal horse-power of 6711 ; 
also 107 boring machines, chiefly rock drills 
driven by compressed air. The total value of this 
quartz mining machinery is estimated to be 
480,2041. In alluvial mining, chiefly in the outlying 
districts, there are employed 5 steam-engines, 
equalling 90 nominal horse-power; 30 heads of 
stamps employed in crushing cements and con- 
glomerates ; 3 steam puddling machines ; 14 horse 
puddling machines ; 414 sluices, toms, and sluice- 
boxes; 4 hydraulic horses, and 18 pumps; 
altogether estimated to be of an aggregate value of 
85451. The mining in the division gives employ- 
ment to 3609 white men, who are engaged in the 
various branches of quartz mining and milling, and 
in alluvial 628 whites and 174 Chinese find employ- 
ment, the total being 4411. The actual area worked 
upon covers about 20 square miles, and there are 
634 quartz mines. The. production of gold from 
the district during three months ending last June— 
which may be taken as an average measure of the 
work lately being done—is given as 36,226 oz. 8 dwt. 
14gr., of an average value of about 3/. 18s. 6d. per 
ounce ; of this quantity 34,400 oz. 15 dwt. 14 gr. 
was obtained from quartz mining and the remainder 
1825 oz. 13 dwt. from alluvial sources. The average 
yield from the quartz treated at Sandhurst equalled 
9 dwt. 16.6 gr. per ton ofore. The total quantity 
crushed during the quarter was 67,274 tons, and 
from this 256 tons of pyrites were saved, yielding 
616 oz. 6 dwt. of gold, being an average of 2 oz. 
8 dwt. 3.56 gr. per ton. 

To visit and inspect all the mines in this district 
would of course be out of the question and in- 
volve perhaps three months’ work, but I inspected 
about half a dozen of those that possessed some 
special features which make them representative 
of their particular class, and a!so collected informa- 
tion of some other properties which have done con- 
siderable work. The tendency on Sandhurst for 
some years past has been to prospect the ground 
by deep sinking. All the main shafts are vertical, 
and from these cross-cuts, 6ft. by 5 ft. or 7 ft. by 
6 ft. in hard ground are driven into the country 
rock at about every 100 ft. in depth in order to 
search for saddles or other bodies of quartz not 
passed through by the main shafts. Of course if 
anything is cut by the main shaft the legs are 
driven for by the cross-cuts and then worked up- 
wards by “‘ stopeing ;” the foregoing is the general 
procedure followed. Carrying out this course in 
order to test and work their properties, the follow- 
ing companies have made the progress detailed 
below, which will serve to give your readers some 
indication of the amount and direction of the work 
done by the principal mines on the principal 
Austialian quartz mining centres. This informa- 





tion is of the present state of affairs and may be 
entirely altered when the information is published. 
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VICTORIA GOLDFIELDS; SECTIONS 


Fig. 2. 







NORTH GARDEN GULLY UNITED C? 
MAIN SHAFT. 


OF MINES IN SANDHURST DIVISION. 


These lwo cross sections are on'the Garden Gully line, but at different points along its strike, distant ‘From each 


sillef shah, OOo abeee se level. other about % of a mile; they also show the same saddles or reefs which have been cut at different points on their strike.” 
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On the New Chum line of reef the South Bellevue | 
United Company have their main shaftdown 1000ft. ; 
they are cross-cutting at the bottom, and also at 


plant, winding engine, gear, &c. 
Young Chum, down 1400 ft., still sinking, cross- 


Shamrock, down 1800 ft., on payable stone ; and also at 1800 ft., on payable stone ; plant, wind- 
| ing engines, gear, &c. 


New Chum and Victoria, down over 2000 ft., just 


higher levels ; at present they are paying no divi- | cutting at lower levels ; company paying their way ; startedcross-cuttingat bottom ;plant, double-cylinder 


dends ; the plant on the property consists of a plant, winding engine, gear, &c. 

double-cylinder winding engine, hauling gear,, Garibaldi, down 1400 ft., now beginning to pay, | 

poppet heads, &c. | working stone at bottom level ; plant, winding | 
Eureka Extended, down about 1400 ft. and still engine, gear, &c., and stamper battery. | 

sinking, working payable stone at 1000 ft. and) New Chum Consolidated, down 1800 ft., working 

1250 ft. levels; not paying dividends ; plant, on payable stone at 1650 ft. ; plant, double-cylinder | 

double-cylinder winding engine, gear, &c. | winding engine, gear, &c., and stamper battery. | 
New Chum Railway, down 1900 ft., sinking and | 
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cross-cutting at lower levels; ‘‘ tributors”’* work- | at lower levels ; working payable stone at higher | 


ing at higher levels; company not paying divi-/| levels; plant, winding engines, and gear and 

dends ; plant, single-cylinder hauling engines, gear, | stamper battery, 

&c., pumps and stamper battery. | Landsell’s 222, down 1800 ft., on payable stone 
Shenandoah, down 2000 ft., found a reef by long in bottom ; plant, winding engines, gear, &c. The 

cross-cut at 1900 ft. ; in working this reef when| stone from this mine—also from Landsell’s 180, 

sinking a winze, water came in and stopped work | Landsell’s 90, and Landsell’s Colemans Tacchi and 

in this portion of mine. 





double-cylinder winding engines, gear, &c., and/ the line of reef. 

stamper battery. Lazarus, down 2000 ft., now opening out on pay- 
* A party of miners who lease the right from the com-| ®Dle stone at this level; plant, winding engines, 

pany to work their mine, either paying rent for the mine | gear, &c., and stamper battery. 

or a royalty on every ton of stone raised, O 





Now cross-cutting at) Landsell’s—is crushed at a large battery belonging | 
2000 ft. for known reef which is payable ; plant, | to Mr. Landsell, situated some distance back from | 


ld Chum, down 1900 ft., opening out at bottom, | 


winding engines, gear, &c., and stamper battery. 


North Old Chum, down 2100 ft., prospecting at 


bottom not payable yet; plant, double-cylinder 
winding engine, gear, &c. 


Landsell’s 180, down 2590 ft., still sinking, cross- 


cutting at 2300 ft. and 2400 ft. levels, have had no 
payable reef since the 1870 ft. level; plant, wind- 


New Chum United, down 1800 ft., cross-cutting ' ing engine, gear, &c. 


Fig. 6. — Cross Sections of Reef? 
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Victoria Quartz, down 2200ft., prospecting at 
lower levels ; plant, winding engine, gear, &c. 

Victoria Consols, down 1900 ft., on payable stone 
at bottom ; plant, winding engine, gear, &c., and 
stamper battery. 

Ironbark Company, down 1850 ft., prospecting at 
bottom ; plant, winding engine, gear, &c., and 
stamper battery. 

Hercules and Energetic, down 1600 ft. on pay- 
able stone. This company have twoshafts, 1000 ft. 
distant from each other ; plant, two sets of double- 
cylinder winding engines, gear, &c. 

Pearl, down 1400 ft., still sinking, prospecting at 
1000 ft. and 1250 ft. levels, The history of this 
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company is peculiar, they prospected for eighteen 
years without success, sinking during the time 
nearly 1400 ft., gold was then struck, and although 
32,0001. was expended before the first speck of gold 
was seen, they very shortly after got all their money 
back out of the mine. A fine milling plant was 
then erected, and just as it was finished the rich 
strike ran out; that was about six months ago ; the 
are still working vigorously. Plant, winding 
engine, gear, &c., and stamper battery. 

Great Extended Victoria, down 1300ft. still sink- 
ing, no gold found so far, but twenty years ago in a 
now unused shaft good gold was obtained ; plant, 
double cylinder winding engines, gear, 

New Victoria Catherine, down 1400 ft., opening 
out on a good prospect ; plant, winding engine, 
gear, &c. 

New St. Mungo, down 1400 ft., prospecting at 
bottom ; plant, winding engine, gear, &c. 

South Devonshire, down 1300 ft., still sinking, 
paying their way from upper levels; plant, wind- 
ing engine, gear, &c., and stamper battery. 

Catherine, down 1250 ft., on payable stone ; 
te two sets winding engines, gear, &c., also 

arge stamper battery. 

The foregoing comprise the deepest and what are 
erhaps the principal mines on the New Chum 
ine of reef. The following are afew of the main 

workings on the Garden Gully line of reef : 

Great Southern, down 1250 ft., now opening out 
on fair prospect ; plant, double cylinder winding 
engines, gear, &c., and stamper battery. 

Londonderry, down 2000 ft., since passing 300 ft. 
and 400 ft. levels, no payable stone has been ob- 
tained ; plant, winding engine, gear, &c., and 

umps. 

Garden Gully United, down 2500 ft., now cross- 
cutting at bottom, opening out reef at 1860 ft. 
level and working payable stone at 600 ft. level ; 
plant, two shafts, with double cylinder, winding 
engines, gear, &c., at each, and a set of pumps in 
one shaft, also stamper battery. 

Pandora, down 2300 ft., cross-cutting at bottom, 
payable at 1860 ft. level ; plant, double cylinder, 
winding engine, gear, &c., and pumps. 

Unity, down 2000 ft., prospecting at bottom ; 
plant, winding engine, gear, &c. 

North Garden Gully Carlisle and Pass-by, down 
2000 ft., struck reef at bottom, and driving along it, 
not payable yet ; plant, winding engine, gear, &c., 
and pumps, also stamper battery, owned jointly 
with Unity. 

Watson’s Kentish, down 1900 ft., and still sink- 
ing, opening out on payable stone at 1850 ft. level ; 
plant, winding engine, gear, &c. 

Johnson’s Gold Mines No. 1., down 1200 ft., and 
cut reef at bottom, with shaft, working from 900 ft. 
to 1200 ft. levels on payable stone all the way ; 
plant, double winding engines, gear, &c. 

North Johnson’s, down 1100 ft., at 860 ft. a saddle 
was struck and the eastern leg has been worked for 
some 240 ft., and there is yet no indication of its 
age out ; this great length is quite unusual, 

he western leg of the saddle has not yet been 
worked ; plant, double cylinder winding engines, 
gear, &c. 

Johnson’s No, 2, down 1400 ft. ; cross-cutting at 
bottom ; plant, double-cylinder winding engine, 
gear, &c., and stamper battery. 

On the Husiler’s line of reef the following are 
the principal mines : 

The City of Sandhurst, down 800 ft., just started 
sinking again. This mine is alongside the main 
street ; the engine-house shaft and poppet-heads 
are in the public gardens. The mine has hitherto 
been worked with varied success, prospecting being 
chiefly done in workings which run under the main 
street, the Mining Exchange, and some of the other 
principal buildings ; plant, winding engine, gear, 
&c., and pumps. 

Great Extended Hustler’s No. 1, down 1600 ft.; 
paying their way; plant, winding engine, gear, &c., 
and pumps. 

Great Extended Hustler’s, down 2000 ft.; struck 
ayable reef at 1900 ft.; now paying dividends. 
his mine has had a peculiarly chequered career. 

At one period of its kateny many of the shares 
were sold for the calls of 1s. each ; then a body of 
very rich stone was struck and shares gradually went 
to the value of 331. each, that is, taking into account 
the values of the shares of two ‘‘tribute” companies 
which were formed off the parent company, and 
shares of which were given to the holders of the 
original stock. The company then went on sinking, 
and for 1000 ft, went through barren country. 





Shares fell until they were again sold for 1s. calls ; 
when at about 1800 ft. an immense body of stone was 
struck, and shares again rapidly rose to sensational 
figures. The company are now working this stone 
from the 1900-ft. level upwards ; plant, double- 
cylinder winding engines, gear, &c., also pumps, 
Root’s blower, and stamper battery. 
Landsell’s Comet, down 1300 ft.; not payable 
et ; prospecting on reefs at 1200 ft. and 1300 ft. 
evels ; plant, double winding engines, gear, Xe. 


(Z'o be continued.) 
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Life of Charles Blacker Vignoles, F.R.S., &c., Soldier and 
Civil Engineer. A Reminiscence of Early Railway 
History. By his Son, O. L. Vicnotes. London: 
Longmans, Green, and Co., 1889. (Pages xx. +407, 
and 21 Illustrations). 

Tuts is the life of a man remarkable in many ways, 

and chiefly as a pioneer of our early railways. 

Born in 1793, he lost both parents of yellow fever 

in Guadaloupe in 1794 (his father, Captain C. H. 

Vignoles, being then a prisoner with the French 

after the capture), and was cared for for ten months 

by a French merchant (M. Courtois) there resident, 
until claimed by an uncle. Shortly after he re- 
ceived an ensign’s commission in the 43rd Regiment 

(when only eighteen months old!). 

Up to the age of eighteen he lived with his grand- 
father, Dr. Hutton (the eminent mathematician), 
at Woolwich, and is said to have assisted him 
throughout the preparation of his logarithm tables. 
About the age of eighteen he seems to have been 
apprenticed to the law. To this apprenticeship he 
owed his precision of expression, and to his con- 
nection with Dr. Hutton he owed his expertness as 
a calculator—both important factors in his future 
success. Soon after he became estranged from his 
grandfather, and then cancelled his law apprentice- 
ship. The natural consequence was an immediate 
battle with the world on an insufficient income. 

In 1813 he received his first effective commission 
in the York Chasseurs, and was present at the un- 
successful assault on Bergem-op-Zoom in 1814; a 
graphic account of his share in this is given in his 
own words. After this he served in Canada and 
Scotland, and was put on half-pay in 1816, and then 
served as extra (unpaid) aide-de-camp to General 
Brisbane at Valenciennes during 1816-17, living 
apparently only on his half-pay. With this at the 
age of twenty-five his military career ended. Here 
was indeed a strange and apparently inadequate 
education for eminence as an engineer. It may be 
said in fact that he was——like many of the early 
pioneers—a born engineer, not one by training. 

He married a Miss Griffiths in 1817. His 
marriage seems to have aroused his great working 
powers. He started as a surveyor in South Carolina 
in 1817, and executed large State and private 
surveys in Carolina and Florida from 1817 to 1822. 

He returned to England in 1823, just when rail- 
ways were in their early stage, and after being 
employed on various minor works, became (in 1824) 
engineer of the now famous Liverpool and Man- 
chester Railway, serving at first under, and after- 
wards along with both the Rennies and George 
Stephenson, sometimes in intimate association with 
them, sometimes in opposition. He assisted in the 
competitive trials of locomotive engines for this 
railway, wherein Stephenson’s came out victorious, 
though up to that time Ericsson’s caloric engine 
was Vignoles’ favourite. 

During the twenty years 1825 to ’45, he was em- 
ployed on railways and railway projects in England, 
Ireland, and the Continent, either as engineer or 
consulting engineer, too numerous to mention. 
Their mere names would fill up many lines. Many 
were successfully carried out, others remained as 
projects. Some amusing anecdotes are given of 
the difticulties of the early railways. Out of many 
may be selected part of a report by M. Thiers, 
after having seen the English railways : ‘‘As to 
railways, I do not think them suited to France ;” 
this was in 1834, and seems to have closed France 
to railways for ten years longer. Out of all these 
railways the most critical in Vignoles’s career was 
the Sheftield and Manchester Railway, of which he 
became engineer in 1836. To help the company 
through a crisis he bought up 1402 shares, which 
shortly after fell greatly in value, upon which the 
company enforced its claims on him. Vignoles 
behaved nobly ; he gave up all his property and his 
savings ; and thus, in 1839, at the age of forty-six, 


though one of the leading railway engineers of the 
day, was plunged into poverty. Then followed 
several years of struggle with poverty and debt. 

Perhaps the most interesting part of his life’s 
work is the history of the project and construction 
of the famous suspension bridge at Kieff (Russia), 
to which fifty pages are well devoted. Graphic 
accounts are given of Vignoles’s journeys in Russia, 
of the terrible floods of the Dnieper, and of the 
various accidents which occurred during the work, 
which lasted in all seven years (1846-53), and is a 
monument of the genius, engineering skill, and 
perseverance of the man. The accounts of the 
local difficulties with climate, contractors, work- 
men, and with finances and the Russian system of 
largesse, are all interesting. 

By this time (1853) Vignoles was sixty years old, 
i.e., five years older than the age of compulsory 
retirement from the public works in India ; but he 
worked on twenty years longer. He was employed 
on many railways and railway projects between 
1853-60, notably on the Bilbao Railway, in Spain. 
This obtained unusual notice on account of the 
British Eclipse Expedition cf 1860 having chosen 
the neighbourhood of Bilbao for its station ; its 
success was largely due to the help freely given 
by Vignoles and his staff. This railway was his last 
important work. 

Vignoles was also an eminent scientific man ; 
thus he was one of the founders of the Photographic 
Society and Photographic Journal in 1853, and was 
elected F.R.S. in 1855. He was elected President 
of the Institution of Civil Engineers in 1870, at 
the age of seventy-six, and died in 1875. Fora 
man of such eminence it will be felt that he did 
not receive sufficient public recognition in his life- 
time. But his works remain to testify of his long, 
laborious, and useful life. It issadto note that his 
son, Hutton, who helped him in many of his later 
works as resident engineer, &c., has passed away 
whilst these lines are being penned. 
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MODERN FRENCH ARTILLERY. 
No. V. 
BREECHLOADING MECHANISM. 

WE now come to a consideration of the methods 
employed in French practice for opening and 
closing the breeches of guns of all calibres, and 
this part of the subject will be most usefully con- 
sidered by reviewing the different standard systems 
employed by other countries which, with one 
notable exception, have all followed, with more or 
less modifications, the method first worked out in 
a practical shape by France. This is the inter- 
rupted screw system, in which the breech-block or 
plug used to close the rear end of the bore, is cut 
with an interrupted or stripped thread, so that its 
surface presents an equal number—six or eight— 
of smooth segments, and as many threaded ones. 
The seating in the bore of the gun to receive this 
plug, being cut in a corresponding manner, it fol- 
lows that the block can be thrust into the seat, the 
threaded parts of the former being opposite the 
smooth segments of the latter, and when home a 
partial revolution of the block fixes it in position, 
and, with the various devices which are employed, 
makes a secure and gas-tight closing to the breech. 
To go back to the commencement, in the year 1842 
Captain Treuille de Beaulieu submitted a report to 
the Minister of War, on rifled guns, in which a 
screwed breech-block is suggested. Certainly a 
part of the original credit for this must be 
given to the United States, where, in 1853, a 
Joint patent was taken out by J. P. Schenkl 
and A. S, Saroni, for an interrupted breech- 
block. Two years after, the English Government 
purchased six guns from a manufacturer at Boston 
in which the breech was closed upon the same 
principle, but they were absolutely useless owing 
to the crude and imperfect manner in which the 
work was carried out. Figs. 39 and 40 illustrate 
the arrangement ; a thread was cut in the enlarged 
end of the bore b, and a corresponding screw on 


proper facility in working the piece; while expo- 





the breech-plug « ; three longitudinal grooves were 
then planed out of the screw cut in the bore, and 
similar grooves were cut across the threads of the 
breech-screw. A collar was attached to the latter 
on which were mounted two small pinions d work- | 
ing in a rack upon the face of a bracket on each side | 
of the gun, and by which the breech-block was run | 
in and out and supported. This crude pian was) 
very speedily replaced by the independent work of | 
the earlier French artillerists into a practical 
form which contained the elements of the system | 
now so generally employed. One other invention | 
in the carly days of breechloading guns may be | 


suitable for all the known systems of obturation, 
especially the De Bange, which has proved so very 
successful.”’* 

1. Standard French System.—By gradual de- 
velopment the screwed breeches of Beaulieu and 
Verchtre de Reffye have grown into their present 
form ; and with the improvements of De Bange 
find a universal application in France. The 


De Bange system is of course only one of the 
several modificaticns in detail of the interrupted 
screw, and of which the more modern forms 
adopted by the Forges et Chantiers de la Medi- 
terranée, are also modifications. 





FIG 40 
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AMERICAN INTERRUPTED BREECH SCREW ; 1853. 
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BLAKELEY’S TAPER SCREW BREECH ; 1860. 
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mentioned here, as it contained the germs of a 
successful system, which, in combination with the 
stripped thread, has of late years been successfully 
introduced for guns of relatively large calibre. 
This is Captain Blakeley’s taper screw shown in 
Fig. 41, and which was patented in 1860. By this 
plan after the block A had been turned two or three 
times, it was free of the gun, and could be with- 
drawn along the slides provided outside for its 
support. 

The wedge system employed by Krupp finds no 
application in France, excepting in the special case 
of the Hotchkiss rapid-firing guns, in which, how- 
ever, the wedge is moved vertically, not horizon- 
tally as in Krupp system, and opinion in Englard 
has—rightly or wrongly—indorsed and imitated 
French practice. ‘‘ Wedge guns have found 
favour abroad, and there are several varieties 
of the wedge system; but the objections to this 
class are weighty ; it requires great length in the 
breech, which is the heaviest part of the gun, and 
the wedge itself too heavy in very large guns for 


sure of men at the side to the chance of escape of 
the gas is a serious objection to any wedge system. 
The plan adopted by Krupp appears to be an 
effectual method of closing the breech, and cer- 
tainly lends itself to strength of construction, but 
on comparison with the interrupted screw system 
the latter was found on the whole to offer superior 
advantages. The interrupted screw system had 
been adopted in many countries abroad, and had 
passed through satisfactory trial. Guns closed on 
this plan are lighter and more easily worked than 
those on any wedge system. With the Krupp 
wedge the obturation is sometimes very defective. 





This method also possesses the advantages of being 


Figs. 42 to 46, on the next page, illustrate with 
tolerable accuracy the system of breechloading 
followed in France in the Government gun factories, 
and designed by the officers of artillery of marine. 
The principal parts of the mechanism consist of the 
breech-block, which is made of steel, and on which 
is cut a screw thread, which is removed over three 
equal segments of 60 deg. ; the recess in the bore in 
which this block engages, is provided with three cor 
responding segments of screw threads and blanks. 
It is evident from this arrangement that one-sixth 
of a turn, which is always given from right to left, 
suffices to disengage the threaded portions of the 
block and seat, and to bring those on the former, 
opposite the smooth portions of the latter ; when in 
this position the block can be either withdrawn from, 
or introduced into the bore. In guns of moderate 
calibre this operation can be performed by hand, but 
in the larger natures, some mechanical appliance is 
necessary, such as hydraulic power, toothed gearing, 
or belt transmission. Secured to the end of the body 
of the gun, to the right of, and below the axis of 
the bore, are two brackets or supports for a vertical 
spindle which serves as a hinge, and two winches 
secure a console or bracket which can be swung to 
and fro upon this hinge. Two handles fixed to the 
rear of the breech-block as shown at P serve to 
withdraw the block from the bore, and deposit it 
upon the console, after the block has been libe- 
rated by one-sixth of a turn of the lever M; the 
form of the console S is curved to provide a fair 
seating for the breech-block, and has two raised 
guides formed upon it. After the latter has been 
withdrawn clear of the gun and is resting upon the 
console, the latter can be thrown back upon its 
hinge pin B, so as to clear the bore of the gun and 
allow the projectile and charge to be placed in the 
powder chamber. For smaller guns these opera- 
tions lie well within the power of the men during 
the work, but for the heavier calibres mechanical 
assistance, as above stated, has to be provided. 
Thus in the heavy 32 and 34 centimetre cannon, 
the breech-blocks of which weigh from 1500 lb. to 
2000 lb., while the system of swinging brackets is 
preserved, various devices are added to facilitate 
the manipulation and to insure safety. These 
devices in the calibres just mentioned comprise an 





* Official Treatise on the Manufacture of Guns and 
Text-Book of Service Ordnance. 
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endless screw for turning the loaded console back- 
wards or forwards ; a system of multiplying gear 
for entering the block or withdrawing it from the 
gun, and a rack and pinion for turning the block so 
as to open or close the gun. In the largest 
calibres, however, these appliances are insufficient, 
and the various movements are obtained by means 
of an endless chain and a hydraulic winch ; more- 
over, the temporary support of the breech-block 
is not attached to the gun but to the platform 
of the turret on which it is mounted. It is 
evident that in swinging the console fastened to 
the breech to and fro with its heavy load, con- 
siderable care must be exercised lest the block 
should fall from its somewhat limited support, and 
to prevent this the movement of the console is 
rigidly determined by a spring latch L which forms 
an efficient lock, either as soon as the block is 
swung into the position for receiving this block, that 
is when it is in contact;with the breech of the gun, 
beneath the block seating, or when it is turned back 
out of the way. 

Various safety devices are added to the breech- 
block mechanism to prevent the starting of the 
block from its seat when it is once in position, and 
to render premature firing, either from accident or 
carelessness, impossible. Fig. 43 shows a device 
adopted to secure the former object ; it consists of 
a spring latch V set in a recess cut in the breech of 
the gun, and so arranged that while the starting 
lever M can pass freely over it in going from the 
vertical or unlocked position, to the position 
marked in dotted lines and which represents the 
breech-block secured, it prevents the lever from 
passing towards the left and so opening the gun. 
Another safety device consists in the bolt E which 
slides to and fro in a recess marked on Fig. 43. 
This bolt serves several purposes ; it covers the 
fuze and prevents the gases from escaping out- 
wards ; it is provided on the underside with longi- 
tudinal grooves which, in the event of a premature 
explosion of the fuze, conduct the gases laterally 
towards the side of the gun; and it prevents 
premature firing because the detonator remains 
covered so long as the breech-block is not exactly 
in its proper place. The movement which it is 
necessary to give to this bolt in order that it may 
cover and uncover the detonator, is controlled by 
a groove formed radially with the bore in the back 
of the gun c!, Figs. 43 and 44; at the upper end of 
this groove is an enlargement into which the end of 
the bolt falls when the breech-block is locked. 
When the breech is completely closed, the point of 
the bolt falls into the enlarged part of the groove, 
and it can be lifted by hand far enough to permit 
the gunner to expose the nipple on which the 
cap is placed ; when the bolt is released the end 
within the groove falls upon the lower face of 
the enlargement, exposing the cap to the action 
of the hammer, and the gun can then be fired. If 
the starting lever is turned towards the left, the end 
of the bolt travels up the inclined plane, joining 
the enlargement with the goove, and the displace- 
ment thus produced is sufticient to cover the vent 
with the bolt so that it is possible to fire. Figs. 44 
and 45 are enlarged views of the bolt mechanism 
and its groove. In some cases the hammer which 
fires the charge, is mounted upon the bolt and is 
actuated by a spring ; this involves the introduction 
of additional safety appliances, so that the firing 
block becomes quite « complicated piece of 
mechanism. 

In order to make a gas-tight joint between the 
end of the breech-block and the gun, some efficient 
system of obturation is necessary. That shown in 

ig. 42 is practically similar to the Broadwell ring, 
which will be described hereafter in connection with 
the Krupp system of breech closing; this ring, 
which rests against the face of the breech-block and 
takes its bearing in an arris cut round the edge of 
the bore, is expanded under the action of the explo- 
sion and forms a very efticient gas check. 

De Bange Breech-Closing Mechanism, 1877.— 
Figs. 47 to 50 show the earliest type of the De Bange 
system as applied to an 80-millimetre (3.15 in.) field 
gun. At the date of this design (1877) no attempt 
had been made to adapt the plan to large calibres, 
and for small weights the bracket arrangement for 
supporting the block when withdrawn, was unneces- 
sary ; its place was taken then, as well as in the pre- 
sent types, by a ring hinged to the back of the gun, 
and through which the block is free to slide. The dia- 
meter of the powder chamber in the gun illustrated 
is 3.33 in., the breech-block seat being enlarged to 
3.78 in, as a maximum diameter, and to 3.52 in, at 


the threaded portion. The pitch of the screw is through its axis to receive the spindle of the mush- 
7 millimetres, and the threads are cut with a flat of room-headed obturator, the form of which, as well 
.5 millimetre. The jacket surrounding the inner,as of the gas check pad, are shown in the section 
tube of the gun projects beyond its rear face, andis Fig. 47. The spindle is drilled through for the 
finished with a chamfer, while the rear face of the fuze, and the opening in the mushroom head is 
inner tube is recessed for a portion of the circum- | bushed with copper. The end view, Fig. 48, shows 
ference of the breech seating to receive a corre- the breech in its locked position, and it will be seen 
sponding projection on the hinged ring. This latter from this figure that the lower end of the lever fits 
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THE DE BANGE SYSTEM OF BREECH CLOSING ; 1877. 


is attached by lugs on one side, to a hanger formed on | into a recesscut for itinthe jacket of the gun (Fig. 50), 
the jacket of the gun; the inner diameter of the ring | while on the right-hand side is also a recess formed 
is such as to allow the breech-block to slide freely to| to take a latch fastened on the ring. The action 
and fro when it is turned to the unlocking position. | of the mechanism is sufficiently obvious ; on the 
The front end of the block is somewhat reduced in} lever being raised, it can be used to turn the block 
diameter to fit the powder chamber, and on the} through one-sixth of a revolution, when it will pass 
rear is a curved handle by which the breech can | through the ring, by pullingon the handle at the back 
be moved to and fro, and lugs at the top of the | of the breech-block. On releasing the latch of the 





block for attaching the lever, The block is bored | ring thewhole mechanism can be thrown back clear of 
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the bore, and after the gun is loaded, a reverse opera- 
tion closes the breech. Figs. 51 and 52 are perspec- 
tive viewsof the latestform ofthe De Bangemechanism 
as made by the Cail Company. These views explain 
very clearly the forms and relative positions of the 
different parts ; they also show that the modifica- 
tions from the earliest type are quite insignificant, 
a sufticient proof of the importance of the De Bange 
invention and the perfection of the details when it 
was first produced. The only point to which atten- 
tion may be directed is the manner in which the 
ring is hinged to the gun. A recess is cut out of 
the jacket on the left-hand side, and a hole is 
drilled through to receive the hinge pin, a distance- 
piece being introduced between the ears on the 
ring to make the joint solid. The form of the 
latch on the ring is also shown, as well as the lock- 
ing recess for the end of the lever. 

Figs. 53 to 55 are diagrams showing the arrange- 
ment of carrier rings and the latch which forms an 
important detail in securing the breech mechanism 
of small calibres ; the latter is attached to the ring 
and has projections which catch into corresponding 
recesses in the outside jacket of the gun. It con- 
sists of the following parts: the latch bolt C 
mounted on a pin d ; the outer projection a, the 
lower projection b, the heel c, and the spring e. It 
will be seen from the diagram that this latch is car- 
ried in an enlargement of the ring immediately 
opposite the hinges a, a, and that the heel ¢ projects 
within the opening of the ring. When the man 
operating the gun throws up the main lever and 
turns it to the left, releasing the screwed portions 
of the breech-block from the corresponding sectors 
of the seat, he at the same time depresses the heel ¢ 
of the latch by forcing it against an inclined path 
in the breech-block ; this operation turns the 
bolt upon the pin d, compresses the spring e, and 
raises the upper point a of the bolt, at the same 
time lifting the projection b into a catch in the 
jacket of the gun. By this operation the carrier 
ring is free from the screw and for the moment is 
secured to the breech of the gun. Nowif the lever 
be pressed down, the cam upon it acting on the 
carrier ring forces the breech-block, out loosening 
the gas check, which has been expanded hard 
against the wall of the powder chamber by the 
previous explosion. The breech-block can then be 
drawn out of its seat through the ring by which it 
is supported until it strikes against the stop f; 
during this backward travel the heel of the latch c 
slides along the face of the breech-block until it 
falls into a recess cut in the latter, releasing the 
spring e, throwing down the lower projection b, and 
thus releasing the ring from the breech of the gun, 
and at the same time attaching it to the breech- 
block. For closing the breech the operations thus 
described are reversed. 

The De Bange obturating primer is illustrated by 
Fig. 56. It consists of the case a which passes 
through the centre of the breech-block ; of a spindle 
d with an enlarged head ¢, which fires the charge ; 
of a gland b within the tube a, and within which 
moves the wire d. The gland b is secured to a tube 
g, between the head of which and the base of the 
tube a, surrounding the gland b, is some plastic 
packing ; the head g is screwed to the tube h which 
projects from the rear of the breech-block ; this 
tube h has a long slot s formed in one side and 
within it, the termination of the wire d looped into 
a ring k, is free to slide. A bell-crank hung to the 
recess in the rear of the breech-block passes 
through the slot s and engages in the ring k; the 
other end of the bell-crank serves as a connection 
forthe lanyard. On pulling the wire d the fuze is 
fired, the pressure of the powder gases forcing out 
the plastic packing, and the enlarged head c sealing 
the opening in the gland b. 








SHIPBUILDING AND ALLIED INDUSTRIES. 

THE indications at the close of the year promised 
continued activity in the shipbuilding trade, but the 
first month of the new year closing to-day will be noted 
for the almost entire absence of new contracts. In 
Scotland only four vessels, which, combined, do not 
make up 2000 tons, have been booked by shipbuilders, 
and as great a dearth of orders is experienced in the 
north-east coast, and very few inquiries are in the 
market. But, after all, the shipbuilders do not com- 
plain ; on the other hand, they welcome this ‘ lull.” 
At the annual meeting of the _— Shipowners’ Asso- 
tion the other day, the Earl of Ravensworth spoke the 
sentiments of shipbuilder as well as shipowner, when 
he expressed the hope that the enormous output would 
receive a check. There are various reasons for the 
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check. - It does not now pay to speculate in ships. A 
‘year ago when everything favoured a rise, orders were 
placed ‘at comparatively moderate prices, and the ships 
when well advanced or completed were sold at a profit, 
in some cases a very substantial one. The prospect 
of sure employment, with, good freights, resulted in 
the building ofa large addition to the fleet of ‘‘ ocean 
tramps.” These conditions do not now prevail. Such 
speculation is not regarded as quite safe because with 
the possibility of less demand, contract prices might 
ease long before delivery can be had. Besides, freights 
are not quite so good. Vessels fixed for ocean voyages 
recentlyare getting rates of freight which will yieldfrom 
15 to 25 per cent. less profit than a few months ago. 
This is an effect of the great additions to shipping ; 
the evil of over-production seems to be commencing to 
work out its own cure. While there is no disposition 
to add to general cargo-carrying vessels, some com- 
panies who have regular lines still desire to secure 
steamers; but they abstain from committing them- 
selves, even although they have issued inquiries, be 
cause for the moment at least, the probable tendency of 
the market appears to be downwards so far as prices 
are concerned, 

It is difficult to account for this belief. In steel, 
iron, malleable iron, timber, and other constructive 
materials, prices are still firm at their highest, works 
being actively employed. But the effect produced by 
rapid movements in pig iron is remarkable. Lately 
there has been a sharp drop in Scotch pig iron war- 
rants, the decline from top being 12s. 2d. Within the 
first three days of the week the drop was 3s. 6d. 
Cleveland is 13s. 6d. down from top, and hematite 
13s. 3d. The prices on Wednesday were: Scotch, 
56s. 2d. ; Cleveland, 55s. 6d. ; and hematite, 69s. 6d. 
But the market is not an accurate barometer of trade. 
The situation is always exaggerated by the influence 
of ‘* bull” or ‘‘ bear” operators. At present there is 
a pretty heavy account for the fall, and the declining 
tendency of prices has had a depressing influence on 
weak holders, who have cleared out all disappointed, 
and some of them at losses. Special brands, too, have 
gone back from their high levels, but not to such a 
great extent as warrants. Against these facts must be 

ut the great decline in stocks, and that notwithstand- 
ing that shipments abroad have been a half what they 
were a year ago, Since Christmas 34,092 tons have 
been taken out of the public stores, so that there 
is a good consumptive demand. The cost of coal and 
of iron ore, both of which continue firm, with an ad- 
vancing tendency, will prevent even warrants going to 
a low level, and if there is a check given to the present 
downward movement, bear covering will operate ver 
largely. It is therefore impossible to indicate posi- 
tively what the future will bring ; that we have not 
reached the climax of the trade prosperity seeins, as 
Lord Ravensworth hinted, to be pretty clear. The 
present check is wholesome. It tedioaben that owners 
will not now build unless they have a real necessity ; 
it will allow builders to clear out the orders at present 
on hand, and which make up about a year’s work, and 
it will have the effect of showing to the men that the 
present extreme activity cannot last. 

The report of the general society of the United 
Society of Boilermakers and Iron Shipbuilders reveals 
the attitude the men mean to take regarding the 
National Federation of Shipbuilders, the formation of 
which we noted several months ago. We stated 
then that the idea was to secure a more reason 
able method of settling trade disputes, and one 
less injurious than strikes to the mutual interests of 
masters and men, Conferences resulting in amicable 
settlements have been held since, and there is no 
reason why masters and men should not manage to 
arrange disputes in a more rational manner than 
hitherto. Mr. McKnight the secretary, states that 
the federation ‘‘ may not do anything on an extensive 
scale to cripple the usefulness Hts society, but there 
is not any dependence to be placed on this.” Their 
duty, he contends, is to prepare themselves by getting 
into the society every man entitled to become a member, 
and by raising the capital of the society to 200,0001. 
To this end a resolution is to be considered to the effect 
that every member pay 10s, extra this year. It is to 
be hoped that, notwithstanding this attitude, which 
appears belligerent, work willmove satisfactorily along, 
and the men will see it to be their interest to con- 
serve the interests of the shipbuilding and engineering 
trades. 

During the month which terminates to-day there 
were launched from yards in Scotland twenty vessels, 
aggregating 23,432 tons, including a steamer built at 
Grangemouth named Edith, of 1850 tons, and one 
constructed at Aberdeen, of 1900 tons. The produc- 
tion of the Clyde yards includes eighteen vessels of 
19,782 tons, whereas the average output in January in 
the previous ten years was only 13,800 tons. In 1882 
the Scamass total was 24,880 tons, and that was really 
the only higher total. The larger vessels launched 
included the oil-carrying steamer Bremerhaven, and 
the Wistow Hall, of 3300 and 3200 tons respectively. 
Messrs. Russell launched a large four-masted sailing 
ship, as did also Messrs, Alex, Stephen and Son, 





THE NEW HAMBURG-AMERICAN LINER 
Te on: ‘“* NORMANNIA.” : 

Tue Fairfield Shipbuilding and Engineering Com- 
pany will launch from their yard on the Clyde ina 
week or so the twin-screw Atlantic passenger steamer 
Normannia, built by them to the order of the Hamburg- 
American Steam Packet Company. This company 
seems to be continually adding to their fleet, and each 
successive steamer is designed to be superior to its 
predecessor. They never keep a vessel until it becomes 
obsolete. It is sold and replaced; and thus their 
entire fleet of first-class vessels is renewed every ten 
or twelve years or so. Last year, it will be remem- 
bered, they added from the yard of Messrs. Laird, 
Birkenhead, the Columbia, a vessel which has done 
very well during the year, her sea speed being about 
18.7 ; while about the same time the Vulcan Company, 
at Stettin, contributed the Augusta-Victoria, a sister- 
ship, with a speed of 18.4 knots. 

In addition to the Normannia, on the stocks at Fair- 
field, there isin the Vulcan yard at Stettin another 
ship of the same type to be ready early next year. She 
is named Venetia. The Normanniaand her sister-ship 
are rather larger than last year’s vessels, being 30 ft. 
longer, 18 in. more beam, and 6 in.. greater depth 
moulded than the Columbia, while the displacement 
will be 1500 tons more, and the horse-power something 
like 1500 indicated horse-power greater. The speed, 
too, is to be higher. The principal dimensions of the 
Normannia are : 


Length 500 ft. 
Breadth _... ne oe ne .. 57 ft. 6 in. 
Depth moulded... Pa sft - 38 ft. 

» oOfbeld . re Tae. Seahnen, | eueniee eo 
Gross tonnage about... ase 8500 tons 
Displacement at 24 ft. draught oo. Sas 
First-class passenger accommodation... 420 

re 2 aan 
” ” be 700 

There are four decks running fore and aft, and 
a promenading deck, which extends about 400 ft., 
including poop and forecastle, the latter being con- 
nected with the promenade in the centre by broad 
gangways. The tops of the houses on the prome- 
nade deck are arranged for second-class passengers’ 

romenade, and in addition the p is reserved 
for them. Internally the vessel is divided by eleven 
transverse bulkheads, extending to the upper deck, 
and the only doors in these are on the main deck, 
far above the water line. Indeed the lower deck is 
above low-water level. The compartments in which 
the engines are placed are divided by a longitudinal 
bulkhead. The boilers are placed in three separate 
compartments, and between each compartment there 
are large coal spaces, and these again have each a lon- 
gitudinal bulkhead built in the centre line of the ship. 
A similar coal space is built up in front of the forward 
boiler space, to afford additional protection. This 
division of the ship, coupled with the fact that there 
is a double bottom, with arrangements for water 
ballast, shows that the designers have availed them- 
selves of recent developments for securing safety. 
Thirteen ordinary lifeboats, in addition to a large 
number of semi-collapsible boats, will be fitted above 
the promenade deck in such a way as not to interfere 
at all with free passage. 

On the promenade deck are some of the principal 
public rooms in the ship, and these will be most ele- 
gantly furnished and decorated, but in the present 
article it will be sufficient to indicate the arrangement 
of the passenger accommodation, leaving the adorn- 
ment of the different rooms to be dealt with when the 
vessel is completed. Forward are the ladies’ saloon and 
music-room, in juxtaposition, and decorated in Re- 
naissance style. On this deck also, is the first-class 
smoking-room, an apartment 44 ft. by 20 ft. It is to 
be ‘‘ treated” internally as an old-fashioned wine 
house, which will please not only the lovers of the 
antique in art, but will bea delightful change from 
the sombre walnut, with tile panelling, now so common 
as to be oe and even unattractive. There isa 
retiring room for ladies and another for gentlemen on 
this deck. Abaft the engines is the second-class 
smoking-room, and ladies’ saloon. 

The principal room oa the upper deck is, of course, 
the first-class dining saloon, which occupies the whole 
width of the ship excepting an outside passage on 
either side, and extends in length over 70 ft. In addi- 
tior to side windows, light is admitted through a well 
and cupola above, adjoining the ladies’ saloon. The 
entrance is by a vestibule with grand stairways to the 
promenade deck and to the decks below, and here it 
may be noted that in no case has a passenger to go on 
the weather deck to get to any of the public rooms in 
the ship, as there are suitable covered passages. In 
the principal dining saloon and in another on the deck 
below, nearly 400 first-class passengers may dine at the 
same time. On this deck also are several suites of 
rooms for first-class passengers. Abaft the dining 
saloon are the officers’ quarters, and the departments 
associated with the cuisine, while the kitchens are 
between the boiler casings. The second-class dining 





saloon is abaft the machinery, and is about 40 ft. by 
30 ft., having accommodation for about 120., Under 
the poop on the main deck are the third-class gal- 
leys, &c. 

The main deck is almost solely taken up with state- 
rooms. Here the ship is divided by the water-tight 
bulkheads. The forward space is taken up by the 
sailors, the next by petty officers, the third with state- 
rooms for first-class passengers, the fourth with a first- 
class dining saloon in the centre and state-rooms on 
either side. On the sides of the boiler casings and of 
the machinery compartments are arranged lavatories, 
bath-rooms, &c. The second-class state-rooms are 
abaft the engines, and in the extreme stern are rooms 
for the stewards. 

The steerage passengers have their rooms arranged 
on the lower deck, where also several of the stewards 
and crew areaccommodated. On the orlop deck are to 
be fitted provision and store-rooms, ice houses, &c. 

There are a large number of derricks, capstans, and 
winches for working the cargo and assisting in 
manceuvring the ship when in port. The steam steer- 
ing gear is by Messrs. Muir and Caldwell, Glasgow. 
An installation of the electric light is to be fitted on 
board, and the engines will be ilasainnt of the pro- 
pelling machinery of the ship. 

The vessel is to be driven by twin engines of the 
triple-expansion three-crank type. As we hope later 
to illustrate the engines, we will only in the present 
article deal with the principal dimensions and features 
of the machinery. The high-pressure cylinder is 40 in. 
in diameter, the intermediate 67in., and the low- 
pressure 106 in., and the stroke of piston is 5ft. 6in. 
The piston valves are worked by the usual double 
eccentric link motion. There is one fitted to the high- 
pressure cylinder and two each to the intermediate 
and low-pressure cylinders. The shafting is of steel 
throughout, and has been supplied by Messrs. John 
Brown and Co., Limited, Sheftield. Fach set of engines 
is fitted with one of Brown Brothers’ combined steam 
and hydraulic reversing engines. Two centrifugal 

umps, for circulating water through the condenser, 

y Messrs. W. H. Allen and Co., are to be placed in 
each engine-room. One of these in each engine has a 
connection with the bilge, so that in case of accident 
to the ship it can be used for pumping out the water. 
The air, feed, and bilge pumps are worked by a sepa- 
rate engine, having three cylinders, independent of 
the propelling machinery. Weir’s. evaporator, feed 
heater, and pumps are also to be fitted on board. 

In each of the three stokeholds there is fitted a 
duplex feed pump, any one of which can feed the 
boilers in either stokehold. They have also bilge and 
ballast tank connections. In one of the stokeholds is 
fitted a large ballast pump, which is connected to a 
complete arrangement of piping to all the ballast tanks 
throughout the ship. - 

There are constructed for the vessel nine double- 
ended boilers, of steel, and these are arranged in three 
separate water-tight compartments, with large coal 
bunkers athwartship dividing each boiler compart- 
ment. The diameter of each of the boilers-is 16 ft., 
and the length 18 ft. There are in each eight furnaces 
with Fox’s corrugated flues, making in all seventy-two 
furnaces. For the perfect ventilation of the stokeholds, 
and to assist draught, there are two fans, 6 ft. in dia- 
meter, in each of the stokeholds. These fans, which 
run at a low speed, have been supplied by Messrs. 
Allen, Lambeth. The coal bunkers have a capacity for 
2900 tons. The propeller bosses are of steel supplied 
by Messrs. Brown, and the three blades in the twin 
propellers are of manganese bronze. 

With the boilers working at a pressure of 160 lb. to 
the square inch, the engines are expected to indicate 
at least 14,000 horse-power, and the speed of the ship 
will be 19 knots an hour. 

Like the Columbia, the Normannia will have three 
funnels, but will only have two pole masts, while the 
former had three masts. With a straight stem and 
elliptical stern, and the funnels well spread out, she 
has a balanced appearance. 

During construction the vessel has been superintended 
on behalf of the owners by Captain Meyers, naval 
superintendent for the company, and Mr, Richards, 
engineering superintendent, while the resident in- 
spectors are Mr. Ad. Wimmel and Mr. C. Reuter. 

The construction of the Columbia, Augusta-Victoria, 
Normannia, and Venetia, for the Hamburg-American 
Company, and of other equally speedy vessels for 
other companies, naturally brings the company pro- 
minently before the shipping world at the present time, 
and emphasises what has already been said about the 
great progress Germany is making in the formation of 
a mercantile marine. It is said that last year there 
were constructed for the town of Hamburg alone, over 
fifty steamers. Three new German companies have 
been formed quite recently and have received the 
Government stamp of approval. These are for run- 
ning regular trading steamers to Australia, Calcutta, 
and the east coast of Africa. 

The Hamburg-American Company have a history 
which clearly exemplifies the progress we have hinted 
at. Formed in 1848, the company at first depended 
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on sailing ships, named after the rivers of the Father- 
land, and the sailings were at long intervals. Almost 
coincident with the Crimean War they turned their 
attention to steamers, and the Prussia and Hammonia, 
which were amongst the first vessels built for them, 
were chartered by the British Government for trans- 
porting troops to Sebastopol. In 1864 a weekly service 
was started between Hamburg and New York, and 
now about forty-two steamers are engaged in the ser- 
vice. The first-class high-speed vessels call at South- 
ampton, where they usually take on board a large 
number of first-class passengers. The second-class 
vessels, carrying a limited number of first-class pas- 
sengers and many emigrants, make a call at Havre, 
and in addition there are other boats for special occa- 
sions. Five vessels are engaged in the service between 
Hamburg and Baltimore, and fifteen run between 
Hamburg and the West Indies, the despatches in the 
latter case being six a month. Some of these call at 
Havre, and others at Grimsby. In 1885 the company 
established a service between Stettin and New York, 
running first fortnightly, now every ten days, and itis 
proposed to make the sailings weekly. For thirty 
years the company has been building in this country 
almost regularly, principally on the Clyde, Caird, 
Inglis, Thomson, Dobbie, and now Fairfield having 
added to the fleet, vessels which, while maintaining 
their respective reputations, helped to stimulate the 
prosperity of the Hamburg-American Company. These 
historical notes are given principally to show the posi- 
tion Germany is assuming, not only in shipping, but 
also by inference in the export trade of the world. The 
rapid growth of the native fleets and of their sailings 
from German ports show that their foreign markets 
are extending, as the cargoes, with the exception of 
small additions at Havre, are very largely of German 
merchandise. Besides, the thousands of emigrants who 
weekly leave the Fatherland during the season are not 
likely, by the natural order of things, to forget the 
land of their nativity. 





RAILWAY EYESIGHT TESTING. 
To THE EDITOR OF ENGINEERING. 

Sir,—Amid the storm of condemnation which was 
poured down upon railway companies at the meeting of 
the Society of Arts, it is quite a relief to read your prac- 
tical article last week. The medical occulists and scientific 
gentlemen are certainly “‘ exaggerating the dangers on 
railways to a fearful extent.” 

I have taken the trouble to look over ENGINEERING for 
s»veral years back, and I have looked over Board of Trade 
returns for fifteen years, and I cannot find any record of 
any accident due to ‘‘colour blindness.” f 

According to your article an engine-driver did ask for 
a return of accidents due to that cause, but he obtained 
no answer ; and no wonder, as there are nosuch accidents. 
It is a grand idea for a number of occulists to meet and 
to agree that the present ‘‘tests are wrong,” that the 
public and the companies take no interest, and so forth. 

But, Sir, in justice to the companies, I should like to 
ask for the foundation upon which all these charges are 
placed? Will any doctor write to your paper and give us 
some proofs that there are dangers to the public through 
men not being able to seesignals? Will they give proofs that 
any railway man ever caused an accident through colour 
blindness, or to place some limit, let us say within twenty 

ears ? 

. If, asI firmly believe, there is no such case to be found 
within that time, I think the a against the com- 
panies and the servants are unfounded. Dr. Carter has 
stated that the present railway tests are liable to cause a 
servant to be improperly rejected ; as you say, if true, 
that is a real ground of complaint. The medical occulists 
seem to be trying to consider the question of theoretically 
perfect sight, but on railways that is not to be expected 
nor is it required, good sight for all practical purposes is 
all that is wanted. 

Railway managers want men who can _ always see their 
signals, and always stop clear of a red light, or a signal 
arm at danger, and if men can see signals that is all that 
is essential. Yours truly, 

January 25, 1890. Rattway May. 





CIVIL ENGINEERING AS A PROFESSION. 
To THE Eprror oF ENGINEERING. 

Str,—Is it not time that some steps were taken towards 
putting the profession of civil engineering on the same 
sound footing as that of law or medicine ? , 

Should not civil engineers have the same professional 
protection as is accorded to barristers and doctors of 
medicine ? 

I would advocate the institution of compulsory exami- 
nation for all candidates for civil engineering. 

Some time since the question was discussed by the 
students of the Institution of Civil Engineers; but no 
practical steps have been taken in the matter. 

It has been argued that to impose a compulsory exami- 
nation might deprive the country of possible successors to 
Watt, Stephenson, and other men of genius born in a 
humble s inn but in these days of board, high, and 
science schools that argument falls through. 

_ It would, of course, be unnecessary and absurd to 
impose qualifying examinations on those already in prac- 
tice, but why not require all those who are joining the 
ranks of the profession to undergo a preliminary exami- 
nation (exempted in certain cases) in general education ; 
and after the lapse of (say) five years to submit to a fur- 





ther test ; as to their acquaintance with the science (and 
selected branches of the art) of civil engineering ? 

At present the title C.E. is meaningless ; and its use is 
deprecated by the Inst. C.E. 

oes a profession, I ask, gain in prestige or dignity b 

the fact that every local surveyor and valuer can call 
himself a C.E. ? 
_ Formerly an engineer received the whole of his training 
in the office ; but now-a-days only the art of civil engi- 
neering can be acquired there ; the sctence which underlies 
it must_be learnt elsewhere—at the universities (Cam- 
bridge, Dublin, Glasgow, Edinburgh, or Manchester), 
at such institutions as King’s and niversity College, 
London, Cooper’s Hill, the Crystal Palace School, or in 
science classes. 

As evidence of the practical necessity for such training 
I cannot do better than quote from the presidential 
address of Sir J. W. Bazalgette, to the Inst. C.E. 

** Those, however, who seek to follow the profession in 
these days without careful preparation, combining with 
sound practical experience, the mathematical and scien- 
tific principles that lie at the root of all engineering . . . 
will soon be left behind in the race.” 

And again in a letter to ENGINEERING (November 2, 
1888), Mr. John Strain, the well-known civil engineer of 
Glasgow, writes : 

‘*T take no pupils into my office who have not had a 
college training, and it is exceptional if I take them at 
all, unless they have taken their B.Sc. degree. 

* As an example of the value I puton this, I make the 
term of pupilage three years instead of four. I place the 
highest value on a sound theoretical training for a young 
engineer ; that he cannot get in a good office doing plenty 
of work. 

“Not so long ago, engineering structures of mark were 
of masonry. The design of masonry structures is more 
or less a matter of rule-of-thumb and experience, deduced 
from no scientific data orformule ; but now large struc- 
tures are mostly of steel, the proper design of which 
involves not only an exact knowledge of the manufacture 
and properties of steel, but of the strains it will safely 
bear, and the most economical means of disposing of the 
metal to transmit the strains to the piers or abutments.” 

That the more ambitious of the younger members of 
the profession are taking the matter into their own hands 
is evidenced by the increasing number of the students of 
the Inst. C.E., who can append the title B.Sc., B.E., 
A.K.C,, or F.C.H. 

In instituting the K.I.B.A. examinations, British 
architects created a worthy precedent, which, I think, 
British civil engineers might follow with advantage. 

Yours faithfully, 
PROGRESS. 


WILLIAM MURDOCH. 
To THE EpitTor OF ENGINEERING. 

Sir,—I thank you for your insertion of my letter of last 
week on the sun and planet motion of William Murdoch. 
To aid me in a sketch I am preparing of this distinguished 
man of science I shall be glad if you will kindly extend 
your courtesy still further by permitting me through your 
columns to ask your readers to favour me with any items 
of fact or anecdote bearing on his life and inventions. 
Besides being the inventor of the sun and planet motion; 
the D slide valve, which displaced the older cumbrous 
and complicated arrangement of levers and valves, and 
other equally radical and important improvements on the 
stationary engine, he was the first to discover and apply 
coal gas as an illuminant and as an economic substitute for 
oil, tallow, &e. Yours, &c., 

ALEX. Murpocu. 

2, Berlin-place, Pollokshields, Glasgow, Jan. 28, 1890. 











100-TON CRANE AT BELFAST. 
To THE Eprror oF ENGINEERING. 

Srr,—We observe in your issue of yesterday a descrip- 
tion of above crane. It ought to be stated that the special 
features and general arrangement of this crane are in 
accordance with a design and specification we gave to the 
Harbour Commissioners in July, 1887, on the understand- 
ing that it was to be constructed by us. A similar crane 
to lift 60 tons, made by us for Port-Glasgow, was described 
in your issue of December 11, 1885. 

Yours truly, 
Gro. RUSSELL AND Co ‘ 
Alpha Works, Motherwell, near Glasgow, Jan. 25, 1890. 








VALVE GEAR FOR THREE-CYLINDER 
ENGINE 


To THE Eprror oF ENGINEERING, 

S1r,—In reference to the description and illustration of 
‘* Wilson’s Valve Gear for Triple Engines” in last week’s 
number, allow me to say that I applied a precisely 
similar valve gear to a set of triple hydraulic pumps some 
time ago with very enmaiee, r= 

ours truly, 
Cuar.es H. Scorr. 
Sheffield, January 28, 1890. 





AUTOMATIC STOKEHOLES. 
To THE Epiror or ENGINEERING. 

Srr,—Your issue of June 21 contained a letter statin, 
that the announcement that Messrs. Abram Lyle an 
Sons, sugar refiners, London, had ordered our automatic 
conveyor for fourteen of their boilers, was incorrect, and 
that they had only ordered our patent system for five 
boilers, on the condition that it be removed if it did not 
work to their satisfaction. 

In fairness to ourselves you will now allow us to state 
that Messrs, Abram Lyle and Sons report that the system 


gives them the highest satisfaction. They have ordered 
our patent conveyor for another range of nine boilers ; 
and the system gives the same satisfaction at other fac- 
tories where it has been adopted. 
Yours faithfully, 
New Conveyor Company (Limited), 
Per C. T. C. 
6, Great St. Helens, London, January, 1890. 





SMELTING BY LIQUID FUEL. 
To THE Eprror or ENGINEERING. 

S1r,—Referring to the letter of ‘‘ Enquirer,” of Moscow, 
in your journal of the 10th inst., I beg to state that I am 
interested in a furnace for melting steel and other metals 
by the use of liquid fuel, and I shall be pleased to com- 
municate with him upon the subject of his letter if he will 
write to me at the address given below. 

C. A. SAHLSTROM. 

10, Colville Gardens, Bayswater, London, Jan. 30, 1890, 





BENZOLINE LAMPS. 
To THE Eprror or ENGINEERING. 

Sin,—We have had in use for some years several dozen 
ordinary cast-iron benzoline hand lamps generally used in 
—— shops with sati-factory results ; but we are now 
informed by an insurance company that they do not con- 
sider them safe, and they suggest that some other method 
of illumination be adopted. 

We shall therefore feel obliged if you or any of your 
readers can tell us of any other instance where the use of 
these lamps has been objected to, and, if so, what illumi- 
nant was substituted. 

January 30, 1890. J. 





SHIPBUILDING IN Norway.—The Norwegian shipyards 
have been very busy during the past year, but the 
financial result for the yards may not be quite so satis- 
factory as might have been expected, as foreign com- 
petition has been very keen. The Norwegian shipbuilding 
establishments now claim being able to turn out work of 
perfect class ; but of course they labour under the dis- 
advantage of having no iron or steel works in the country, 
and they always seem to experience a very considerable 
amount of difficulty in completing their contracts within 
the stipulated time. There is also an increasing difficulty 
about getting sufficient capable hands. 


CATALOGUES.—We have received from Messrs. Archd. 
Edmeston and Sons, of the Cannon-street Engineering 
Works, Salford, a copy of their illustrated catalogue for 
the current year, describing the bleaching, dyeing, print- 
ing, and finishing machinery manufactured by this firm. 
Upwards of half a hundred machines of different kinds are 
illustrated and described, but prices are attached to but few 
of them. The engravingsare well executed and the printing 
good.—We have received from Messrs. Ransomes, Sims, 
and Jefferies, Limited, of the Orwell. Works, Ipswich, a 
copy of their new catalogue, describing the steam engines 
and other machinery now being manufactured by this tirm. 
The catalogue consists of 76 pages with fully illustrated 
descriptions of the firm’s — the most noticeable, 


of which are perhaps the flour mills for colonial service, 
which have been designed with a special view to easy 
transport. 





A SwepisH METEoRITE.—At the last meeting of the 
Swedish Geological Society Professor Nordenskiiéld 
showed the meteorite which fell at Sundsgard, a few 
miles from Engelholm, Sweden, on April 9, 1889. The 
meteorite was secu at once for the Swedish State 
Museum at a considerable sacrifice, and the circumstances 
of the fall were described by several eye-witnesses. Some 
described the sound as an explosion or a shot from a 
cannon, after which a sort of piping sound appears to have 
been heard, like an organ, says one of the witnesses. The 
light of the meteorite was extinguished with the explo- 
sion. The meteorite was, as usual, surrounded by a 
smelted shell, the result of the friction against the 
atmosphere. Otherwise it consists of a heavy greyish 
lump, about the size of a head, evidently only forming a 
fragment of an original larger body. It consists of 
chondrite with specks of metallic iron. 





Tue Exxecrric Licut ar Leeps.—The Leeds Town 
Council considered the question of electric lighting on 
Tuesday. The discussion was opened by Alderman 
Spark, who moved a resolution refusing the consent of 
the council to grant provisional orders authorising any 
company to instal the electric light in the borough, and 
calling upon the Electric Lighting Committee to report 
— on the question to the whole council. Mr. Spark 
said the electric light had made remarkable progress. 
The installation placed in the Fine Art Gallery only cost 
21. 188. 9d. per lamp, and had been completely successful 
while previous installations carried out by the counci 
cost 8. 14s. 8d. per lamp. If there were an installation 
in the central business part of the town, many tradesmen 
would no doubt avail themselves of it. If carried out on 
a large scale, he believed the electric light could be sup- 
plied at about the same price asgas. Mr. Cooke, who 
seconded the resolution, said there was proof of the abso- 
lute necessity of the Leeds Council going in for electricity 
and providing it with its own staff. Alderman Scarr 
moved an amendment consenting to one or more Leeds 
electric lighting provisional orders. He contended that 
so far there had en no proofs of the success of electric 
lighting. Mr. Dawson seconded the amendment. After 
considerable discussion, the resolution was carried ; and 
the Parliamentary Committee was instructed to take steps 
to ee three provisional orders whieh had been 
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THE SCREW TUG “KATHLEEN.” 
BUILT AND ENGINED BY MESSRS. COX AND CO., ENGINEERS, FALMOUTH. 





























WE illustrate by our two-page engraving 
this week the steel screw tug-boat Kathleen, 
built and engined by Messrs. Cox and Co., 
of the Docks Iron Works, Falmouth. We 
also give further views of the engines of the 
Kathleen on the present and opposite pages, 
and we annex a perspective view of the vessel. 
The Kathleen is 120ft. long between per- 
pendiculars by 20 ft. beam and 14 ft. deep, 
and is the largest and most powerful tug yet 
built in the West of England. The scantlings 
are in excess of Lloyd’s requirements for the 
highest class. As will be seen from Figs. 1 
and 2 of our two-page engraving, and the 
eneral view annexed, an awning or shade 
deck extends for about 60 ft. of the vessel’s 
length, and a turtle-back is fitted over the 
stern for the accommodation of the native 
crew, the vessel being expressly built for Indian 
service, 
Coal bunkers are placed on either side of the 
boilers, and a cross-bunker forward of the fore 
boiler. When coal is burned down the vessel 
is trimmed by a ballast tank placed forward. 
All the details of arrangement are most com- 
plete for a vessel of this class, and include 
Clark, Chapman, Parsons, and Co.’s patent 
steam windlass. 
The engines, which are illustrated by Figs. ; = " 
3and 4 on our two-page engraving, and Figs. 5, =: = 
6, and 7 on the present and opposite pages, are : ah a f a 
of the triple-expansion type, with cylinders 16 in., | is adjustable. The vessel’s first run (of forty-seven | engines gave out an indicated horse-power of 600, an 
26 in., ber 43in. in diameter, and 28 in, stroke, and days) was to Rangoon, and at the end of this period | the speed attained by the vessel was 12 knots. 
ave fitted with Sisson’s patent valve gear, which has the _ did not require overhauling. Steam is sup- 
the usual advantages over ordinary link motion | plied at 1501b. working pressure from two large hori- | 
claimed by gears of this class; there are also no | zontal return-tube boilers, each being fitted with two| Dexcimat Coinace.—The Mexican Government. has 
sliding working parts, and throughout the gear lof Fox’s patent corrugated flues, On the trial trip the | decided to adopt decimal coinage as from January, 1890. 
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ENGINES OF THE SCREW TUG 


“KATHLEEN.” 


CONSTRUCTED BY MESSRS. COX AND CO., ENGINEERS, FALMOUTH. 
(For Description, see opposite Page.) 
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JAMES WATT. 
James Watt and the A pplication of Science to the Mechanical 
Arts, 


By ARCHIBALD Barr, B.Sc. 
(Concluded from page 101.) 

THE increase of his business and his approaching mar- 
riage led him to give up his rooms in the college, and in 
partnership with a man of some little means he opened a 
shop in the Saltmarket. Some three years later he 
removed to more commodious premises, ax we learn from 
an advertisement in the Glasgow Journal of December 1, 
1763, to the effect: ‘‘ James Watt has removed his shop 
from the Saltmercat to Mr. Buchanan’s land in the Tron- 

ate, where he sells all sorts of Mathematical and Musical 
nstruments, with variety of Toys and other goods.” His 
connection with the University was, however, still main- 
tained after he had gone into the toy business. He 
remained on terms of the most intimate professional inter- 
course with the science professors, and enjoyed their 
friendship in a more neers way in the club which they 
frequented. 
is abilities and knowledge were so extraordinary, and 
so widely did they become known, that his contemporaries 
seem to have considered him well-nigh omnipotent in all 
matters pertaining to practical mechanics. When an organ 
was required for a masonic lodge in Glasgow, Watt was 
asked to build it, though it was well known that he had 
no ear for music, and could hardly tell one note from 
another. But in this matter we have revealed to us the 
secret of his success, and the chief lesson which his life 
must have for you who are entering upon the profession 





* An inaugural address delivered in the University of 
Glasgow, November 11, 1889, 


which he followed and so greatly adorned. He called 
science to his aid where his experience and his natural 
gifts failed him. He studied the principles which must 
guide him from ‘‘ Smith’s Harmonics,” and by a thorough 
| understanding of the ‘“‘theory of the beats of imperfect 
| consonance,” he produced an organ which won the 
| approval and even the high commendation of musical 
men. Nor did he make organs alone, but fiddles, flutes, 
| and other musical instruments came from his hands. Dr. 
Robison further tells us that, ‘‘ Hardly any projects, such 
|as canals, deepening the river, surveys, or the like, were 
| undertaken in the neighbourhood without consulting Mr. 
Watt; and he was even importuned to take charge of 
| some considerable works of this kind, though they were 
such as he had not the smallest experience in.” 

After he had married and had begun to feel the neces- 
sities of a wing family pressing upon him, he forsook 
his original occupation of instrument making, and took 
| to land surveying and civil engineering. 

It is worthy of passing remark that both Watt, who 
may be looked upon as the founder of modern mechanical 
engineering, ae y Smeaton, who holds a correspondin 
place in regard to civil engineering, were mathemati 
instrument makers by trade. 

Watt made a survey for a Forth and Clyde Canal, and 
this involved his appearance before a Committee of the 
House of Commons. I fear, however, that he would not 
have succeeded as a promoter of great national schemes 
in civil engineering work, as he seemed to lack some of 
the qualities necessary fur success in the launching of 
such projects. Indeed, he had enough of Parliamentary 
committees on this one occasion, as appears from a letter 
to his wife written from London about this ‘‘confounded 
Committee of Parliament.” He writes—‘‘TI think I shall 
not long to have anything to do with the House of 
Commons again: I never saw so many wrong-headed 








peaks on all sides gathered together. As Mac says, I 
lieve the Deevil has possession of them !” 

He persevered, however, with civil engineering works 
ona considerable scale, and attained some celebrity in 
this branch of the profession, in river improvements, 
bridge, canal, and harbour works. Perhaps the greatest 
of his civil engineering works were his survey for the 
Crinan Canal and a survey for a canal between Fort- 
William and Inverness along almost the same line as that 
followed by the Caledonian Canal afterwards constructed 
by Mr. Telford. 

Here I must make a brief digression to explain Watt’s 
place among the inventors of the steam engine. 

The earliest workers in the investigation of the powers 
and applications of steam were, naturally and necessarily, 
peo and scientific men, according to their times, 
rather than mechanics. Such were Porta, Rivault, De 
Caus, the Marquis of Worcester, Huyghens, and Savery, 
who labou in the seventeenth century. With the 
beginning of the eighteenth century the steam engine may 
be said to have passed from the hands of the philosophers 
to those of the mechanics. The essential details for an 
engine of a kind had been invented, and the scientific 
principles and data had been sufficiently discovered. The 
mechanical arts had so far progressed that the parts of 
the engine could be constructed, though indeed in a very 
rude manner. All that was wanted was a mechanic of 
ability and resource to take the matter in hand. Such 
discovered himself in Thomas Newcomen, the blacksmith 
of Dartmouth. 

e miners of Cornwall had begun to encounter diffi- 
culties in their search for richer minerals at deeper depths 
than they had hitherto attempted to reach, owing to the 
frequent flooding of the mines. Necessity produced her 
proverbial offspring. Newcomen constructed engines 
which were much in demand for mine pumping. In these 
engines steam at atmospheric — was admitted 
under a piston, which, by the descent of heavy pump 
rods, was caused to rise to the top of the cylinder. The 
communication with the boiler | Bathe been closed and 
the cylinder cooled by the application of water on the 


outside, the vacuum produced caused the piston to 
descend, a the pump rods and water. 
To prevent the access of air to the cylinder while the 


vacuum existed under the piston, Newcomen maintained 
a layer of water on the top of the piston. One day, 
while watching one of his engines at work, he was sur- 
prised to see it animated with unwonted vigour, and, 
searching for the cause, he found a hole in the piston 
which allowed the water to leak into the cylinder, 
accelerating the condensation, ‘and producing a much 
better vacuum than he had previously attained. This at 
once suggested to Newcomen the expedient of injecting 
condensing water into the cylinder, instead of applying it 
to the outside. This and other improvements, including 
the self-acting gear which the valve-boy Potter contrived, 
to afford himself leisure from his duty of turning the 
cocks at each stroke of the engine, enabled Newcomen to 
produce much improved engines, whose only fault in the 
eyes of his clients was that they were too greedy in fuel. 

A model of Newcomen’s engine belonging to the Uni- 
versity, and still preserved as one of the treasures of this 
place, was intrusted to Watt for repair in 1763. This 
circumstance could hardly fail to produce great results. 
Watt had all the necessary knowledge of science, he 
could work with his own hands, and further he possessed 
the instincts of a student and those of a scientific dis- 
coverer. Dr. Robison again says of him: ‘‘ Everything 
became to him a subject of new and serious study, every- 
thing became science in his hands.” Watt studied the 
model, experimented with it, discovered its wastefulness 
of steam, and set to work systematically to find the 
cause. He made numerous experiments, in the course of 
which he discovered the latent heat of steam, the theory 
of which had shortly before been worked out by his friend 
Dr. Black, unknown to Watt. He arrived at and clearly 
enunciated the principle which must underlie any attempt 
to greatly reduce the waste of fuel in the Newcomen 
engine. e saw that the chief source of loss lay in the 
cylinder being cooled at each stroke only to be reheated 
at the expense of the new charge of steam. He laid it 
down as an axiom, as he himself tells us, “‘ that to make 
a perfect steam engine, it was necessary that the cylinder 
should be always as hot as the steam which entered it, 
and that the steam should be cooled down below 100 deg. 
in order to exert its full powers.” 

This led at once to his first great invention—from 
which all the others flowed—that of the separate con- 
denser. The invention was fully worked out in his 
mind while he was taking an afternoon walk on Glasgow 
Green, and in a few days he had it put to the test of 
experiment. 

ere then we have characteristic examples of two pro- 
cesses of invention. Newcomen, the blacksmith, made 
his success through accidental observation; Watt, the 
man of science, made his great invention by reasonin 
founded upon the knowledge of the laws of nature, whic 
he had acquired through a long course of study and ex- 
riment. There was no accident here, his method was 
und to lead him to the desired result. 

Watt’s other inventions are too numerous to mention, 
and most of them—such as the parallel motion, the 
governor, and the steam engine indicator—are well known 
to have come from him. But the very multitude of his 
inventions makes his name be little associated with some 
of his most fruitful works. Had he made no other in- 
vention, or had he been of a more self-assertive disposi- 
tion, his name would probably have become known 
wherever business is conducted, in connection with his 
invention of the method, still almost universally in use 
of copying letters by means of the copying press. 

It would seem to be the common fate of all great and 
novel inventions to raise a storm of opposition from thos 
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whom they are most calculated to benefit. . Dudley’s 
invention of the process of smelting iron by means of coal, 
instead of charcoal, brought him only persecution from 
the ironmasters, and the destruction of his works by 
rioters at their instigation. The steelmakers of Sheffield 
attempted to get the Government to prohibit Hunts- 
man from mE nd his great invention—the cast steel 
process—and nearly succeeded in driving the cutlery 
trade out of their own hands, and out of Sheffield. David 
Mushet’s discovery that the ‘‘ wild coals” were ironstones 
of great value, excited for years a strong prejudice against 
him in the minds of the ironmasters of Scotland, who 
have ‘since made not only their own fortunes, but in 
great measure the Scotland of to-day, through the .work- 
ing of those blackband ores. , Nelson's invaluable: in- 
vention of the hot: blast’ for smelting furnaces was not 
only ridiculed by the ironmasters, but so stoutly: resisted 
tat for years he was unable to get it even tried on a 
»ractical scale. So again the landed proprietors, who 
ad perhaps most to gain from the opening up of com- 
munications through the ‘country, strongly opp the 
early railway projects. They supposed that. they were 
to be reduced to beggary by the “infernal railroads,” as 
one landowner called them, declaring that ‘he ‘‘ would 
rathér meet a highwayman, or see a burglar on his 
premises, than an engineer!” Many more such instances 
inight be quoted. . 

We need not, therefore, be surprised to find that Watt’s 
copying process, though brought out practically in its 
present state cf perfection, found little favour at first 
with many business men; but it is curious now, after 
the invention has for more than one hundred years been 
almost indispensable to the class of men who then resented 
its introduction, to read of the bitterness of the opposi- 
tion which it met with. The fear that “it would lead 
to the increase of forgery” ran so high, that on one occa- 
sion when Smeaton and Boulton (Watt’s partner) were 
sitting in a London coffee house, they heard a gentleman 
exclaiming against the copying machine, and “wishing 
the inventor was hanged and the machines all burnt.” 
No one could attempt to estimate the value to the world 
of this single invention, and still comparatively few 
people now know to whose labours and knowledge they 
owe the boon. 

As an example of his more purely scientific work, I 
need only refer in passing to the part he took in the dis- 
covery of the composition of water, which gave rise to a 
long and somewhat bitter controversy. 

T have referred to the patronage and protection which 
the University stmtel to Watt at the most critical 
period of his life, and the aid which he received from the 
science which he learned within its walls. The senate 
of those days earned for their ancient University the im- 
mortal credit of having started James Watt upon that 
series of inventions which have so altered all the condi- 
tions of life and labour. 

The happy results which have flowed from this early 
patronage of the mechanical arts, and the application to 
them of the science of our predecessors, here need not be 
dwelt upon, and cannot enumerated. Everywhere 
they are apparent, and every day they are being added 
to and extended. Old arts are giving place to new, and 
“the Scottish brass-smith’s idea,” to quote the words of 
Carlyle, ‘‘is rapidly enough eaenag | the whole old 
system of society.” To the labours of Watt, and there- 
fore, in a considerable measure, to our predecessors on 
the senate of this University, we owe the first necessary 
steps in the modern scientific development of the arts 
both of peace and of war. 

In later times again, the senate of this University, by 
its liberal encouragement of applied science in the labours 
of another great master of the art of .invention—labours 
carried out, I believe, in the very rooms in which Watt 
worked and studied—has been largely instrumental in 
bringing about another of the greatest and most beneficent 
changes in the conditions of the lives of men. If through 
the labours of Watt the Atlantic Ocean may be said to 
have been narrowed from a month of discomfort and 
danger to a week of ease, so largely through the labours 
of Sir William Thomson, the separating sea may almost 
be said to have ceased to exist as a barrier between the 
thoughts and lives of men of our race. These are among 
the greatest and most beneficent of the applications of 
science to the wants of man. 

In_ past s when the universe was supposed to be 
divided against itself, when cne system of laws was 
believed to govern the higher manifestations of the 
creative power, and quite another and baser set of prin- 
ciples to underlie all that concerned man’s immediate 
material surroundings, we cannot wonder that the pursuit 
of the arts of construction and production were deemed 
beneath the notice of the noblest and most gifted men. 
Then the mechanical arts stood apart, and deserved and 
required no place in the universities, because they had 
little or no connection with other departments of thought 
and action. For it is the function of a university to 
teach not what is limited and isolated in human know- 
ledge, but to teach each separate department of knowledge 
in its relations to all pe nag Now, however, when we 
see in all nature the manifestations of one and the same 
code of never-changing, never-varying laws, surely we 
may look upon the work of the engineer in *‘ directin, 
the great sources of power in nature for the use an 
convenience of man” as a vocation as noble, and as 
worthy of the highest order of mind, as that of the 
scientific discoverer, who deciphers, from their mani- 
festations in nature, the principles which the engineer 
applies. And, surely, when a new application of the 
laws of nature is invented, which will open fresh possi- 
bilities in the lives and actions of man, he by whose genius 
and knowledge it is created, may with as much joy and 


“* See “The Unity of the Sciences,” by Principal Caird. 





pride cry out, ‘‘ Eureka, Eureka,” as may he who first 
discovers a new and far-reaching principle of the universe, 
and sheds fresh light upon a dark page of the book of 
nature. 

In the present state of man’s p , when the aid 
which science can give to the arts has not been fully 
accepted and made use of, devotion to the’ creative arts 
may not demand for success the exercise of a mind so 
richly endowed and cultured as is necessary for the 
inquiry into the secrets of nature ; still in itself it may 
even appear to be of a — form of exercise of the 
powers with which man has been endowed. Bacon indeed 
asserts—‘‘ The introduction of new Inventions seemeth to 
be the very chief of all human Actions. . . . Inventions 
make all Men happy, without either Injury or Damage to 
any one single Person. Furthermore, new Inventions 
are, as it were, new Erections and Imitations of God’s 
own Works.” 

And if it is unnecessary, as I have said, at least in this 
University, to plead the cause of education in the sciences 
applicable to_the work of the engineer, it is equally un- 
necessary to dwell upon its value in addressing resent or 
future members of the engineering profession. a proof is 
wanted of the value set by engineers themselves upon 
such a course of study as that which enabled Watt to 
strike out into new and untrodden paths in invention and 
discovery, surely it is to be.found in the liberal support 
now being given in all parts of the country towards the 
founding and equipment of schools of engineering 
science. 

Almost every university, university college, and tech- 
nical school, now offers instruction in the science of 
engineering, and the support extended to these schools 
has not stopped with the founding of chairs and lecture- 
ships. Laboratories have been erected and equipped in 
which experimental investigations may be made on 
matters relating to engineering principles and practice. 

There is, I fear, a rather common impression that an 
engineering laboratory is merely a workshop in which 
students are instructed, or supposed to be instructed, in 
handicraft work. It is not so in most cases, and it ought 
not to be so. There are perhaps three principal subjects 
in engineering science which lend themselves especially 
to, and indeed demand, experimental treatment, and 
those are the three subjects in relation to which my three 
monenes 8 in this chair are so widely known and highly 

onoured in the engineering world. Professor Gordon is 
principally known in connection with his work on the 
strength of structures, Professor Rankine’s fame largely 
rests upon his invaluable contributions to the science of 
thermodynamics and its application to the theory of the 
steam engine, and my immediate predecessor, Dr. James 
Thomson, will ever have an honoured name where the 
science of hydraulics is studied or applied. An engi- 
neering laboratory should be fitted up with the appliances 
necessary for the carrying out of experimental investi- 
gations in at least those three subjects or groups of sub- 
jects. 

Testing machines should be provided by aid of which 
experiments may be made on the strength and elasticity 
of the materials used in civil and mechanical engineering 
construction, and on the strength and stiffness of elemen- 
tary structural parts, such as columns, struts, and beams, 

A specially designed steam boiler and engine should be 
nein so that the students may be instructed in the 
experimental methods of investigating the economy of 
steam engines and boilers. No doubt the results obtained 
from such an engine as can be provided and used in a 
college laboratory cannot be an Pt te guide as to the 
results that will be obtained from engines undcr all the 
conditions of ordinary practice, still the methods of 
accurate engine testing in the use of indicators, friction 
brake dynamometers, and other appliances, and in the 
quantitative determination of the various losses of energy. 
can be taught and practised, and it must be remember 
that such education in methods and principles, and not 
the imparting of separate facts and data to be remembered, 
is the main object of a university course. 

The wegen oof equipment should further include a set 
of tanks and other hydraulic apparatus to enable the 
students to carry out for themselves such experiments in 
the gauging of water, the efficiency of hydraulic motors 
and kindred subjects, as those which Dr. Thomson has 
carried out with so much ability, and such lasting benefit 
to engineering practice. Many minor subjects may also 
be experimentally treated in the laboratory with great 
advantage, such as the friction of lubricated and non- 
lubricated surfaces, and the efficiency of different methods 
of transmitting power. 

Such matters cannot be learned in the ordinary course 
of pupilage or apprenticeship. The functions of engineer- 
ing laboratories are thus referred to by Professor Kennedy, 
F.R.S., who must, in large measure, be regarded as the 
founder of the system now almost everywhere adopted : 
‘*In an ordinary pupilage a sone Seainest does not have 
much opportunity of studying such things as the physical 
properties of the iron and steel which he has to deal with, 
nor the strength of those materials, nor the efficiency of 
the machines he uses, nor the relative economy of the 
different types of engines, nor the evaporative power of 
boilers, ese things, however, are oat types of many 
others about which it 1s essential, not only that he should 
know something, but that he should form some definite 
abeg opinion. . . Theyare, toa wonderful extent, suited 
to set the student free from the thraldom of the engineer- 
ing pocket-book (making ‘every man his own Molesworth,’ 
as it has been put), by helping him determine for himself, 
or at least to see practically how other people have deter- 
mined, all the principal engineering constants, from the 
tenacity of wrought iron to the calorific value of coal, or 
the discharge coetficient of an orifice. Further, a healthy 
scepticism of uncritical generalisations, or of uninvesti- 
gated facts, is fostered by nothing so surely as by a 





personal and practical knowledge of what accurate expe- 
riments really are.”* | . > 

And not only do such laboratories supply a connecting 
link in the engineer’s training between his work in the 
lecture-room and his dealings with actual matter and 
energy in the practice of his profession or trade ; but they 
enable the college work to “ maintained in close con- 
nection with the engineering practice of the district, by 
supplying a want often felt, and largely taken advantage 
of where supplied, of an institution in which may 
carried out tests for materials and other experimental 
investigations required by local engineers in the course of 
their business. | 

Such laboratories are now too numerous to mention in 
detail, but I may refer in passing to those of University 
College, King’s College, and the Central Institution in 
London ; those at’'Oxford University, at Cooper’s Hill, 
at Bristol, and at Birmingham ; at Edinbu Univer- 
sity, at University College, Dundee, at the Heriot-Watt 
College, Edinburgh, and at the Glasgow and West of 
Scotland Technical College. The Victoria University 
has admirable laboratories in each of its three colleges 
at Manchester, Liverpool, and Leeds. There is the 
splendid Whitworth Engineering Laboratory at Owens 

ollege, Manchester, and the laboratory which I had the 
honour and privilege to design and conduct at the York- 
shire College, which was erected and equipped at a cost 
of 10,000/., entirely subscribed by the engineers of Leeds. 
But all these that I have named have now, in some 
respects, been put into the shade by the magnificent 
Walker Engineering Laboratories opened a week ago at 
University Colin biteapoc: which have been provided 
at a cost of 20,000/., through the munificence of Sir 
Andrew Walker, a Scotchman resident in that city. 
Need I say in echo of the words of a letter from Sir Wil- 
liam Thomson regretting his inability to be present at the 
inaugural ceremony of these laboratories, that ‘“‘I am 
most envious of them for Glasgow.” 

Glasgow is second perhaps only to London as a centre 
of civil engineering practice, and has further been called, 
not inaptly, the metropolis of mechanical engineering. 
Should not the example, then, that has been set by every 
other town in which am science is taught, be 
followed here? And what could be more fitting than 
that an engineering laboratory, worthy alike of this city 
and of the traditions of the chair which I have the honour 
to occupy, should be erected in this University, to which 
the engineering world, and through it the world at large, 
owes so much, as a meniorialof the genius and a tribute 
to the services of James Watt? Such could not be more 
fittingly dedicated than in the eloquent words of Lord 
Brougham inscribed upon the Watt monument erected in 
Westminster Abbey by the King and Parliament: ‘‘ Not 
to perpetuate a name which must endure while the 

saceful arts flourish, but to show that mankind have 

earned to honour those who best deserve their gra- 
titude.” 

And now a single word to those who are entering upon 
the study of science with a view to its application in 
engineering work, and who naturally look with anxiety 
to the future. Let Watt's life afford you an example, 
and his success an encouragement. Get all the science 
you can, and blend it with a thorough practical experi- 
ence, and you will find in your own careers a verification 
of the old Persian proverb, ‘“‘ A stone that is fit for the 
wall will not be left in the road.” 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday’s pig-iron 
market was characterised by a quiet feeling, and even in 
speculative quarters there was very little excitement ; 
still there was a large amount of business done at both 
meetings of the ‘‘ ring,” and prices for a time were firm. 
In Scotch iron warrants the variation in price did not 
exceed 4d. per ton. No cash business was done in Cleve- 
land iron, but at one month the prices varied 3d. per ton, 
and the close showed a recovery of 3d. The price of 
hematite iron varied to the extent of 5d. per ton, the 
close showing a decline of 44d. The settlement prices at 
the close were th iron, 60s. per ton; Cleveland, 
58s. 9d.; hematite iron, 74s. 103d. per ton. The specula- 
tive account was reported to be much against the 
market in consequence of the high price paid for 
loans. For carrying over pig iron the change was 
down to 6 per cent. from Wednesday, although some 
brokers paid as high as 10 per cent. A large amount 
of business was done in the warrant market on 
Friday forenoon, but sellers predominated, and prices 
experienced a sharp drop. It was stated that annulate 
who bought at high prices were realising on account of 
the weakness of the market, and because a large amount 
of iron was due for settlement. In respect of Scotch iron, 
the variations in prices did not exceed 4}d. per ton. 
Cleveland iron was offered at 3d. per ton lower in the 
forenoon, and the price in the afternoon was still easier 
to the extent of 3d. Hematite iron was more largely 
dealt, there being a number of holders selling, and prices 
consequently suffered a heavier fall—being at the close 
1s. lid. under the previous day’s final quotation. The 
rag settlement prices were—Scotch iron, 59s. 74d. per 
ton ; Cleveland, 58s. 3d. ; hematite iron, 73s. 9d. per ton. 
There was a quieter tone in the market on Meats , and 
a large amount of business was done, especially as the 
forenoon meeting of the ‘‘ring.” Some parcels of Cleve- 
land and hematite iron have lately been added to the 
stocks in store, and this fact is exerting a certain amount 
of depression in the market, so far as those kinds of iron 





* See Kennedy on ‘‘ Engineering Laboratories,” Minutes 
of Proceedings of the Institution of Civil Engineers, 
vol. 1xxx viii. 
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areconcerned. A considerable number of oversales were 
covered on Monday, and that circumstance helped to 
keep the quotations from declining further. ' tch 
iron lost 74d., Cleveland 1s. 14d, and hematite iron 
1s. per ton, the closing settlement prices being, ~ re- 
spectively, 59s., 57s. 14d., 72s. 9d. per ton. A very 
extensive business” in warrants was done yesterday, 
some brokers placing large lots on the market, which 
became greatly demoralised, and prices suffered a severe 
collapse. Some heavy selling took place, both forenoon 
and afternoon. In the afternoon, however, the pres- 
sure of the heavy lines that were offered was too great 
for the buyers, and the quotations fell off very considerably. 
Scotch iron dropped in price to 57s. 10d. per ton, but sub- 
sequently rallied to 58s. 14d., marking a decline on the 
day of 10d. per ton. Cleveland finished off 6d. below 
Monday’s close, while the price of hematite dropped 
1s. 14d. per ton. to 71s. 9d. Clearing out was the prin- 
cipal feature of the pig-iron market during the forenoon 
to-day, and some heavy losses are said to have been made. 
The price of Scotch iron fell to 56s. 9d., with buyers offer- 
ing 1d. per ton less. For Cleveland the lowest point 
reached was 55s. 11d. per ton, but a rally took place, and 
the closing quotation was 56s. 1d., and the price of hema- 
tite iron went down to 70s. cash and 70s. 9d. one month, 
buyers offering 14d. per ton less. On yesterdays’s closing 
prices the fall was 1s. 44d. for Scotch, 44d. for Cleveland, 
and 1s. 9d. for hematiteiron. In the afternoon still lower 
prices were accepted—56s. 2d. for Scotch iron, 55s. 2d. for 
Cleveland, and 69s. 44d. for hematite iron. Several of 
the special brands of makers’ iron have also come down in 
price during the week. There are still 88 blast furnaces 
in actual operation as compared with 79 a year ago. 
Thirty are working on hematite ironstone, eight are 
making basic iron, and fifty are making ordinary iron. A 
furnace has been changed from ordinary iron to hematite 
at Coltness Works, an ordinary furnace has been put out 
at Shotts, and one has been put in to make hematite iron 
at Summerlee Iron Works. Last week’s shipments of 
pig iron from all Scotch ports amounted to 4899 tons 
against 8158 tons in the corresponding week of last year. 
‘They included 321 tons for Italy, 115 tons for Germany, 
200 tons for Holland, smaller quantities for other 
countries, and 3733 tons coastwise. The stock of pig iron 
in Messrs. Connal and Co.’s public warrant stores stood 
yesterday afternoon at 910,254 tons, against 917,069 tons 
yesterday week, thus showing for the week a decrease of 
6815 tons. 


Shipments of Machinery, &c., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from the 
Clyde, reported last week, included the following : Marine 
engines, sugar-crushing, coal, and other machinery, of 
the value of 11,5001., Co gg 4 for Sydney, Singapore, 
Demerara and Trinidad, Buenos Ayres, Philippine 
Islands, Bordeaux, and New York; sewing machine 
parts, for Rouen, Lisbon, Passages, Seville, and Calcutta, 
valued at 6902/. ; blooms, billets, plates, bars, and other 
steel goods, of the value of 6950/., for New York, Balti- 
more, Philippines, Sydney, Boston, and Bombay ; pipes 
and other castings, plates, bars, sheets, tubes, sleepers 
bridgework, and miscellaneous iron manufactures, value 
at 32,1007. 


Coal Trade.—The great advance that has taken place 
in the price of coals is acting as a great drag on the general 
manufacturing industries of the Glasgow district and 
other parts of the West of Scotland, and some cases are 
spoken of in which the increased cost of fuel has turned 
a fair profit into a serious loss. In the iron and steel 
trades the advance in the price of coals has —— raised 
the cost of production, but against that fact there must 
be set the increased prices that are obtained for iron and 
steel manufactured goods. But in many other depart- 
ments of manufacture, outside the iron and steel trades, 
the extra cost of coal has to be borne when there has at 
the same time been no increase in profits by which it can 
be met. For example, a partner of a manufacturing 
concern in Ayrshire states that his share of the additional 
outlay for fuel at the present time is at the rate of 1000/. 
per annum, while he is not receiving one halfpenny of 
extra revenue with which to cover this expenditure. An- 
other case may be given of a company in this district 
which, it is stated, has actually had its earnings turned 
into a loss by the great rise in the price of coals, so that 
there will be no dividend whatever to the shareholders. 
There has been a fair business this week so far in the 
coal trade, but the pressure for shipping coals has not 
been quite so great as in some preceding weeks, this fact 
being due to the disarrangement of arrivals of vessels 
caused by the very tempestuous weather of the past week. 
But this condition of affairs, being but temporary, has 
not had much effect on values. e past week’s coal 
shipments were above the average of the present season 
of the year, and requirements for manufacturing purposes 
are extensive. To-day’s prices at Glasgow Havheer were 
as follows : 

F.o.b. per Ton. 
d =z: 


8. d. 8 
10 9toll 3 


Splint 
Main coal 9 .9- ,, 10+ @ 
Steam 11 0;,11 6 


Ell “ Lis = sco, 5 MU gat es @ 
Ayrshire coal 9s. 6d. to 9s. 9J. f.o.b. at Ayrshire ports. 
Coke.—The price of coke has risen 7s. 6d. per ton within 
the past few weeks, and the price now quoted by makers 
in the Glasgow district is 30s. per ton. 


Malleable Iron and Steel Trades.—In the malleable iron 
trade there is still an abundance of work in hands, and 
makers continue to adhere to the full quotations, which, 
in the case of some fresh orders, they are said to have 
obtained. Common bars of the lowest grade are quoted at 
81. 12s. 6d. per ton, second grade at 8. 15s., and first 
grade at 8/. 17s. 6d., while best bars are ranging in price 





from 91. 2s. 6d. to 91. 7s. 6d. per ton. Sheets are quoted 
at 10/. 10s., plates and .hoops at 9/. 10s., nail rods at 
8. 15s., and angle bars at 8/. 1%s. 6d. per ton, all less 5 per 
cent. discount. A marked reduction has lately taken 
place in the number of fresh orders booked by the steel- 
makers on coming forward. The principal makers, how- 
ever, appear to find this condition of things quite a relief 
rather than otherwise, as they were formerly pressed with 
work to such an extent that it was im ible to overtake 
the whole of it. For ship-plates the price at present 
generally ranges at about 10/. per ton, while boiler plates 
are quoted at 11/., bars at 9/. 5s., and angle bars at 
8. 15s. per ton., all less 5 per cent. discount for delivery 
in the Glasgow and Clyde district. 


Royal Scottish Society of Arts.—At a meeting of the 
Royal Scottish Society of Arts, held in Edinburgh on 
Monday evening, Mr. William Key, engineer, of Tra- 
deston Gas Works, Glasgow, read a paper descriptive of a 
valve invented by him for reducing pressures in water 
mains and services by day and night, and also an arrange- 
ment by which the initial high pressure can be instanta- 
neously applied in any district in which a fire might 
occur. Mr. Key’s valve, it was stated, is an improvement 
— one which he previously described to the Society. 

esaid it had been tried in a district in Glasgow which 
contains 2100 inhabitants, and gave a saving of one-third 
of the water previously used during the day. In the dis- 
cussion which followed, Mr. Leslie, C.E., engineer to the 
Edinburgh Water Trust, spoke favourably of Mr. Key’s 
invention, particularly of the facility with which it could 
be applied in cases of fire. Mr. Key was thanked for his 
paper. 

Glasgow Tramway Statistics.—In the half-yearly report 
of the Glasgow Tramway Company, recently issued to 
the shareholders, there are given some interesting statis- 
tics. The number of miles run during the half-year was 
2,215,430, and the number of passengers carried was 
23,771,521, the work being done by a stud of 2729 horses 
and 39 mules. During the corresponding half-year of 
1888, the returns were, somewhat larger owing to the 
occurrence of the Glasgow Exhibition. In the course of 
a very few years the present company’s lease of the tram- 
ways will cease, and for some time past there has been 
negotiations in progress between the Corporation Tram- 
way Committee and the company, but up to the present 
they have not had any satisfactory results, 


Electric Light Provisional Orders for Glasgow.—The 
special Electric Lighting Committee of the Glasgow Cor- 
poration and the Parliamentary Bills Committee have 
jointly lodged formal objections with the Board of Trade 
against all applications which have been made by inde- 
pendent companies for Provisional Orders to carry on 
electric lighting within the city. That opposition does 
not apply to the Brush Company, whose application has 
officially been withdrawn. 


The Heriot-Watt College, Edinburgh, Engineering Pro- 
Sessorship.—The following is the list of applicants for the 
vacant Professorship of Physics and Electrical Engineer- 
ing in the Heriot-Watt Col lege : John Craig, 77, Coltart- 
road, Liverpool; W. W. Haldane Gee, 13.Sc., Owens 
College, Manchester; H. H. Hoffert, B.Sc., A.R.S.M., 
Normal School of Science, &c., South Kensington ; D. E. 
Jones, Physical Laboratory, University College of Wales, 
Aberystwyth; R. H. Jude, » D.Se., School of 
Science and Art, Newcastle-on-Tyne ; C. G. Lamb, B.Sc., 
City and Guild of London Institute, London ; us 
M‘Lean, M.A., F.RS.E., Physical Laborato Jni- 
versity of Glasgow; William Peddie, D.Sc., FERS, 
Physical Laboratory, University of Edinburgh ; G. F.C. 
Searle, St. Peter’s College, Cambridge; R. Mullineux 
Walmsley, D.Sc., &c., 12, West Bank, Stamford-hill, 
London, N.; William Henry Watkinson, Wh. Sc., 37, 
Albany-road, Sharrow, Sheffield; Robert Wills, B.Sc., 
37, Rye-hill, Newcastle-on-Tyne ; Walter G. Woollcombe, 
M.A., B.Sc., Parmiter’s Foundation School, London, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
numerous attendance on Change, but the tone of the 
market was flat, and very little business was done. For 
this week’s delivery of No. 3 g.m.b. Cleveland pig iron, 
57s. Gd. was the quotation, and for delivery to the end of 
May, 58s. 6d. was the figure for this quality. 
brough No. 3 warrants were 57s. 3d. cash, but at the close 
of the market warrants were as low as 56s. 74d. cash, and 
No. 3 g.m.b. Cleveland was 57s. To-day affairs were 
flatter even than yesterday, Middlesbrough warrants clos- 
ing at 55s. 3d. cash buyers. Scotch warrants closed 56s, 14d. 
cash buyers. There were some merchants, however, un- 
willing to dispose of No. 3 makers’ iron for prompt 
delivery under 58s., and makers asked 60s., but there 
were very few, if any, transactions occurred. Hematite 
warrants are down to 69s. 3d., but makers here ask a ve 
great deal more than this figure, and this morning a small 
parcel of 500 tons of makers’ mixed numbers changed hands 
at 80s. for prompt delivery free on trucks, 


Manufactured Iron and Steel.—Few new. orders are 
being placed just now for either manufactured iron or steel. 
The flatness in the pig-iron trade and the underselling of 
merchants has caused buyers to hold off and —— 
prices down. Producers, however, have still a fair number 
of orders on hand and are in no hurry to reduce their 
quotations materially. Common iron bars are quoted 
7l. 15s. ; best bars, 8/. 5s. ; ship-plates, 7/. 15s. ; and ship 
angles, 7/. 10s., all less the usual discount for cash. There 
are merchants willing to sell under these figures. Heavy 
steel rails are now obtainable at 6/. 15s. ; steel ship-plates 
at 8l. 15s. ; and steel angles at 8/. 7s. 6d. 


Middles- | J 





The Fue’ Tradc.—All classes of fuel continue scarce, 
but prices are a shade easier. Blast furnace coke is now 
quoted 28s. per ton. t 


Wages in_the Northern Iron_Trade.—Messrs. J. R. 
Winpenny, Middlesbrough. and Edward Trow, Darling- 
ton, secretaries to the Board of Arbitration and Concilia- 
tion for the Manufactured Iron Trade of the North of 
England, have issued Mr. E. Waterhouse’s report for the 
two months ending December 31, 1829. That gentleman 
states that having collected from the firms and companies 
belonging to or associated forthe purpose with the board, 
the returns of their sales of manufactured iron for the two 
months ending 31st December last, and having verified 
the same by an examination of their bocks, he certiticated 
the average net selling price per ton to have been 
6l. 1s. 4d. as compared with 5/. 15s. 5d. for the previous 
twomonths. In accordance with the sliding scale arrange- 
ment, this gives an advance of 3d. per ton on puddling, 
and 24 per cent. on all other forge and mill wages, 
and the same will take effect from to-day. The total 
sales of the different classes of iron during the two 
months ending December 31 last, was 58,936 tons, as 

inst 59,676 tons in the previous two months. 

e total was made up as follows: Rails, 728 tons; 
plates, 36,318 tons; bars, 15,219 tons; and angles, 
6674 tons. The sales of the different classes during the 
months of September and October were: Rails, 735 tons ; 
plates, 36,494 tons; bars, 14,800 tons ; and angles, 7645 
tons. The average net selling price per ton of the dif- 
ferent classes of iron during Rovashen and December 
was: Rails, 6/. 2s. 8.82d.; plates, 6/. 1s. 4.01d. ; bars, 
61. 4s. 5.33d.; and angles, 5/, 14s. 1.26d. The prices dur- 
ing the previous two months were: Rails, 5/. 11s. 7.24d.; 
plates, 5/. 15s 5.62d.; bars, 6/. Os. 0.62d.; and angles, 
51. 7s. 0.94d. 

The Consett Iron Company.—The directors of the 
Consett Iron Company, Limited, have resolved to pay an 
interim dividend of 12s. 6d. per share on the old shares 
on one next to the members registered in the 
company’s ks on February 4, 1890, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Coal.—The colliers are now agitating for another 
advance of 20 per cent. in South Yorkshire. Since last 
spring best house coal has been advanced 5s. 6d. per 
ton, common 4s, per ton, nuts 3s. per ton, and engine coal 
4s. per ton, being an average of 4s. 14d. per ton. The 30 per 
cent. given to the colliers only amounts to 6d. per ton, or, 
allowing for other things, 9d. 


Yorkshire Colliery Topmen and their Wages.—On Satur- 
day evening a fairly attended meeting of the representa- 
tives of the topmen employed at the various collieries in 
Yorkshire was held at the Duke of York Hotel, Barnsley, 
to consider the wages question, and the desirability of 
working shorter hours. It seemed from the discussion 
which ensued that, at present, the men as a body have no 
uniform scale as to working hours. As a rule they all 
commence work at six o’clock in the morning, and go on 
working until half-past four or five, and in some cases 
half-past five o’clock, without any stated time for refresh- 
ment. The majority of the men, it was pointed out, work 
from ten toeleven hours per day. The meeting considered 
the situation at some length, and recommended the dele- 
cham to lay before their respective lodges a scale of fifty- 

our hours per week. This was agreed to, and the men 
intend to enforce this if necessary. 


A New Method of Boatbuilding.—A novel industry is to 
be introduced into Leeds by the opening of an establish- 
ment for boatbuilding, or, to be more accurate, boat- 
making, on a patent system, which consists of the stamp- 
ing out of a boat from a single plate of soft steel. Of 
course only small craft, such as rowing boats and steam 
launches, can be made by this process, which is about to 
be undertaken by Mr. Heslop, who was lately with the 
Leeds Forge Company. 

Henry Briggs, Son, and Co. (Limited).—The report of the 
directors for the half-year ended December 31, 1889, says : 
Since the commencement of the company’s financial year 
on July 1 there has been an improvement in the demand 
for coal, especially for industrial purposes, and the 
collieries have worked more regularly than has been the 
case for many years past. While the company has been 
considerably hampered by contracts lb into prior to 
une 30 last, the prices obtainable in the market have 
been sufficiently remunerative to enable such a profit to be 
made as will justify the directors in recommending the 
payment of an interim dividend at the rate of 6 percent. 
per annum (free of income tax). 


Further Advances in Steel Rolling.—The Rolling Mills 
Proprietors’ Association has held a meeting this week and 
reduced discounts a further 5 per cent. besides adding 5s. 
per ton on all net prices. This makes the rate of discounts 
as follows: Rods, 30 per cent. ; springs, 1? in. to 4 in. 
by ;*; in, to 4 in., 40 per cent. ; cast steel sheets, 15 per 
cent. ; Bessemer sheets, 20 per cent. ; circulars, 30 per cent. ; 
paring cutting file blanks and scrap cutting, net as per list. 


Associated Colliery uties.—This week a conference cf 
colliery deputies from all parts of Yorkshire was held at 
Sheffield. It was shown that the duties involved were of 
the most responsible character, and that the average re- 
muneration was only 24s. per week. It was resolved to 
form an association for the protection of interests and the 
obtaining of increased remuneration. 


Steel and Iron Trades.—The whole of the heavy iron and 
steel trades in the district are fully employed, but there 
is a slight lull in the demand. The inadequate supply of 
coke is causing great inconvenience, and up to 3ls. per 
ton is now being realised for that material, 
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DRY DOCK AT HALIFAX, NOVA SCOTIA. 
ENGINEERS, MESSRS, BATEMAN, PARSONS, AND BATEMAN, LONDON. 








S188. 


Tue above engraving represents the dry dock lately | with ice, and is remarkably well situated for a repair | : 
| one of the principal partners of the firm of Messrs. A. 


opened at Halifax, Nova Scotia. This dock is cap- 
able of admitting any vessel in the world, and is the 
largest on the American continent. The dimensions 
are: Length, 601 ft.; width at top, 102 ft. ; width 
at bottom, 70 ft.; depth of water over sill, 30 ft. ; 
width of entrance 89 ft. 3in. The entrance is closed 
by a ship caisson 92 ft. 7 in. long over stems, 35 ft. 6 in. 
deep from keel to platform, and 23 ft. wide amidships. 
The engineers were Messrs. Bateman, Parsons, and 
Bateman. The contractors were Messrs. Pearson and 
Son, Westminster, with whom was associated Mr. S. M. 
Brookfield, of Halifax. The harbour is never blocked 


ee eee 





port. 
Our engraving, which shows H.M.S. Canada in the 


dock, is taken from 
indebted to Mr. F. A. Bowman, of Halifax. 





Patents IN SwepEN.—During the year 1889 there 
were filed at the Swedish Patent Office 837 patents and 
169 applications for the registrations of trade marks. Of 


hotograph, for which we are | 





the former 466 were granted, and 148 trade marks regis- | 


tered. — the previous year there were 803 patent ap- 
plications filed, of which 505 were granted, and 207 trade 
marks were applied for, 187 of which were registered. 





THE Late Mr. James Stuart.—Mr. James Stuart, 


and J. Stuart, Limited, of the Clyde Tube Works, Glas- 
gow, died on the 12th of the present month at the age of 
51 years. Mr. Stuart had much to do with the success 
of the business, which was started by his brother, Mr. 
Andrew Stuart, in 1861 on a very small scale, and 
which has since grown to its present dimensions, the 
firm being changed to a limited liability company in 
1882. Mr. Stuart was the first dean of guild of the 
burgh of Coatbridge, and was a justice of peace of 
the county of Lanarkshire, taking a great interest in 
oublic affairs ; his death, therefore, is a great loss to the 
locality 
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We beg to announce that American Subscriptions to ENGINEERING 
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BRIDGING INDIAN RIVERS. 


THE announcement that on New Year’s Eve the 
latest, the ninth in fact, great bridge over one of 
the shifting five rivers of the Punjaub, was used for 
goods traftic within sixteen months of the work 
having been commenced, leads to an explanation of 
the very peculiar class of problem that has once 
more been successfully dealt with at the Chenab 
crossing near Mooltan. 

Owing to some not very obvious reasons these 
Himalayan streams, which, like the Indus, Ganges, 
Gogra, &c., turn eastward and fall into the Bay of 
Bengal (though in flood time they overtop their 
banks and flood the surrounding country just as the 
western rivers do), have as a rule a great rise and 
fall between high and low water—have stiff clay 
banks—and subside into well-defined and practically 
permanent channels, about whose bridgeable width 
there is, and can be, no doubt whatever. As a 
case in point, the Ganges at Benares, under the 
Dufferin bridge, has a rise of 50 ft., a left bank that 
has not changed for many many centuries, and a 
right bank berme about 1000 ft. wide some 10 ft. 
under high-water mark, on which alone, and that 
to a very slight extent, the main channel operates 
by lateral erosion and deposition to modify its 
section. 

In the westerly rivers the case is very different, 
the maximum rise and fall varies from 8 ft. near 
the hills to a bare 20 ft. at the head of the Indus 
delta. The deep channels which low water dis- 
closes are often numerous, and except when defined 
by rocky surroundings, change places by a most 
perplexing series of movements. Though doubtless 
as deep during high floods as those of similar eastern 
rivers, the channels of these silt up as fast as 
their floods subside, so long as they are approxi- 
mately straight, and it is only when a sharp 
elbow in a channel keeps up its scouring action 
after the floods subside that soundings of 40 ft., 
50 ft., and even 60 ft. show traces of what 
violent action occurred during flood time in the 
narrow limits of the true channels. Instead of one 
berme of moderate width the numerous islands and 
bermes that fill along with the survivals of the 
channels the space between the outer banks, often 
aggregate miles in width. When a rise occurs the 
main channel, for the time being, not only scours its 
bed, but proceeds on the very slightest provocation 
to erode either of its banks—whether this happens 
to be a recently deposited berme or a more ancient 
outer bank that had long been esteemed solid land. 
And so soon as the risen water finds in any casual 
depression, whether it be a minor existing channel, 
an ancient creek, or some purely fortuitous line of 
hollows either across an island or along a berme, or 
in the mainland that has for centuries lain outside 
the field of the river’s operations, a line of outfall 
that offers a preferable gradient, the process of 
evulsion begins, by which a rapid or cataract deepens 
and widens a new course, which may or may not 
succeed in abducting the main channel in whole or 
in part. The complete establishment of an evulsion 
channel is clearly a question of time, and when a 
flood subsides before the new outlet has completely 
established itself, the process is stopped for the 
time being and may or may not resume its opera- 





tions next year under the ever-changing conditions 
that arise. 

What between inundation producing evulsion, and 
bends in the channels producing erosion at one 
place and consequent deposition lower down, it is 
extremely difficult to deal with rivers of this class 
or even to gauge the amount of true channel that a 
bridge should previde for. In the two earliest 
bridges—those across the Bias, near Amritsar, and 
the Sutlej, at Phillour—one very well-defined bank 
exists on the west, and both here and in the Ravi, 
near Lahore, the Chenab, near Wozirabad, and the 
Jhelum, at the city of that name, it was at first sup- 
posed to be necessary to bridge the entire width 
occupied by existing islands and bermes as well as 
channels, and the tendency that all such streams 
have to throw their forces into comparatively narrow 
deep scouring channels was not in those days clearly 
recognised. Hence in the two first-named works 
well foundations, barely 40 ft. deep, were supposed 
to be adequate, and curiously, enough they did as a 
matter of fact last just long enough to see their 
constructors through the two years after completion, 
during which the contractors were bound to main- 
tain the works. After that at one bridge the next 
flood insisted on eating up the ground in which 
some four piers stood, leaving the remaining forty- 
five piers intact, while in the other bridge soon 
after the stream concentrated itself into a narrow 
channel that persistently avoided the thirty odd 
spans of bridge and determinedly undermined and 
outflanked one of the abutments. 

Apparently the concentrated channels of these 
two rivers are seldom, if ever, more than 700 ft. or 
800 ft. wide, and there is now not the slightest doubt 
that if the various creeks and channels were led by 
stone breakwaters into a width of 1200 ft. or 1400 ft. 
they could certainly be kept there, and would scour 
out an adequately deep channel in that space pro- 
vided it was not hampered by too many piers. As 
it was, the necessity for stone-faced embankments 
to prevent a channel from outflanking the abutment 
was evidenced in these bridges. The embankment 
raised parallel, well above floods, carries a line 
of rails, by which additional supplies of rough 
pitching stone can be brought to bear. The stone 
was originally thrown into the river to form a 
facing to its bank, but it is now found more satis- 
factory to lay out a level apron of stone some 60 ft. 
wide and 4 ft. thick on the natural ground along 
the river face of the embankment, whether the 
ground be high and solid or merely a berme or 
island, behind which the railway embankment of 
the main line forms a complete dam across any 
depressions that might else lead tu an evulsion. 
In the new arrangement, when the deep channel 
starts erosion and traverses up to the apron, it 
undermines it, and a vast mass of loose stone is 
then suddenly launched into the deep stream, and 
embeds itself in the newly formed slope of the 
channel. The ultimate quantity of stone so en- 
gulfed depends on the depth to which the stream 
can scour, or the natural stiffness of the soil of the 
bank and on the quality of the stone. Small round 
boulders are the worst form of stone, hard sharp 
material with a conchoidal fracture the best. Stones 
averaging 14 cwt. each have so far given good 
results, and in the cases of both the Sutlej and the 
Chenab, a supply of 300 cubic feet per foot run of 
the breakwater appears to be adequate. For pro- 
tecting the city of Deragherzi Khan from the 
erosion of the mighty Indus, it is said that 400 cubic 
feet per foot run has been estimated for. 

The amount of reliance now placed on the above 
method of confining the lateral erosive action of 
river channels within definite bounds greatly 
simplifies the location of lines of railway, for it is 
now clear that no site, however advantageous, is 
safe unless its two flanks are protected, and con- 
versely no site, however widely the river may be 
dispersed at present, is proof against being nar- 
rowed into reasonable dimensions by the simple 
process of damming up side outlets and leading 
them into one main channel, provided that evulsion 
is excluded by the main embankment and erosion 
confined by adequate breakwaters. When these 
possibilities were as yet unrecognised, the upper 
Chenab bridge at Wozirabad, required as it was 
supposed to span the whole zone of the river’s 
operations from bank to bank, and was built no less 
than one mile and seven furlongs in length. Even 
then the river proceeded to attack the soil of one 
abutment, and it is said that both here and at 
Phillour the active river flowing in a scouring 
channel has been known to pass thrice through the 
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same bridge at the same time, first down, then up, 
and then down again. In this bridge first five spans 
were closed at the north end, then the twenty-one at 
the south end, leaving thirty-seven only open, a 
number that it is probable can advantageously be 
further reduced by about half. 
* The question of how far a limit exists in such 
rivers as to the least safe width, is still an open one. 
Inthe new Chenab bridge at Shei Shah, Mr. Bell, 
who has now almost a monopoly of this class of 
work, proposed nine spans of 250 ft. clear, or say, 
2400 lirieal feet of bridge, in lieu of twenty-seven 
spans of 150 ft. or 4300 ft. of bridging as previously 
proposed by another designer. Apparently the 
srocess of splitting the difference by way of deciding 
tween differing doctors, ultimately found favour, 
and the Government of India settled to have‘seven- 
teen spans of 200 ft. or 3600 ft. of bridge,’ but” the 
arguments that apply to this important question are 
tooléng té beset forth in the present article ;: they 
shall be’déalt with on.an early occasion. * : 








NIGHT TRAFFIO ON THE SUEZ 
CANAL. 

One of the most interesting applications of the 
electric light yet made, is to the passage of the 
Suez Canal at night time. This great waterway, 
which is so important to all European nations, and 
particularly to this country, ran the risk of being 
choked by the continued development of the traftic 
through it in the years 1882 to 1885. At the end 
of this period, however, the Canal Company deter- 
mined to light the channel at night time, so that 
the passage could be made without danger, and 
hoped in this way to sensibly diminish the traffic 
on the canal during the day, and to render the state 
of affairs less annoying to shipowners, until the 
enlargements now in progress could be completed. 
The company accordingly installed a complete 
system of beacons along the banks of the canal, 
supplemented by luminous buoys burning Pintsch 
gas on the water, and in this way the channel was 
clearly marked out. 

It was soon seen, however, that this alone would 
be insuflicient to insure safety in night passages, 
and it was therefore decided that every vessel 
moving along the canal at night must itself be 
supplied with arrangements for working a set of 
electric lamps on board. Rules were accordingly 
drawn up which provide that these lamps shall be 
four in number, one of which is to be a powerful 
light at the bow, inside of a projector lamp capable 
of throwing the beam to a distance of not less than 
4000 ft. in front of the vessel. The other lights 
are placed one at the stern and one on each side of 
the boat. The first vessel to make the passage 
under these regulations was the P. and O. steam- 
ship Carthage in 1886, the transit lasting eighteen 
hours, but with the improvements recently effected 
this time has now been reduced to sixteen hours 
for large vessels. 

The Mangin projector is that principally em- 
ployed, both war vessels and vessels belonging to 
the great mail companies being fitted with this appa- 
ratus. Smaller companies usually employ a portable 
apparatus, which they find ready for hire on their 
entering the canal, and which they unship again on 
reaching Port Said or Suez. These sets of appa- 
ratus include the projector, a dynamo, and a motor, 
and certain firms make a speciality of the business 
of hiring them out. The great companies generally 
employ a similar apparatus, but are themselves the 
owners of the plant. 

Other projectors are used beside the Mangin, 
amongst which are some with spherical mirrors 
and also lenticular projectors. But whilst the 
Mangin projector, 16 in. in diameter, requires at 
the most a lamp using but 40 ampéres of current 
to give ptinnte we a spherical projector, 24 in. 
in diameter, requires a ae amp to give the 
regulation light. Theoretically these latter would 
have four times the power of the 16-in. Mangin pro- 
jector were it not for their inferior mirrors which 
are not aplanatic, but experience has shown that 
owing to this defect they are in practice much less 

owerful. Hence to get the same light as with a 

angin projector, it is necessary to make one of 
the spherical type much larger, which in turn 
requires a larger and heavier dynamo and motor, 
and, therefore, also a greater steam consumption. 
This is especially inconvenient, when, as is usually 
the case, the apparatus is portable, and hence it 
is not surprising to learn that 95 per cent. of the 
vessels passing through the canal at night during 





the years 1887, 1888, and 1889, with their own 


apparatus, have employed the Mangin projector in 
spite of its higher first cost. 

The night traffic on the canal has increased very 
rapidly since it was started. Thus in 1887 there 
were in all 371 night transits made, but’ in 1889 
this number had increased to 2454 out of a total of 
3420, or upwards of 71 per cent. of the vessels pass- 
ing through the canal, and four-fifths of the total 
tonnage used the electric light to assist them. At 
the same time the average duration of the pas- 
sage has been reduced upwards of 40 per cent. 
Putting these facts into another. shape it appears 
that the effect of the electric light’ as’ applied at 
Suez has_ been the same as if the. canal ;had° been 
increased from 22 metres, its present .width at. the 
bottom, to 32° metres, an operation which would 
cost at least 4,000,000I. 8 es 








THE TENSILE STRENGTH: OF. SHEET 


ZINC. 

So little has been published about the strength 
of zine that any contribution to this’ question must 
be welcome. The most careful tests which Pro- 
fessor-Martens made on some zinc sheets supplied 
by the ‘‘Schlesische Actien-Gesellschaft fiir Berg- 
bau und Zinkhiittenbetricb” at Lipine, in Silesia, 
on behalf of these works, hence deserve all the 
more attention. These tests were carried out at 
the Royal Technical Testing Station at Berlin, of 
the mechanical department of which Professor 
Martens is chief, and are described in the official 
reports of this institution, 1889, 1V. We are in- 
debted to Professor Martens for a copy of his 
descriptive pamphlet, a little book of thirty-two 
pages with two plates, comprising more than ten 
pages of tabular matter. The interest attached to 
these tests is less of a directly practical than of 
scientific nature, and the report will be appreciated 
especially in engineering laboratories and by those 
interested in testing work and its machinery. Such 
apparatus are generally far too complicated to 
permit of a condensed description ; and as those 
devised by Mr. Martens are moreover still under- 
going improvements, and concern more the relia- 
bility of the indicating mechanisms than the actual 
zinc tests, we must confine ourselves to a few 
remarks, 

The reputation of zinc as a structural material 
is not particularly good, and these tests do not 
tend to show that the metal deserves a better name 
for constancy and reliability of its mechanical 
properties. A great many tests had to be made to 
arrive at fair averages. The test samples were five 
sheets, supplied by the Silesia mills of the above 
works, two specimens from foreign works, and 
finally eleven sheets rolled before Professor Martens 
out of bar plates of 1 ft. width. Three of these 
latter were rolled out to two, three, and four times 
their length, to thicknesses of 6.1 mm., 5.4 mm., 
and 3.1 mm. ; the other eight were rolled in 
bundles, first in one direction, then at right angles 
to this direction, test-pieces being cut out each 
time when the length had increased by 500 mm. ; 
the final plate varied in length from 1210 mm. to 
4710 mm., and in thickness from 1.1 mm. to 
0.6 mm. The chemical analyses of the various 
plates agreed very closely ; they all contained about 
1 per cent. of lead and 0.02 per cent. of iron, the 
two foreign plates showed traces of antimony ; no 
other metals were observed. 

The first series of tests was made with a hori- 
zontal Rudeloff testing machine with scale pan, 
screw, and nut feed, the prismatic test pieces 
of 20 mm. (0.8 in.) in width being fixed in caps 
and tightened there by means of wedges. The 
pieces frequently broke close to this clamp, and 
it was found that the length of the wedge, and the 
distribution of the pressure, was of considerable im- 
portance ; the wedges should press out the mouth of 
the clamp slightly, but more and more towards the 
back. Direct application of the loads proved quite 
unsuited, as zinc is highly influenced by the rapidity 
of the changes. Professor Martens, therefore, 
resorted to a testing machine of his own design, 
three different modifications of which were em- 
ployed. As indicators for these apparatus a circular 
vessel filled with mercury was employed, from the 
side of which a vertical tube branched off ; the cover 
of this vessel was formed by a strong central plate 
supporting a weight surrounded by a ring of Ger- 
man silver. The strain imparted to the test- 
piece was partly taken up by the weight, the mer- 
cury column effecting the balance. This arrange- 





ment, which resembles others employed for similar 
purposes, did not answer ; it was, moreover, not 
self-recording. The mercury tube was therefore 
replaced by a horizontal cylinder with a piston- 


rod ended in another piston moving in a second 
cylinder with a slide valve, which was actuated by 
an electric device comprising electro-magnets and 
relays; the common piston-rod carried a pointer 
recording on a paper drum. A third device, 
also electrical, but worked by gravity, instead 
of water pressure, was employed for the highest 
loads up to 50,000 kilogrammes. These three 
arrangements laboured’ under the disadvantage’ 
that the cover of. the mercury vessel retained 
an amount of mobility sufficient to affect > the 
accuracy of exact measurements. - Professor Mar- 
tens hence returned to an_ often-employed 
‘arrangements, utilising the elasticity of a spring 
of an elastic steel rod; and the pamphlet. 
deals exhaustively. with the _ preliminary _. tests. 
of steel rods'and of the new. automatic ‘recorder 
with which it was combined. This latter invention, 
probably the most interesting part of. the paper, 
would require a detailed and illustrated description. 
The idea is that the variations of the rod are 
marked directly—and without being magnified by 
multiplying levers or other devices whose accuracy 
Mr. Martens altogether questions—by means of a 
little conical diamond point on glass plates of the 
size for microscopic slides, fixed on a platform moved 
by means of a micrometer screw and adjusting 
spring, in a direction at right angles to that of the 
axis of the rod. Two of the resulting curves would 
occupy a space of not more than a square milli- 
metre ; the plates were examined and measured in 
a large Zeiss microscope provided with micrometers 
for both object and ocular glasses. In this form 
the recording device has been constructed by Mr. 
Boehme ; it is, however, intended to leave the plat- 
form at rest and to register the movements in the 
direction of both the abscisse and the ordinate. 

The chief objects of the tests were to ascertain the 
elasticities at ordinary temperatures and at 80 deg., 
120 deg., 150 deg., 170 deg., and 200 deg. Cent. 
(between 176 deg. and 392 deg. Fahr.), and to 
ascertain the influences of different modes of rolling 
and of time effects. The latter are striking. 
One can hardly speak of the elasticity of rolled 
zinc, as even under very small strains the perma- 
nent expansion varies with each change of load ; 
there was always a noticeable after-stretching. 
When cold the breaking strength was 23 per 
cent. larger, the breaking extension 22 per cent. 
smaller, and the ‘‘ fulness degree” (i.e., the ratio 
of the area comprised by the curve to the rectangle 
formed the greatest extension multiplied by the 
yreatest force) about the same in a direction at right 
angles to the rolling than in the direction of the 
rolling. The two samples supplied by other works 
showed, however, opposite characteristics, and one 
test-piece particularly deviated in a manner pro- 
bably to be accounted for by some peculiar treatment 
during manufacture, the chemical composition seem- 
ing to afford no explanation. Rising temperatures 
modified the results. The breaking strength increased 
considerably in thinner sheets—that is, in such as 
have undergone greater and more continued pres- 
sure in the rolls; it rose from 11 kg. per square milli- 
metre for 6 mm. plates, to 19 kg. for plates 0.48 mm. 
thick. The English equivalents of these values 
are 17.5 and 30 tons per square inch respectively 
for plates of 0.24in. and 0.019in. thickness. The 
breaking extension decreases first and increases 
rapidly afterwards. For the temperature tests, the 
pieces were heated in a linseed oil bath ; the results 
confirm the well-known and important fact, first 
established by Silvester and Hobson, of Sheftield, 
that zine should be worked, rolled, stamped, turned, 
&c., at 300 deg. Fahr., and that any higher tem- 
perature should carefully be avoided. On the whole 
the tests demonstrate clearly that ordinarily tensile 
strength tests are not alone sufficient, and should 
be combined with folding and bending tests. 








REMINISCENCES OF THE LIFE OF 
G. A. HIRN. 


By Professor DwEtsHAUVERS-DkRy, of Lidge 
University. 

In the brief space of a few months, there have 
been lost to the world three men, of whom it may 
truly be said that they were the leaders of scientific 
research—Clausius, Joule, and Hirn. In conjunc- 


tion with the late Professor Rankine, they laid the 

















Jan. 31, 1890.|] 


ENGINEERING. 


I2!I 








foundation of the real theory of applied thermo- 
dynamics, and their work is of. incalculable value 
to all engineers who apply the principles of science 
to practical purposes. Hirn, the last of this dis- 
tinguished trio, died at Colmar on the 14th inst., 
at the age of seventy-four. i 

Gustav Adolph Hirn was born at Logelbach, near 
Colmar, in Alsace, August 21, 1815. He was 
essentially a self-made man, and received no educa- 
tion except what he could acquire for himself. 
As a boy, his delicate health: required much 
care. His father, who was one of the partners 
in the important cotton manufactory of - Hatiss- 
mann, Jordan, and Hirn, allowed him,. while still 
quite young, to work in the chemical laboratory, 
where the colours required in the. dyeing ‘and 
printing works were prepared... Some years later 
this laboratory was closed, and Gustav Hirn then, 
took charge of the mechanical department of the 
mill, a post which he retained’ at. a nominal ‘salary’ 
till 1880, when the business passed into other hands.’ 

Thus his real and practical education ‘was obtained. 
in the laboratory, and ‘it was. thére that: he «first 
manifested that zeal and eagerness in interrogating! 
nature which distinguished him in after life.’ ‘He' 
had never been forced to undergo rigorous. ex- 
aminations on definite subjects, nor to follow in 
narrow grooves, like those whose ambition does not 
rise above a diploma and a post. His mind had 
never been cramped, nor compelled to conform to 
one uniform type, nor did it bear the stamp of any 
particular school. Therefore the work of scientific 
research, to which he devoted his life, was not con- 
fined within narrow limits, but spread over the 
whole domain of science and art ; it bears the im- 
press of his striking originality, and of his close 
adherence to nature. Always decisive and honest, 
he never attempted to hide weak or doubtful points, 
nor to present, as absolutely true, that which was 
only hypothetical. His love of truth surmounted 
all difticulties. 

Launched into active business at so early an age, 
we are led to ask how he contrived to make himself 
acquainted with German, English, Italian, Latin, 
and to acquire a knowledge of the higher mathe- 
matics, chemistry, and the natural sciences. Pro- 
bably because, in addition to an eager desire to 
understand whatever he took in hand, he possessed 
a splendid memory. He read nothing that was not 
worthy of his attention, but any book he had once 
read remained indelibly impressed on his mind, and 
I, who had the privilege of knowing him, never 
observed the least diminution in his extraordinary 
retentive faculty. 

Like Rankine he had the soul of an artist. There 
was no height in art to which he might not have 
attained, had he pursued it as acalling. He in- 
herited his instinctive sense of the beautiful in 
painting from his father, who was celebrated as a 
painter of fruits and flowers ; one of his pictures 
is in the great Gallery of the Louvre. It was never 
my good fortune to hear Hirn play the violin. Some 
secret motive made him resolve, more than twenty 

ears ago, to lay aside the bow for ever, although 

e could wield it in a manner surpassed by few. 
But I have heard him direct a performance of one 
of Wagner’s most complicated scores, with the pre- 
cision and finish of a master in the art of conducting. 
He possessed the rare gift of reading musical 
scores as easily as his mother tongue, and through 
the medium of his eyes, so to speak, he was able 
to hear the whole orchestra, collectively and sepa- 
rately. This combination of talents, joined to his 
great susceptibility, brought every faculty by turns 
into play, when he was in the company of scientific 
men, artists, and philosophers. 

Experience, the habit of reflection, and a life 
of close daily communion with nature, had given 
him a high philosophical conception of the universe. 
Evidence of this appeared in his earliest writings, 
and he made his theories the subject of a splendid 
disquisition in his last great work, ‘‘ Constitution 
de )’Espace Céleste” (a notice of which appeared 
on page 549 of the last volume of ENGINEERING), 
although he had already treated the subject in his 
‘* Analyse Elémentaire de l’Univers.” In present- 
ing the latter work to the Institute of France, M. 
Faye said: ‘‘ For those who are not afraid of bold 

eneralisations, this book will recall the times of 

escartes and Leibnitz, when science and philo- 
sophy stood in closer connection than they do now; 
and those who are less attracted by the charms of 
metaphysics will find in it a noble picture of the 
relations which link the science of thermodynamics 
with all other kindred sciences.” 





Hirn’s character was as noble and lofty as his 
knowledge was profound and extensive, as all ‘who 
came in contact with him know. His uprightness 
and unerring judgment were fully recognised and 
highly esteemed throughout Alsace, and he was 
often chosen as sole arbitrator in very delicate 
matters. His patience was inexhaustible, and his 
kindness of heart, especially for the weak and 
ignorant, was so great that this celebrated scientist 
did not think it beneath him to show the wonders 
of nature to children, to interest them in the sub- 
ject, and thus to raise them to:a higher level. His 
keen sense of justice made him, however, some- 
times‘a stern judge. y. fe 

Such was the man whose. loss we now deplore. 
His labours ‘were manifold, ,and .extend over the 
whole domain ‘of. physics and'metaphysics.. A bare 
list of them would occupy several’ pages, and to 
deséribe them-in’ detail-we-‘should need a grasp’ of: 
thought as wide as his own.; Conspicuous among, 
them,, and ,worthy of special, mention, «were his’ 
éxperiments on tlie steam engine, which were begun 
about ‘the~ year ,1850,")and' brought to ‘an abrupt, 
conclusion ‘by. the . breakdown ‘ of ~ ‘the — historical 
engine-at; Logelbach, ‘August. 21,1878; the anniyer-. 
sary_of his:bitthday.-This day.will ever be memorable 
for me; for; my-:gon and; I" had but; just-left the 
engine-rodm;.when *Hign- came; to: announce.: the: 
catastrophé., Wliy-it-happenéd no: ohe ever knew, 
but the main shaft broke fiear the cfank, -the. beam 
was damaged, and the piston-rod..and [parallel. 
motion were much injured. Before'long; however, 
the engine was repaired. ‘ofrcogmos | 

Little more than a year after, Ferdinand Hira, } 
his brother, the inventor of rope-driving, died 
suddenly. The mill soon passed into other hands, 
and in 1881 Hirn left Logelbach, and settled in the 
town of Colmar. Here he occupied a portion of his 
time with the study of meteorology. In that part 
of Alsace, close to the beautiful mountains of the 
Vosges, natural phenomena are of peculiar interest, 
and they had long attracted his special attention. 

Hirn’s first two publications, Essai sur la Théorie 
Mathématique des Ventilateurs (1845), and Notice 
sur le Jaugeage des Cours d’ Eaux (1846), have no 
direct connection with the main labours to which 
his life was devoted, and which, in spite of their 
apparent diversity, are characterised by remarkable 
unity, and form a noble monument of scientific 
research. The real work of the physicist began 
with his experiments on Friction, but although 
they were completed at the end of 1847, they were 
not published till June, 1854. Difficulties arose, 
such as have always beset the leaders of thought, 
in every age and country. In this respect we are 
doubtless better than our ancestors. The eager- 
ness for diplomas, and the regard paid to titles, 
prove that the theorist, who generalises from books, 
is usually honoured and esteemed ; but the expe- 
rimenter, the seeker after truth, as deduced from 
actual facts, still runs the risk of being very harshly 
treated. With the temerity of youth, Hirn, who 
had arrived at positive conclusions from the study 
of nature, and had found them opposed in many 
instances to the notions generally received, applied, 
in 1848, with naive confidence to various scientific 
societies, but did not meet with the reception he 
expected. Even this disappointment, however, 
was fraught with good results, for it was under 
these circumstances that he attracted the notice of 
the celebrated Combes, and gained his friendship. 

But was the fruit of so much patient research to 
be lost? Was the rejected paper to be consigned 
to oblivion? Would it not be better even to pub- 
lish it in an abridged and mutilated shape, than not 
at all? This was tlie opinion of Emile Dollfus, the 
president of the Société Industrielle de Mulhouse, 
and, encouraged by him, Hirn at last agreed to 
take his advice. The paper, shortened and revised, 
was presented at the sitting of June 28, 1854, and 
inserted in the Bulletins of the Society. Combes 
reported it, and the Société d’Encouragement, of 
Paris, thereupon republished it. 

The study to which Hirn specially devoted him- 
self was the friction produced between two solids 
when some substance, such as fat, oil, water, 
gas, &c., is interposed between the moveable sur- 
faces in contact. His friction balance was an 
extremely delicate and accurate brake. He dis- 
covered that, where there is direct friction of one 
dry metal against another, the coefticient is inde- 
pendent of the speed, of the area of the surfaces in 
contact, and of the pressure. But this is not the 
case when some lubricating’ medium is interposed. 
The coefticient then varies approximately as the 





square root of the pressure, and of the surface 
exposed to friction, and as the first power of the 
speed. : It decreases in proportion as the fluidity 
of the lubricant increases ; thus air can reduce the 
coefticient of friction to a hundredth. It is indeed 
strange that these facts, which were demonstrated 
before 1850, have not been incorporated in the 
ordinary course of instruction, nor have they 
obtained: a. place in the works or the studies of 
practical engineers. Yet they were recently con- 
firmed (November, 1884): by the experiments of 
M.- Marcel Deprez, and Hirn then brought his own 
earlier labours in this field to the notice of the 
Institute of France. | i 

Although . thus unaccountably _ neglected,- Hirn 
himself profited by his discoveries, and, applied 
them to practical purposes. ‘In the cotton ‘mill at 
Logelbach, he_set_up .an_ oil’ manufactory. which, 
although as modest in appearance as its: foubder; 
was nevertheless of great value. _ From, this date 
the first introduction“of-mineral oil into” mantfac- 
tures. » It chad formerly been considered unfit for 
lubricating machines, but the use of it effected a 
great economy, not only in the cost of lubrication, 
but in the work hitherto wasted in friction: 

From a scientific point. of. view, Hirn’s' experi- 
ments on friction have hada far wider scope. The 
discoveries published by Mayer and Joule:in 1842 
and 1843, had also been made by Hirn, while still 
ignorant of their labours, and in 1848 he wished to 
gre the result of his researches to the world. He 

ad: verified in the most striking manner that a 
definite proportion exists between the work ex- 
pended in friction, and the quantity of heat evolved; 
and he estimated that, taking the mean, one calorie 
was equal to 365 kilogrammetres. This was also 
the figure at which Mayer arrived ; Joule’s reckon- 
ing was higher, about 425 kilogrammetres, or 772 
foot-pounds per thermal unit. But Hirn did not 
know of these determinations at that time. He 
first saw them in an article by L. Foucault in the 
Journal des Debats, June 8, 1854, and he then 
learnt that the principle he had thought was re- 
stricted to friction, was applicable to all cases, as 
shown by Mayer, Joule, pr Regnault. The latter 
had demonstrated experimentally its accuracy for 
gases. 

From this new starting point the keen eye of the 
philosopher plunged into the deepest secrets of 
nature, and he determined to select and adhere to 
one special branch of scientific research. In his 
experiments the essential nature of heat had been 
revealed to him. He now knew it to be an accele- 
rated force, a ‘‘cause of the movement of pon- 
derable matter, considered in space, which exactly 
resembles Faraday’s proposition on the quantities 
of the chemical action of electricity ; the latter 
teaches us that this fluid is the true cause of 
chemical affinity, or in other words of the move- 
ments of matter considered in its integral parts or 
molecules. These two propositions set forth clearly 
one of the functions of imponderable fluids. They 
show us that these principles may be manifested as 
forces of nature, as the real causes of the movement 
of inert matter ; and this, though efforts are some- 
times made by the too materialistic spirit of the 
age to dispute the theory, or to place it in a wrong 
light. Under a new aspect they teach us the 
cardinal truth that nothing in nature can be de- 
stroyed, and that a force that may seem to be 
annihilated, always appears as some other force, or 
as its equivalent.” 

It was the verification of this law and its conse- 
quences which occupied Hirn during his whole life. 
In our next article we shall give a list of some of his 
chief works, and show the importance they have 
justly acquired in scientific literature in England 
and on the Continent. 


(To be continued.) 





JAMES PRESCOTT JOULE. 

A proposat has been made by the Royal Society 
to honour the memory of Dr. Joule by the erection 
of some suitable monument or the founding of a 
prize as an incentive to physical research. There 
are not two opinions as to the value’ of Joule’s 
scientific labours. They are incontestably of the 
highest theoretical order and practical importance, 
It is true that the idea of the mutual dependence 
of heat and work and their correlation was not new 
when the young Manchester philosopher began in 
1842 his series of classical experiments. Count Rum- 
ford had clearly enunciated the new doctrine towards 
the end of the last century; Carnot was convinced of 
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its truth and anxious to subject it to the test of exact 
measurement ; Davy liquefied a piece of ice in the 
laboratory of the Royal Institution, solely by fric- 
tion in vacuo with a second piece, and Young felt 
satisfied that this experiment would prove fatal to 
the material theory of heat. Mayer, of Heilbronn, 
took up the subject, and his wonderful perception 
of the kinetic theory of gases enabled him to deduce 
from purely theoretical considerations a value for 
the equivalents of heat in terms of mechanical units. 

The fundamental idea was thus floating in the 
upper regions of the scientific atmosphere. It was 
Joule that brought it down to the level of practical 
science, and told engineers the precise thermal value 
of the foot-pound and the horse-power. 

That Joule worked hard and long at this invalu- 
able ‘‘constant,’” and that he determined it in a 
number of very different ways, will be seen from 
the following Table : 


Year. Method of Determination. Rrcienlank: 
Kilogramme- 
metres. 

1843 From magneto-electric currents A j 
1843 ~=,, ‘friction of water in tubes ve 424.6 
1843 ,, diminution of heat in an electric 

conductor when the current 

does work ie ie re 499 
1845 ,, the compression of air ... bas 403.8 
1845, 5, expansion due to heat + 437.8 
1845, ,», frictionof waterincalorimeter 488.3 
1847 ” ” ” ” ” 428.9 
ae . > . 423.9 
in. ,, - 99 merfoury ,, 424.7 
1850 ,, ee »» iron surfaces sta 425.2 
1859 », heatdevelopedinaDaniellcell 419.5 
1867 ” 99, ” ” wire of 

known resistance cs ne 429.5 
1878 ,,  thefrictionof waterincalorimeter 423.9 


It will be noticed that the later determinations 
are more concordant, owing doubtless to increased 
sensitiveness of instruments and accuracy of obser- 
vation. 

The value accepted by physicists and engineers 
is 424 kilogrammetres per degree Centigrade. In 
British units it is 772 foot-pounds per degree 
Fahrenheit, or 1390 per degree Centigrade. 

It is noteworthy that Joule was only twenty-five 
years of age when, in 1843, his remarkable paper 
on the mechanical value of heat was read at the 
Cork meeting of the British Association ; and it is 
also noteworthy that so eminent a man as Sir 
Charles Wheatstone, representingthe Royal Society, 
would not allow himself to be convinced of the im- 
portance of an achievement which was destined to 
place the doctrine of the conservation of energy on 
a firm and unassailable basis. Accordingly Joule’s 
admission to the Royal Society was delayed until 
1846. It is indeed meet that the same Society 
should now propose to perpetuate the memory of 
one of the most exact observers and fruitful workers 
in the field of scientific research. 

The Physical Society of London anticipated the 
appreciative action of the distinguished Fellows of 
Burlington House, for in 1884 they collected and 
published the scientific papers of Joule, thus raising 
to him a monument that will be wre perennius, 
Two volumes contain 115 papers, which deal chiefly 
with thermal, electrical, and magnetic subjects. 
There are others that show, in their way, the 
versatility of Joule’s mind, such as those on the 
utility of the common kite, on shooting stars, on 
the intensity of light during a solar eclipse, on the 
utilisation of London sewage, on the effect of cold 
on garden nails, &c. 

Joule’s papers were written chiefly for the Man- 
chester Literary and Philosophical Society, for the 
Royal Society of London, for the British Associa- 
tion, and the Philosophical Magazine. 

The Congress of Electricians that met last August 
in Paris recorded their appreciation of Joule’s re- 
searches in thermodynamics by adopting the pro- 
posal made in 1882 by Sir Williem Siemens, to call 
the practical unit of electrical work the joule. 

Still more recent is the tribute paid to Joule’s 


- memory by the Royal Institution of Great Britain, 


the Council having decided that the first ‘‘ Friday 
Evening ” discourse of the present lecture season— 
delivered on January 24—should be devoted toa 
review of the scientific work of Dr. Joule. It was 
fitting that such a subject should be treated in an 
Institution founded by Count Rumford, in which 
Davy experimented, and Tyndall expounded the 
principles of the dynamical theory of heat. In the 
absence of Sir William Thomson, Joule’s fellow 
worker for ten years, the task was taken up by 
Professor Dewar who, by word and experiment, 





showed the intrinsic value of Joule’s life-work and 
its far-reaching effect on the science of the day. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

TuE first meeting of the year of the Institution 
of Mechanical Engineers is taking place this week 
at the theatre of the Institution of Civil Engineers, 
lent as usual for the purpose by the Council. 

The meeting commenced on the evening of Wed- 
nesday last, and was continued yesterday evening, 
whilst the final sitting will be to-night. 

The President, Mr. Charles Cochrane, having 
retired, at the end of his first year of office, to the 
great regret of every one connected with the Insti- 
tution, Mr. Joseph Tomlinson had been elected 
to fill the chair. 

There were three papers set down for reading. 
The first on the list was from Mr. Thomas Urqu- 
hart, the locomotive superintendent of the Grazi 
and Tsaritsin Railway, South-East Russia. This 
was entitled ‘‘On the Compounding of Loco- 
motives Burning Petroleum Refuse in Russia.” It 
forms one more of the valuable series of papers on 
burning liquid fuel on railways which the author 
has contributed to the Transactions of the Institu- 
tion. The next paper was ‘‘On the Burning of 
Colonial Coal in the Locomotives of the Cape 
Government Railways,” a contribution by Mr. 
Michael Stephens, the chief locomotive super- 
intendent. The last paper on the list was one of 
somewhat novel and unusual interest. It was ‘‘On 
the Mechanical Appliances employed in the Manu- 
facture and Storage of Oxygen.” This paper was 
by Mr. Kenneth S. Murray, and was communi- 
cated through Mr. Henry Chapman. In connec- 
tion with the latter subject members were invited 
to visit Brin’s Oxygen Works for the purpose of 
witnessing the process of manufacture and inspect- 
ing the machinery. For this afternoon some very 
interesting blow-pipe experiments are announced 
to take place between the hours of 2.30 and 4 P.M. 
The factory is in Horseferry-road. 

The annual report of the Council was read at the 
meeting on Wednesday evening. From this it 
would appear that at the end of last year the num- 
ber of names of all classes on the roll of the Institu- 
tion, was 1856 as compared with 1806 at the end of 
the previous year ; thus showing a net gain of 50. 
During 1889 there were added to the register 122 
names ; against which the loss by deceases was 25, 
and by resignation or by removal 47. The receipts 
during the year were 6260]. 18s. 3d., the expendi- 
ture being 4849/. 12s. 8d. The accumulated capital 
of the Institution is 31,1571. 7s. 3d. 


THE RESEARCH COMMITTEES. 


The report further states that the Research Com- 
mittees are still at work. That appointed to draw 
up a standard system of marine engine trials is 
making progress under the direction of the chair- 
man, Professor Kennedy. A further report on 
three trials, including one on a high-speed steamer 
for express passenger traftic, and two others on cargo 
vessels, is in course of preparation ; and as soon as 
ready will be presented to members for considera- 
tion and discussion. The Research Committee on 
the Value of the Steam Jacket, under the chairman- 
ship of Mr. Henry Davey, have presented their first 
report, comprising the records of a large number of 
complete sets of previous experiments, collated and 
arranged by the chairman and Mr. Donkin. The 
Council have directed the publication of these re- 
cords in the Institution Proceedings, so that they 
will shortly be in the hands of members. Mean- 
while further trials are being made, and others are 
in prospect. 

For the purpose of the intended experiments 
which were to have taken place on the friction of 
pivot bearings, the necessary machinery has been 
made under the direction of the Research Com- 
mittee on Friction, of which the new President is 
chairman. It is stated that various circumstances 
have delayed the actual carrying out of the experi- 
ments, but it is hoped these causes of delay will 
soon be removed, and there will be an opportunity 
of commencing the work. 

On the recommendation of Dr. Anderson, arising 
out of Professor Roberts-Austen’s investigations 
into the application of the periodic law to the 
mechanical properties of metals, the Council of the 
Institution have recently decided upon starting a 
Research Committee with the object of investigating 
the effects of small admixtures of certain elements 





on the mechanical and physical properties of iron, 


copper, and lead. Dr. Anderson has been ap- 
pointed chairman of this committee, which is to be 
called the Alloys Research Committee. Mr. John 
A. F. Aspinall, some time ago, suggested the desira- 
bility of inquiring into the serious deterioration ex- 
perienced during recent years in the durability of 
the copper fireboxes and brass tubes of locomotive 
boilers. It is not unlikely that the investigations 
of the Alloys Committee may throw some light in 
this direction, and thus restore to copper fireboxes 
their ancient character for durability ; for it is cer- 
tain that the life of a locomotive copper firebox is 
not what it used to be. Altogether the Alloys Re- 
search Committee has a very wide field of investi- 
gation before it, and many years will elapse ere it 
will be dissolved if it only undertakes a tithe of 
the work that suggests itself almost at first glance; 
indeed we do not see why such research committees 
as this should ever be dissolved at all, but rather 
be established in permanence, new members taking 
up the work as others retire, so that the advan- 
tage of many minds would be gained, and at the 
same time a certain continuity of work. 

The chair was occupied by Dr. William Anderson 
when the proceedings were opened on Wednesday 
evening. After the report of the Council had been 
read, Dr. Anderson referred to the regret felt by 
every one that Mr. Cochrane could not accept a 
second year’s office as President, on account of the 
ill-health of his son. Dr. Anderson spoke of the 
good work done by the ex-President as an engineer, 
and remarked that he had been at college with him. 
He then vacated the chair, which was taken by the 
new President, Mr. Joseph Tomlinson. 

Mr. Tomlinson, in taking the chair, first took the 
opportunity to refer to the loss the Institution and 
the engineering world in general had experienced 
in the loss of Mr. Daniel Adamson. He had com- 
menced his engineering career in the same shops as 
those at which Mr, Adamson had also begun life ; 
he was, however, a year or two junior to Mr. Adam- 
son. No one would be more missed than the blunt 
out-spoken man who had taken part so often of late 
years in the discussions of the Institution. Mr. 
Adamson had doubtless a strong temper, which led 
him to say what was in his mind without weighing 
his words with over-due caution ; but every one who 
knew him felt sure that he was always determined 
to do what was right without counting the cost. He 
was certainly a great loss to the Council of the In- 
stitution. 

The Council had empowered the secretary to 
write a suitable letter of condolence to Mrs. Adam- 
son. 

Mr. Jeremiah Head next moved a vote of thanks 
to Mr. Cochrane for his labours as President. 
This was seconded by Dr. Anderson. 

The next business was the consideration of three 
new bye-laws of which notice had been given, and 
which were duly put from the chair. They were 
not discussed, but all carried without any expres- 
sions of dissent. They referred to the composition 
of 501. in place of annual subscription, to the title 
by which members should be known—M.I. Mech.E., 
in place of M.I.M.E. heretofore used, and to the 
issuing of a certificate of membership. 


Tuer Ratinc oF MACHINERY. 


The chief business on the first evening, however, 
was the discussion on Mr. Benjamin A. Dobson’s 
resolution, ‘‘ That the President be requested to 
express to the National Society for the Exemption 
of Machinery from Rating, the hearty sympathy of 
this meeting with the object. of the society.” 

It is hardly necessary to inform the majority of 
our readers that the local taxing authorities, in 
many parts of the country, prompted thereto 
mostly by a certain class of gentlemen who make a 
business of paying attention to these matters, have 
been very active in extending the area from which 
the local taxes may be drawn. For many years 
such machinery only was taxed as went with the 
freehold, such as was attached to the premises, but 
now the practice seems to be to tax everything ; 
even, in one case, down to the apparatus of a draw- 
ing office. The argument adduced is that the plant 
and machinery attached to a works give the premises 
their rateable value, and therefore the plant and 
machinery should be taxed. This, Mr. Dobson 
points out, is likely to be a severe blow to engi- 
neers, as manufacturers will be little likely to intro- 
duce new machinery if they are to pay a tax for its 
use, but will rather, as far as possible, keep to the 
old hand-labour processes. In fact, the tax is a tax 
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on the advance and progress of the country. 
Mr. Dobson urged his point in a very able speech 
and was seconded by Mr. Marshall, of Gains- 
borough, who also spoke to the same effect. These 
gentlemen were followed by many others, all being 
of the same opinion. The motion was ultimately 
put and carried without amendment. 

Mr. Urquhart’s paper was next read, but there 
was not time to discuss it, one or two speakers only 
being heard when the discussion was adjourned 
until the next evening. We will deal with this in 
our next issue. 

The summer meeting will take place this year at 
Sheffield, commencing on July 29. 

(To be continued.) 


THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS. 
(From our New York CorRESPONDENT.) 
(Continued from page 81). 

THE next day the engineers took the Laura M. 
Starrin (she is a boat by the way), and went to 
Willett’s Point, upon the invitation of Colonel N. 
L. King, commandant of the United States Post, 
where the Government has a school of instruction, 
in which the young idea is not taught to shoot, but 
to explode. It is the place where torpedo practice 
is taught in a way that ought to make every hostile 
or would-be hostile Government shake in their 
guilty shoes. We inspected range-finders and 
torpedoes until we became so infatuated with the 
practice that we almost wanted to blow up an inno- 
cent fishing boat in the pure interest of science. It 
is generally admitted that this school has developed 
the most perfect system of torpedo practice modern 
science can devise, and on this we have relied for 
our harbour defence in days gone by. The writer 
once saw a little torpedo exploded against the side 
of the New Ironsides at Charleston during the war; 
this was before the days of dynamite, nothing but 
gunpowder was used, but one of the officers stated 
that every bulkhead in the ship was started. After 
a delightful visit and an inspection of many war 
relics in the museum, the party re-embarked and 
were treated to the explosion of three torpedoes, 
one containing 1501lb. of powder, one containing 
50 lb. of dynamite, and the third containing 100 1b. 
of powder. The concussion was something terrific, 
and a column of water was thrown to a great height. 

On the return trip the party stopped at the Cen- 
tral Forging Works at Whitestone, and witnessed 
some immense forging. The hammer used weighed 
10 tons and was handled with the greatest ease 
and consummate skill. But the subject which 
attracted the most interest was a novel method of 
counterbalancing the weight of heavy compound 
engine shafts while being turned in the lathe. The 
whole weight of the shaft is carried by a carriage 
with rollers, which is placed under its middle point 
and supported by a chain which passes overhead 
over two pulleys to a box outside the building, 
weighted so as to counterbalance the weight of the 
shaft and prevent its deflection while being turned. 

The evening was marked by one of the most 
delightful receptions of the week. It may not be 
generally known in England, although it is quite de- 
sirable that it should be known, that we have in New 
York City an Engineers’ Club. This was formed 
last spring, and one of its objects is to entertain 
scientific bodies, hoping perchance that the 
‘* strangers ” may prove “‘angels.” It also offers to 
engineers and their friends a small but extremely 
complete club-house, furnished with all the com- 
forts and most of the luxuries of life. From a small 
beginning it has grown to 427 members, and is still 
growing rapidly and in the right direction. 

This club has, to use the technical reviewer’s 
patented term, ‘‘ filled a long-felt want,” and the 
members look forward with much pleasure to the 
entertainment of many of the English hosts, who 
made the visit of the engineers so very pleasant 
this last summer. If the Institution of Civil Engi- 
neers honours us by coming over in 1892 to the 
World’s Fair in New York City, the club will be 
their head-quarters beyond a doubt. One feature 
of this entertainment should be noted ; that was 
a remarkably fine model in sugar of the Eiffel Tower 
made to scale and about 4 ft. in height. No doubt 
when the Institution comes over a similar model of 
the Forth Bridge will be forthcoming. 

Having turned aside from the scientific arena for 
anight and thereby being refreshed, the Mechanical 
Coliseum was thronged with contestants at the 
usual hour the next morning. 

The first contestant and perhaps martyr was Mr, 








F. W. Parsons, who presented a paper for ‘‘ Indi- 
cator Rigging for Compound Engines.” This was 
a method to combine the diagrams taken from the 
two cylinders. The apparatus consisted of the 
ordinary form of indicator rigging with two seg- 
ments. The radius of the large segment is depen- 
dent upon the length desired for the low-pressure 
diagram. The radius of the small segment is in 
the same proportion to the radius of the large seg- 
ment as the volume of the high-pressure cylinder is 
to the volume of the low-pressure cylinder. The 
diagram may be taken with separate indicators upon 
the high and low-pressure cylinders and afterward 
traced upon the same paper, or by piping the high 
and low-pressure cylinders together with a three- 
way cock between, both diagrams may be taken on 
the same paper. By using three and four segments 
this device can be used for reducing the diagrams 
from triple and quadruple -expansion engines. 
Fig. 6 shows this apparatus applied to two cylinders. 


to straighten each bend, or collectively to elongate 
the whole. This tendency to lengthen the tube is 
resisted by the flexible strip, and thereby converted 
into a multiplied lateral motion. The inking pointer 
is attached directly to the end of the pressure-tube, 
and the usual mechanism and multiplying devices 
are dispensed with, since the motion of the tube 
itself is positive and of sufficient range. The 
special advantage of this is evident, considering that 
in all other pressure gauges the movement of the 
tube or diaphragm is small, and requires a system 
of mechanism to multiply the motion many times 
before it is available for indicating purposes. These 
multiplying devices must be delicately constructed 
and properly cared for, and even under the most 
favourable conditions they are liable, at any moment, 
to be a source of error. 

‘In the instrument illustrated, the tube is de- 
signed for a range of 180 1b. per square inch ; for 
other ranges its sensitiveness may be varied, at 
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The objections raised to this were, the reduction | will, by changing its proportions, as length, shape 


of the diagrams to such an extent as to make it 
difficult to measure them accurately, particularly in 
the cases of triple or quadruple expansion, and the 
inaccuracies due to the stretching of the cord. 


ReEcORDING PRESSURE GAUGES. 

‘* A New Recording Pressure Gauge” was then 
presented by Mr. W. H. Bristol. The diagrams 
given show the instrument, and require but little 
explanation. Fig. 7 is the instrument ready for 
use, and Fig. 8 ‘‘shows the pressure tube with the 





inking pointer attached, the front of case, dial, and 
cover being removed. The pressure tube A is of 
flattened cross-section, and is bent into proximately 
a sinusoidal form. A flexible strip B of the same 
metal as the tube is secured at the ends and along 


the bands. The bent tube may be considered as a 
series of Bourdon springs placed end to end. 
Pressure applied to the tube produces a tendency 


| of cross-section, or thickness. 


The printed charts 

for receiving the record make one revolution in 
| twenty-four hours, and are provided with radial 
|ares and concentric circles, the divisions on the 
| radial arcs corresponding to differences in pressures ; 
| while those on the concentric circles correspond to 
the hours of the day and night. 

‘* During the past year and a half several of the 
| instruments have been in operation upon the steam 
| boilers at Stevens Institute and have given per- 
| fectly satisfactory results.” 


Fic 8 


The only questions in the discussion which fol- 
lowed were as to the accuracy of the instrument, 
and the author was able to assert its reliability. 


TRANSMISSION OF POWER IN THE STEAM ENGINE. 


A ‘General Solution of the Transmission of 
Force in a Steam Engine,” by Professor D. S. 





Jacobus, was the next item of interest. The author 
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endeavoured to present a set of equations involving 
every condition met in ordinary engine practice. 
Most writers have simply determined the accelerat- 
ing forces without showing how they modify the 
tangential effort transmitted to the crank. ‘These 
must be used in determining the following quan- 
tities : , 

1. The pressures that exist at the bearings. 

2. The effort transmitted to, the crank’ at each 
point of its revolution, knowing which, the fluctua- 
tion of energy can. be determined. 

, 3.°The forces tending to shake the bed of the 
engine, ~ { . 
: ‘The general and approximate equations have been 
applied to the following four classes of engines, and 
the difference in the results determined. 

‘a, Small horizontal high-speed engine. 

. b, Locomotive. ° 

. ¢, Slow speed of revolution. Harris—Corliss. 

. d. Engine in. which the line of travel of the 
wrist-pin does not pass through the centre of the 
crankshaft. Westinghouse. 

The author then applied these equations to four 
classes of engines and tabulated the results, also 
illustrated by various indicator diagrams. The 
mathematical reasoning is to a large extent put by 
itself, and in this respect the paper will serve as a 
model for all the mathematical acrobats of the 
future. Even this, however, did not save the 
author from being called upon for more mathe- 
matical reasoning by one speaker. It is a disease 
and seems to be catching, this mathematicalophile. 
It grows on writers, the first symptom being a desire 
to designate everything and everybody by reference 
letters thus: ‘‘ The ruftian R seizing a club C, struck 
the sleeping man M on the head H, and having 
stunned him, took his gold G, ‘‘ hence we have,” 
R+C into MH will equal the gold between the 
limits of zero and an indefinite quantity, or, 


(R+C) MH= f%. 
a 


The next advance is marked by primes, exponents, 
coefticients, and radical signs, but the last and most 
violent stage is shown by Greek letters, and sub- 
scripts with a rash formed of triple integrals and 
second differential coefficients. To illustrate, sup- 
pose the sleeping man as above to have been drink- 
ing, and hence to be suffering from delirium 
tremens d @, suppose also that, in politics, he was a 
radical, ,/, and the attack to have taken place in 
Trafalgar-square T?, policeman Xj, being absent, 
we have since the f (X)=0, and the assassin ran with 
great velocity, the following : 1“ 


*-V (R+C) yur) = fe aX," 


which, when properly solved, with a slight incre- 
ment of faith, amounts to nothing.” 

This is the finally hopeless a, state, and 
such abertenches e | summersaults are indulged in 
that the man finally succumbs to an unsolved and 
unsolvable equation and becomes at last a mathe- 
matical paradox, as charged with all the various 
signs and symbols as a storage battery, and it is 
only necessary to cross his pole, when he will 
scintillate and sputter like a broken conductor. All 
this must not be understood to relate in any way 
to Professor Jacobus—indeed, his paper was pro- 
nounced one of the most valuable submitted, and 
his mathematics were almost all, as stated, in an 
appendix. 

TRAMCAR GEAR. 

The next paper was entitled ‘‘ Street Railway 
Car Gear for Moderate Speeds,” by S. J. MacFarren. 
The author discussed the needs of the situation, 
and then made the following prediction : 

‘“*The coming street car, will probably comprise 
flexible gear with long wheel base, independent 
wheels on (preferably) tubular axles and power 
track brakes. Its motors will be differentially con- 
nected. It will not only excel old practice in ease 
of riding and comfort, but will double the present 
life of wheels with great economy in track, truck, 
and motor repairs as well as in power, lubricant, 
&e. This, and more, at schedule speeds of ten to 
twenty miles per hour and without sacrifice of safety, 
is now in sight. The public taste and demand will 
become more exacting as the horse car recedes from 
view, and managers will more and more appreciate 
the fact that only the best is cheap when bidding 
for the good-will and patronage of intelligent 
people.” 

. If he really desires to be a friend of humanity, 
and also ef dumb animals, he will devise some 





means for preventing the Broadway: Horse Rail- 
road from putting over 100 passengers behind two 
horses. ‘*The coming street car,” to use the 
author’s term, ought to be of some elastic material 
for the use of this company. 


CoMPARISON OF INDICATORS. 


‘* The Comparison of Indicators,” by Professor 
J. Burkitt Webb, was next in order. He showed 
for that purpose an indicator was needed as follows: 

a. To obtain the area of the true card, as repre- 
senting the work done per stroke. 

b. To obtain the pressure as some particular 
point of the stroke. 

c. To obtain Whe shape of the true card, as indi- 
cating the condition and action of the steam and 
various parts of the engine. It does not follow that, 
because one indicator is superior to another for one 
of these uses, it is so for the other two. 

The features in the indicator which require care- 
ful examination aad comparison, the author con- 
sidered were the following : 

1. Uniformity of the spring. 

2. Parallelism of the piston movement to the 
cylinder. 

3. Uniformity of the pencil movement. 

4. Parallelism of the pencil movement to the 
drum axis. 

5. Accuracy of the drum motion. 

6. Phase of the drum motion. 

7. Mass of the parts and its distribution, and the 
strength of the spring. 

8. Friction of the piston and pencil movements. 

9, Lost motion. 

He then proceeded to show the possible re- 
medies, 

STEAM JACKETS. 

‘*The Influence of Steam Jackets on the Paw- 
tucket Pumping Engine” represented a series of 
tests made by Professor J. E. Denton, and no one 
who knows this distinguished author can doubt the 
thoroughness with which they were made. After 
detailing his methods and tabulating his results the 
author came to the following conclusions : 

1. That the averages of results of indicator cards, 
taken in the most careful manner with the best 
modern indicators, show a possible saving from the 
use of jackets amounting to from 0.13 Ib. to 0.55 Ib. 
of steam per hour per horse-power, but that these 
amounts are within the limit of error to which the 
determination of indicated horse-power and cut-offs 
are subjected, so that 

2. The most that can be claimed for the jacket 
is that it probably caused no loss, and may possibly 
have caused a saving, not exceeding 3 per cent. of 
the total steam consumption. 

For these conclusions, which are at variance with 
the good comfortable idea of from 7 to 12 per cent., 
the author was sharply attacked on all sides, but he 
did not seem to be at all disconcerted, and in fact 
maintained his ground with his usual energy, de- 
claring as a sort of final shot, that it was doubtful 
if much accurate knowledge existed as to the saving 
due toa steam jacket, since there were so many 
factors in the problem which were undetermined. 
Here then, it may be said, was an equation with 
too many unknown quantities for solution. Perhaps 
our mathematical members will now attack this 
problem, for the possibilities for gymnastics are, 
perhaps, unlimited. 


(TZ'o be continued.) 





NOTES. 
Tue Evecrro-MaGnet. 

CoNSIDERABLE attention has been paid within 
recent years to the laws and more recondite phe- 
nomena of electro-magnetism. The impetus to this 
vigorous inquiry was given by electrical engineers. 
Indeed, had it not been for their pressing demands 
for more extended and thorough information, our 
knowledge of the electro-magnet would probably 
be where Gauss and Weber, Faraday and Joule 
left it. But the workshop has been clamorous and 
the result has been a harvest of methods of investiga- 
tion, new phenomena, and valuable practical data. 
It is to the papers of Hopkinson, Ewing, Hughes, 
Roland, ne Bosanquet, as well as to the work of 
such men as Kapp, Ayrton, and Mordey that the 
student of electro-magnetics must now look for 
information. Text-books a few years old must be 
distrusted, with the prominent exception, however, 
of Maxwell’s magnum opus. A crusade is being waged 
against ideas, theories, and modes of expression that 
were considered quite orthodox say ten years ago. 





Poles, length of magnet, neutral line, free mag- 
netism, magnetic moment, are fast becoming obso- 
lescent. We must now speak of permeability, 
ampére-turns, magnetic circuit i resistance, 
hysteresis, air gaps, leakage of lines, &c. - Of course 
the torsion balance’ is out of date, and even the 
magnetometer is treated with some indifference. 
The spring balance and exploring coils are the new 
weapons of attack, and the electrician must have 
his plotted curves just as his brother engineer his 
indicator diagrams. The electro-magnet still offers 
a vast and promising field for research. _ Its scientific 
and commercial importance has again been empha- 
sised by Professor 8. P. Thompson, who has chosen 
it for the subject of the Cantor lectures which he is 
now delivering before the Society of Arts. Pro- 
fessor Thompson is nothing if not outspoken and 
incisive. He does not seek for euphemisms in 
dealing with the older views and nomenclature, and 
more than one of his hearers on last Monday night, 
27th inst., must have marvelled at his unmeasured 
condemnation of the ‘‘ law” of the inverse square 
of the distance as not only grossly inaccurate but 
absolutely untrue. These lectures will, be duly 
published in the Society’s Journal, and will un- 
doubtedly form an exhaustive eaposé of all that is 
known about the electro-magnet. 


THE Fisre Inpustry IN THE BAHAMAS, 

The demand for fibre machinery, so extensive of 
late years in Mexico, is likely to be increased under 
more favourable fiscal circumstances by the deve- 
lopment on a large scale of the Sisal hemp industry 
of the Bahamas. Last year Sir Ambrose Shea, 
governor of these islands, which are a natural con- 
tinuation of Florida, wrote to the Times a powerful 
appeal that British capitalists should undertake the 
cultivation in the Bahamas of this rival to Manilla 
hemp. The demand for the latter long ago out- 
stripped the supply, and to make good the defi- 
ciency fibre has been sought for in all parts of the 
world. The most successful substitute of all has 
been Sisal, a wild hemp plant indigenous to Central 
America and the West Indies. Thanks to the prompt 
enterprise of Americans, the trade soon began to 
flourish in Yucatan, where large tracts of waste 
lands are covered with Sisal hemp. Experience, 
however, soon revealed that only carefully selected 
plants, properly cultivated, could produce fibre 
that would stand the tests applied to good Manilla. 
It was found, moreover, that the plant was stronger 
and more fibrous in the Bahamas than in Mexico, 
and the result was, that in order to render these 
islands the counterpart of the Manillas in pro- 
sperity, if possible, the authorities decided, with 
the approval of the Government at home, to grant 
an export bounty of 41. 13s. 4d. per ton on all Sisal 
hemp grown in the Bahamas. The effect of this 
encouragement has been to draw English capital to 
the islands, where arrangements are now being 
made to plant 10,000 acres with this useful plant. 
Sisal is hke an aloe in appearance, and has leaves 
about 6 ft. long. It grows wild on the poorest 
soils, sprouting freely from a sucker, and in three 
years the leaves are ready for plucking. For 
nearly twenty years it continues to furnish, season 
after season, crops of these leaves, which are 
gathered by coolies, placed in fibre machines, and 
are baled ready for export within a few hours of 
being plucked. Excessive drought or rain having 
no effect on the plant, and no attention beyond 
pruning being needed after the first year or two, 
the crop is inexpensive to manage, and practically 
permanent for twenty years, when the old plants 
are replaced by young ones. If the energetic encou- 
ragement of the governor and the liberal bounty 
granted cause the cultivation of the plant to be 
conducted on a large scale, a fresh lease of pro- 
sperity will be conferred upon the Bahamas, and 
the machinery trade, as well as the fibre one, will 
benefit by the new West Indian industry. 


Horatio ALLEN. 

Horatio Allen, the last survivor of the original 
founders of American engineering, died on the first 
day of the new year. Mr. Allen was born at 
Schenectady, N.Y., in 1802, and after a course at 
the Columbia College, where he did well in mathe- 
matics, turned his attention to civil engineering, 
being first employed on the Chesapeake and Ohio 
Canal. Shortly after, however, he entered the 


service of the Delaware and Hudson Canal Com- 
pany, where he acted as assistant to Mr. Jervis, 
the chief engineer, and thus commenced a con- 
nection which, in one form or another, extended, 
over very many years. In 1828, Mr, Allen sailed 
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for this country with the intention of examining 
the work of George Stephenson in locomotive trac- 
tion on the Stockton and Darlington’ Railway, 
which at that period was attracting very consider- 
able interest amongst’ engineers in general. He 
had an interview with Stephenson, which resulted 
in an order to the latter for two locomotive 
engines for America, a third being obtained from 
Messrs. Foster, Rastrick, and Co., Stourbridge, 
England, 1828. These engines were received in 
New York in the following winter, but could not 
be put on the line till the canal navigation opened 
in the spring, when the ‘‘ Stourbridge Lion” was 
transported to the head of the canal, and Mr. Allen 
himself made the first run. As a trestle over which 
the line passed was considered shaky, the run was 
very pluckily made alone, but the adventurous 
driver got safely back, and had thus the sole honour 
of first travelling by locomotive in the States. The 
engine, however, proved too heavy for the rails, 
and was consequently not put to work until the 
rapid improvement in railroad engineering had 
made it out of date, but it has nevertheless been 
carefully preserved, and is an interesting relic of 
the early days of the locomotive engine. In the 
mean time, Mr. Allen had been appointed engineer 
to the South Carolina Railroad, on which the first 
continuous 100 miles of line were opened to traftic, 
and this was, moreover, the first line of any length 
intended from the outset for locomotive traffic. In 
1831 the first engine built to Mr. Allen’s designs 
was put on the line. This was the ‘‘ West Point,” 
which was intended for the South Carolina Rail- 
road. The next engine designed by him was an 
eight-wheeled engine, to some extent an anticipa- 
tion of the Fairlie type, there being two boilers 
placed end to end, with a firebox common to both 
between them. On the completion of the South 
Carolina line, Mr. Allen spent three years abroad, 
and then became connected with the Croton Aque- 
duct under his old chief Mr. Jervis, and played an 
important part in the completion of this great 
work. He then entered into business on his own 
account as one of the firm of Ward, Stillman, and 
Co., which was afterwards changed to that of Still- 
man, Allen, and Co., under which title it bui!t 
most of the engines for the famous Collins Line of 
Transatlantic steamboats. Mr. Allen afterwards 
became president of the New York and Erie Rail- 
road, and still later on, consulting engineer to it. 
He was president of the American Society of Civil 
Engineers in the years 1871 to 1873, and in 1874 was 
elected an honorary member. Since then till his 
death, he does not, so far as we can learn, seem to 
have engaged in any work of an engineering cha- 
racter, but had already at that period done more 
than most men do in the whole course of their lives. 
He leaves a widow, a son, and three daughters sur- 
viving him. ; 





THE Unirep STeamsuie Company, OF CopENHAGEN.— 
This company will soon receive its hundredth steamer, 
the Nidaros, which was launched on December 11, the 
twenty-third anniversary of the formation of the com- 

any, from Liébnitz and Co.’s yard at Renfrew, being the 
arge Danish company’s No. 100. he company was 
formed with twenty-two steamers and a capital of 
130,000/7. (2,395,000 kr.) in shares and debentures, which 
has now been increased to about 900,000/. (16,000,000 kr.) 
Originally the company traded mostly within the 
country with a few foreign routes (between Copenhagen 
and English east coast, Antwerp, Bordeaux, Norway, 
and the Baltic), whereas they now trade with seventy 
Danish and ninety foreign ports distributed over almost 
all Europe. Gradually this large company has absorbed a 
number of smaller concerns; in 1870 the fleet was 
swelled by six Danish provincial boats, and in 1874 
the Sound traffic was added (with twelve steamers). 
The German tariff preventing Russian goods from passing 
through Germany, the United Steamship Company began 
about 1880.a regular trade between Russian Baltic ports 
and Hull, London, Antwerp, &c. The same year the 
company took over three steamers from the Copenhagen 
Newcastle Company. In 1883 the Esbjerg-Parkstone 
steamer Kaldinghus was built, and during that and the 
following year seven more Danish provincial steamers 
were amalgamated with the United Steamship Company. 
The Mediterranean trade was commenced in 1883 and 
extended to the Levant and the Black Sea in 1887. 
During last year six new steamers were added to the fleet, 
three being in course of construction. The aggregate net 
tonnage at the end of 1889 was 44,408 R.T., counting the 
three boats not then completed, the aggregate horse- 
power being 10,938 nominal horse-power. During its 
existence the company has lost four steamers and thirteen 
have been laid up. With the exception of three years 
the company has added to its fleet every year of its 
existence, either by purchase of old or building of new 
steamers. The company continues its policy of extension 
and amalgamation and negotiations have been recently 

nding with a Jutlandish steamer company, which have, 
owever, led te nothing so far: 





: ; MISCELLANEA. . 

THE contract for the building of the new Roumanian 
bridge over the Danube has been adjudged to the French 
company of Fives-Lille, which made the lowest tender 
(7,657,000 francs). There were seven tenders in all, the 
highest of 17,630,000 francs coming from an English firm. 


The Heaton Electrical Engineering Works, which were 
recently commenced by Messrs. C. A. Parsons and Co., 
at Heaton, Newcastle, have now been completed, and are 
in full operation. The firm are not only manufacturing 
their well-known high-speed turbo-electric generators, 
but also slow-speed dynamos of the ordinary type. 


The Special Board of Engineers appointed by the 
United States Secretary of War to report on the best 
— on the Gulf Coast west of the Mississippi for a 

eep-water harbour, have selected Galveston. The works 
they propose to carry out here will cost, it is estimated, 
6,200,000 dols. 


The gross receipts of the 23 principal railways in the 
United Kingdom, for the week ending January 19, 
amounted, on 16,1424 miles, to 1,241,176/., and for the 
corresponding period of 1889, on 16,028 miles, to 1,186,6630., 
an increase of 1144 miles, or 0.7 per cent., and an increase 
of 54,513/., or 4.5 per cent. 


The latest London County Council report on the gas 
supply to the county of London shows that the South 
Metropolitan Gas Company are now practically out of 
their difficulties, as on two occasions only was the gas 
supplied by them below the standard, being in one instance 
15.8 and in another 15.5 candle gas in place of the 
standard 16. In no case was the pressure below the 
standard. 


Messrs. Galloways, Limited, of Manchester, have 
just issued a neatly got up little pamphlet describing 
the manufacture of boilers by machinery-at their works. 
Though intended, no doubt, as an advertisement, there 
is much of general interest to be found in its 
eee are given of all the more important machines 
used at their works, and the processes involved are de- 
scribed with clearness and accuracy. It is stated that the 
firm use about 250 tons of rivets yearly, which will give 
a good idea of the magnitude of their business. 


The Council of the Royal Meteorological Society 
have arranged to hold, at the Institution of Civil Engi- 
neers, Westminster, on March 18th to 2Ist, an exhibi- 
tion of instruments and photographs illustrating the 
application of photography to meteorology. The com- 
mittee wish to obtain as large a collection as possible of 
such instruments, &c., and ask for the assistance of the 
public. They will, moreover, be glad to show as well any 
new meteorological instruments or apparatus invented or 
first constructed since last March. Those wishing to con- 
tribute should communicate with Mr. William Marriott, 
assistant secretary, at 30, Great George-street, West- 
minster, 8S. W. 


The Michigan Central Railroad Company have recently 
had a compound ten-wheeled locomotive built for them by 
the Schenectady motive Works. The engine is of the 
two-cylinder type with cylinders 20 in, and 29 in. in dia- 
meter by 24in. stroke. A number of the ordinary type of 
engines of the same weight and general dimensions have 
also been built, for comparison, their cylinders being 19 in. 
in diameter by 24 in. stroke. The wheels are 68 in. in 
diameter. The cage measures 96 in. by 43 in., and in 
working order the engine weighs 97,000 Ib. It will be 
interesting to see if the favourable reports on the Webb 
compound in use on the Pennsylvania Railroad are re- 
peated in this case. 


The Woodhouse and Rawson United, Limited, which 
was formed some six months ago to take over the business 
of the Woodhouse and Rawson, Limited, Woodhouse and 
Rawson Manufacturing Company, and the Woodhouse- 
Rawson Supply Company, together with other businesses 
at Manchester and Bradford, have had a full share in the 
revival of prosperity in electrical matiers following the 
recent amendment of the Electric Lighting Companies 
Act. Of one size of switch alone 1500 are being turned out 
per week, and in the contracting department of the busi- 
ness the firm have been equally busy, having been_ap- 

inted contractors to the Bradford Corporation. The 

ave also taken up the Elmore depositing process, whic 
proinises to take a great development in the future. The 
company has already declared an interim dividend at the 
rate of 15 per cent. per annum, 


The latest report on the progress of the interesting ex- 
periment on irrigation colonies in Australia, now being 
tried at Mildura, was issued on August 30, 1889, and gave 
the population as numbering 1200 persons. The necessary 
works for the efficient irrigation of 25,000 acres of land 
were nearly completed, and special steam machinery for 
ploughing and grubbing had already been obtained. In 
order to afford some idea of the work done on the settle- 
ment, the following figures were published : 2600 acres 
cleared, 2200 acres ploughed, 2000 acres under fruit, vine, 
and fodder crops ; 24 miles of main channels completed, 
30 miles of subsidiary ditches, 20 miles surveyed and in 
hand, 186 miles of fencing, and 4 miles of main pipes laid. 
Steps were being taken in order that Mildura might 
beeome a municipality, and nursery stock had also been 
successfully introduced, some of the settlers procuring 
supplies on their own account. Messrs. Chaffey Brothers 

ad imported for contract planting more than 100,000 
vines, 20,000 orange and lemon trees, and 30,000 olive 
truncheons. The railway works, too, were in an ad- 
vanced stage, and when completed, the journey from 
Melbourne to Mildura will occupy only thirty-six hours. 


A meeting of the Electrical Trades Committee of the 
London Chamber of Commerce was held on Monday last 


+! coal bun 





at Botolph-house, Eastcheap, under the presidency of Mr. 
C. Crompton. © The chairman, referring to the forth-- 
coming exhibition of electrical appliances in Edinburgh, 
said that the Chamber had taken considerable pains to. 
try and make the exhibition popular, but in spite ofall 
their efforts they did not seem to have succeeded in 
doing so, which might be taken as a proof. of the 
surfeit which the country had recently Rad of. such 
industrial exhibitions. # these circumstances, . he 
would ask whether it was the pleasure of the meeting 
that they should do anything further in the matter. It 
was finally agreed, on the suggestion of Major’ Flood 
Page, to ask the exhibition authorities to send to the 
Chamber a’ list of the exhibits promised before ‘taking 
further action.: The question of the universal adoption 
by the electrical trades of a screw gauge, either of. the 
size fixed by the British Association or of dimensions to 
be determined ‘by the users themselves, was next. dis- 
cussed ; and it was resolved, on the motion of Mr. J. 
Swinburne, seconded by Major Page, to appoint a com- 
mittee to take the matter in hand, and ascertain, by 
means of a circular letter or otherwise, the views of 
manufacturers of electrical apparatus on the subject. 


The first meeting of the fifty-third session of the Liver- 
pool Polytechnic Society was held at the Royal Institu- 
tion, Liverpool, on Monday, the 27th inst., Professor 
Hele-Shaw, President, in the chair, when Mr. J. W. C. 
Haldane read a paper on “Liquid Fuel for Marine 
Boilers.” He detvribed the apparatus in use in Russia on 
the Grazi-Tsaritzin Railway, and on the Great Eastern 
Railway in England, as well as the apparatus used on 
steamers, and compared the various methods of injecting 
and burning the liquid fuel ; the best being to inject air 
and oil into the furnaces by means of a jet of steam. 
Very high temperatures and a steady flame capable of the 
nicest regulation were thus obtained. In Russia liquid 
fuel was used upon hundreds of steamers and locomotives, 
but the use of liquid fuel would be advantageous every- 
where, especially in ships, where about 70 per cent. of the 

er space pe saved made available for 
cargo. He came to the conclusion that the advantage 
of liquid fuel greatly counterbalanced the disadvantages 
and rendered it far superior to coal, even if the cost were 
double. An interesting discussion followed, an important 
point raised beirg the quantity of steam used in the jet, 
and the effect upon the boilers of ships navigating salt 
water, of the quantity of salt water which would have 
to be fed into the boilers to make up for this loss of 
steam. 


A private view of the new electric light installation at 
the British Museum was given on Tuesday evening last, 
and showed the lighting to be an entire success. Both 
arc and glow lamps have been used, the former mainly 
in the large galleries on the ground floor, and also in 
some galleries on the upper floor, most of the space 
being lighted by glow lamps. There are 69 arc lamps 
in all on the ground floor and 57 on the upper floor, 
ee with 627 incandescent lamps. The total plant 
takes upwards of 150,000 watts to run it, the potential 
difference at the lamp terminals being 115 volts. The 
current is obtained from four Siemens dynamos, each 
capable of giving 450 amperes at 130 volts, which are con- 
nected to a switchboard in the engine-room, from which 
the four main circuits of the building are led off. The 
dynamos are driven by two horizontal engines, entirely 
separated from the other, and either engjne is capable of 
lighting as much of the Museum as it is in general intended 
to light up in one evening. To prevent total darkness 
occurring in any of the galleries in the event of an 
accident, the lamps are connec in pairs, alternately, 
so that on half their number being cut out the light from 
the other half still remains evenly distributed. The 
engines have been supplied by Messrs. Marshall, Sons 
and Co., Limited, of Gainsborough, and the electrica 
work has been executed by Messrs. Siemens Brothers and 
Co., Limited, London. 








The following is a list of the vessels launched for He 
Majesty’s Navy during the past year: 
Horse- | | 
y orse- 
Name. | Tons. Power. | Speed. Cost. 
| knots. £ 

Blake 9000 20,000 22 430,653 
Vulcan .. 6620 | 12,000 20 292,107 
Barham 1830 6,000 19.5 101,408 
Blanche 1580 3,000 16.5 96,937 
Blonde .. 1580 | 3,000 16.5 | 96,937 
Barrosa. . 1580 | 3,000 16.5 96,937 
Barracouta | 1580 | 3,000 16.5 96,937 
Basilisk... .. ..| 1170 | 2,000 14.5 67,632 
Beagle... ..  ..| 1170 | 2,000 14.5 67,632 
Widgeon us) Mas 805 1,200 13.5 45,678 
Redpole oy es 805 1,200 13.5 45,673 
Goldfinch 805 1,200 13.5 45,678 
Lapwing 805 1,200 13.5 45,678 
Ringdove 805 1,200 13.5 45,678 
Magpie .. 805 1,200 | 13.5 45,678 
breast .. ..| 8035 | 1,200 13.5 45,678 
Sparrow Sn ..-| 805 | 1,200 | 185 45,678 
Thrush a ad -.-| 805 | 1,200 13.5 45,678 
Wiserd.. -.. ..| 736 |. 4,600 21 58,000 
Whiting er me 4,500 21 58,000 
Salamander : 735 4,500 21 5x,000 
Nl.. 735 4,500 21 58,000 
Sheldrake oe > 735 4,500 21 58,000 
Siete 4. oh 4,500 | 21 58,000 
Spanker ea | 4,500 21 58,000 
Speedwell 735 4,500 21 58,900 








To these may be added thirteen first-class and ten second- 
class torpedo boats, supplied by Thornycroft, Yarrow, 
White, and a Paisley firm, for the Navy, and the Pandora 
and four sisters, of 2575 tons and nineteen knots speed, for 


Australia; 
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HYDRAULIC PRESSURE GOLD CHLORINA- 
TION PROCESS. 

WE annex an illustration of a chlorinating cylinder 
in which, by the applicaton of hydraulic pressure, 
gold is extracted from refractory ores. The process, 
which is the invention of Mr. J. Holms Pollok, B.Sc., 
of the Glasgow University, has recently been tested 
on a large scale by the Pollok Patents Gold Extract- 
ing Company, Limited, who purchased the patents, 


and on Wednesday last a public demonstration was 
given at the works of the company in Glasgow. The 
niversity 


model originally qqenees at the Glasgow 
on the principle illustrated dealt with a charge of 
1 cwt. to 14 cwt. of ore, and at the works of the 
company there are two machines in operation, one on 
the principle indicated, the charge of which is 25 
ewt., and the other on an entirely new design by Mr. 
Stephen Alley, one of the directors of the company. 
By this design the machinery is made much lighter, 
the cylinder being placed upright instead of hori- 
zoutally on friction rollers, as in the original chlori- 
nator. The capacity isalso increased and labour saved 
by automatic charging and discharging apparatus. 
The cylinder too is lined with a light non-corrosive 
lining. This machine has a capacity of 2 tons and can 
put through in twenty-fours 15 tons in twelve charges 
of 25 cwt. each, It is stated that they have been in 
constant work for a considerable time and the pro- 
cess has been found to operate as successfully as in 
the experimental stages. Ore has been received from 
all ry and pred eerie countries in the world 
and there has been extracted on the average 95 per 
cent, of the gold present in pyrites or float gold ores. 

In describing the mechanism perhaps the best way 
will be to narrate the different steps in the process, 
The ore to be treated is first crushed to about the fine- 
ness of sand, preferably by rollers to avoid as far as 
possible the presence of much fine dust, It is then, 
when necessary, roasted at a dull red heat for about 
six hours, which removes the sulphur and renders 
the ore porous or <p emp If much sulphur is 
present the roasting takes somewhat longer, and if 
copper, lead, zinc, &c., are present, about 5 per cent. 
of salt must be added, so as to chlorinate these 
metals in the furnace and prevent them consuming 
the chlorine in the subsequent operations. After 
roasting, the ore is raked from the furnaces and 
allowed to partially cool; it is then placed in the 
chlorinating cylinders in charges of about one ton 
of ore at a time, together with 30 1b. of bleaching 
powder and 40 1b, of nitre cake, or about 14 per 
cent, of bleaching powder and 2 per cent. of nitre 
cake, So soon as the ore and reagents are placed in 
the cylinder the cover is screwed over the charging 
door and the valve on the hydraulic pipe opened, 
when the water is forced in to a pressure of about 
100 lb. per square inch, Considerable advantage is 
gained by allowing the air initially present in the 
cylinder to escape during the admission of the water 
as it acts detrimentally in wasting chlorine. This 
may easily be done by opening the cock, afterwards 
used for blowing off the excess of chlorine and closing 
it as soon as the air has escaped and the cylinder is 
full of water. The cylinder is then revolved for one 
hour, when the nitre cake reacts with the bleach- 
ing powder, liberating chlorine gas, and as there 
is no air in the machine the whole of the chlorine 
passes into solution and the high and _ steadily 
applied pressure drives this strong chlorinating liquid 
into the pores ofthe ore so that the gold contained is 
rapidly and completely converted into the chloride 
and dissolved in water. The cylinder sits on four 
friction wheels and is revolved by a shaft pass- 
ing through two of these; the hydraulic pipe passes 
through the centre of one end of the machine and 
is connected to the machine by a packing box, 
which, while it keeps the pipe perfectly tight, leaves 
the machine free to revolve, By this means the pres- 
sure of 100 lb, per square inch is maintained through- 
out the whole operation. Immediately beyond the 
packing box is placed an automatic rubber valve, which 
admits water under pressure but prevents any ore or 
chlorine solution from finding its way back into the 
pipe from the accumulator. After the chlorination is 
over the cylinder is stopped revolving, and the excess 
of chlorine blown off by connecting a ‘lexible pipe to a 
stop-cock on the top of the cylinder. The cover is 
then removed from the charging door and the ore 
and solution of gold run into a filter. The liquor is 
then pumped out of the filter into precipitating tanks, 
where the gold is thrown down by ferrous sulphate 
(14 per cent.) or sulphuretted hydrogen ; or, if pre- 
ferred, it may be precipitated by running the solution 
through a bed of charcoal, the charcoal being after- 
wards burned. The gold is then collected and fused 
into bars. Coarse gold when present is obtained by 
running the refuse from the chlorinator over amalga- 
mated copper plates. 

The inventor does not claim that the process is new 
in its entirety. What he does claim is that by the 


seen of hydraulic pressure in the process of 
chlorinating under pressure one can operate better, 
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quicker, and cheaper than by any method hitherto in 
use. The cost of treatment of ore in this country is 
estimated as 6s. perton. In reckoning the cost at the 
goldfields is is necessary to include freightage. 

On Wednesday ,Chili float ore was treated, and the 
process explained to a large company of guests by the 
chairman of the company, Mr. Hedley, the manager 
and secretary, and by Mr, Pollok. The result of treat- 
ing 23 ewt. of the ore was that three buttons of pure 
gold were got weighing roughly about 3}0z. The 
works at Glasgow are principally for experimental 

urposes. According to arrangement the ores will 
e treated at the mines or in districts contiguous to 
the mines. 





LAUNCHES AND TRIAL TRIPS. 

Tue s.s. Aid, which has been built for the Board of 
Trade by Messrs. William Allsup and Sons, Limited, of 
Preston, went through her final trials on Friday, the 17th 
inst. The Aid is built of steel and is 126 ft. long by 21 ft. 
beam by 10 ft, depth of hold. She has been fitted by her 
builders with two pairs of compound surface-condensin 
oscillating engines, driving paddle wheels, and is fitte 
so that either wheel may be driven independently of the 
other, The cylinders are 18 in, and 36 in. in diameter by 
48 in, stroke, and she is worked to a pressure of 100 Ib. 
per square inch. She is fitted with a powerful Worthing- 
ton steam fire pump, having two 12 in. cylinders by 12 in. 
stroke, capable of throwing two 1} in. jets of water 
through 300 ft. of hose to a very great height. The speed 
trials were made from Ramsgate Harbour round the 
Goodwin Sands and back, with the result that she made 
a run of 32 knots in the face of the wind and foul tide 
under three hours, which was considered to be highly 
satisfactory. 





On Wednesday, the 22nd inst., Messrs. Day, Summers, 
and Co., of the Northam Iron Works, Southampton, 
launched a new steamer for the Union Steamship Com- 

any named the Tyrian, and of the following dimensions: 
zength between perpendiculars, 260 ft. ; breadth, 33 ft. ; 
depth in hold to awning deck, 24 ft. 3in. The saloon, 
which is on the main y Be in front of the machiner 
space, extends from side to side of the vessel, and is hand- 
somely fitted up with tables and revolving chairs for forty 
first-class passengers. The walls of this saloon are taste- 
fully decorated with ornamental carved work in various 
designs, while abundant light and ventilation is obtained 
from the sidelights and an elegant skylight overhead. 
The first-class sleeping cabins are placed forward of the 
saloon on the main deck, and are fitted with patent wire- 
woven spring folding-up berths and patent mahogany 
folding-up lavatories, which, while being exceedingly 
convenient, occupy the smallest amount of space. They are 
also fitted with electric light and electric bells, &c. The 
second-classsaloon and sleeping cabins have been arranged 
abaft the machinery space on the main deck, the fittings 
of the sleeping cabins being identical with those of the 
first-class cabins. The steering gear is Napier’s patent 
combined steam and hand steering gear placed directly 
over the rudder-head. There are no chains or quadrant 
to give any trouble, the steam gear is perfectly noiseless, 
while the hand gear is the most powerful that is made, 
the power increasing as the rudder goes over. The 
engines, which have been fitted by the builders, are on 
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the triple-expansion principle, with cylinders 21 1n., 34 in., 
and 57 in. in diameter, by 36 in. stroke, using steam at a 
working pressure of 160 lb. per square inch. The surface 
condenser has a cooling surface of 2200 square feet, and 
is supplied with circulating water by two centrifugal 
pumps, with separate engines, by Gwynne. The propeller 
is 14 ft. in diameter, 15 ft. 6 in. pitch, and 70 square feet 
of surface, and fitted with four movable blades of Vickers 
steel, sheathed with brass at tips. There are two boilers 
each 13 ft. in diameter by 11 ft. long, built of steel, with 
three Fox’s corrugated furnaces, for a working pressure 
of 160 lb. per square inch; the total heating surface is 
3400 square feet, and the grate surface is 115 square feet. 





On Thursday, 23rd inst., Messrs. John Fullarton and 
Co. launched from their Merksworth Building Yard at 
Paisley an iron screw steamer named Rostrevor, of 20) 
tons gross, built by them to the order of the Newry and 
Kilkeel Steamship Company, Limited, Newry, and in- 
tended for the coasting trade. Mr. William Kemp, 
Govan, has constructed for her compound surface-con- 
densing engines of 45 horse-power. The cylinders are 
16 in. and 32in. in diameter, and the stroke 22in. Steam 
is to be generated in one boiler 10 ft. in diameter and 
9ft. Gin. stroke, having two furnaces, and working to a 
pressure of 90 1b. to the square in. 





Messrs. William Denny and Brothers launched from 
their yard at Dumbarton on Thursday, the 28rd _ inst., a 
paddle steamer built of steel to the order of the Port- 
patrick and Wigtownshire Railways (Joint Committee) 
for passenger service between Larne on the Irish Coast, 
and Stranraer on the south-west coast of Scotland. The 
steamer, which is named Princess Victoria, is of the 
following moulded dimensions : Length, 280 ft. ; breadth, 
35 ft. ; depth, 14 ft. A considerable part of the ship is given 
over to cattle and cargo carrying. The propelling ma- 
chinery is being constructed by Messrs. Denny and Co., 
and consists of a pair of compound surface-condensin 
diagonal engines, steam being supplied from four stee 
tubular boilers, two at each end of the engine space, 
Forced draught on the closed stokehold principle is to be 
applied. The distance between Larne and Stranraer is 
35 knots, and the steamer is designed to perform the 
journey in two hours at most, 





Messrs. Alex. Stephen and Son launched on Thursday, 
28rd inst., from their yard at Linthouse on the Clyde, a 
four-masted sailing ship, built of steel, to the order of 
Messrs. J. and Roxburgh, Glasgow. The vessel, 
which is named Fascadale, is of 2100 tons gross. 


Messrs. David J. Dunlop and Co. have just launched 
from their works at Port-Glasgow the s.s. Francisco 
Vidialla, built to the order of Messrs. Vincinte, Martinez, 
and Co., Monte Video. The dimensions of the steamer 
are: 162 ft. long, 284 ft. beam, 10 ft. depth of hold. The 
builders have constructed engines to indicate 500 horse- 

wer, and the speed is expected to be 10 knots an hour. 

hese an are of the triple-ccompound type, with 
three cranks. The cylinders are 144 in., 22} in., and 37 in. 
in diameter respectively, with a stroke of 24in. Steam 
is generated in one boiler, 11 ft. 8in. in diameter, by 
9 ft. 9in. long, having three of Purves’ patent ribbed 
furnaces, and oe been constructed for a working pressure 
of 150 Ib. to the square inch. The propeller is 7 ft. 8 in. 
in diameter, with a pitch 11 ft, 6 in., and has four blades, 
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FEED-WATER HEATER AND PURIFIER. 
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THE feed-water heater and purifier illustrated on | 
the present page is the invention of and is constructed | 
by Mr. Geo. Sherwin, of the Central Works, Birming- 
ham. This heater belongs to that class in which the 
water is heated by passing through coils surrounded 
by live or exhaust steam. The whole of the apparatus 
is contained within a single casting, in wich are 
formed a steam chest, and chambers for hot and cold 
water, these chambers and chest being closed by covers 
which can be removed to expose the interior to view 
without disturbing a single pipe joint. Within the 
steam chest A the coils D are placed side by side; one 
end of each coil communicates with a chamber B, the 
other end with a chamber C, the feed-water inlet and 
outlet H to these chambers being placed between them. 
In the exhaust heaters the steam chest is provided with 
four openings E, one on either side and one at each 
end, any two of which can be used for entrance and 
exit of the exhaust steam, the two not wanted being 
closed by covers. The heater can thus be placed in 
an ordinary line of exhaust pipe, and it may even take | 
the place of a bend by using one opening at the end | 
and one at the side, for the ge of the exhaust | 
steam. Around these openings within the steam chest | 
flanges are formed to prevent the waste water, result- | 
ing from condensation of steam, from entering the | 
exhaust pipes on its passage to the outlet K provided | 
for the escape of this waste water. When live| 
steam is used, only one opening is provided for | 
the entrance of steam into the steam chest, and | 
the coils are ofa different and more compact form than | 
shown in the engraving. When heated the water | 
deposits a part of its impurities in the water chambers | 
B or C, a scum cock being provided to both these 
chambers that either may be used for hot or cold water 
as may be most convenient; the sides and bottom of 
these chambers taper or incline towards these scum | 
cocks, and the sides and bottom of steam chest taper | 
towards the waste water outlet, This form of con- | 
struction permits of the heater being placed in any posi- | 
tion, horizontal, vertical, or oblique, Mr. Sherwin | 
has made this class of heater for some twelve years, | 
during which time they have been found to work | 
efficiently. 








| 
Propose Swiss Mountain Raitway.—-A project for a | 
railway to the summit of the Jungfrau, which rises to a 
— of about 13,670 ft., has latterly assumed a more tan- 
gib e shape. Two designs have been pro , one by Mr. 
oritz Kéchlin, at one time connected With the building 
of the Eiffel Tower, and the other by Mr. Trautweiler, 
engineer of the St. Gothard and Briinig Railways. The 
first is understood to have received the most favourable 
consideration. The mountain line proper will be about 
3} miles long. This section is to be built either on the 
rack system of the Mount Pilatus Railway, or it is 
to be divided into five sections of cable line worked 
by water power. At the end of each of these sec- 
tions the passengers will be transferred to a car on the 
succeeding section. A reservoir on the summit of 
the mountain, supplied by a series of pumps at different 
levels, is to furnish the required water power. Mr. Traut- 
weiler’s design provides for an underground line over 
the whole mountain section, thus seeking to avoid climatic 
difficulties. There are to be four sections of a large pi 
conduit, and the power is to be furnished by means of a 
cable. To drive this compressed air is to be used instead 
of water power. Mr. Kéchlin’s estimate of the cost of 
building the line is 390,000/., while Mr. Trautweiler’s | 
estimate foots up to 230,000/, 
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STEAM REDUOING VALVE. 


THE annexed engravings illustrate a new steam 


reducing valve introduced by Messrs. William Reid | 


and Co., of 45, Fenchurch-street, London. The design 
is a simple one, and it has been worked out with 


a view of avoiding the use of all devices, such as_ 


glands and diaphragms, likely to interfere with the 
regular and satisfactory action of the valve. The 
en steam acts upon the lower side of the 
valve. This valve is connected by a link and an arm 
to a rocking shaft, which at one end comes through 
the valve case, and carries a lever subject to the pres- 
sure of an adjustable spring. The rocking shaft has 
no gland, but is made steam-tight by a conical 





shoulder ground into a seat in the bush through 
which it passes. This cone is kept up to its place by 
an adjustable screw, the point of which bears against 
a centre in the end of the shaft. 

In setting the valve the spring is relaxed by un- 
screwing the nuts on its ame until a gauge in the 
low-pressure pipe shows the desired pressure has been 
obtained. The nuts are then locked and the valve will 
fac steam of the required pressure so long as the 

iler pressure remains constant. The entire arrange- 
—- exceedingly simple and should be found very 
useful. 








INDUSTRIAL NOTES. 


Ir would seem that there is an intention of storing 


‘up energy, of a more or less explosive kind, in connec- 
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tion with some at least of our great national industries. 
Circumstances may or may not have rendered it inevit- 
able that a certain degree of friction has arisen in 
consequence of the action of trade unions, as regards 

uestions of wages, overtime, and hours of labour. 

evertheless few will deny that workmen are entitled 
to — in the increased prosperity of our trade, 
although they may differ as to the extent, or to the 
methods, whereby such advantages are obtained. 
In reality there has been less resistance on the so of 
employers than at any previous period ; and the re- 
lations between employers and employed have been of 
a more friendly and cordial character. But there are 
indications of a possible reaction. The shipbuilders of 
the United Kingdom have for some time been matur- 
ing a federation for mutual protection and support. 
Now we have a similar movement among the coal- 
owners of the country. Such a movement is perfectly 
legitimate, and might even be a necessity. But it is 
extremely desirable that the relations between capital 
and labour should be rendered more cordial than here- 
tofore, and that disputes shall be minimised. If great 
| federations can insure this, they will be useful; if, on 
| the other hand, they mean a preparation for a great 
| industrial conflict, then the outlook for the future is 
| are reassuring. Our trade needs peace and good- 
will. 





| Throughout Lancashire the engineering and iron 
| trades generally are in a prosperous condition, and 
| there are happily no disturbing influences at work, in 
| the shape of labour disputes, to mar that prosperity. 
| The chief labour difficulty at present is the scarcity 
|of men. The application for skilled workmen in the 
| several branches of the engineering industry is such 
|that the unions cannot supply all that are needed. 
|‘*Not a man out of work,” was the reply of the 
| secretaries of two important bodies a day or two since. 
| Overtime is very general in most of the large works, 
| and as old orders are completed, new orders are re- 
| ceived more than sufficient to take their place. Inthe 
| midst of all this activity there is a remarkable absence 
| of that feverish desire to promote wages movements, 
| which have developed in other centres of industry. 
|The ‘‘ movements of the markets” seem to have little 
effect upon the conditions of trade, whatever they may 
|have upon mere speculations in warrants or stocks. 
| Probably consumers are well covered for their require- 
ments for some time to come, and hence can afford to 
be calm, even when the market is either a little excited 
or is very quiet, as, in some cases, it has been of late. 
The cotton trade is not in an equally good condition 
| with the iron and engineering trades, but even in this 
important industry there is more confidence, and 
greater activity than there was some time since. Lan- 
cashire is buoyant with hope and confidence, and its 
energy finds plenty of exercise at the present time. 

In the Sheffield and Rotherham district trade still 
continues ina very prosperous condition in all branches. 
The markets have been affected somewhat by the 
movements in the North, and there has been a slight 
reaction in prices. But the effect upon the labour 
market is ni/, for the demand for raw material is de- 
scribed as excessive, at good prices. In railway 
material quite an extraordinary business is being done, 

| on home account, for the Argentine Republic and for 
\the South American markets generally. In all the 
‘special local trades such as cutlery and silver plate, 
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edge tools, saws, files, agricultural and farming imple- 
ments generally, trade is exceedingly brisk, both on 
home and foreign account, and the prices realised are 
in the main satisfactory. The spring-knife cutlers 
have been seeking an advance of 10 per cent. in their 
wi for some little time past, and there is every 
robability that it will be conceded without trouble or 

ispute. The knife fettlers throughout the district 
recently made a demand for an advance of 2s. per 
week in wages, and gave in their notices accordingly. 
In some cases the demand was conceded at once, on 
the expiry of the notices, while in most other cases 
the matter was settled without a strike. The unions 
of Sheffield are strengthening their Trades Council by 
the admission of several associations which had for 
years kept aloof. This movement does not, however, 
necessarily imply any forward action on the part of 
the trades, the council being of a consultative character. 

The reported flatness in the iron market at Middles- 
brough, consequent upon the discouraging advices from 
Glasgow, seems not to reach the actual labour market, 
although it is said to have retarded fresh orders for 
manufactured iron, especially for shipment. The steel 
trade, however, still keeps very brisk, the shipments 
having been good. In many branches trade is exces- 
sively busy, particularly in shipbuilding materials, 
plates for bridgework, &c., the inquiries in the latter 
department increasing. In all branches of engineer- 
ing and shipbuilding trade is very busy, and large 
sales have been placed for railway wagons by the 
Midland Railway Company. The best indication we 
can have of the continued prosperity in trade, and of 
the a demand for iron and steel, is the re- 
opening of old works, long closed. For example, the 
Middleton Iron Works, near Darlington, which have 
been idle for over six years, are being restarted with 
four blast furnaces, one of which is to be put in blast 
on hematite pig iron without delay. The yard helpers 
at Messrs, Raylton, Dixon, and Co.’s, who struck work 
for 5 per cent. advance, returned to work after a 
couple of days at an advance arranged by a conference. 
The blast furnacemen and their employers have been 
discussing the wages question in connection with the 
sliding scale. The masters allege that they are com- 
pelled to sell ahead, and that the men should take 
that fact into consideration in asking for an advance 
in wages. The men partially conceded the point, and 
the subject matter in dispute is to be referred to 
arbitration. The workmen claim ‘‘a substantial 
advance,” 

In North Staffordshire the iron trade is in full swing, 
every hour being worked as far as possible. Orders 
are reported as being plentiful, but in some cases the 
mills cannot be kept going for want of iron. Coal and 
coke are also reported to be scarce, and the latter espe- 
cially to be exceedingly dear and scarce, so that the 
iron works are, in some instances, suffering. Even by 
offering a bonus on the contract price, it is said that 
the supply is insutticient. The scarcity and dearness 
of fuel is the chief obstacle to any larger output of 
iron at present ; this being so stocks will have to be 
drawn upon to ease the present demand, if it cannot be 
effectually supplied from time to time by the makers. 
In which event prices will not only recover from the 
apparent temporary depression, but will advance 
beyond the recent maximum. There are no labour 
troubles at present of any moment, either in North or 
South Staffordshire, and overtime is being worked, as 
far as practicable, in many of the works. 





The recent strike in the iron bedstead trade was 
referred to arbitration. As a preliminary the men 
were to be allowed 10 per cent. bonus until the end of 
March. It is now agreed that a new list is to be 

repared to come into operation on March 31, with a 

nus of 15 per cent. on the new list. If the new list 
is not ready by that date, or is not finally agreed upon, 
then the men’s wages are to be advanced by a bonus of 
15 per cent. on the existing wages list, ——e the 
Sahl adjustment of the new list. The dispute may 
therefore be regarded as practically at an ro | 

The extreme activity in the shipbuilding yards of 
Glasgow and the Clyde generally, and along the north 
and east coast of England, and the continued pressure 
of work in the engineering shops throughout Lanca- 
shire, Yorkshire, Cumberland, Lincolnshire, &c., is 
having its effect in the steel works of Staffordshire 
especially, where the excessive and increasing demand 
has led to a further advance in price. Orders are 
offered at advanced prices, and export customers are, 
it is stated, purchasing largely. Under these circum- 
stances the outlook for some time to come is reassur- 
ing. There are rumours of a very large order for rails 
from Russia, and America is still largely buying rail- 
way materials, although Mr. Carnagie recentl 
that the Americans could now command their own 
markets, 





The Manchester, Sheffield, and Lincolnshire Railway 
Company recently granted an advance to a portion of 
their signalmen, under class A. But it appears that 
the claims of other classes were overlooked. The! 





latter have, therefore, addressed a very moderate 
letter, or memorial, to the directors asking them to 
reconsider the whole matter, and to take into considera- 
tion their responsible work and duties, and the small 
wages attaching thereto. The men ask for an advance 
in wages, and a reduction of working hours to ten per 
day, and in important positions to eight per day. The 
memorial asks the directors to grant them an interview 
to talk over the whole matter, with a view to an 
amicable arrangement. 





The condition of the coal trade is at present in 
quite a unique position, if the reports from various 
centres are to be credited. During the ‘‘ coal famine,” 
as it was called some eighteen years ago, the miners 
were supposed to be the great sinners in raising prices 
to prohibitive rates. Fuller information disclosed that 
the mineowners, and especially coal merchants, ob- 
tained the larger share of the high rates. Singularly 
enough the merchants are now complaining, not of the 
miners, but of the coalowners, who, they allege, 
advance prices without notice, and keep the wagons 
waiting for days together for supplies. There can be 
no doubt but that the mineowners ied a bad time of it 
for many years ; they are now gathering in a plentiful 
harvest. Their defence is that the demand so far 
exceeds the possible supply that they are justified in 
asking the higher rates demanded. The Yorkshire 
merchants allege that the 30 per cent. advance in 
wages to the miners only amounts to 6d. per ton, or, all 
inclusive, to 9d. per ton, whereas the price at the pits 
has gone up from 4s. per ton to 5s, 6d. per ton. But 
the end is not yet. As intimated in ENGINEERING 
some months ago, coal is destined to go up to much 
higher rates yet. That there is a scarcity of fuel is 
undeniable. In many districts the men cannot hew it 
fast enough. In some they have been required to 
work overtime, four or five days in the week, to 
which the men demur. With all this pressure the 
supply is short, and some of the iron works are be- 
ginning to feel it. Had the weather been bitterly 
cold, house-coal would have advanced to a high figure 
long ere this. Even now the danger is not yet over. 





Among the miners the event of the past week was 
the National Miners’ Federation Conference at Bir- 
mingham, The Durham, Northumberland, Cumber- 
land, and Stirlingshire Miners’ Associations were not 
present. But the total represented was stated to be 
101,338. The reports went to show that the last 
10 per cent. advance in wages was conceded in all the 
districts. A resolution was proposed asking for a 
further advance of 20 per cent. in wages, but this was 
ultimately withdrawn and 10 per cent. was substituted, 
when the resolution was unanimously carried. This 
demand will affect Yorkshire, Lancashire, all the mid- 
land counties, Bristol, Somerset, and Monmouthshire, 
and some parts of Scotland. The question of the Em- 
ployers’ Liability Bill was discussed, when it was 
resolved to demand that there shall be no power to 
contract out of its provisions. 

The other chief question under discussion was the 
Miners’ Eight Hours Bill to be introduced during the 
next session. Considering the former differences of 
opinion upon the subject, the unanimity of the confer- 
ence was surprising. Mr. B. Pickard, M.P., is to take 
charge of the measure in the House of Commons, It 
was further proposed and carried that the Eight Hours 
Bill be made a test question at the next election. It 
will be a curious study during the Parliamentary ses- 
sion to see the peculiar combinations which will result 
from this eight hours’ movement. The ‘labour 
members,” as they are called, will be sharply divided 
in opinion, and it is even doubtful if all the miners 
will support it. 

The recent strikes of miners on the Continent have 
doubtless assisted in raising the rates for some kinds 
of fuel at home. The contest is not yet over. The 
German miners are asking for 50 per cent. advance in 
wages and eight hours from bank to bank, with the 
total abolition of overtime. In Belgium the men 
recently marched through some of the districts armed 
with their pickaxes and other implements of their 
work. This, however, might not have been intended 
as an outbreak of violence, but only an indication of 
their working tools. They were dispersed by the 
gendarmes, after some show of resistance, and some 
severe blows. If English miners cannot all at once 
get all they want, it is quite impossible for Continental 
miners to do so, with little or no organisation to hel 
them. Their lot may be a hard one, but violence wi 
not improve it. 

There were many complaints some months ago of the 
little support given to the Midland Wages Board. 


ted | The men at many of the pits complained that the 


Board did not effectually do its work and improve the 
condition of the workers. A great improvement in 
this respect has taken place during the last nine 
months. In April last only seventeen pits supported 
the Wages Board. They have now increased to sixty- 
three ; the result has been that wages have advanced, 
and the conditions of work have improved, just in pro- 





portion to the support accorded to the Wages Board, 
and that, too, without strikes. 


The efforts to establish a Labour Bureau in London 
is now mainly supported by the more Socialistic leaders 
of the workmen in the unskilled trades, Formerly 
the idea was scouted by the men as an attack upon 
trade unions. Mr. Alsager Hill endeavoured for years 
to establish such a bureau, but he was always opposed. 
There is no reason why such an institution as a Labour 
Exchange should not be of great benefit to the un- 
employed, if it can work with the employers as well as 
with and for the men. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 17, 1890. 

Last year 70,000 freight cars were turned out of the 
American car works, as against 71,000 for the previous 
year. Itis estimated that fully 80,000 will be con- 
structed this year, not only onaccountof the new mileage 
to be constructed, but because of the urgent need of 
additional cars to meet growing traffic requirements. 
Locomotive builders who have expressed themselves 
with regard to the probabilities of the year, are quite 
confident that a very great addition will be made to 
locomotive capacity, and for these reasons: Compara- 
tively few lines have kept their locomotive ope ay | up 
to the maximum point of efficiency. A few trunk lines 
between New York and Chicago, and Chicago and the 
north-west, have been of necessity obliged to increase 
their locomotive service, and have been adding new 
and improved engines from time to time; but a mul- 
titude of other roads have allowed things to go on 
their own way. The compound locomotive is finding 
favour among a great many railway managers. The 
Michigan Central Company recently received from the 
Schenectady Locomotive Works, a sample compound 
engine which, it is expected, will be the type of the 
future engine on that and some other roads. The 
following are some of the dimensions: Diameter of 
driving wheel, 68in. Total length of engine, 59 ft. 2in. 
Weight on drivers, 97,000 lb; total weight of engine 
in vee order, 126,800 lb. The tubes are 12 ft. 
long 5 total heating surface, 1700 square feet. 

he scarcity of rolling stock has been a cause of 
much inconvenience to shippers, if not actual loss to 
railroad men ; for instance, for the week last reported, 
the east bound shipments of freight from Chicago were 
102,196 tons, as against 111,922 tons for the preceding 
week. This decrease was due to the scarcity of roll- 
ing stock. The railroad men claim that they have 
plenty of cars, but state that it is impossible to get 
them back from eastern distributing points fast enough. 
The delay is often due to gathering up freight in order 
to go back full. There is a pressing demand for more 
cars everywhere, and the majority of railway managers 
now recognise the fact, and between this time and 
April 1, very large contracts will be entered into for a 
i order to meet what railroad and business 
men believe will be our best year in railway traffic. 
There is a great deal of complaint among business 
men in all sections of the country, over the es and 
delays caused by deficiency of cars. 

Another source of demand for lumber, iron, and 
steel during the current year, will be the construction 
of elevators, warehouse and storage facilities for grain 
and general merchandise. During the past few years 
hundreds of elevators have been constructed through- 
out the wheat-growing section of the north-west ; but 
so fast is the wheat area extending, that larger eleva- 
tors and more of them are wanted. The bridge 
builders expect to do more bridge building during the 
coming twelve months, than in any previous year. 
Bridge building material and unwrought steel have 
advanced so much during the past six months that 
railway managers hesitate to order all the work to be 
done that they need. There is no probability of a 
decline in prices of iron and steel products; on the 
contrary, an advance now seems probable. The larger 
steel works of the country are crowded with orders in 
excess of their capacity, and large steel works are pro- 
jected. A new process for ma ing open-hearth steel 
has recently been introduced at Indianapolis, Ind., 
which, it is stated by the promoters, can be, and is 
made at the cost of Bessemer pig. Only two furnaces 
are now at work, but eight more are to be erected as 
soon as possible. The process is one of those which 
naturally attracts great attention among American 
metallurgists and iron and steel manufacturers. 


NOTES FROM THE SOUTH-WEST. 

Taff Vale Railway.—The net revenue of this system for 
the second half of 18&9 was 181,835/., as compared with 
226,7691. in the second half of 1888, showing a decrease of 
44,9341. The expenditure of capital in the second half of 
1889 was 66,315/. Of this sum 44,308/. was expended on 
lines open for traffic, 18,6707. upon lines in course of con- 
struction, and 3338/. upon working stock. The outlay 
made upon the line open for traffic was principally in- 
curred for additional accommodation. The aggregate 
outlay of capital to the close of 1889 was 7,120,422/. 
Working stock figured in this total for 465,524”, At the 
































JAN. 31, 1890.] 





ENGINEERING. 


129 











close of last year the company owned 172 locomotives, 120 
tenders, 216 vehicles used in the coaching department, 
and 2410 vehicles used in the conveyance of merchandise 
and minerals, The aggregate distance run by trains in 
the second half of last year was 1,733,147 miles, 
as compared with 1,719,565 miles in the corresponding 
period of 1889, The cost of locomotive power in the 
second half of last year was 67,715/., as compared with 
69,895/. in the corresponding period of 1888. The amount 
cha against revenue for maintenance of way, works, 
&c., in the second half of 1889 was 27,664/., as compa 
with 31,851/, in the second half of 1888. ‘The length of 
line maintained was as follows: Six lines, 9 chains ; five 
lines, 5 chains ; four lines, 12 miles 6 chains ; three lines, 
10 miles 34 chains ; two lines, 44 miles 61} chains ; single 
line 45 miles 8 chains ; and sidings, 110 miles 40 chains ; 
making a total of 223 miles ? chains. 


Pembroke Dockyard.—The following is a list of vessels 
launched at this dockyard last year: Blanche, third- 
class protected cruiser, 1580 tons displacement, 3000 indi- 
cated horse-power ; Blonde, third-class protected cruiser 
1580 tons displacement, 3000 indicated horse-power ; and 
the Redbreast, the Redpole, the Magpie, and the 
Widgeon, each of 805 tons displacement and 1200 indi- 
cated horse-power, all first-class gun-boats. 


Wages in Wales,—A delegate meeting in connection 
with the South Wales and Monmouthshire Iron and Steel 
Workers’ Association was held at Merthyr on Saturday. 
The whole of the works embraced by the association were 
represented. The principal question dealt with was the 
proposed sliding scale, 

London and South-Western Railway.—The net revenue 
of this system for the second half of last year was 
836,551/., as compared with 786,695/. in the corresponding 
period of 1888. The ratio of the working expenses to the 
traffic receipts in the second half of 1889 was 50.72 per 
cent., as compared with 51.24 per cent. in the correspond- 
ing period of 1888. The only additional line opened in 
the course of the half-year was the Fareham and Netley 
line. In connection with the widening of existing lines, 
it may be observed that the works between Waterloo and 
Nine Elms are advancing as rapidly as possible, having 
regard to the difficulties by which they are carried on. 
The widening of the North Devon line between Barnstaple 
and Umberleigh, and of the Ilfracombe line from Barn- 
staple to Braunton, is approaching completion. The widen- 
ing of the remaining section of the Ilfracombe line between 
Morthoe and Ilfracombe has been commenced. The 
directors have deposited a Bill in Parliament in which they 
apply for authority to construct a junction curve between 
Poole and Hamwortly, as well as a short junction line 
between Fulwell and Teddington. he expenditure 
made on capital account in the second half of 1889 
amounted to 282,467/. Of this sum 188,609/. was expended 
upon lines open for traftic, 10,310. upon the Fareham 
and Netley line, 36,611/. for additional working: stock, 
4851l, for steamboats, and 42,087/. for subscriptions to 
other undertakings. The aggregate outlay of capital to 
the close of 1889 was 32,428,760/. In this amount, work- 
ing stock figured for 3,612,077/. The aggregate distance 
run by trains in the second half of last year was 6,450,914 
miles, as compared with 6,149,471 miles in the second 
half of 1888, 


Cardiff.—Steam coal of all descriptions has continued 
in good request. The best qualities have made 15s. to 
15s. 3d.; and good dry coal 14s. to 14s. 6d. per ton. 
Small steam coal has been firmly maintained. In the 
house coal trade prices have exhibited an upward ten- 
dency ; No. 3 Rhondda has made 14s, 6d. to 15s. per ton. 
Patent fuel has continued in good demand. ke has 
been scarce at fully late rates. The manufactured iron 
and steel trades are active ; heavy section steel rails have 
made 7/. to 7l. 10s.; and light section ditto, 8/. 10s. to 
8/. 15s. per ton. 


Bristol Wagon Building.—The half-yearly report of the 
directors of the Bristol and South Wales Railway Wagon 
Company (Limited) states that after carrying 5001. to the 
contingent fund, the revenue account senna a disposable 
balance of 6647/. 17s. 2d. Out of this the directors recom- 
mended a dividend at the rate of 10 per cent. per annum, 
with a bonus of 6d. per share, free of income tax, which 
will absorb 5919/7. 7s. 6d., leaving a balance of 7281. 9s. 8d. 
to be carried to the current half-year’s account. The 
rolling stock of the company now consists of 10,405 wagons 
and carriages, and 22 locomotive engines. 


Rhymney Railway.—Subject to audit the directors 
recommend a dividend at the rate of 6 per cent. per 
annum on the ordinary stock, December 31, leaving a 
balance of 2288/. to be carried to the next account. 


Bute Docks.—This Bill came on Monday before the 
examiner of the House of Commons for proof of com- 
pliance with Standing Orders. The object of the Bill is to 
empower tke Bute Docks Company to make certain new 
railways and to authorise the transfer to it of the power 
of making railways, &c., conferred by the Rhymney 
Railway Act, 1888. The new railways proposed are a 
short line from the line of the company near a steam mill 
at the north end of Collington-road, Cardiff, to the Taff 
Vale Railway, about 150 ft. from the Herbert-street 
bridge, and ashort line from thence to the Great Western 
Fs doing near Pellet-street. The Bill passed the Standing 

ers, 


Holsworthy and Bude Railway.—This line, the con- 
struction of which is about to be commenced, will cross 
the Tamar just beyond the fourth mile from Holsworthy. 
From the Tamar it will proceed to Red Post, continuing 
down the Georsham Valley toStratton and Bude. The line 
will be just under ten miles in length. Just after leavin 
Holsworthy, a viaduct 120 yards long and 88 ft. high wil 
have to be constructed. The Tamar will be crossed by 





another viaduct 100 yards in length and 30 ft. high. The 
longest, although not the highest viaduct on the line, will 
span the valley at Howard Mill close to Stratton. 





A NEW INTEGRATOR. * 
By Professor Kart Pearson, M.A. 

As I fear the title of my paper to our Society to-night 
contains two misstatements of fact in its three wo I 
must commence by correcting it. In the first place, the 
instrument to which I propose to draw your attention 
to-night is, in the narrow sense of the words, neither an 
integrator nor new. The name “integrator” has been 
pr png applied to a class of instruments which measure 
off on a scale attached to them the magnitude of an area, 
arc, or other quantity. Such instruments do not, as a rule, 
represent their results graphically, and we may take, as 
characteristic examples of them, Amsler’s planimeter, 
and some of the sphere integrating machines. 

An integrator which draws an absolute picture of the 
sum or integral, is better termed an “‘integraph.” The 
distinction is an important and valuable one, for while 
the integraph theoretically can do all the work of the 
integrator, the latter gives us in niggardly fashion one 
narrow answer, et preterea ml. The superiority of the 
integraph over the integrator cannot better be pointed 
out than by a concrete example. The integrator could 
determine, by one process, the bending moment, from the 
shear curve, at any one chosen point of a beam ; the inte- 
graph would, by an equally simple single process, giveus 
the bending moment at all points of the beam. In the 
language of the mathematician, the integrator gives only 
that miserly result, a definite integral, but the integraph 
yields an indefinite integral, a picture of the result at all 
times or all points—a much greater boon in most mecha- 
nical and physical investigations. Members of our 
Society as students of University College, have probably 
become acquainted with a process termed ‘‘ drawing the 
sum curve from the primitive curve.” Many have pro- 
bably found this process somewhat wearisome ; but this 
is not an unmixed evil, as the irksomeness of any manual 
process has more than once led to the invention of a 
valuable machine by the would-be idler. Thus our innate 
desire to take things easy is a real incentive to progress. 
It was some such desire as this on my part which led me, 
three years ago, to inquire whether a practical instrument 
had jnot been, or could not be, constructed to draw sum 
curves. Such an instrument is an integraph, and the 
one I have to describe to you to-night is the outcome of 
that inquiry. It is something better than my title, for it 
is an integraph, and not an integrator. 

Before Tame to its claims to be considered new, I must 
first remind you of the importance of an instrument of 
this kind to the draughtsman. I put aside its purely 
mechanical applications, where it has been, or can be, 
attached to the indicators of steam engines, to dynamo- 
meters, dynamos, and a variety of other instruments 
where mechanical integration is of value. These lie 
entirely outside my field, and I propose only to refer to a 
few of the possible services of the integrator when used 
by hand, and not attached to a machine. 

The simple finding of areas we may omit, as the plani- 
meter will do that equally well. But of purely graphical 
processes which the integraph will undertake for us, I 
may mention the discovery of centroids, of moments of 
inertia (or second moments), of a scale of logarithms, of 
the real roots of cubic equations, and of equations of 
higher order (with however increasing labour). Further, 
the calculation of the cost of cutting and embanking for 
railways by the method of Bruckner and Culmann, the 
solution of a very considerable number of rather complex 
differential equations, various problems in the storage of 
water, and a great variety of statistical questions may all 
be completely dealt with, or very much simplified by aid 
of the integraph. In ga statics proper the inte- 
graph draws successively the curves of shear, bending 
moment slope, and deflection for simple beams ; it does 
the like service for continuous beams, after certain ana- 
lytical or graphical calculations have first been made ; it 
can further lighten greatly the graphical work in the 
treatment of masonry arches and of metal ribs. In 
graphical hydrostatics it finds centres of pressure and 
gives a complete solution for the shear and bending 
moment, curves in ships, besides curves for their sta- 
bility. In graphical dynamics the applications of the 
integraph seem still more numerous. It enables us to 
_ from curves of acceleration to curves of speed, and 

rom curves of speed to curves of position. Applied to 
the curve of energy of either a particle or the index point 
of a rigid body, it enables us by the aid of easy auxiliary 
processes to ascertain speeds and curves of action. Ina 
slightly altered form, that of ‘‘ inverse summation,” we 
can pass from curves of action to curves of position, and 
deal with a great range of resisted motions, the analysis 
of which still puzzles the pure mathematician ; the varia- 
tions of motion in flywheels, connecting-rods, and innu- 
merable other parts of mechanism, may all be calculated 
with much greater ease by the aid of an integraph. 
Shortly, it is the fundamental instrument of graphical 
ynamics. 

It would be needless to further multiply the instances of 
its application ; the questions we have rather to ask are : 
Can a practical instrument be made which will serve all 
these purposes? Has such an instrument been already 
put upon the market’? If I have to answer these ques- 
tions in the negative, it is rather a doubtful negative, for 
the instrument I have to show you to-night goes so far, 
and suggests so many modifications and_ possibilities, 
which would take it so much further, that it is very close 
to bring the practical solution to the problem. 

Let me here lay down the conditions which seem 


* Paper read before the University College Engineer- 
ing Society on January 22nd, ’ ame 





essential to a practical integraph. These are, I think, the 
following : 

1. The piece must be such that it is within the reach of 
the ordinary draughtman’s pocket. The Amsler’s plani- 
meter at 2/. 10s. or 3/. may be said to satisfy this first 
condition. The price for the first complex integraph 
designed by Coradi, was 241. to 301. The modified form 
in which I show it to-night is estimated to cost retail 14/. 
Till an equally efficient instrument can be produced for 
5. I shall not consider the price practica]. If the error 
of its reading be not sensibly ater than that of a 
planimeter, it is certainly worth double the money. 

2. The instrument must not be liable to get out of 
order by fair handling and a reasonable amount of wear 
and tear. I cannot speak at present with certainty as to 
how far our integraph satisfies this condition ; it is rather 
too complex to quite win my confidence in this respect. 

3 It must be capable of being used on the ordinary 
drawing board, and of having a fairly wide range on it, 
i.e., it must not be limited to working where the primi- 
tive is at one part only of the board. ‘ ; 

This condition takes out of every-day practical drawing 
use the integraph invented by Professors James and Sir 
William Thomson, in which the sum curve is drawn on 
a revolving cylinder. It is essential that the sum curve 
should be drawn on the board not far from the primitive, 
and that this sum curve can be summed once or twice 
coe without difficulty. The time involved in drawing 
the four sum curves, for example, required in passing 
from the load curve to the deflection curve of a simple 
beam, if these curves were drawn on different pieces of 
paper and had to be shifted on and off cylinders, would 

rubably be as long as the ordinary graphical processes. 
radi’s integraph works on an ordinary drawing board, 
but since there are nearly 10 in. between the guide point 
and tracer, the sum curve is thrown 10 in. behind the 
primitive in each integration. Thusa double summation 
requires, say, 26 in. of board, and it is impossible to inte- 
te thrice, without reproducing the primitive. The 
act that the primitive and sum curve are not plotted off 
on the same base, is also troublesome for comparison, and 
involves scaling of a new base for each summation. I 
have endeavoured to obviate this by always drawing the 
second sum curve on a thin piece o _— inned to the 
board, which can then be moved back to the position of 
the first primitive. But this shifting, of course, involves 
additional labour, and is also a source of error. 

I should like to see the trace and guide chariots on the 
same line of rails, one below the other, were this possible 
without producing the bad effect of a skew, pull or push. 

4. The practical integraph must not have a greater 
maximum error than 2 per cent. The mathematical cal- 
culations, which are correct to five or six places of 
decimals, are only a source of ~——— to the practical 
calculator of stresses and strains. They tend to disguise 
the important fact that he cannot possibly know the 
properties of his material within 2 per cent. error, and 
therefore there is not only a waste of time, but a false 
feeling of accuracy engendered by human and me- 
chanical calculation which is over-refined for technical 
purposes. : 

For comparative purposes I have measured the areas of 
circles of 1 in., 2 in., and 3 in. radius, the guide bein 
taken round the circumference by means of a “‘control- 
lineal,” first with an ordinary Amsler’s planimeter, and 
then with the integraph. I have obtained the following 

















results : 
| By Integraph. 
7 Caleu- By poten enone 
Radius ; | 
= lated Plani- | 
of Circle. | ‘Area, | meter. iat Upper | middle.) Upper 
\p=2 i. | p=2 in.) ?=* iM.) p=4 in, 
in. | 
1 3.14159 3.140; 3.140 3.138 3.120 | 3.120 
2 12.56636 12.55 | 12.36* | 12.546 | 12.568 | 12.552 
3 28.27431 | 28.24 | a .. | 28.280 | 28,288 








ii Crossbar had to be moved during tracing. 


From this it follows that the error of the planimeter is 
less than .1 per cent., and that of the integraph about 
.5 per cent. Obviously we could make this error much 
less if we excluded small areas measured with large polar 
distances, or such polar distances that the crossbar must 
be shifted. Excluding such cases we see that the accuracy 
of the integraph scarcely falls behind that of the plami- 
meter and is quite efficient for practical purposes. It 
must be borne in mind that the above measurements were 
made with the “ control-lineal,” an arrangement which 
carries the guide round a circle of the exact test area. In 
most cases the curve has to be followed by hand, and the 
error will be ter—greater probably for the integraph 
than for the planimeter as the former is distinctly hard to 
guide well. : . 

I think, then, we should be safe in saying that the error 
of the integraph is not likely to be ater and is pro- 
bably less than 2 per cent., so that in this respect the 
instrument may be considered a practical one. _ : 

5. A further condition for a good integraph is that it 
should have a wide range of polar distances, and that 
it should be easily set at those distances. : 

One of the conditions I gave to the maker of the instru- 
ment was that it should be able to take all polar distances 
from one to ten half-inches. This condition he can scarcely 
be said to have fulfilled. With polar distances of 4 in. and 
lin. the machine works unsatisfactorily, which, indeed, 
might have been foreseen from the construction of its 
sliding bars. It works best from 2.5 in. to 5 in., and this 
is the range to which I think we — to confine the pre- 
sent type of instrument, As the last conditions I may 
note that : 
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6. A practical integraph ought to be easy to read. 

7. Draw a good clear curve. 

The scale on the present instrument is very incon- 
venient, as it is often almost out of sight; the curve it 
draws, on the other hand, I consider very satisfactory, 
when the pencil is loaded, say, with a planimeter weight. 
On the whole I think you will agree with me that this 
in ph goes a good way, if not the whole way, towards 
fulfilling the conditions of a practical instrument. 

I next turn to its construction and the claim it has to 
be considered in any way new. Let me briefly remind 
our members of the process by which an element Q R of 
the sum curve (Fig. momrepentns to the point P on the 
ee is drawn; P being the mid ordinate of 

4 N, a horizontal element, P B is drawn perpendicular to 
any vertical line A B; and O A being a constant distance 
termed the base or ‘‘ polar distance,” Q R is drawn between 
the ordinates of Land W, — toO B, If P! be the 

»oint where P M meets Q R, we note the following re- 

ationship of P! to P. 

1. If P moves along a horizontal line, O B remains 
unchanged, and, therefore, = or P! must move in the 
straight line Q R parallel toO B. 

2. If P moves along a vertical line, P! does not change, 
but Q R turns round it, remaining parallel to O B. 

Without taking the trouble, as § ought to have done, to 
inquire what previous investigations had achieved in this 
matter, I thought, three years ago, I could get an appa- 
ratus to save me the trouble of rawing sum curves, made 
somewhat after the following fashion. 

P (Fig. 2) is the guide or point to be taken round the 
primitive. It is attached to a block D which works along 
the bar B C, which in its turn moves on the four wheels 
eef fupon the frame RS U T fixed upon the drawing 
board. O A is fixed perpendicular to R U, and is such that 
O may be fixed at various points to determine the polar 
distance. OB D isa light bar passing freely through B 
and forming one side of a parallel ruler of two or more 
points, gg, hh,ii. Along iiisa slot and in this works 
a loaded block containing a wheel P!, whose plane is 
always parallel to ¢ 7. is block also ses through a 
slot in D KE, an arm at right angles to B a9 A little con- 
sideration will show that P!, if worked at all, would 
trace out the sum curve of P. 

It was only when I showed the rough idea of this to 
Professor Kennedy with a view of ascertaining what 
would be the amount of back-lash and friction that I 
learnt that Mr. Boys had already invented a very similar 
integrator. In his model the double parallel ruler is re- 
— by two endless strings and pulleys, and the bar 

C by a T square. 

Although this integrator was afterwards made in a less 
crude form, I do not think it has ever been a practical 
instrument for the draughtsman. Shortly afterwards I 
came across a work by Abdank-Abakanowicz, entitled 
** Les wey = ond ing a study of a “new kind of 
mechanical integrator.” 

The new kind of integrator was really only an inde- 
pendent version of Boys’ instrument, but in many respects 
agreat improvement. The real merit will ultimately 
belong to the scientific instrument maker who constructs 
an instrument reasonably cheap and capable of efficient 

sractical service. Abdank-Abakanowicz’s — integrator, 

owever, certainly went further in the practical direction 
than any previously constructed. Two drawing-board 
machines, it is true, of rather a. complex nature, were 
actually exhibited to the Paris Academy, but no more 
have been made. The instrument before me was made 
by Coradi, of Zurich, on conditions laid down by me, 
namely, that the cost should not exceed 14/., and that 
lar distances should range between one and ten half- 
inches, The first machine made by Coradi on these lines 
was, by a misunderstanding, sold in Germany, but the 
one I exhibit is the first, I believe, which has reached 

England, and to this extent I may, perhaps, be permitted 
to call it new. TI look upon it rather as a suggestion upon 
which a still more practical instrument can made in 
this country than as a perfect model. I believe there 
would be a wide sale for such an instrument were it once 
generally known to exist, and what is more, to work 
efficiently. It remains for me to point out in what the 
Abdank-Abakanowicz, or rather, Coradi, integraph differs 
from Boys’ instrument. 

Two points deserve special attention. In the first 
place, the fixed frame is abolished, and the horizontal 
motion of P (Fig. 3), the ae point, is produced by 
putting the whole frame on friction rollers ; in the second 
place, as a necessary result of the first change, the guide 
point carries about with it its own polar system which 
renders the changes in length of ‘rays’ much more 
manageable. ff, f! f! is a frame moving on four roughed 
wheels ¢ ¢ ¢ ¢, so that it can only move in the direction 

f}, which we may term horizontal. f f and f! f! are rails 

1iding the chariots A and B from f to f and from f! to f1. 

f these chariots, A contains the guide point P to trace 
out the primitive with, and B the pencil P! to draw the 
sum curve, i.e., the tracer. The chariot B, like Boys’ 
tracer, is heavily loaded. gg isa horizontal bar rigidly 
attached to the crossbars ¢ g and q' q' of the frame. On 
9g @ is a movable pivot, to BB h which determines the 
pole, ky & being the polar distance. 4X is the position of 
a second point 4, on the chariot A, when the guide point 
P is on the initial lineg g. 11 is a bar with a long slot in 
it, in which work the pivots h and k; this bar repre- 
sents the “ray.” A projecting arm k &' has been intro- 
duced to enable me to shorten the polar distance down to 
2in. and under by removing the pivot £ to kh. mm is a 
bar attached to the block », which runs on J/, so that 
m m is always perpendicular to//. On the chariot B is 
another bar m! m}, capable of turning round the pivot d, 
and always maintained parallel to m m by the rods m m’, 
mm, Attached to m! m! is a wheel w, whose axis is 
parallel to m! m!, This wheel, therefore, always moves 


perpendicular to m! m!, and therefore to m m; hence it 
moves parallel to the ray h k. 
traces out the sum curve, If we wish to use the machine 
as an integrator, we have merely to measure the vertical 
distance traversed by P!, or the distance B has run along 
Jif. This is done by means of a scale on ff1. If k be 
brought down to ko, w runs parallel to g g, or P! traces 
out a horizontal straight line, which is thus the base line. 
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If k be fixed as near as possible to kp, which is done by 
means of a screw inf f at ko, the chariot B can be run 
down f! f! as nearly opposite to ky as can be guessed at; 
a horizontal line may then be drawn as base line, and the 
guide point P brought into this line by a clamping screw 
with which it is provided. The instrument is then ready 
for action. There is a brake on one of the roughed 
we check. or stop the motion of the integraph when 
uired. 

‘he instrument works best when the chariots A and B 
are about opposite to each other; when they are at 
opposite extremities of f fand f! f! respectively, the pull 
at P tends to produce a skewing couple, If the chariot B 
could be put upon f f and work, if needful, by a double 
parallelogram from mm, we should have, omend the 
skew pull, some t practical ying Ws We might 
throw the whole of the weight of the machine on the one 
pair of friction wheels, and replace the other pair by a 
single wheel, the portion q! f! f1q! of the machine vir- 
tually disappearing. Three wheels of course would be a 
real improvement. Further, we should have the sum 
curve and primitive drawn to the same base line, and the 
simplification in the number of parts ought largely to 
reduce the cost of the instrument. 

To be able to perform ‘inverse summation” (which 
in the language of differential calculus is to find y as a 


function of x, when we are given y=f (a5) and not 
a 


dy 
dx 
the plane of the wheel w parallel instead of perpendicular 
to m! m}, and it is easy to design a modification in the 
construction which will allow of this change. 


=f (x) as usual), we only want a means of making 











Thope the above description of the integraph may have 


A pencil P! attached | made its construction and method of working sufficiently 
clear. Those of you who have a taste for mechanical 
work and the necessary tools might, I think, with some 
patience, construct a workable integraph. 
pivots would be the hardest part of the work. I hope 
some day myself to have another instrument made with 
a more readily changeable polar distance, with trace and 


I expect the 
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guide points working in the same vertical, and a wheel 
permitting of inverse summation. If this project is ever 
carried ont, I hope I may be permitted to communicate 
further particulars to our Society. 





MELBOURNE WAREHOUSES.—A contract for new wool 
and grain warehouses of the New Zealand Loan and Mer- 
cantile Agency Company, Limited, at Melbourne, has been 
let to Mr. D. Mitchell, and operations have been com- 
menced. The block of buildings will be extensive, the 
total length being 540 ft. by a width of 150 ft. The ware- 
houses will be three stories high, and will be served with 
a complete system of railway sidings. The site is directly 
in front of the fork where the Williamstown and Adelaide 
main lines branch off from the north-east line to Sydney 
and elsewhere. 


CANADIAN Raitways.—The Lower Laurentian Railway 
has changed hands, and the change of management means 
a t deal to the interests of Quebec and Three Rivers. 
The Lower Laurentian has charter rights to construct a 
line from Three Rivers, following the west side of the St. 
Maurice, crossing the Grand Mere, thence to St. Tite, 
crossing the Piles branch of the Canadian Pacific at St. 
Tite Junction, St. Thecle, Notre Dame des Anges, and 
thence to Riviere & Pierre Station, on the Quebec and 
Lake St. John Railway, 56 miles from Quebec. From 
Three Rivers to St. Tite Junction is about 30 miles, and 
from there to Riviere & Pierre Station, 40 miles, making 
70 miles altogether. Twenty miles have been built, start- 
ing from St. Tite Junction towards Riviere & Pierre, and 
next summer will see the line completed to that place, 
thus forming a connection between the Quebec and Lake 
St. John and the Piles branch of the Canadian Pacific, 
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SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1888. 

The number of views given in the ification Drawings is stated 
in each case after the price; where none are mentioned, the 
Specification is not illustrated. 

Where Inventions are communicated from abroad, the Names, 

c ée., vy enue aie = —_ be! re ices 
‘opies ifications ma tain & rsitor-street, 
Chancery-Lane, E.C., pM personally, or by letter, enclosing 
amuiint of P agp and postage, addressed to H. READER LACK, Esq. 

The date of the advertisement of the acceptance of a complete spe- 
— is, in each case, given after the abstract, unless the 

atent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES, 


698. J. Marshall, Gaieshoreng®, 
Hanna, Indianapolis, Indiana, U.S.A.) Improvements in 
and Connected with Slide Valves for Steam or other 
Fluid Pressure Engines. (6d. 6 Figs.] January 14, 1889. 
—The valve proper A is made with its working face a and opposite 
face a2 parallel to each other, and with its ends a3, a3 at right 
angles thereto, whilst the two opposite sides of the valve a4 a4 are 
each inclined inwardly, from the working face towards the top or 
opposite face, leaving the flat face a2 at top. The endsof the valve 
are recessed at b, and a passage b? is made through the centre of 
the valve extending from the working face to the top. The valve 
slides in a hood C bolted to the port face of the chest and corre- 
sponding in internal shape with the external shape of the valve A. 
In the hood channels ¢, ¢, c? are formed corresponding to the inlet 
ports d and exhaust port ¢ in the port face F, so that as the valve A 
in its travel uncovers the ports, the motive fluid enters these 
channels and balances the pressure on the valve, the exhaust pass- 
ing through the central passage b? in the valve to the exhaust out- 
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let, and not interfering with the equilibrium. The width of the 
channels in the hood corresponds with the width of the ports on 
the cylinder face, and the valve is made considerably narrower, so 
that these channels act also as supplementary motive fluid 

ages giving a rapid admission of motive fluid to each 
end of the cylinder with a comparatively small travel of the valve. 
The hood is secured by bolts g which bottom in their holes and 
leave a clearance between their heads and the upper surface of the 
parts of the hood through which they pass. This allows the hood 
to lift to allow of the relief of excessive pressure and the escape of 
water of condensation. To insure the reseating of the hood, a 
spring presses the hood down as shown at h, or there may be coiled 
springs under the heads of the bolts. The form of the valve and 
hood enables wear of the rubbing surfaces to be readily and effec- 
tually taken up. To prevent wear due to the weight of the valve, 
shallow recesses 7 are made in the surfaces to be protected from 
wear, these recesses being connected with the motive fluid space 
by means of holes j7. (Accepted December 18, 1889). 


STEAM BOILERS AND FURNACES. 











17,962. J. Wilkinson, Birmingham, and J. B. 
Alliott, Nottingham, Improvementsin Destructors 
or Apparatus for Treat Refuse, [8d. 6 Figs.] De- 


cember 8, 1888.—An apparatus for treating refuse according to 
this invention has three grates or hearths, on two of which there 
is spread refuse relatively difficult of combustion, while on the 
third there is fuel or refuse relatively easy of combustion. 1 is the 
fuel grate ; 2 and 3 are the refuse grates arranged one at each side 
of the fuel grate. The operation of the furnace is as follows: On 
the centre or fuel grate 1 there is a bright fire burning, while the 
refuse grates 2 and 3 are covered with smouldering material. The 
vapour and gases from the refuse grates pass through the 
bridges 15, 16 of perforated brickwork into the horizontal flue 9, 
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the dampers 10a, 10a, and 14* being closed, and the dampers 
10, 10, and 11 open. The gasesare then drawn over the 
fuel grate, where they are completely burned, and they flow with 
the gases from the relatively more combustible refuse on such 
grate, through the perforated brickwork 14, and down the vertical 
flue 17 into the suction or chimney flue 13. If the fire on the fuel 
grate 1 should become damped by this process, it can be roused 
by temporarily shutting off the ps from the refuse grates 2, 3, 
and admitting air to it through the ash-pit or through the furnace 
door. The walls at the sides of the refuse grates are heated by the 
fire on the fuel grate so that the bustion of the uldering 
material on the refuse grates will cc tly be ted by the 
fire on the fuel grate. (Accepted December 4, 1889). 


70. E.B. Muller, Chemnitz, Germany. A New or 
Improved Smoke-Consuming Firing Device for 
Bollers. (8d. 3 Figs.) January 2, 1889.—All the furnace spaces 
are partially filled with porous firebricks arranged crosswise 
placed beside, and above, and at suitable distances from one 
another, so that the flames may pass or envelope and heat them 











to a high d e. Whenthe smoke developed from the fuel comes 
in contact with the glowing bricks, and with the atmospheric air 
introduced through the furnace doors or openings in the same, 
the fine carbon particles constituting the smoke are rendered in- 
candescent and are partly consumed, while the waste products of 
combustion, such as carbonic acid and carbonic oxide, enter the 
chimney without any smoke. Eachof the furnaces, 1 to 6, is — 
plied with a furnace door al, &c., and smoke tubes or channels b!, 
&c., which can be regulated by the-slide b, further with valves cl, 
&c. fis the common flue which connects the several furnaces 
with the chimney. The slide b allows of each furnace being con- 
nected to or disconnected from the others at pleasure. The 
furnaces are started in the usual manner, and when the slide 6 is 
placed, as shown, between the fireboxes 1 and 6, the door a! and 
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———_ 
the valve cl are left open to produce rapid circulation of air, until 
the firebricks in the furnaces are brought to a glowing heat. The 
valves cl to c6 regulate the draught of the gases in the smoke 
channels b! to 06, while the slide 6 separates or connects respec- 
tively the fireplaces 1 to 6 according to the recess in which the slide 
isinserted. Then the door a! is closed and the firing is continued 
through the openings d ——— on top and which may be closed 
hermetically, the air being admitted through openings in the fire- 
doors. The fuel of not more than nut size is fed among the glow- 
ing firebricks in small quantities and at short intervals through 
the tubes d. When the firebricks in one furnace have been brought 
to white heat, the next furnace is proceeded with, and so on until 
all are in working order. (Accepted December 11, 1889). 


848. A. Stapley, London, Improvementsin Steam 
erators, (8d. 3 Figs.) January 16, 1889.—This invention 
relates to a boiler intended for launches and small steamboats. 
Within the boiler shell is a water space E provided with horizontal 
firetubes F, and between the chamber space E and the boiler 
shell are formed passages G to allow of free circulation of the water 
around the tubes. The water space E may be additionally con- 
nected to the passages G by means of short branches not shown. 
The space in the lower part of the generator and beneath the 
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space E is divided into two separate fireboxes H, H, bya penton 
water space I. The hot s pass from the further ends of the 
fireboxes H through the firetubes F, into the smokebox J, back 
through a smoke flue K arranged centrally in the water space E, 
and thence into the uptake L ; N is the steam space, and M is the 
steam chest. The entire boiler is divided throughout by a vertical 
partition P into two halves, each half being capable of bein; 
worked separately in case of accident to the other half. (Accepted 
November 20, 1889). 


1977. O. W. Ketchum, Toronto, Canada. Apparatus 
for the Generation of a Combination of 8 and 
Gases for Power and Hea’ ses, (Sd. 2 Figs.) 
February 4, 1889.—The shell of the boiler A is cylindrical and is 
connected by pipes C to a dome B. The cylindrical combustion 
chamber D is placed within the boiler and is lined with firebrick. 
Adischarge pipe F rises from the chamber D and is surrounded 
by a box F1, into which the feed water is pumped. The pipe F 
connects at top with a number of return pipes G that discharge 
the hot gases through perforated horizontal portions into the 
water. A small pipe f connects the steam space with the pipe F 
in order to prevent the pressure in the combustion chamber from 
ever becoming less than that in the steam space, and so allowing 
water to be forced into the combustion chamber. Gaseous fuel is 
discharged from a pipe H into the combustion chamber D ata 
pressure greater than that in the steam space of the boiler. Air 
to promote combustion is supplied under pressure through a pipe 
I. A supply of water having been placed in the boiler, steam is 
raised by the use of gas jets L. When a sufficient pressure is ob- 
tained gas and air are forced into the combustion chamber, when 
the gas is ignited by means of an electric wire K, and burns, and 
as more and air are forced in, the pressure in the combustion 
chamber mes greater than in the steam space, and the pro- 
ducts of combustion passing up through the pipe F and down 
through the pipes G, are di rged into the water through which 


B. The whole of the boiler shell A and the dome B is preferably 
covered with a non-heating conducting envelope as shown. In 
the gas supply pipe H is a valve or cock N connected by a suitable 
arrangement of rods and levers with a plunger 0, which is ex- 

to the pressure of the boiler and is held down against the 











[aY 
y, 


S74) 


hy 


=e 
N 
\ 691! recess 
Vee 
N 
\4 









~ Ad ol et: | 
so 


= 7 


boiler pressure by a weighted lever. The arrangement is such 
that on the —- reaching a predetermined amount the 
plunger O will be raised by the pressure, and in so doing will close 


the valve N and cut off or diminish the supply of fuel. On the 





pressure decreasing the plunger will and so reopen the 
valve. (Accepted December 11, 1889). 
8118. G. R. Young, New Charlton, Kent. Im- 


proved Means for Su plying or Feeding Boiler and 
other Furnaces with. quid Fuel, (sd. 7 Figs.) 
May 15, 1889.—A is a chamber for the tar, oil, or other liquid fuel, 
which is supplied through a pipe B that is provided with a stop 
valve @ and a filtering chamber C. D isasteam supply pipe commu- 
nicating with one end of a heating coil D! within the chamber A, the 
other end of the coil Lb eromengeirrar wp | ye pipe D* with the space 
d! surrounding a discharge nozzle d. e latter is conical and its 
inlet end is controlled by a plug b, operated by a rod c?, and handle 
cl, The outlet of-the nozzle d is controlled by a rod f operated by 
ahandle f1. The admission of the liquid fuel to the chamber A 
is regulated by mean of the stop valve a. The valve b and rod f 











being adjusted to permit the desired amount of liquid to pass 
through the discharge nozzle d, the stop valve a! is opened, and 
steam from the supply pipe D is allowed to pass through the coil 
D1 and pipe D2 to the chamber d1, whence it issues through the 
crescent-shaped portion of the hole A? formed by the oval portion 
of the nozzle d projecting through the cover plate A%, and induces 
a regular current of the liquid fuel issuing through the nozzle d 
in the form of spray. A cock g is provided in the bottom of the 
chamber A for admitting steam to the apparatus for the pu 

of cleaning the valve b, nozzle d, or strainer C! in the chamber C, 
thus driving any deposits back into the supply tank. (Accepted 
December 11, 1889). 


GAS AND PETROLEUM ENGINES. 

875. E, Repland, London, (P. Niel, Evreux, France.) 
Improvements in es. [ 2 Figs.) January 
17, 1889.—In the cylinders D and K work respectively the pistons 
Eand L. The distribution of air and gas and the ignition takes 
place through the lateral duct H, distribution being produced by 
means of a rotary conical cock, one révolution of which corre- 
sponds to two revolutions of the shaft. .The piston L engages a 
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volume of air nearly twice as large as that engaged by the 
piston E of the gas motor. At the bottom of the cylinder a space 
O is provided, forming together with the valve-box (Fig. 2) a com- 





they ascend into the steam space. The heat from the 
chamber and_ the pipes connected therewith, as well as from the 
gases entering the water and passing through it, causes the pro- 
duction of steam in the boiler which is drawn off from the dome 





Pp of sufficient size to allow a pressure to be pro- 
duced approximately equal to that of the products of combustion 
at the moment of escape. Into the space O an automatic valve P 
opens for the admission of atmospheric air, by the compression of 
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which it is kept closed. Owing to the opposite relative positions 
of the two cranks the piston L receives a quantity of air through 
the valve P, while the piston E compresses its explosive charge. 
Subsequently the mixture is ignited and expanded in the cylinder 
D. During this time the valve 8 actuated by cam T remains open 
and allows the escape into the atmosphere of a portion of the air 
previously engaged and ting to about the volume of the 
explosive charge taken in by the piston E in order to allow the 
change of cylinder D to complete that of cylinder K and to prevent 
a eyes vacuum being produced behind the piston L. The 
valve S then closes, and the piston L compresses the remainder of 
the air in the chamber 0. Towards the end of this second stroke 
the valve Q is opened, and establishes a communication between 
the mixture of the products of combustion expanded in cylinder 
D and the compressed air in chamber O. The said products of 
combustion impart their heat to the air and maintain behind the 
piston L during the third stroke a greater pressure than that 
exerted during the compression. Thus through the difference in 
the diameters or strokes of the two pistons, increased power is 
imparted to the crank-pin N. During the fourth stroke the 
valve Q closes again, and the piston E receives a fresh explosive 
charge, while the valve 8 reopens and allows the air mixture and 
products of combustion repelled by the piston L to escape into the 
atmosphere, the cycle being thus completed in the two cylinders. 
(Accepted November 20, 1889). 


16,057. H. Lindley and T. Browett, Salfo: Lan- 
caster. Improvements in Liquid Hydvo-Carbon 
Motor Engines, [lld. 11 Figs.) November 6, 1888.—The 
motor cylinder A is provided with a piston B connected in the 
usual manner by a rod C to the crankshaft D. The cylinder A is 
furnished with a clearance space Al at the end furthest from the 
crankshaft, into which space the contents of the cylinder may be 
compressed. A mechanically moved lift valve E serves both as 
an exhaust valve and as an air admission valve. A sliding piston 
valve F serves to direct the exhaust gases into the exhaust pi 

G when necessary, and also to connect the air pipe H with the 
underside of the valve E when air is required to be drawn into the 
cylinder, the combination of the sliding valve F and lift valve E 
being the same as described in the specification of Letters Patent 
No. 7547 of 1888, granted to the present inventors. The air pipe 
Hf is provided with a cock or valve I for restricting, when necessary, 
the supply of air to the cylinder for the purpose of creating therein 
a partial vacuum ordiminution of pressure. The spray in its pas- 
sage from the spray injector P to the cylinder A, is heated within 
a heating chamber J that is kept hot by the gases arising from a 

















lamp placed underneath, The working of an engine on the two- 
revolution cycle is as follows: When the piston B is making an 
outstroke (towards the crank), the sliding valve F will be moved 
by gearing R to admit air to the cylinder from the pipe H through 
the regulating cock or valve I. The valve E is also open, being 
mechanically operated by means of a bell-crank lever and rod 
actuated by the gearing R. The entrance of air to the cylinder 
being restricted fy the cock I, a partial vacuum will be formed in 
the cylinder during this, the charge stroke. During this out- 
stroke, when the engine is running at or slightly under its normal 
speed, the check valve N is opened by a tappet, and air is drawn 
in through the spray injector P and through the passages M, M! 
and perforated nozzle O into the cylinder, together with the 
hydro-carbon delivered to the spray injector by the pump. At 
the end of the charge stroke, the cylinder being filled or partially 
filled with a combustible charge, the valves E and N close, and the 
return or compressing stroke is made. At the end of the com- 
pressing stroke the valve E is lifted, and the slide valve F having 
opened communication with the exhaust pipe G, the waste 

are expelled and the cycle recommences, the valve E remaining 
open for the next charge stroke. (Accepted December 11, 1889). 


DYNAMO-ELECTRIC MACHINES. 


1535. I. A. London. Improvements in the 
Construction and Wor } mos. (8d. 4 Figs.) 
January 28, 1889.—The objects of this invention are to construct 
dynamos (preferably shunt-wound dynamos) so that they may be 
driven at varying speeds, and yet that the potential or electro- 
motive force exercised by them and the current given shall remain 














if 














Tass eo 8 


practically constant between certain prearranged limits of varia- 
tion of speed. In Fig. 1, D represents the dynamo, and F, M are 
the field- ets of ashunt-wound machine, M, M! are the electro- 





magnets, solenoids, or long-pull magnets, the coils of which are 
shown joined in series with each other, and the two magnets form 
a shunt on the field magnets of the dynamo. R, R! are resistances, 
the coils of which are connected in series with each other, and 





also in series with the field-magnet coils. When the armatures of 
the electro-magnets M, M! are in their normal position, the resist- 
ances R, R! are short-circuited at the t ieces C, Cl, but 
when the armatures are drawn down the contacts C, C! are broken, 
and the resistances R, R! are inserted in the field magnet circuit. 
L represents the lamps in the external circuit. Fig. 2 shows 
another arrangement in which the coils of the electro-magnets or 
long-pull magnets M, M! are joined in parallel with each other, 
but in series with the field magnet coils, the resistances R, Ri 
being in series with the field-magnet coils and also with the long- 
pull magnet coils. Fig. 3 shows a further arrangement in which 
the coils of the long-pull magnets are joined in serieg with each 
other and are in series with the resistances R, R1, and in series 
with the field-magnet coils. (Accepted December 11, 1889). 


16,231. G. Pfannkuche, Cleveland, Ohio, U.S.A. 
Improvements in o-Electric Generators. 
{1ld. 10 Figs.) October 15, 1889.—This invention relates more 
particularly to an alternating current generator in which the 
generating armature embodies in its construction neither iron nor 
any other magnetic metal, for the pu: of intensifying the 
influence of the field-magnets, the unavoidable metallic parts for 
as the armaturé being located outside the effective portion 
of the magnetic field, so that the latter acts upon the armature 
coils alone, thus avoiding any inducing effect on any other part of 
the armature. The armature is stationary, while the field-magnets 
rotate. On the horizontal shaft 3 are keyed two discs 4 each 
having a heavy iron rim 5 which carries the field-magnets. The 
field cores 7 are segmental, and are bolted properly spaced 
radially to the inner face of the rim or annular yoke 5. Each core 
is furnished with a flanged sleeve 10 of insulating material, upon 
which the energising coils are wound. The free pole faces of the 
magnet cores project a short distance beyond the frames, and the 
two sets of field-magnets are mounted on the shaft 3, so that a 
small space is left between the opposing faces of the magnet cores, 
which is occupied by the effective portions of the armature coils. 
The field-magnet coils are connected on each side either in series 
or in parallel, and the coils of one set are connected with the coils 
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of the other set either in series or parallel. The terminals of the 
field-magnet coils extend through the hollow shaft 3, and are 
secured to the collector sleeves 12, 12! respectively, upon which 
bear the brushes, not shown. The stationary armature comprises 
an annular skeleton frame of German silver, or other non-magnetic 
metal of high electrical resistance, made in two sections, each of 
which is composed of two semicircular angular flanges 15, the 
ape faces of which are parallel to each other, and are held apart 
vy bridge pieces 16. The latter are spaced so as toleave a number 
of segmental slots equal to that of the armature coils. Each 
of the armature frame has an expanded foot 17 terminating in a 
straight flange 18. The diameter faces of each half of the frame 
are connected together by means of flanges 19. The armature 
coils 24 are wound in the form of segmental flat discs upon seg- 
mental cores 25 of insulating material, such as porcelain or glass. 
To each flat side of the upper wider — of the coil is applied 
an insulating oe 26 of segmental shape extending on each side 
beyond the coil, and to each insulated plate is — a segmental 
flange sage 27 of German silver, the whole being clamped to- 
gether by bolts. Thecurved flanges 27! of the plates 27 project on 
each side laterally and are bolted to the curved faces of the 
angular flanges 15 of the armature frame. The lower narrower 
portion of each coil has applied to each side a semircircular plate 
30 of German silver. (Accepted November 20, 1889). 


OBTAINING METALS. 


841. J.B. Hannay, Cove Castle, Dumbarton. Im- 
groves Means of Extracting Precious Metals from 
. (8d. 1 Fig.) January 16, 1889.—A is a chlorinatin 
vessel communicating by a pipe B from its bottom and a pi 
from itstop with the suction in the valve box d of a set of circu- 
lating pumps D, each of which E wae is furnished with a cock b 
and c ay pte The pipe B communicates through a cock 
bl with the discharge of the pumps D and also communicates b; 
a pipe E, having a cock e, with a filter press F. By a pipe 
us chlorine passes either directly to a siphon bend G! open- 
ing into the upper part of the vessel A, or through an inverted 





siphon bend G? and a valve box H communicating with a pump P 
charged with water. As the plunger of the pump P moves up and 
down, displacing the water contained in its barrel and in the 
upright pipe P!, the chlorine is drawn in by the pipe G2, and dis- 
charged under pressure by the siphon bend G! into the vessel A. 
The vessel A being ch: with almost liquid ore sludge, and the 
manhole being tightly closed, the several cocks are set, c, bl, g1 
open and b, e, g, g closed, and the pumps D and P are worked. 
Chlorine is thus forced into the sludge, which is kept circulating 
from the top of A down the pipe C to the pumps D, and thence by 
the pipe B to the bottom of A. When the metal is dissolved by 
the chlorine, as may be ascertained by testing a sample drawn 
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from either of the pipes B or C, the cocks are shifted, ¢, 1, 9, 1, 7? 
being closed and be opened. By the pumps D the sludge is now 
drawn from the bottom of A and forced into the filter press F, 
while by opening g? air may be forced by the pump P into A, 
expelling the contents of the latter. There are several branches, 
as Cl, C2, at different levels, communicating at C with stop-cocks. 
By opening one or other of these while the cocks b! and e are par- 
tially opened, b closed, and ¢ opened, circulation will go on while 
part of the contents of A pass to the filter press F. The liquid 
forced out from the filter press F containing the gold in solution is 
then treated in any known manner for eliminating the gold, the 
spent liquor being employed wholly or in part for making up the 
sludge for a subsequent operation. (Accepted November 20, 1889). 


9289. W. F. M. McCarty, W. H. Ashton, and H. D. 
Walbridge, W: m, D.C., U.S.A. Improve- 
ments in and rela’ 
ratus for Producing Steel Direct from the e. 
(8d. 4 Figs.) June 4, 1889.—The apparatus illustrated in Fig. 2 
comprises a converter A communicating at top with the bottom 
of a furnace stack that is provided at its upper end with an outlet 
for the products of combustion, and a side flue P communicating 
with a down flue P! leading to the air heater or hot blast producer 
L. The converter below the bosh of the stack communicates 
through a pipe with a second converter or gas extractor J which 
pages at top into a vacuum chamber K. At different heights in 
the stack are tuyeres for the introduction of gases into the charge 
at different zones. Projecting from the internal wall of the stack 
are a series of shelves v inclining inward with their inner edges 
overlapping the ones next below. In carrying out the process the 
ore is sorted, crushed, reduced to powder, and mixed with flux 
and coke or other fuel, is charged into the top of the stack 
through the charging opening D, and falls upon the shelving. Air 
with carbonic oxide and hydrogen are then introduced through the 
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upper tuyeres E oat eet to start the fire. Hydrogen and car- 
bonic oxide are introduced into the body of the charge through 
tuyeres F and also at H, until the mass isin a state of combustion. 
Then pure hydrogen is introduced into the upper part of the 
charge through the tuyeres E, to thoroughly deoxidise and reduce 
the ore by the removal of the oxygen and sulphur contained 
therein, leaving the iron in a free metallic state or spongy mass. 
When the metal begins to fuse under the intense heat it falls down 
into the converter A, whereupon pure hydrogen and superheated 
air are turned on through tuyeres I to decarbonise and purify the 
molten metal, producing a pure homogeneous steel. e steel is 
then caused to overflow into the second receiver J, and when the 
latter is filled with sufficient metal for the run, connection between 
the converter A is cut off, and that between the vacuum chamber 
K is opened, whereby any gases still remaining in the steel are 
drawn off, and homogeneous steel is obtained free from blowholes, 
&c. In Fig. 1 the bosh B is of spherical form and communicates 
by a narrow passage with the converter A. The stack is also pro- 
vided with a central wall having projecting shelves alternating with 
those projecting from the inner sides of the stack, the edges of 
each overlapping the others. (Accepted December 11, 1889). 





UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. 





Execrric Raitways.—It is estimated that there are now 
6454 miles of electric railway in operation in the United 
States and Canada. The number of cars at work upon 
this mileage is computed at 1280. Ohio exhibits the 
greatest proportionate development of electric railways 
upon the North American continent. 
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MECHANICAL ENGINEERS. 


(From our New York CoRRESPONDENT.) 
(Concluded from page 124.) 
Drrect-Actinc STEAM Pumps. 


moves in guides that are bolted on the outer end of line, on any of the ordinates, in any part of the 
the pump. On this crosshead and opposite to each stroke, you will find that the distance between 
other are semicircular recesses. On the guide these lines, and which is the measure of the avail- 
plates are cast two journal-boxes, one above and able power for driving the pump plunger, is exactly 
one below the plunger-rod, both equidistant from the same as is the distance between the upper and 
it, and at a point equal to the half-stroke of the | lower lines of the water card on any ordinate, in 
crosshead. In these journal-boxes are hung two any part of the stroke of the pump. In fact, it 





‘‘How to use Steam expansively in Direct- 


Acting Pumps,” was read by J. F. Holloway. The) 


author, who has been president of this Society, is 
justly regarded as one of the best mechanical 
engineers of the day, and his words are always of 


interest. In the course of his remarks he paid a high | 


short cylinders on trunnions, which permit the may be said that the lines of power, as well as the 
cylinders to swing backward and forward in unison lines of resistance, are practically parallel, and thus 
| with the plunger-rod. Within these swinging it is that there is exerted at all times just power 
| cylinders are plungers, or rams, which pass through ; enough, and no more, to force the water column 
| a stufting-box on the end of the cylinder, and on! along so quietly, so steadily, as that on engines of 
| their outer ends they have a rounded projection this construction it has been found there is no 


and well-deserved tribute to Mr. H. R. Worthing- | which fits in the semicircular recesses in the cross- | possible use for an air chamber on the delivery 


ton, deceased, one of the founders of the Society, | 
and whose pumps, as well known in Europe as in 
America, were so extensively used at the Paris| 
Exposition. The author stated that the ideal card | 
taken from the water cylinder would be a card 
square at each end, and in which the sides would 
be parallel to each other. That such cards are rare 
is true, but that they are possible is also true. 
Now, in order to use steam expansively in one 


heads ; and consequently, as the crosshead moves mains; and thus is the apparently paradoxical 
back and forward, it carries with it two plungers, | problem solved of producing a perfectly uniform 
which in turn tilt the cylinders back and forward | motion and pressure in a steam pump using steam 
on their trunnions. These swinging cylinders are | power variable to the last degree, and without the 
called ‘‘compensating cylinders,” and they are | use of shafts, cranks, flywheels, or heavy vibrating 
filled with the liquid being pumped. | beams.” 

The pressure on the rams within the compensating; Like all Mr. Holloway’s remarks, the paper was 
cylinders is produced by connecting these cylinders | very well received, and as he was the best authority 
through their hollow trunnions with an accumulator, ; present, the discussion took the form of a tribute 
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FACTORY OF THE SINGER SEWING MACHINE COMPANY, NEWARK BAY. 





cylinder it must be admitted at the commencement | the ram of which is free to move up and down as| 
of the stroke at a pressure higher than that re- | the plungers of the compensating cylinders move 
quired to perform the average work assigned it. | in and out. 
Just how much higher will depend on the ratio of; The accumulator used is of the differential type ; 
expansion sought to be obtained. Yet, if steam it has below a small cylinder filled with water or 
under such conditions should be admitted toa pump- | oil within which its plunger moves, while above it 
ing engine of the kind under consideration, it is has a larger cylinder filled with air, and within 
easy to see that our ideal water card would be at which there is a piston head which fits closely to the 
once distorted beyond recognition ; while if we cut | cylinder, and is at the same time attached to the 
off the steam during a portion of the: stroke, its | top of the plunger in the lower cylinder. 
pressure, by reason of its expansion, would fall} By this arrangement it will be seen that the 
below a point necessary to propel the plunger, and/| pressure per square inch on the plunger of the | 
the pump would stop short of the end of its stroke. | accumulator will be the pressure per square inch 
What is wanted is some means by which the excess | on the piston head in the upper cylinder multiplied 
of power due to high steam, admitted at the com-| by.the difference between the area of the piston 
mencement of the stroke, can be stored up so as to | head and:the lower plunger. The. pressure in the 
be available towards the end of the same stroke, | air cylinder is controlled by the pressure in the 
and thus equalising the power to the load, so that main delivery pipe of the pump as it is connected 
the propulsion of the plunger shall be equal and | to that pipe, hence the. plunger cannot be thrown 
uniform throughout the entire'stroke, and the water | forward in case of a break or any other occurrence 
column be so steady in its flow as toshow no per-/| suddenly taking the load off the pump. 
ceptible pulsations. , In conclusion, Mr. Holloway aadad, referring to 
‘0 ordinary compound direct-acting steam pumps, | a diagram exhibited : 
as usually built, there is attached a plunger-rod| ‘‘ As a proof of the remarkable manner in which 
which projects through the outer end of the pump | the compensating cylinders do compensate for the 
chamber, and around which there is the usual! irregular pressure of the steam as thus used, if you 
stuffing-box ard Brae the same. On the end of | will take a measurement between the upper or steam 
his plunger-rod is fastened. a crosshead, which curved line, and the lower or compensating curved 








to the designer, Mr. Worthington, rather than any 
criticism of the paper. 


Cost or STEAM AND WaTER PowERs. 


*¢ The Cost of Steam and Water Power,” by 
C. T. Main, was next considered. This paper has 
already been published ‘in abstract in ENGINEERING, 
vol. xlviii., page 70, and was brought up for discus- 
sion. Mr. Samuel Weber discussed it, correcting 
some of Mr. Main’s statements of cost, and giving 
50 dols. to 100 dols. per horse-power as the charge 
made by lessors in Boston or Worcester. He also 
fixed the horse-power for water at 5 dols. in the 
old breast wheels and with turbines at 4.40 dols. 
per horse-power. He also stated the dams at Lowell 
and Manchester were made of dressed stone, hence 
the repairs would form no factor in the expense. 

‘‘ The Graphical Analysis of Reciprocating 
Motions” was the title of Mr. Oberlin Smith’s 
paper. Its name shows what it treated of, and with- 
out diagrams any abstract would be unintelligible. 


A Dovusie Screw Ferry Boar. 

The last paper was ‘‘ The Performance of a 
Double Screw Ferry Boat,” by Professor J. E. 
Denton, and an introduction was given by Colone 
E. A. Stevens. The latter traced the use of screws 
from the time of his grandfather, John Stevens, in 
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the early part of this century, who built and operated 
one on the Hudson River from Hoboken to New 
York City. 

Professor Denton made a comparison between 
the performance of the Orange, a side-wheeler with 
low-pressure beam engines, and the Bergen, a 
double-end propeller with triple-expansion engines. 
The original plan had been to have this paper read on 
the Bergen, and thus combine a _ practical illustra- 
tion with the presentation, but the Bergen resented 
this method, and finding every other resource to 
fail, decided to arrange her boilers so they could not 
be used, and womanlike, she broke her stays, and 
that settled it. 

This paper, which was extremely interesting, we 
shall shortly publish in eatenso. 


THe Singer Sewrnc Macuine Works. 

The next day the party took the Laura M. 
Starrin again, and started for Elizabethport to see 
the Singer Sewing Machine Works. When it was 
arranged to take the Bergen, Dr. Henry Morton, 
the genial president of Stevens Institute, had, with 
hig usual hospitality, tendered the Society a lunch 
on board, and the change of boat brought no change 
of heart to our gvod friend, so the Society had the 
pleasure of enjoying a most excellent feast, and 
thinking of Dr. Morton in the ——— manner 
possible. On arriving at the dock of the Singer 
Sewing Machine Works, the party were met by the 
officers of the company and conducted through a 
fine park to the works, which were carefully in- 
spected, and the various labour-saving devices 
thoroughly appreciated. In a manufactory where 
so many pieces are constructed and put together, 
even a slight saving in each aggregates toa large 
amount. A general description of the works is as 
follows: They are located on Newark Bay, and the 
main factory building has a frontage of 230 ft. on 
First-street, with a width of 60 ft. The Trumbull- 
street annexe to this building is 800 ft. long and 
50 ft. wide, the whole being four stories in height. 
Below this building, on Trumbull-street, are the 
cabinet and box factories, each 200 ft. long and 
three stories high. On the north side of the 
grounds, adjoining the Central Railroad property, 
are the forging and foundry building, together 
making one continuous building 1430 ft. in length. 
The foundry alone has an area of 24 acres in one 
open floor, and the total floor area of the works is 
18 acres. On the opposite side of First-street is the 
Singer Park (private), which extends to Second- 
street on the west, and occupies the space between 
Trumbull-street and the Central Railroad of New 
Jersey, covering about 3 acres. The first Singer 
machine was made in Boston in 1851, and the firm 
of I, M. Singer and Co , the late Mr. Edward Clark 
being the ‘* Co.,” was formed during that year, the 
business being carrried on in New York City. 
After various changes of location, necessitated by 
an increasing business, the company came to 
Elizabethport, where they have both railroad and 
water facilities, being distant from New York City 
about 12 miles by rail and about 14 by water. The 
company have their own steamer, and consider they 
save considerably by its use ; they also load their 
machines in cars at their sheds, and thus avoid 
cartage, and reduce breakage due to handling to a 
minimum. 

The plot occupied by the works contains 32 acres, 
and has a dock frontage of 800 ft. There are over 
four miles of railroad track within the yard, on 
which two switching locomotives, owned by the 
company, are kept constantly employed. The 
works consume annually about 15,000 tons of coal, 
which is received direct from the mines, vid Central 
Railroad of New Jersey, without rehandling. Gas 
for lighting and manufacturing purposes is made on 
the premises, and the company have their own fire 
department, thoroughly organised and equipped, 
including a system of electric fire alarm signals. 
They also have a complete telephone exchange con- 
necting all departments with the main office and 
with each other. 

On these premises the Singer Company have also 
extensive boiler works, entirely separate from the 
buildings already enumerated, in which they manu- 
facture for the Babcock and Wilcox Company, of 
New Jersey, their patent water-tube boilers, of 
which over 40,000 horse-power were constructed 
during the year 1888. The steam power used in 
the works is supplied by twenty-two of these Bab- 
cock and Wilcox boilers. 

The works give employment to an average of 
3300 individuals, and have a capacity of 1500 sewing 





machines per day. They, of course, consume a 
very large amount of raw material, the daily melt 
of pig iron alone varying from 75 to 80 tons. 

About 40,000 dols. in wages is weekly distributed 
among the employés, the most of whom live in 
Elizabeth. 

The present works were first occupied in the fail 
of 1873. Since that time various additions have 
been made, the last one being finished in the spring 
of 1888. 

The Singer Company have thoroughly systema- 
tised the manufacture of sewing machines, intro- 
ducing and successfully using automatic machinery 
in every department, and with their large corps of 
well-trained employés, the work in their immense 
factory goes on with the precision and regularity of 
clockwork. In the factory everything is scrupu- 
lously neat, and every provision is made for the 
safety, health, and comfort of those who spend their 
time within its walls, even the various rooms are 
heated by overhead pipes, and the ventilation pro- 
blem has been carefully studied and solved with 
judgment. The emery wheels are protected, and 
the general air of the employés was that of indus- 
trious and skilful workmen, who were satisfied with 
their position and appreciated the care their wants 
had received at the hands of their employers. 

The visitor to the works will find that while a 
close and exhaustive study has been made of the 
strictly useful and practical, the beautiful has not 
been forgotten. Through the yard are scattered 
trees which overshadow well-kept lawns, thickly 
dotted with flowers, and, indeed, the grounds, on 
which a force of men is kept continually employed, 
have more the appearance of a park than a factory 
yard. 

The officers of the company are: F. G. Bourne, 
president ; William F. Proctor, vice-president ; 
C. A. Miller, secretary ; E. H. Bennett, treasurer. 

Some of the machinery proved to be of the 
greatest interest, especially that used in making 
the needles. The tasteful designs painted on the 
machines, such as bouquets of flowers and other 
decorations, are put on very much like the decalio- 
maine process, and this work is done by girls. The 
name of the company is put on in a similar way. 
The old method was to have these painted by hand. 
Some of the cabinets containing the machines 
attracted attention from the richness of the wood, 
and on inquiry we found they were made of cotton- 
wood. They had a high polish and a_ beautiful 
grain. The question as to who used all these 
machines came constantly to the lips of the party, 
only to learn the company had a large series of 
works at Glasgow, Scotland, although they do not 
turn out as much as the Elizabethport ones. 

After spending a delightful day and being very 
much impressed with the wisdom, skill, and fore- 
thought of the officers, the party re-embarked. The 
return to New York was charming, and the statue 
of Liberty seemed never to have looked so attrac- 
tive. The principal topic was the coming World’s 
Fair in New York City, and a wish that the foreign 
attendance might be large. On this point, it might 
as well be understood, that New York City will hold 
a World’s Fair in 1892. It will not affect the ques- 
tion at all where Congress may designate the 
location. We shall have our Fair, it will leave 
any other so far in the shade that visitors will not 
care to even see it. 

The next day concluded the session ; it was 
marked by a pleasant reunion on the City of Paris 
ata lunch of many old friends. The Inman Com- 
pany had kindly sent the invitation to the Society, 
and many of the Inman officials took this occasion 
to meet the engineers they had taken such good 
care of during the summer. All agreed that this 
was the line to sail on, one of the impromptu 
speakers saying that he did not care to sail on any 
other, not even that line who boasted they never 
had lost a passenger, and he added, ‘‘except by 
starvation.” Of course, Captain Fred. Watkins 
did the honours of his beautiful ship with his usual 
grace, and when his health was proposed it was 
remarked, that he always had the World’s Fair 
on board, and the American woman came in for her 
share of the praise. 

The New York Committee really felt their labours 
were not in vain, and if the expressions of their 
guests were sincere, the guests felt they had 
profited by the visit. 





GerMAN STEAM Navication.—A German line of steam- 
ships has commenced running between New York and 
Venezuela. 





MODERN FRENCH ARTILLERY. 
No. VI. 


BREECHLOADING MECHANISM—continued. 


United States Modifications of the French System.— 
Figs. 57 to 73, pp. 135, 136, illustrate very completely 
the details of the French system of breechloading 
mechanism, as adapted to an 8-in. steel rifle of the 
class made for the United States Government at the 
West Point Foundry, New York. The four principal 
parts of the mechanism are: (a) the breech-block ; 
(b) the spindle, the inner end of which carries the 
mushroom-headed obturator bolt; (c) the lever ; 
and (d) the swinging bracket. The breech-block, 
which of course is of tempered steel, has smooth 
surfaces, over three sectors of the circumference, 
the other three sectors being threaded ; the lest 
thread at the back of the block is left complete to 
arrest the block at the proper point of insertion 
when the threads are in a position to engage, one- 
sixth of a turn completing the locking ; this opera- 
tion of turning carries the block forward .125 in. 
and forces the obturator pad into place. The 
diameter of the chamber of this gun is 9.5in., which 
corresponds to the diameter of the end of the 
breech-block in advance of the threads. The maxi- 
mum diameter of the breech-block seat is 11.06 in., 
that measured to the bottom of the threads is 
11.04 in., and to the top of the threads is 10.50 in. 
The total depth of the block seat is 12.5 in., of 
which 11 in. are occupied by the threads (see 
Fig. 61). The form of thread is shown in Fig. 62; 
it is commenced about .8 in. from the rear end of 
the block, the pitch being .75 in. Two of the 
sectors have the threads interrupted by a recess 
nearly 1.5 in. wide, and of the form shown in 
Figs. 62 and 63 ; this is to receive the correspond- 
ing projections on the bracket to hold the block 
when the breech is open. The rear of the block is 
formed with a tapered recess (Figs. 56 and 65), 
3.65 in. deep, 6 in. in diameter at the back, and 5 in. 
at the front part of the recess ; further the block is 
bored through with a central hole, 2.46 in. in dia- 
meter, to admit the spindle carrying the obturator 
head. Curved handles (Figs. 63 and 64) are formed 
symmetrically on each side of the block, and these, 
with the lugs to which the lever is attached, are cut 
from the solid piece of. which the breech-block is 
formed. The spindle is clearly shown in Fig. 58. 
The mushroom head is 2.9 in. thick, and its normal 
position is somewhat less than 3 in. in front of the 
block, which allows space for the gas check ; the 
diameter of the head is 9.4 in., allowing a clearance 
of .lin. in the powder chamber. The spindle, 
where it joins the head, is 2.995 in. in diameter, and 
passes into the hole inthe block, which fora length 
of 5in. is 3in. in diameter. The enlarged size of 
the spindle is only 2.75in. long, beyond which it 
is reduced to 2.46 in., as far as the threaded end 
at the rear, which is of two diameters, as shown. 
Two adjustable nuts and a copper washer are placed 
on this part of the spindle within the recess in the 
block. The position of these nuts is regulated by 
the thickness of the gas check pad, and they have 
reverse threads to lock the spindle. Beyond these 
nuts the spindle is extended for 3.65in., and with 
a reduced diameter of 2in. The spindle is drilled 
on its axis from end to end, to form the vent ; the 
diameter is .2in., except in front, where the mush- 
room head is bushed with copper and the diameter 
is reduced to .10in. The lever is pivotted and sup- 
ported between the handles of the block by a bolt 
that passes through the lugs provided (see Fig. 58), 
and around which the lever revolves. This lever 
has three functions : When the handle is upright it 
serves to revolve the block, either for locking cr 
unlocking ; when the block is turned to the locked 
position, and the lever is thrown down, the eccentric 
at its hinged end enters a recess cut in the body of 
the gun and locks the block ; and when it is desired 
to draw out the block after it is unlocked, a down- 
ward pull on the end of the lever forces the eccen- 
tric against the breech of the gun, and starts the 
block. When the gun is closed and locked, the posi- 
tion occupied by the lever is that shown in Fig. 58, 
the lower part of the handle being caught by a 
spring attached to the bracket. The form of the 
lever is shown in Fig. 57, the recess cut to receive 
the eccentric when the gun is locked in Fig. 59. 

The swing bracket is that part of the breech 
mechanism which serves to support the block when 
it is withdrawn from the gun, and on which it can 
be thrown back out of the way for loading. The 
bracket is attached to a hanger of the form shown 
in Figs. 68 and 69, which is bolted to the breech of 
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the gun; the top and bottom of this hanger has pro- 
jections through which passes a hinge bolt and secures 
the bracket to the hanger ; the latter is shown in 
position in Fig. 57. The bracket is a strong casting, 
the end where it is secured to the hanger being 9 in. 
deep, and drilled for the hinge bolt to pass through. 
The bearing table is 12 in. long, and is curved 
accurately to the form of the breech-block; at 
the outer sides are two projecting guides of a 
clutch form. The level of the table coincides 
exactly with that of the bottom of the breech-block; 
the positions of the guides correspond with those 
of two grooves cut longitudinally in the block. 
Flanges beneath the table serve to strengthen the 
bracket and to carry the latch, which is an im- 


Fig. 66 
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Fig.67. 





end of the latch, which is formed with a catch, 
rises over a curved stop screwed into the breech of 
the gun, and when the bracket is in its final 
position the latch falls into a recess in the stop, and 
keeps the bracket fixed. When, however, the 
breech-block is fully withdrawn, the outer end of 
the block strikes a tinger projecting from the other 
end of the latch, lifts it from the recess in the 
stop, and as soon as the bracket is turned, the bent 
spring throws up the latch, engaging the finger 
with the end of the block, and holding the latter 
part. When the bracket is again swung round for 
closing the gun, the reverse action takes place. 

The operation of the breech mechanism is as 
follows : The block being locked as shown in the 
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CANET SYSTEM OF BREECHLOADING WITH RACK AND QUADRANT. 


portant detail in the mechanism. When the bracket 
is turned so that the inner face of the table is in 
contact with the breech of the gun, and the breech- 
block is unlocked and started, it can be pulled out 
by hand upon the bracket, the guides controlling the 
movement and holding the block steady. The latch, 
which is shown in position in Figs. 57 and 58, and 
separately by Fig. 71, serves the double purpose 
of holding the bracket fixed, while it is in posi- 
tion to receive the breech-block, and afterwards 
of keeping the latter in its place when the bracket 
is swung back. The latch is hung on a pin about 
the middle of its length, this pin passing through 
the flanges underneath the table ; a bent spring 
underneath the table presses on the top of the latch 
and tends to hold it down. When the bracket is 
swung round to receive the breech-block, the inner 





position, Fig. 57, and it being desired to reload, the 
lever is pulled upwards through an angle of 180 deg., 
and when in this position it is turned round through 
one-sixth of a revolution, when the pin on which it 
is mounted strikes against the stop provided for 
the purpose ; the lever is then pressed downwards 
to start the breech-block, and it is then lowered 
until its end rests against the rear of the bracket, 
which has been brought against the breech of the 
gun, and is held by the latch as above described. 
The block is withdrawn from its seat by pulling 
the handles, the relative positions of the various 
parts being such that the grooves in the block 
take on to the guides on the bracket. A sharp 
pull is required to fully withdraw the block, and 
when the latter arrives at the end of its travel, 
it strikes the latch, becomes locked, and at the 





same time releases the bracket, which can be swung 
back clear of the bore. After the charge has been 
inserted in the chamber, the bracket is turned 
back, and on coming into position is locked by the 
latch, which at the same time releases the breech- 
block. The lever is then raised, and the block is 
slid forward into its seat until the first thread strikes 
its bearing ; the lever is then turned through one- 
sixth of a revolution, and the block is locked, the | 
operation advancing it through .125 in. ; the lever 
is then pulled down till the » en end is caught in 
the spring. It should be mentioned that in this 
arrangement a gas check fuze is employed, and that 
the obturator pad is made of the usual mixture of 
asbestos and suet. 

The Canet System.—The company of the Forges et 
Chantiers de la Mediterranée, which has, during the 
last few years developed, near Havre, a very large 
and important gun factory under the general direc- 
tion of M. Canet, has perfected a system known by 
the name of the director of the works, and which 
comprises many important modifications of the 
standard French system. The guns of large and 
small calibre made at these works are known by 
the general title of Canet ordnance, and as we 
shall see later on, they possess many details of 
novelty and interest. Confining ourselves for the 
present to a general description of the breech 
mechanism, we find that the Canet guns both 
for naval purposes and for coast defence, are 
fitted with breechloading devices on the stripped 
screw system, but into which many improvements 
have been brought. Obturation is always effected by 
means of a moditied De Bange plastic wad of a special 
form, which is designed to avoid any hardness or 
inconvenience in working, and which in varying 
sizes is used for guns up to the largest calibres and 
highest powers. In certain cases the stem of the 
head holding the wad in place is fixed, and the head 
instead of being mushroom shaped is in the form 
of a ring, but with this latter type the stem is 
movable with the head ; by this arrangement, while 
the same pressure on the breech-block is main- 
tained, an increased pressure is thrown upon the 
obturator, and as a necessary consequence, a better 
obturation is secured with low charges —a very 
obvious advantage. The mushroom is attached to 
a movable stem, which passes through the axis 
of the breech-block. This stem, which is drilled 
through for the fuze, is formed at the rear 
end with an enlarged opening, the front being 
bushed ; the spindle changes its position according 
to the extent to which the obturating pad is flat- 
tened. Firing the gun is effected by means of a 
bolt composed of two parts, one of which slides 
in a groove in the ordinary manner ; this circular 
groove is cut on the rear face of the breech and the 
tail of the bolt engages in it. The other part of the 
bolt, following the axis of the gun, is connected 
to the first by a slide. This second part of 
the bolt can be made fast with the movable stem 
by a piece, in which, however, it is free to 
slide easily when it follows the movement of the 
bolt. From this arrangement it follows that that 
portion of the bolt mounted on the movable stem 
is free to follow all the movements of the latter, 
while it remains at the same time in connection 
with the first part of the bolt on which are mounted 
the percussion and safety devices. The firing 
mechanism consists of a hammer which is movable 
around an axis, and carries at its tail end a small 
roller which is controlled by a spring. The detent 
is formed by a special forging, on which are placed 
four fingers ; these are mounted parallel to the axis 
of the breech. The first finger carries the ring of 
the firing cord, the second takes a bearing when the 
hammer is lifted, and under the action of a spring, 
in a lateral recess cut in the side of the wing of the 
hammer, prevents the latter from falling upon 
the fuze. The third finger opposes this by stopping 
against a projection on one side of the hammer, 
and so prevents this latter from coming in contact 
with the percussion fuze, if from any cause it 
becomes released without having been pulled by 
the firing cord. It is only when this cord is drawn 
that the projection is removed and allows the 
hammer to strike the fuze. The fourth finger, 
which engages in the groove of the breech-block, 
prevents all movement of the axis of the detent 
so long as the bolt is not in its proper position 
and the striker is not exactly in range with the 
fuze. It is only in such a position, when the 
fourth finger is opposite an enlargement made 
for this purpose in the slide of the bolt, that 
the detent can act and the hammer fall. During 
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the rotation of the breech-screw the tail of the simple and no springs are employed. The pivot g | ferent parts, and especially on account of absence 
bolt remains engaged in the groove formed in| has mounted upon its lower end a pinion f which is of complicated mechanism. The system has been 


the body of the gun, and the bolt is thus kept 


turned by means of an endless screw upon a shaft adopted by several countries — Japan, Greece, 


absolutely fixed. It is only when the breech is| worked by acrank. The various operations can be | Chili, &c.—both for naval and coast defence guns. 


completely closed that the enlargements made at 


performed either by hand, by means of hydraulic | Figs. 77 to 80 are perspective views that show the 


the upper and lower ends of the groove allow the apparatus, or by belt transmission. The breech-| breech mechanism in various positions. 


bolt to be raised for putting the fuze in place | 


block is fitted with a triple safety apparatus, which Cuanet’s Quick-firing Guns.—Figs. 81 to 85. The 


and to be afterwards lowered to make ready for | makes it impossible to fire the gun: 1. Until the speed at which these guns can be fired is due to two 
firing. This system of breech-block is thus pro- | screwed part of the breech is not completely home reasons ; to the simplification in the operations of 


vided with a triple safety apparatus, because the | 


Block locked. 





Fig 57 


in the bore. 2. So long as the bolt is not imme- | opening and closing the breech, and the use of metal 


Block unlocked. 


Fig.59. Fig 58 
Section A.A. \ 



























































BREECHLOADING MECHANISM ; THE FRENCH SYSTEM MODIFIED BY THE UNITED STATES 


gun cannot be fired: 1.. So long as the breech is | 


not closed. 2. So long as the striker is not 


exactly over the fuze. 3. Firing is impossible |! 
except by pulling on the firing cord. All parts}, 


of the mechanism are moreover very simple, 
easily cleaned and maintained, while the working 
of the system presents very little inconvenience. 
The working lever pulls over, and is formed with 
a cam which, when the breech is closed, holds the 
block firmly locked. When the threaded sectors of 
the block are turned so as to be clear of the threads 
in the bore, by pulling over the lever the same cam 
which takes a bearing against the body of the gun 
assists in slackening the obturator in the usual 
manner. We shall illustrate this mechanism later on. 
For the manipulation of the breech mechanism 
in heavy calibres, special appliances belong to the 
system above described, which allow the man serv- 
ing the gun to carry out all the various operations 
by means of a single lever which is turned only in 
one direction. The rear face of the breech-block has 
fitted to it a toothed sector a (Figs. 74 to 80) gearin 
into a rack b carried upon a movable nut c mounte 
on a vertical screw d which is attached to the con- 
sole. When the screw d is turned, the nut ¢ rises, 
and the rack acting upon the toothed sector a turns 
the breech-block. hen this movement has been 
carried sufticiently far to release the threads of the 
block from those in the bore, the nut is stopped 
against the upper bearing of the screw, which then 
actuates the pinion e which is cut with helicoidal 
teeth, and attached to the nut c; this pinion gears 
into a rack cut in the side of the » breech-block 
and withdraws it from its seat in the bore. 
Whilst this screw is being turned the tail of the 
bolt that carries a small roller rises up a curved 
th fixed upon the back of the gun. As the 
Holt rises, the tail of the hammer comes against 
a stop that forces the dog to lift and produces 
an automatic safety arrangement. When the 
screw has arrived at the end of its travel, the 
pinion e butts against the extremity of the threaded 
portion and becomes fixed. A bolt i upon the 
console of the gun is thrown out and the whole 
system swings around the axis g attached to the 
gun ; the arrangement of this console bolt is very 
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diately over the fuze. 3. Unless the firing is per- | cartridge-cases, which contain the charge, and are 
formed by drawing on the lanyard. The great | attached to the projectile, so that both are inserted 
advantage of this system is that it can be manipu-|in the chamber at one operation. These of course 
lated in every position of the gun by only one man, | are features common to every system of quick-firing 
and by turning a crank always in the same direction. | gun ; but they are, as we shall see, carried out in 
The operations are moreover easy and rapid on the plan we are about to describe, in a manner pre- 
account of the convenient arrangement of the dif-' senting many original details. The breech-block 
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THE CANET SYSTEM OF BREECH-CLOSING MECHANISM. 
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THE CANET SYSTEM OF BREECH MECHANISM FOR QUICK-FIRING GUNS, 
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RACK AND QUADRANT, 


Fig. 83 is of the ordinary interrupted screw type, 
and the mechanism operating it has to perform 
three distinct movements ; unlocking the block from 
its seat ; withdrawing it to the rear ; and turning it 
back clear of the breech upon the hinged console 
which supports it. These operations are effected by 
turning a horizontal lever d which works from right 
to left. This lever is mounted on a pivotted bear- 
ing c carried on a sliding block k, which moves in a 
groove cut in the lower part of the console and in 
the same plane as the axis of the gun. As soon as 
this lever is turned, a pinion f mounted upon 
it, gears into a bevelled tooth segment e form- 
ing part of the block of the gun, and causes the 
block to turn through one-sixth of a revolution, 
that is to say until it is free in its seat; upon the 
same lever is a small arm at the end of which is 


Fig 85. Fig 86. 
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mounted a roller yg, and at- the moment that the 
block is released this roller enters a lateral recess 
h in the console. By continuing the movement of 
the lever d, this roller abuts against the end of the 
recess and serves as an adjustable fulcrum for the 
whole system ; the sliding block k, on which the 
lever is mounted, is then displaced and travels in 
the groove made in the console (see Fig. 85) ; this 
movement, of course, causes the breech-block to be 
withdrawn from its seat in the gun—the actuating 





mechanism being fast with the breech—and as the 
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console is in a position to receive the block, it takes tion of the intermediate receiver or connecting pipe, 
its bearing upon this latter ; when it is out of the with the large cylinder, the steam leaving this inter- 
gun the sliding block is at the end of its travel and mediate receiver at R oy _— off to the aes 
becomes fixed ; by continuing the movement of the rhs apa cylinder at C. 4 : e ee ith the 
lever, force is exerted upon the console, which is ‘8®-Pressure piston on a dead’ point, so that the engine 


?: F F : - + cannot start in the ordinary way and no steam can be 
caused to turn around on its axis or hinge pin which | hnausted to the low-pressure cylinder, the live steam 


= placed at the side of the breech. The extracting passes from the high-pressure valve chest through the 
device acts automatically ; it consists simply of two pipe ¢ and acts upon the lower end of the spindle K, 
claws held by oP with recessed one on. each side of | the pressure thus exerted raising the valve S and clos- 
the breech-block with the ends projecting in such a ing it on its seatS,. When the spindle K is thus lifted 
manner that when the block is returned to its place | it uncovers the small openings ¢ e, and live steam can 
and forced home, the ends of the extractor bars then pass to the low-pressure cylinder, thus starting the 
close over the rim of the cartridge, the empty case engine. As soon as the engine gets to work the ex- 
of which is withdrawn with the block the next time | haust from the high-pressure cylinder of course raises 
the breech is opened. It is evident that by revers- | the pressure in the intermediate receiver, and this pres- 
ing the operations thus described, the block is re- alg a on the =e S, over eye the Pik « of 
turned to its seat and the breech is closed ready for | ‘#* “!ve steam on the lower end of the spindly E an 


“ee + ele . | forces the valve off its seat, thus allowing the exhaust 
firing. It should be mentioned that the console is .i.4m from the high-pressure cylinder to pass to the 


fitted with a safety latch which secures the bracket jow pressure, the engine then continuing to work 
both when it is thrown back or brought round to compound. To insure the valve S being forced right 
the closing position, and that this latch works down into the position in which it is shown in Figs. 5 
automatically without the use of springs. We shall and 6, there is provided a small piston p working in 
later on illustrate this mechanism and some of its a cylinder a, the upper end of which is in free communi- 
modifications, as well as the firing device shown in cation with the receiver. The area of this piston is 


Figs. 83 and 84. 








COMPOUND PASSENGER LOCOMOTIVE. 

We publish this week a two-page engraving of a 
compound passenger locomotive of the ‘‘ Mogul” type 
which was exhibited at Paris last year by the builders, 
the Société Suisse pour la Construction de Locomotives 
et de Machines, of Winterthur. The engine is one of 
a series constructed for the Jura-Berne-Lucerne Rail- 


way, of which line Mr. R. Weyermann is the locomo- | 


tive superintendent. 





lig. 6. 


As will be seen from our illustrations, the engine is 
of the outside cylinder type with inside frames and 
valve gear, the latter being of the Stephenson pattern. 
The cylinders are respectively 17.7 in. and 25.2 in. in 
diameter with 25.6 in. stroke, and have the valve 
chests placed on the top as shown in Fig. 4. The valves 
are worked through rocking shafts, as in American 
practice, and the valve spindles are flattened at one 
part of their length so as to enable them to spring 
through a distance equal to the versed sine of the arc 
described by the upper end of the rocking lever arm to 
which they are connected. 

As will be seen from the dimensions above given, 
the capacities of the high and low-pressure cylinders 
are in the ratio of 1 to 2 very nearly, and in order to 
secure as nearly as possible an equal distribution of 
work between the two cylinders under varied condi- 
tions of working, the Von Borries system was adopted 
of proportioning the two reversing arms so as to 
give different grades of expansion for the two sides of 
the engine when ‘notching up.” Thus, in the engine 
under notice, the cutuiianting cut-offs in the two 
cylinders with various positions of the reversing lever 
xre as follows : 

Percentages of Cut-Off. 
High-pressure ... 13 20 31 41 51 60 76 
=. , 20 29 42 51 59 66 80 
By this means a very equal distribution of the work is 
etfected. 

To facilitate starting, the engine is fitted with a 
Von Borries automatic starting valve, the construc- 
tion of which is shown by the detail views, Figs. 5 


and 6, annexed. This apparatus is placed at the junc- | 


such that the pressure of the receiver steam on it is 
sufficient to overpower the pressure of the live steam 
| on the lower end of the spindle K. 

| The boiler, which is worked at a pressure of 156 Ib. 
per square inch, has a shell made of Krupp’s “ flus- 
seisen,” which has a tensile strength of from 214 to 
254 tons per square inch, with an elongation of 18 to 
20 per cent. before fracture. The longitudinal joints 
are double-rivetted butt joints with inside and outside 
| butt strips. The inside firebox is of copper, and the 
tubes are of steel with copper ends next the firebox. 
| The chief proportions of the boilers are as follows : 
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Square Feet. 
Heating surface: Firebox... oe ne 80.7 
Tubes ... -~ ... 1223.8 


Total ae .. 1304.5 
Viregrate area rr _ ee so 26a 


The boiler is furnished with a large dome in which 
is placed the regulator. The steam pipe, it will be 
noticed, passes through the top of the barrel close to 
the dome, and is then led externally to the valve chest 
of the high-pressure cylinder, while the exhaust from 
the high-pressure cylinder traverses an arched pipe in 
the smokebox on its way to the low-pressure cylinder. 
It will be noticed that the joints of the steam pipe are 
coned joints, each secured by a single central bolt. 

The engine is, as we have already stated, of the 
‘*Mogul” type, and the six-coupled wheels are 
4 ft. 11.8 in. in diameter, while the diameter of the 
single pair of cons wheels at the leading end is 
3 ft. 0.6in. The rigid wheel base is 12 ft. 1.7 in., 
while the total wheel base is 20 ft., the position of the 
leading axle being controlled by radius links. 

The springs of the coupled wheels are arranged 
beneath the axle-boxes, those of the middle and hind 
wheels being connected by compensating levers, while 
other compensating levers connect the front ends of the 
springs of the front pair of coupled wheels with the 
hind ends of the springs belonging to the leading axle. 
Moreover, the two leading springs are connected by 
transverse compensating beams which transmit their 
load to the centre of the cross-frame connecting the two 
leading axle-boxes. 








The construction of the framing is clearly shown by 
our engravings, and calls for nospecial description. A 
strong transverse stay of box section secures the 
necessary rigidity at the point of attachment of the 
cylinders. The engine is fitted with the Westing- 
house brake, which acts on the two hind pairs of coupled 
wheels, and the fittings generally are neat and sub- 
stantial, The engine weighs 394 tons empty, and 
433 tons in full working order. It is accompanied by 
a four-wheeled tender which carries 1565 gallons of 
water and 4.2 tons of coal, the weight of this tender 
being 10 tons empty and 21 tons full. 

We may mention in conclusion that the Mogul type 
of locomotive was introduced into Switzerland by the 
Société Suisse in 1875, since which date it has been 
adopted for heavy passenger service on many Swiss 
railways. We give on page 140 a perspective view of 
another 1 ow built in 1886 by the Société Suisse. This 
engine is of the same general type as that we have been 
describing, but is without a dome and is fitted with 
outside valve gear of the Walschaert pattern, instead 
of inside gear, as is the case with the engine shown by 
our two-page illustration. The Westinghouse com- 
pressed air reservoirs also are placed on the side foot- 
plate instead of under the foot-plate at the trailing end. 





THE MANCHESTER STEAM USERS’ ASSO- 
CIATION: ITS SYSTEM OF INSPECTION 
AND GUARANTEE. 

To THE EDITOR OF ENGINEERING. 

Sir,—My, attention has been called to a letter by Mr. 
Michael Longridge, headed ‘‘The Charlesworth Boiler 
Explosion,” which appeared in your issue of the 17th ult., 
the latter part of which it is thought might lead to mis- 
apprehension as to the course the Manchester Steam 

sers’ Association took with regard to a range of six 
boilers placed under its inspection in the year 1873, the 

furnace tubes of one of which collapsed on September 4, 

1874. Absence in London, and the press of other work, 

prevented my replying before. 

From Mr. — letter it might be inferred that 
the Association had approved and ‘‘guaranteed” the 
boilers, whereas the Association had given warning of 
the danger incurred in working them at so high a pres- 
sure as that to which they were subjected, more especialy 
with regard to the furnace tubes, and declined to 
“‘guarantee” the boilers until these tubes were 
strengthened with encircling hoops or other appropriate 
means. 

_ This is not the first time that a question has been raised 

in — columns with regard to the ‘‘ guarantee” of these 

boilers by the Manchester Steam Users’ Association. In 
your issue of June 2, 1882, a letter appeared from Mr. 

Charles ee, which was replied to by me in yours 

of June 30 and July 14, 1882, and I do not know that I 

can do better than quote from the first of those letters on 

this occasion. 

“* The facts of the case are briefly as follows : The boilers, 
which consisted of a range of six of the Lancashire type, 
were insured by the Boiler Insurance and Steam Power 
Company, as stated by Mr. R. B. Longridge at the inquest 
consequent on the explosion, from October 27, 1866, to 
October 27, 1872, at a pressure of 651b. on the square inch, 
though this pressure was exceeded in working. ‘They were 
transferred tothe Steam Users’ Association on the 7th of 
March, 1873, when arrangements were at once made for 
having the boilers laid off one or two at a time, according 
to the convenience of the owners, so that they might 
receive a series of ‘entire’ examinations. In this way 
two of the boilers were examined ‘entirely’ on Saturday, 
March 15, 1878, two others on the following Saturday, 
March 22, and two more on Saturday, March 29, thus 
completing the whole series. In reporting on these 
examinations it was at once pointed out that the furnace 
tube which subsequently collapsed, as well as the 
tubes of three of the other boilers, were too weak for the 
pressure at which they worked, and that the Association 
could not ‘guarantee’ them or take any responsibility 
with regard to their safety until they were strengthened 
with encircling hoops. This was repeated to the owners 
of the boilers again and again. The owners received 
these representations most courteously, but unfortunately 
they were advised by their boilermakers, who were an 
eminent firm, that the boilers were perfectly safe, and 
were persuaded not to apply the hoops recommended. 
In consequence of the Association’s urgency, however, 
they ordered a new engine to reduce the pressure, and 
ultimately resolved on taking out the entire range of 
boilers and putting in new ones. This resolution was 
carried out, and they have now a fine range of boilers, 
with flue tubes strengthened at each of the ring seams of 
rivets with flanged seams, and working safely at 75 lb. on 
the square inch. At this pressure they have now been 
‘ guaranteed ’ for about eight years, and it is fully expected 
that the Association will be able to renew that ‘guarantee’ 
from year to year for at least twenty-five years from the 
day on which the boilers were laid down, and in all pro- 
bability for several years longer. 

** It was while this new range of boilers was being put 
in that the weak furnace tube previously condemned in 
the Association’s reports collapsed . . . This boiler would 
have been taken out in another week or so. . .” 

‘This is a very brief statement of the case. I would 
gladly send you copies of all our reports and corre- 
spondence with regard to these boilers, but this would 
take up several columns of your space. Enough, how- 
ever, I trust has been said to show that the Manchester 
Steam Users’ Association did not approve these boilers, but, 
on the contrary, refused to guarantee them, and gave warn- 
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ing of the danger. The unfortunate explosion was the 
result of the neglect of these warnings, and showed the 
correctness of the Association’s reports.” 

Thus the Manchester Steam Users’ Association, when 
it undertook the inspection of the boiler plant at the mill 
in question, found it working at a dangerously high pres- 
sure, and, under these circumstances, declined to ‘“‘guaran- 
tee,” but it did not cease to give warning until it had suc- 
ceeded in persuading the owners to replace the old boilers 
by new ones of modern construction and fit for the pres- 
sure to be carried. Thus, through the intervention of the 
Manchester Steam Users’ Association, a dangerous set of 
boilers was exchanged for a safe one. How this can be 
considered-by the advocates of joint stock boiler insurance 
as an argument against the system of inspection and 
‘* guarantee ” adopted by the Manchester Steam Users’ 
Association, it is not easy to understand. 

I am, Sir, yours faithfully, 
Lavineton E. Fietcuer, Chief Engineer. 

Manchester Steam Users’ Association, 9, Mount- 

street, Manchester, February 1, 1590. 





THE RATING OF MACHINERY. 
To THE Eprtor OF ENGINEERING. 

Sir,—Referring to your report of the meeting of 
Mechanical Engineers in which reference is made to the 
rating of machinery, it occurs to me that ‘‘the certain 
class of gentlemen who make a business of paying atten- 
tion to these matters, and have been very active in ex- 
tending the area from which the local taxes may be 
drawn,” will attempt to tax us manufacturers for the 
machine minders, or in other words, men enga: in 
working such machines. It is evidently coming to 
this, and the sooner they try it on the better, especially 
as ‘such ‘‘gentlemen” are, I understand, rather pro- 
nounced in their opinions that workmen are ‘‘ mere 
machines.” 

The ‘certain class of gentlemen” will assuredly be put 
to the right-about, and compelled to scuttle out of their 
fat and well-paid percentage departments. Let them 
take a hint lest they fall. Yours truly, 

A British WoRKMAN. 





WILLIAM MURDOCH. 
To THE Eprror o¥ ENGINEERING. 

S1r,—My friend, Professor Greenhill, F.R.S., has just 
brought to my notice ENGINEERING of 31st ult., in which 
wal a asks for particulars of the life and 
abours of William Murdoch, the distinguished engineer 
and inventor. 

Allow me to refer your correspondent to the Standard 
of July 21 and 22, 1883 (from myself and from William 
Murdoch’s grandson); also to the Zimes of September 15, 
1883, reporting fully the meeting of the Balloon Society 
on subject of a national memorial to Murdoch. 


These supply a skeleton which your correspondent may 


clothe with flesh and blood, yet ‘‘the half has not been 
told.” Rosert H. Murvocu. 
Major R.A. 


Woolwich, February 3, 1890. 





COLOUR BLINDNESS ON RAILWAYS. 
To THE EDITOR OF ENGINEERING. 

Sir,—The question of eyesight testing for railway pur- 
poses continues to receive very great attention, but it is 
unfortunately a fact that the scientific oculists have very 
seriously “exaggerated the dangers” as mentioned in 
your article, page 92. 

The theoretical side of the question was very fully dis- 
cussed at the meeting of the Society of Arts, but the 
present correspondence which appears in the Z'imes shows 
that two such authorities as Professor Silvanus Thomp- 
son and Dr. Brudenell-Carter hold most opposite views. 
Theory having had a fair hearing, the time has arrived 
when the practical side should be brought forward. 

Dr. Brudenell-Carter wishes men to be tested with 
ge of dots and Holmgren’s fifty shades of wool ; he 

as also stated that he regards ‘‘any imperfection of 
colour sense, however small, as an absolute disqualifica- 
tion for such employment” as an engine-driver. 

The ‘‘ dot and wool ” test, as a matter of fact, is useless 
for testing the sight of railway men, for the simple reason 
that’it is not practical and furnishes no proof as to the 
man’s good or bad sight. 

Railway companies do not paint a group of dots upon 
the arms of their signals, nor do they hang skeins of 
coloured wool upon their signal posts, nor do they use 
fifty coloured lighta, 

The. only possible way to know if a railway man can 
see signals is to take him upon the line and put him 
through a proper, fair, and severe practical test by requir- 
ing him to see signal arms by day, and red, green, white, 
and purple lights by night at any necessary distances 
from a few yards to a mile; the man must pass such a test 
when the weather is fine and when it rains. Let the man 
be tested with practical signals under all practical cir- 
cumstances, but do not let him be disqualified as an engine- 
driver because he cannot sort wools as well as a lady in a 
Berlin wool shop. 

As a matter of fact a number of railway men who have 
failed in the ‘‘ wool” test, and are therefore called colour- 
blind, have gone to Berlin wool shops and obtained in- 
structions, after which they have been able to pass the 
wool tests with the greatest ease. 

In your article the question is asked ‘* Whether Holm- 
gren’s test is more severe than is required?’ In my 
opinion it is not severe enough for practical railway safety. 

I place no reliance upon a test which may work very 
well in a doctor’s room, but which is of no value out on 
the line, nor do I see any use in a test which allows an 
engine-driver to overcome it by five minutes iustruction 
in a Berlin wool shop. The practical test with signals is 


much more severe than all the dot and wool tests. If a 
man can see signals by day and night under every prac- 
tical and necessary condition, I consider he is perfectly 
safe as a driver, but if a man cannot see signals he must 
at once give up engine-driving (no matter how many 
skeins of wool he can see). 

At the meeting of the Society of Arts the scientific 
surgeons stated that collisions are caused through colour- 
blind drivers. During the past twenty years I have been 
very well acquainted with the various accidents, and 
certainly there has been no such case during that period, 
and I cannot find any colour-blind instance repo’ in 
the Board of Trade returns. 

The statement contained in your article ‘‘ that the 
methods now used on some lines are liable to cause the 
rejection of men with perfectly normal vision,” is quite 
true, and does form a very serious ground for complaint 
This cause for complaint would of course be at once re- 
moved by the introduction of a proper severe practical 
test with signals. ours truly, 

CiemENnt E. Srrerron, C.E., 
Engineer to the Society of Locomotive 
ivers and Firemen. 

40, Saxe Coburg-street, Leicester, Feb. 4, 1890. 





To THE Eprror or ENGINEERING. 

S1r,—The Lancet of last Saturday, commenting on Mr. 
Brudenell-Carter’s paper read before the Society of Arts 
on the 22nd ultimo, says: ‘* We hold additional security 
would be obtained by insisting on a practical examination 
in the open of coloured lights at distances varying froma 
few yards to a mile or more.” Such an honest statement 
is well based. The whole question is ruled by one uncon- 
trovertible fact, which is, that “‘ visual acuity” is the abso- 
lute converse to illuminating power. Dluminating power 
is a force, and visual acuity is sensitiveness to that force. 
Visual acuity, therefore, is a collecting and not an emitting 
power, and the /ess it can collect the greater its power ; 
again the converse to illuminating power. For that 
reason absolute reliance on the power of a man’s vision 
can only be secured by testing it at the furthest distance 
it is required the man should see. 

1 am, Sir, your obedient servant, 
February 5, 1890. A, Fournet. 





THE CORROSION OF SCREW SHAFTS. 
To THE EprtoR OF ENGINEERING. | 

Str,—Inclosed I send you a photograph showing the 
fracture of the tail end shaft of the s.s. Lofna. The 
after liner of this shaft, which was a long one, was 
originally put on in two pieces, and when the shaft 
was withdrawn for examination at the third special 
survey, having run for more than twelve years, the butt- 
ing of the liners was so close that one could scarcely de- 
tect it. The shaft was, however, condemned on account 
of corrosion at the propeller bars and elsewhere. When 





the liners were taken off, it was found that at the butt 
of the two after liners the shaft was corroded away as 
shown on the peotaeee®, very much as if it had been cut 
into by a V-shaped tool. 

This is an illustration of the danger of having liners in 
separate pieces, however well they may be butted, for 
had the shaft not been otherwise defective, it would not 
have been condemned, and there is no dovbt that in the 
course of a short time it would have broken. 

Iam, Sir, your obedient servant, 
. ApoteH SAtveseEn, M.I.N A., 
Managing Owner of s.s. Lofna. 
Grangemouth, January 22, 1890. 





ENGLISH MACHINERY FOR EXPORT. 
To THE Epitor oF ENGINEERING. 

S1r,—I occupy here the position of consulting engineer 
to a number of mines, mod have in consequence a great 
deal to do with English mining machinery of all iow 

I wish in your columns to ventilate a real grievance 
and enter a protest against the habits of English engi- 
neering firms. 

Hoisting Machinery. — That shipped out here, is 
generally, if not always, obsolete in pattern, and is 
me peg ed a portion of an old stock that could not be 
sold in England. 





I must confess that the designers of the engines, as well 
as all other machinery, including stamp mills, are men of 


exceptional ability, whose speciality, however, sugeunntty 
consists in the art of putting the greatest possible weight 
of metal into everything turned out of the workshop. 
am erecting two 50 horse-power engines now, the sole- 
plate of either of which weighs more than the whole 
engine complete should. In fact, in England, the mas- 
siveness of design is such as would effectually preclude 
their sale. 

The manufacturers have not cared to inquire into local 
requirements, and have been at no pains to desi 
machinery, of the lightest and most approved modern om 9 
even when having agents on the spot, their sole object, 
it is admitted, being merely to sell ‘‘iron.” The boilers 
universally supplied with these engines are of the ordinary 
locomotive type, and the fact that their fireboxes are far 
too small for local fuels, is evidently a matter of supreme 
indifference so long as the manufacturer can sell them. 

Pumps.—These are sent out here as parts of “ plants” 
without any reference to the uses to which they are to be 
put, and it is safe to say that there is not a single steam 
mining pump in the district that is as well designed, or 
as efficient, as any of the American pumps here. 

Stamp Mills.—If the needless use of iron is apparent in 
engines it is far more so in the mills sent out from English 
firms; they have evidently not taken any pains to try and 
make these even from a good model, but have added 
improvements (?) which take iron—of their own—and as I 
can vouch, result in the production of the clumsiest and 
most inefficient stamp mill in the world. 

As parts of these I may mention most particularly the 
self-feeders and some stone-breakers, which are a dis- 
grace to the intelligence of the nineteenth century. 

In a word, Mr. Editor, the question with us practically 
resolves itself into one of carriage. The ruling rates from 
the coast are from 15/. to 30/. per ton according to the 
season, so that you can understand that light and efficient 
machinery is to us a matter of the most vital importance. 

In these days, when steel has to such a great extent 
supplanted iron with such success, coupled with so great 
& saving in weight, it seems to me that the brains of the 
machinery designers would be far better occupied in 
poopy ben style of their ap mney and by substituting 
steel for the cast iron of which they now make so liberal a 
use — merely seeking to make the greatest immediate 

rofit. 

4 It must be remembered that we are always willing to 
pay the best prices fora really good article, but decidedly 
object to pay such heavy transport rates on cast iron, 
which after all mainly benefit the carrier. 
I am, Sir, yours truly, 
W. H. Furtonce. 
Johannesburg, January 9, 1890. 





GAS ENGINES. 
To THE Eprtor or ENGINEERING, 

Srr,— Prospectuses have been scattered over the country 
this last week with the object of floating the Purnell Gas 
Engine and Manufacturing Company, and as our name 
has been used in these prospectuses, we think it due to 
the public to point out that the number of engines men- 
tioned in these prospectuses as having been manufactured 
by us is incorrect. The Otto gas engine is not only manu- 
factured by us for British territory and colonies, but is 
also manufactured by large firms in Deutz, Berlin, 
Vienna, Paris, Litge, and Philadelphia, and we think 
there are one or two other smaller manufactories as well. 
We ourselves have turned out about 15,000engines. The 
ange output from all the factories now approaches 40,000, 

ut we ourselves have not turned out 30,000 as stated in 
the prospectus. 

Further it is stated that this engine is better than the 
most celebrated engines in the market, and yet its con- 
sumption is 36 ft. of gas per brake horse-power. The 
Society of Arts trials will prove that this ae 
can be beaten either by Mr. Atkinson or ourselves by 50 
per cent., so that it is difficult to see where the advantages 
claimed for this wonderful engine comein. Any one who 
has seen the design will be able to form his own opinion 
upon it. Yours faithfully, 

CrossLeY Brotruers (Limited). 
W. J. H., Secretary. 
Openshaw, Manchester, February 5, 1890. 








AUTOMATIC STOKEHOLES. 
To THE Epitor or ENGINEERING. 

Sm,—We observe in your last week’s number a letter 
from the New Conveyor Company, Limited, stating that 
we have ordered their conveyor for nine additional boilers 
and report their system to give us ‘‘ the highest satisfac- 
tion.” It is true that we have given this order, but we 
have never said anything whatever of the above nature, 
as to the merits of the system. So far as we can yet 
judge, the arrangement is as good as others, but users of 
machinery know well that only prolonged trial can 
justify the formation of a strong opinion about any 
apparatus. 

Your obedient servants, 
ABRAM LYLE AND SOoNs, 

37, Mincing-lane, London, E.C., February 4, 1890. 








Fortiryine CopennacEN.—The Danish Government 
has introduced a proposal in the Danish Parliament about 
the erection of a maritime fort outside the Copenhagen 
harbour, the calculated cost being 500,000/. The fortifi- 
cation should be completed in the course of three years, 
and the above sum includes the armament of the fort, 
which is intended to consist of five heavy guns, twelve 
guns of a somewhat lighter calibre, and thirteen rapid- 
firing guns. According to the above plan, it is to be an 
open fort, to which armoured towers can be added after- 





wards, if decided upon. 
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platform also of steel troughing is laid leading to the 
yard level on a gradient of 1 in 37. 

A branch railway runs along the western boundary 
of the works, and as these are on a higher level 
than the line, a retaining wall has had to be con- 
structed for a considerable length—from Maxwell- 
road to Lilybank-road. It is of stone, faced with 
ashlar, dressed on face and chamfered on beds. The 
new siding, which skirts this retaining wall, is a branch 
off the Barrhead section of the Caledonian Railway. 
It leaves this line a little to the south of Maxwell- 
road, and a bridge had to be constructed to carry this 
road over the new line. This bridge is constructed to 
the east of the present bridge over the Barrhead 
branch line of the Caledonian Railway. The abut- 
ments and piers are of stone, faced with ashlar, having 
chamfered joints on horizontal beds, 

The roadway is covered with Lindsay’s patent 
steel troughing, bedded on walls with Portland cement 
and filled "p level with pitch concrete. The footpaths 
are laid with Caithness paving, under which the gas 
aud water pipes are laid in the troughs. A malleable iron 
I beam 16 in. deep, and 6 in. broad, weighing 62 1b. 
per lineal foot, is placed at each side of the bridge 
to support the parapets, which are formed of cast- 
iron plates. The baseplates and rail are fixed into 
the stonework at each end. After going through 
this bridge the line passes round the retaining wall. 
Two —— are formed to give entrance to the 
waste lime yard and to the purifier yard. On the top 
of the retaining wall a brick fence wall, 8 ft. high, is 
built. When the railway nears the bridge it curves 
into the works and is on a gradient of 1 in 54. The 
rails are of steel, double-headed, weighing 90 lb. 
per yard. 

For the extensions of Tradeston Works the contrac- 
tors for foot and pipe bridge were Messrs. A. and W. 
Smith and Co., Eglinton Engine Works, Glasgow ; for 
railway bridge, Messrs. Goodwins, Jardine, and 
Co., Limited, Motherwell. For eight purifiers and 
connections, also roofs of purifier and meter houses, 
the Barrowfield Iron Works, Limited, Glasgow. For 
roofs of retort house and coal store, also high level 
railway, Messrs. P. and W. MacLellan, Clutha Iron 
Works, Glasgow. Station meter, Messrs. R. Laidlaw 
and Son, Glasgow and Edinburgh. 


PORCELAIN MANUFACTURE IN FRANCE. 
(Continued from page 83). 

On page 144 we a some more of the special 
machines made by M. P. Faure, of Limoges, for the 
manufacture of porcelain. Fig. 32 is employed 
specially for making cups, and closely resembles some 
of those we have already published. On the vertical 
spindle, the top of which carries the mould, are a 
fast-and-loose pulley, the arrangement for throwing 
the strap off and on, being controlled by the pedal. 
The template is attached to the counterbalanced lever 
at the top of the machine, and is raised and lowered 
by the handle. A disc of clay is applied round the 
inside of the mould and the lever is depressed so that 
the template presses against the inner face of the clay ; 
the machine is then started and the clay is formed 
into its permanent shape by the template removing the 
superfluous material. Fig. 4is a machine for making 
hollow and incurved forms. The clay is previously 
rough moulded in another machine similar to that for 
making blanks already described ; only instead of these 
blanks being flat, they are formed around a plaster 
mould, the shape of which resembles that of a flower 
pot. This mould is placed on the table of the blank- 
making machine, and is covered with linen ; a ball of 
clay is then placed on the top, and is worked down 
over the sides. When this has been done, the mould 
covered with clay is placed in the mould mounted on 
top of the vertical spindle of the machine shown in 
Fig. 4, and the plaster mould with its linen cover is 
lifted out, and the machine is started. The template 
on the balanced lever is formed to the contour of the 
vessel which is to be made, and has a reciprocating 
movement which canbe regulated by the cam mounted 
on a spindle that traveNgs the template holder. The 
amount of movement is reffulated by the handwheel. 
By altering the form of the mgftld any desired shape can 
be produced. In order to take out the finished vessel 
it is necessary to make the mould in twopieces. Fig. 1 
is a very ingenious potter's lathe, in which, by a simple 
device, any desired variation in speed can be obtained 
without stopping the work, and which, owing to its 
freedom and smoothness in running, appears specially 
well adapted to the work to be done. A large friction 
disc on the pulley shaft drives a second disc by fric- 
tion on the vertical spindle carrying the work ; on 
guide bars on the side of this spindle is a rack into 
which gears a toothed quadrant, the arm of which, 
hung on a centre, is counterbalanced. To this arm is 
hung avertical lever articulated at the upper end to a 
short lever mounted on a shaft, which is connected 
with a treadle. In the position shown no motion 
would be imparted to the upright spindle, but by 
turning the quadrant and thus raising the rack the 





RETORT HOUSE AT TRADESTON WORKS. 
MR. WILLIAM FOULIS, MEMB. INST. C.E., ENGINEER, GLASGOW. 
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Fig. 29.— Plan of Retort House & Coal Store. 


motion would be increased gradually toa maximum ; | pes matt gene amounted to 88,3591. 3s. 2d., made up as 
the rack and driving disc are free to slide upwards so | follows: Passenger and pareel traffic, 12,530/, 1s. 2d. ; 
that the level of the vertical spindle is not affected. | Merchandise and live stoc — 78. Pon am oor TOs, 
The machine for making the plaster mould is shown | Of traffic, 21,6281. 4s, 4d.; coal and coke, 43,594/. 12s, 
ie & oan ah 6 habier sada te | 8d.; miscellaneous, 9637. 17s. 1d.; total, 88,359/. 3s. 2d. 
oe oo eee we ee ee nde i This total shows a net decrease of 4006/. 2s. 5d., as 
mould which is mounted on a vertical spindle an ‘compared with the corresponding period of 1888. After 
driven by a strap, and an overhung fixed tool-holder, providing for fixed charges, the directors recommend a 
to which any sort of cutter can be adapted. | dividend at the rate of 6 per cent. per annum i the 
(To be continued.) | ordinary stock, which will absorb 14,4167. 2s 9d., leaving 
22881. 6s. ." be — al ae yg ig Age — ex- 
nditure during the half-year has m as follows: 
NOTES FROM THE SOUTH.wesr. Brit open for traffic, 6803/, 12s. 8d. ; on working 
Cardif.—Steam coal has continued in good demand, | stock, 4050/. ; total, 10,8537. 12s. 3d. The reduction in 
and buyers have tapes considerable ya d in the dividend is due to cutting the rates charged for the 
placing orders. The best qualities have made 15s. 3d. to carriage of coal. A Bill has been deposited seeking 
15s. 6d., and good dry coal 14s. 6d. to 14s. 9d. per ton. | powers to make a branch line in the Aber and Gledyr 
House coal has been in demand, and late rates have | Valieos for the purpose of giving access to the coalfields 
been well maintained. No. 3 Rhondda has made 15s. per | of that district, which are now taken +" Powers were 
ton. The demand for patent fuel has continued active at full obtained in 1864 for a nearly similar line, but these powers 
late rates. There have been numerous inquiries for both | were only partially exercised, as the coalfield in the 
foundry and furnace coke, and a recent advance in prices | upper part of the valley was not then ripe for develop- 
has been supported. Spanish iron ore has been firm. The ment. The Taff Vale Railway Company and the Barry 
manufactured iron and steel trades have shown little | Dock and Railways Company have each deposited Bills 
change. seeking similar powers. 


The Severn.—A meeting of owners and ratepayers of| Bristol Wagon Building.—The fifty-eighth helt secnhy 
the county borough of Cardiff was held at the Town Hall | meeting of the Bristol and South Wales Railway Wagon 
on Tuesday evening for the purpose of considering the | Company (Limited), was held at Bristol on Monday, 
expediency of assisting in the promotion by the council, | Colonel Savile presiding. The directors reported that, 
in conjunction with the Severn Commissioners and the | having carried 5001. to the contingent fund, the revenue 
Town Council of Worcester, of a Bill giving powers to account showed a disposable balance of 6647/. 17s. 2d., 
to improve the navigation of the Severn. The mayor | and they recommended that a dividend be paid at the 
(Mr. Alderman Sanders) presided, and stated that the rate of 10 per cent. per annum, with a bonus of 6d. per 
great requirement of Cardiff was an import trade. The | share, free of income tax, carrying forward a balance of 
merchants, more particularly those engaged in the corn | 7281. 9d. 8d. In moving the adoption of the report the 
and timber trades, had worked earnestly, and had made chairman said that for the last twenty P pacers the company 
themselves responsible for a considerable sum of money had paid a dividend of 10 per cent. and nothing less, and 
and certain yearly traffic. What the Cardiff council that, he thought, spoke well for the management. The 
proposed to do was to expend 500/. in promoting the Bill, | company had come into a good contract during the past 
and to invest 5000/. in the scheme, for which 45 per cent. year, and the directors felt it desirable to spread the sum 
had been assured. He moved a formal resolution con- | over three half-years. The dividend recommended was 
firming the action of the council. The motion was put | declared. 


and carried. | . — A 
: ge : | anshire Steamship Company (Limited).—It is 
Penarth Dock.—The imports of pig iron, timber, and | pas Jamerpanebive nih P ny eee Bs —_ with « 
general merchandise at this dock last year amounted to capital of 30,000/., in 300 shares of 100/. each. The object 
70,650 tons. The exports from the dock attained last year | ofthe company aus purchase and work a steamer to be 
an aggregate of 2,787,001 tons. In this latter total coal named the Glamorgan, now being built to the order of 
and coke figured for 2,776,712 tons. |Mr. D. Radcliffe, of Atlas Chambers, Cardiff, who will 
Rhymney Railway.—The report of the directors of this | be the managing director. The Glamorgan will be built 








company states that the total revenue receipts for the | of steel, with triple-expansion engines, and all the latest 
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improvements for loading and discharging cargoes. She 
will have a carrying capacity of about 3100 tons on an 
easy draught, and she is intended for the Nicolaief, 
Danube, Black Sea, Indian and American trades. 


The Rhymney Valley.—The house and steam coal 
trades in this valley are active. Messrs. Cartwright, of 
Newport, have secured the takings under the Gwrthonor 
land, and of late the old incline at Gilfach has been 
cleaned up with a view of relaying the tramway, as it is 
the intention of the firm to sink a pit early in the spring. 
At the present time there are four new pits being sunk in 
the valley, viz., two between Bargoed and Pen to 
the Brithdir Vein, one at the Llanbradach Colliery 
between Caerphilly and Hengoed to the steam coal, and 
the No. 2 pit at Elliott Town, near New Tredegar. The 
latter pit, it is expected, will be sunk down to the steam 
coal by the end of March. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

A New Railway.—The Beverley and East Riding Com- 
pany propose to extend their railway to Bridlington and 
to the Hull and Barnsley Railway at Little Weston. Mr. 
Y. H. Leene, the engineer of the company, in explaining 
the project to a representative meeting of the public, 
stated that the new line would serve about 700 square 
miles of an agricultural district at present practically 
without railway accommodation, and would take up and 
benefit a number of large villages. The length of line 
would be about 30 miles, and the cost of construction 
under 400,0007. 


The Albert Dock, Hull.—Mr. FE. H. Yarbett, general 
manager and secretary of the Hull Dock Company, has 
issued a circular in which he says: ‘‘ My directors 
have considered it desirable to proceed widens delay 
with the construction of the deep-water entrance to the 
Albert Dock in order to supply the requirements of ship- 
ping and to prevent the serious loss of trade under which 
they are labouring at the present time, owing to their 
inability to receive at all tides the largest class of vessels 
which can enter the Hull and Barnsley Company’s dock, 
and they also deem it necessary to supply additional 
appliances at their various docks and warehouses. In 
consequence of the greatly depressed value of the Hull 
Dock Company’s ordinary stock, it has been found im- 
possible to raise money, not only for the construction 
of the works referred to, but also for the purpose of 
strengthening the financial position of the company by 
converting into debenture stock the bond debt of 282,0441., 
and an open debt of 25,000/., amounting altogether to 
307,044. Iam glad to inform you that the North-Eastern 
Railway Company have expressed their willingness to 
have power conferred on them to make advances not 
exceeding 600,000/. to meet the requirements of the dock 
company for the purposes above named.” 


Leeds Ironmoulders.—There seems to be some prospect 
that the rate of wages paid to the ironmoulders of Leeds 
will be uniform] vanced on the lines laid down in an 
application made to the employers a few days ago by 
members of the Leeds No. 1 Branch of Ironmoulders. 
The request was that the minimum scale of wages should 
be raised from 32s. to 34s. per week in view of the im- 
proved condition of trade. The increase, it is stated, has 
already been granted in most of the workshops. 


Great Colliery Extensions.—In all parts of the district 
colliery extensions are being made, and in many cases 
thin seams are to be opened out, which heretofore, if 
worked, would have been unremunerative. In the vicinity 
of Chesterfield a large area of coal isto be opened out on 
the Duke of Portland’s estate. The workings will extend 
into Nottinghamshire, whilst near Unstone the Silkstone 
bed is to be sunk to. The Silkstone bed has also been 
sunk to from the Barnsley bed at a colliery near Rother- 
ham, whilst an important Sheffield company are turning 
operations to the same seam. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cle:eland Iron Market.—Yesterday there was a 
large attendance on Change, but the tone of the market 
was flat, and business was almost altogether suspended. 
Prices receded considerably. This state of affairs has 
been brought about by speculators who purchased war- 
rants when iron was more than 10s. a ton dearer than it 
is at present, and who now appear determined to sell 
out at a great sacrifice. There was really no legiti- 
mate business doing, and it was somewhat difficult 
to obtain a quotation for makers’ iron. One or two 
small parcels were reported to have changed hands at 
52s., but sellers were very unwilling to do business at any 
such figure. Producers who could be induced to quote 
asked at the least 60s. for early delivery of No. 3 g.m.b. 
Cleveland pig iron, and stated that they would not do 
business at anything under that price. Middlesbrough 
No. 3 warrants were quoted 51s. 9d. cash. To-day affairs 
improved a little, but the amount of bond fide business 
done was certainly not large. The quotation for prompt 
delivery of No. 3 was 54s., and Midd'esbrough warrants 
closed at 53s. cash. It is unfortunate that Cleveland iron 
is once more slightly dearer than Scotch. Such a state 
of affairs seriously interferes with legitimate business, as 
Continental consumers will not give their orders to 
Cleveland when they can purchase iron cheaper north of 
the Tweed. We cannot expect to see much sound busi- 
ness done until Scotch iron is again realising 4s, or 5s. per 
ton more than Cleveland. 


Manufactured Iron and Steel.—Quotations for finished 
iron are weaker, but there are really no new orders being 





placed. Makers continue fairly busy. Common bars are 
71. 10s. ; best bars, 8/. ; ship-plates, 7/. 10s. to 7J. 12s. 6d.; 
and ship angles, 7/. 7s. 6d., all less the usual discount for 
cash. The demand for steel is poor, and makers report 
a few inquiries both for railway material and on ship- 
building account. Heavy rails are now quoted 6/. 15s. ; 
steel ship-plates, 8/. 7s. 6d. ; and steel ship angles 8/. per 
ton at works. 


The Make and Disposal of Pig Iron in Cleveland.—A 
day or two ago the return of the make and disposal of 
pig iron at the associated works in the North of England 
during January was issued from the offices of the Cleve- 
land Ironmasters’ Association at Middlesbrough. Atthe 
end of the month there were 103 of the 153 blast furnaces 
in the district in blast, 61 being on Cleveland pig-iron, 
and 42 on hematite and other kinds; this is an increase 
of four as compared with the number of furnaces in 
blast at the end of January, 1889. During last month 
the make of Cleveland pig iron in the port of Mid- 
dlesbrough was 106,588 tons, as compared with 112,089 
tons during the previous month, a decrease of 5501 tons. 
Outside of Middlesbrough the make reached 22,676 
tons, or 5 tons more than in December, so that 
the total make of Cleveland pig iron one month 
was 129,264 tons, as against 134,760 tons in December, a 
decrease of 5496 tons. The make of hematite and other 
pig iron was 107,063 tons, an increase of 17 tons on the 
month, and the total make of all kinds of pig iron Loge 
January thus reached 236,327 tons, as against 241, 
tons in December, or a decrease of 5479 tons. On January 
31 the stocks of Cleveland pig iron showed a considerable 
increase ; makers’ stocks stood at 79,816 tons, an increase 
of 8833 tons, but makers’ stores at 6797 tons were 1703 tons 
less than at the end of December; the North-Eastern 
Railway Company’s stores were unchanged at 607 tons, 
while Messrs. Connal and Co. held 184,672 tons, or 2377 
tons more than at the end of 1889. The total stocks and 
stores of Cleveland pig reached 271,892 tons at the end of 
the last month, as compared with 262,385 at the end of 
December, thus showing an increase on the month of 
9507 tons. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Excitement was again the 
rule in the pig-iron market last Thursday, and the “‘ bulls” 
and ‘‘ bears” were driving the prices of warrant iron u 
and down in the most erraticmanner. Business in Scotch 
iron opened with the price 14d. per ton down, and thence 
it went up1s. 104d. per ton over buying and covering orders. 
Subsequently there was a decline to the extent of 1s. 14d., 
a recovery of 94d., and a fall again of 1s. 14d. per ton. 
The closing quotation, 56s. 6d., was, however, 34d. per ton 
above that of theprevious day. Theprice of Cleveland iron 
varied to the extent of 1s., closing at 55s. 9d. per ton, being 
a recovery of 44d., and hematite iron varied in price to 
the extent of 1s. 44d., but closed at 69s. 3d., the same 
as Wednesday’s final ar After the violent 
fluctuations in price on Thursday, the tone of the market 
on Friday was quiet. Business in warrants was fairl 
steady, the variations during the day not exceeding did. 
per ton in any class of iron. Scotch iron declined in 
price 44d. per ton, then recovered that sum, fell 3d., and 
recovered 14d., and closed 2d. under Thursday’s final 
quotation. Cleveland iron was 3d. per ton lower in price 
in the forenoon, but recovered, and closed as on the 
previous day; and hematite iron, after varying in 
price to the extent of 34d. per ton, also closed at 
the previous day’s fin quotations. The settle- 
ment prices were—Scotch iron, 56s. 2d. per ton; 
Cleveland, 55s. 9d.; hematite iron, 69s. 3d. per ton. 
Over the week the decline in prices was 3s. 4d. per ton in 
Scotch iron, 3s. 1d. in Cleveland, and 4s. 9d. in hematite 
iron, On Monday forenoon there was quite a fever of 
excitement to sell amongst the holders of iron, a number 
of whom were evidently frightened at the prospects of 
trade caused by reports as to the paucity of new orders 
for ships, machinery, and other manufactures in iron and 
steel, and by the reductions in the shipments of pig iron. 
The very large withdrawal of Scotch iron from the public 
warrant stores during last week seemed to be counter- 
balanced by the statement that four blast furnaces (three 
at Coltness and one at Govan Iron Works) had been turned 
to the making of ordinary iron instead of hematite iron. 
In the forenoon of Monday Scotch iron — at the price 
at which it left off on Friday afternoon, but from pressure 
of selling, prices went down 1s. 74d. per ton without a 
break, but recovered 2d. at theclose. ‘There wasa further 
decline of 11d. per ton in the afternoon, and the final 
quotation, 53s, 11d. per ton cash buyers, showed a fa!l of 
2s. 4d. per ton on the day. Cleveland iron lost 1s. 3d. 
per ton in the forenoon and 104d. in the afternoon—in 
all, 2s. 14d. on the day ; and hematite iron had a drop of 
1s. 11d. in the forenoon and 84d. further in the afternoon, 
or in all, 2s. 74d. on the day. These declines in prices re- 
presented to the holders of iron a depreciation in their 
securities to the extent of 176,000/. Last year prices 
rose from 40s. 10d.—the lowest quotation in February— 
to 64s., the highest in December, being a total advance of 
23s. 2d. per ton; and in the first week of last month the 
price of Scotch iron touched 66s. 3d., being a further 
advance of 2s. 3d., or 25s. 6d. in all. This rise in the 
price of Scotch iron a a total improvement in the 
value of the stocks of 1,250,000/., all within a period of 
eleven months. Taking all classes of iron the closing 
prices of Monday showed a total decline in value from 
the highest quotation of last month amounting to 969,593/. 
Monday’s closing settlement prices wcre—Scotch iron, 
54s. per ton; Cleveland, 53s. 74d.; hematite iron, 
66s. 7jd. per ton. The feverish excitement shown in the 
market on Monday was continued yesterday without 
any abatement. here were heavy selling orders, 





chiefly from English speculative buyers, who came 
late into the field and are now clearing out at prices under 
those at which they made their purchases; and these 
selling orders sent quotations penal down. It is reported 
that some serious losses have been made by these investors 
who thought that Scotch pig iron was going even to a 
higher price than 66s. 3d., and who have been holding on. 
In many cases iron has been sold at 10s. per ton under 
the purchase price, being a loss of 250/. on a single, and 
25,000/. on a hundred warrants, which is a frequent 
transaction. The price of Scotch iron at the opening 
yesterday was 5d. per ton under Monday’s close; it 
subsequently receded 1s. 6d. per ton, recovered 10d. 
and fell 73d., thus showing for the forenoon a total 
decline of 1s. 9d. per ton. There was a firmer tone in the’ 
afternoon, rumours being current that should iron recede 
any further in price it was likely that some furnaces 
would be damped down, as at the present high prices of 

and labour it would pay the ironmasters better to 
sell their coal than consume it in making iron at the low 
prices now current. Fears as to the coming settlements 
were also less anxious. Scotch iron recovered 114d. per 
ton at the afternoon market, but closed with a drop of 
oad. pr» ton on the day, while in Cleveland and hematite 
the drop was 1s. 7d. and 3s. 3d. per ton on the day re- 
spectively. The closing settlement prices were — 
Scotch iron, 53s. 14d. per ton ; Cleveland, 52s. ; hematite 
iron, 62s. 44d. per ton. Prices of Scotch iron ad- 
vanced this forenoon to 54s. per ton cash, but finished 
3d. lower. Cleveland receded to 53s. 4d. cash, and hema- 
tite iron was sold at 62s. 9d. per ton, the price afterwards 
rising 2s. 6d. per ton. Last week’s shipments of pig iron 
from all Scotch ports amounted to 3161 tons, against 
7571 tons in the corresponding week of last year. They 
included 200 tons for the United States, 226 tons for France, 
110 tons for Holland, smaller quantities for other coun- 
tries, and 2336 tons coastwise. The stock of pig iron 
in Messrs. Connal and Co.’s public warrant stores yester- 
day afternoon stood at 901,584 tons, as compared with 
910,254 tons yesterday week, thus showing for the week 
a decrease amounting to 8670 tons. 


Shipments of Machinery, dc., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from 
the Clyde reported last week, included the following : 

motive engines, for Leghorn and Hong-Kong, valued 
at 41,0147. ; machinery, for Calcutta, Bilbao, Melbourne, 
New York, Cuba, Rangoon, Penang, and China, of the 
value of 88002. ; blooms, billets, plates, bars, sheets, and 
other steel manufactures, chiefly Kr Halifax, Bilbao, Mel- 
bourne, Japan, Italy, Cuba, Spain, and New York, 
valued at 6300. ; pipes and other castings, plates, sheets, 
tubes, bars, and miscellaneous iron goods, of the value of 
5 It is stated that during last month locomotive 
engines, machinery of various kinds, sewing machine 
rts, and iron and steel ony were shipped from the 
lyde in such quantity that the total declared value 
was 301,468/. ; and in addition the steamers and sailing 
ships built on the Clyde would have an aggregate value 
of over 400,000/. 


Glasgow Coal Trade.—The coal market is reported to- 
day to be very irregular, The supply is not so good as 
it should be owing to colliers working short time in some 
districts. Great complaints are coming from consumers 
that the price is too high, and will require to be modified 
if the works are to be kept going. Shippers are still 
lying off the market on account of the high prices as well. 
Main requires a little more selling to dispose of present 
output, and masters in some cases are easing their price. 
House coal is not busy—merchants, on account of price, 
only buy for their immediate wants, at the same time 
working away any little in the depots. Splint goes away 

retty freely, although there is no pressure, and buyers 
ook for lower prices. Steam is average in trade volume, 
some collieries feeling want of trucks, partly on account 
of recent rough wonllier detaining steamers. 


Clyde Shipbuilding Trade : Launches in January.—This 
branch of trade was very busy during most of last month 
after the new year holidays came to a close. Nineteen 
vessels were launched of a total of 18,982 tons, being an 
increase of 4312 tons over the output in the corresponding 
month of last year, and 12,332 tons over that of January, 
1884. Of the vessels launched eleven were steamers 
aggregating 14,160 tons. There was a great dearth of 
new orders last month. 

Cost of the Forth Bridge.—In the half-yearly report cf 
the North Eastern Railway Company reference is made 
to the practical completion of the Forth Bridge, and it is 
stated that the undertaking has cost an expenditure very 
considerably in excess of the original estimate, and that a 
Bill will be promoted by the Forth Bridge Railway Com- 
pany for the provision of the funds requisite for its com- 
pletion. The preamble of the Bill sets forth that 
whereas the construction of the bridge and approach 
railways is nearly completed, but the capital is not suffi- 
cient to enable the company to complete the same, it is 
expedient that the company should be authorised to raise 
further capital and to borrow further moneys. It is 
therefore provided that the company may raise an addi- 
tional 200,000/. by the issue of new stock, and borrow in 
respect thereof 66,6661, on mortgage. Under the original 
Forth Bridge Act, 1873, the bridge and connecting rail- 
ways were estimated to cost 1,866,666/. ; 1,250,0001. of 
which was to be raised by the issue of shares and 416,666/. 
borrowed on mortgage. In different Acts since that time 
additional financial powers have been taken, and the pre- 
sent Act will bring up the sum which has been expended 
on the bridge and connecting railways to about 3,250,000/. 
At a meeting of the Forth Bridge Railway meee held 
in Edinburgh this afternoon—Mr. Mathew W. Thompson 

residing—the new Bill was approved of by the share- 
olden present. The directors subsequently proceeded 
to Queensferry to inspect the bridge. 
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PIECE-WORK v. TIME-WORK. 

THE strike of engineers at the Maxim-Norden- 
felt Gun Works, at Erith, revives the very old 
question of piece-work v. time-work, so long a sub- 
ject of public debate, and one which is peculiarly 
identified with the Amalgamated Society of Engi- 
neers. Soon after the several branches of the 
trade, which previously to 1850 were represented 
by separate and distinct societies, had become 
fused, or amalgamated into one compact body, the 
first great industrial struggle in which the newly 
formed union engaged was against piece-work, as a 
mode of working in engineering shops. The struggle 
was a long and costly one ; it severely tried the 
temper of the men, and taxed the resources of the 
union. It was fought out stubbornly on both sides, 
the employers having combined to resist the com- 
bination of the men. In the end, the employers 
were victorious, not only in so far as the question 
of piece-work was concerned, but they were able, 
for atime, to impose conditions upon the men which 
weremeant to utterlycrush out the union. The Amal- 
gamated Society, however, survived the ‘‘document,” 
and flourished. Perhaps there is not now a single 
employer of labour in the engineering trades of the 
United Kingdom who would desire to crush the 
engineers’ union. Although the policy of the Society 
has been consistent as regards the piece-work 
system, no very extensive strike against it took 
place until the year 1876, when, singularly enough, 
the scene of the conflict was, as in the present 
instance, Erith, though, at that time, another firm 
was involved in the struggle. From that date to 
the present no very serious strike has taken place, 
as regards piece-work, by the authority of the Engi- 
neers’ Society. There may have been—doubtless 
have been—local strikes against the piece-work 
system often and often, but they have not been of 
such a character as to attract public attention. 

The rule of the Society under which its members 
are entitled to strike against piece-work is, in brief, 
this: They are authorised to resist its introduction 
into a firm where it has not hitherto prevailed, or 
where it is sought to extend it to branches of work 
not previously done under the piece-work system, 
provided the men there employed are agreed as 
to resisting the practice. But where the system 
is established no strike can take place with- 
out the sanction of the Society. In the present 


7| instance there was an attempt to extend the system 


of piecework, in the new works of the Nordenfelt 
Company, to branches of the trade not previously 
worked under the system. It appears that some of 
the men employed at the works, on cartridges of a 
large size, and the boys, had been working on the 
piece-work system, but the engineers, strictly speak- 
ing, had not. The new departure being reported 
to the Society, by the members employed, resulted 
in the strike of some 500 men. The employers in 
the various engineering firms of the country claim 
the right—it is an old rule of their Association— 
to work either by time or piece ; this was acquiesced 
in by the Society, after the great strike of 1851 ; 
but the Society insist that their members shall get 
the standard rate of wages in any case, and under 
either system. The men allege that the piece-work 
system is used as the means of practically fixing 





day wages, by timing those on day-work by the 
labour performed by the piece-workers, thus regu- 
lating the amount of work to be accomplished 
within a specified time, for a given amount in wages. 
Many years ago the carpenters and joiners of 
London attempted to resist piece-work on the same 
ground, and for similar reasons. Their allega- 
tion was that the piece rates were so low that 
a quick hand had to throw his whole energy into his 
work in order to earn the standard wages, and that 
then the day workers were timed at each job by 
the time occupied by the piece-workers. This has 
always been the contention of those who oppose 
piece-work. But the feeling is by no means uni- 
versal, for the system is general in many engineer- 
ing firms, and in many instances the men like it. 
In some cognate branches of industry the piece- 
work system is even more general, and the men 
apparently prefer it to day-work. In the boiler- 
making and iron shipbuilding trade a large propor- 
tion of the work is done by the piece, and large 
wages are being earned under the system in all the 
shipyards of the United Kingdom. In many 
industries of the country, piece-work is the uni- 
versal practice, except in cases where an odd hand 
is required for jobs the time for doing which cannot 
be easily gauged. It is not strictly accurate to say 
that either the workpeople generally, or the unions 
to which they belong, are wholly opposed to the 
piece-work system. Even among the engineers 
there must be considerable difference of opinion, 
judging by the practice of the trade; or else they 
find it impracticable to resist it, and consequently 
accept the conditions of employment as they find 
them, in the localities or firms where they are 
employed, or may seek employment, whether they 
like them or not, by reason of the fact that they 
are unable to alter them. 

The practical question in this case seems to be 
how to avoid disputes as to the mode of working. 
It is obvious that employers, who have to prepare 
estimates of large works, sometimes occupying a 
long period in completing, must have some criterion 
by which to judge of the cost of labour, as well as 
of materials. This necessity has caused contractors 
tp resort to various devices in order to ascertain the 
probable cost of the entire job. Sometimes sub- 
contracting has been resorted to; but in many 
instances sub-contracting is now prohibited. In 
other cases employers have tried the ‘‘ butty” or 
‘* gang” system, but this mode has by no means met 
with universal approval. The piece-work system is 
not always practicable, because one man alone is not 
able in all cases to carry out the entire work him- 
self. Yet an employer, or his foreman, must be 
able to gauge pretty closely the time which should 
be reasonably occupied in completing a given piece 
of work. Now there is always a certain amount of 
competition in a shop, or on a job, among the men 
themselves. They are not all drones, nor will they 
submit to dictation or regulation as to the quantity 
of work to be done on the part of the union, or by 
the laggards, if any, in the shop. They would 
resent this kind of thing just as much as they would 
what they call ‘‘ nigger driving.” 

Might it not, therefore, be possible to effect some 
reasonable aarangement, whereby the real question 
at stake—wages—should be regulated mutually as 
to piece rates, without the friction now caused by 
its introduction where not previously prevailing ? 
That such a system is practicable is proved by the 
operation of the sliding scale in the North of Eng- 
land Wages Board, the Midland Wages Board, and 
other representative bodies. With these a rise of 
3d. or 6d. per day to the time workers, is equiva- 
lent to a rise of so much per cent. on piece rates. 
Even without such a Board, the boilermakers and 
iron shipbuilders have some mode of so regulating 
piece and time rates. For nearly forty years the 
engineers and their employers have been battling 
over this question. Though often at rest, it has 
never been settled. Resistance on the part of the 
men has uniformly failed, wherever a trial of 
strength has taken place. Is it not time that this 
one source of irritation should be removed? A 
conference of employers and of the representatives 
of the Amalgamated Society of Engineers could 
settle the matter almost at a sitting, leaving any 
details to be worked out subsequently. There is at 
present a good opportunity of adjusting this dif- 
ference. Employers and employed are on fairly 
good terms with each other in most other respects, 
and therefore they are the better fitted to discuss 
and settle this long standing dispute, than they 
would be in more troublous times. 
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THE WEATHER OF JANUARY, 1890. 

THE averages of the meteorological elements of 
the weather during January, 1890, were of a 
seasonable character, except the temperature. The 
month was exceedingly mild, the winds generally 
strong, and rainy days numerous. A succession of 
cyclonic storms passed north-eastward off the north- 
western limit of the British Islands; and these 
account for the persistence of the mild, humid, and 
strong S. to W.N.W. winds. The mean pressure 
and temperature of the atmosphere at extreme 
positions, to which the Isle of Man is central, were 
as follows ; 








{ 
. Mean | . 
tas j Mean | Difference | Difference 
Positions. Pressure. from Normal. —. | rom Normal. 
| in. in. | deg. 
North | 29.37 | below 0.27 43 above 4 
South --| 29.96 | nil | 49 | as 
West | 29.62 below .16 | 46 3 3 
East 29.86 | nil | 42 - 3 
29.70 | below 45 * 4 


Central -| 18 | 
- = | - _ 

The distribution of rainfall in frequency and 
amount may be inferred from the following re- 
sults : 











Places. | Rainy Days. Amount. Phan a nl 
. | in. in. 
Sumburgh .. sis 26 | 4.49 | above 0.83 
Scilly .. s oat 27 | 3.87 | below .06 
Valencia 30 | 6.78 | Pe 01 
Yarmouth 22 | 2.05 | A .01 





The daily general directions of the winds over 
these islands give the normal resultant for the 
month, S.W. by W. Hence the barometrical 
pressure, the direction of the winds, and the 
amount of rain were seasonable ; but the strength 
of the winds, the frequency of rain, and mean 
temperature were unusually high. The least at- 
mospherical pressure, 28.2, occurred on the 19th ; 
the greatest, 30.5, on the 30th; so the absolute 
range was as much as 2.3in. The highest tem- 
perature, 59 deg., was reported at Brookeborough 
on the 16th; the lowest, 14 deg., at Braemar on 
the 23rd. Some snow fell in the north of Scot- 
land and the east of England on the 28th. On 
the morning of the 9th, 1 in. of rain was measured 
at Stornoway; on the 22nd, 1.05 in. at Roche’s 
Point, 1.02 in. at Holyhead. On the 18th to 2I1st, 
thunderstorms occurred daily in Ireland. At 
8 a.m. on the Ist, the temperature at Sumburgh 
Head was 45 deg., at Cambridge only 22 deg.; on 
the 2nd, Belmullet 48 deg., Loughborough 22 
deg.; on the 3rd, Scilly 48 deg., Shields 24 deg.; 
on the 23rd, Jersey 52deg., Aberdeen 21 deg. 
Reckoning by the weather notations, fair days 
ranged between 9 in east England and 3 in north 
Scotland ; overcast days between 20 in south 
England and 14 in east England. The Ist, 10th, 
18th, and 29th were fine generally. The duration 
of bright sunshine for the five weeks ending 
February Ist, estimated in percentage of its pos- 
sible amount, was for the United Kingdom 18, 
south Ireland 23, north Ireland, east England, 
and the Channel Isles 22, central England 20, 
south and north-east England 18, south - west 
England and east Scotland 17, north-west Eng- 
land 14, west Scotland 13, north Scotland 9. 
The 23rd was a cold day in Scotland. On many 
days during the intervals of comparative lulls in 
the winds, the sky was often clear and bright and 
the air pleasant. 

The Greenwich observations go a long way back 
and a little research shows that the night of the 
6th was the warmest in January for many years ; 
the temperature was not lower than 49.2 deg. ; 
though the lowest temperature for January 1, 1880, 
was 50 deg.; and that for January 1, 1883, 51.7 deg. 
The contrast between this warmest night and the 
coldest January 17, 1881, 12.7 deg., is amazing. 
In other places n'ghts have been even colder, as, 
for instance, on January 1, 1871, the lowest tem- 
perature at Greenwich was 19.2 deg., at Leicester 
9.7 deg., at Leeds 7 deg., at Bradford 6.7 deg., at 
Wolverhampton 4.9 deg. 

In the month just past at Greenwich the mean 
temperature of the 6th was 14.4 deg. above the 
normal, of the 7th 13 deg., of the 25th 11 deg., 
of the 5th, 8th, 15th, and 16th, 10 deg. abnormally 
warm. The 7th, 18th, and 22nd had each five hours 
of sunshine. The winds were south-westerly from 


the 4th to 26th; and the wind pressure attained 





13.6 lb. on the square foot on the 25th, 14.5 lb. on 
the 26th. 

The type of weather which prevailed during the 
month over these islands was cyclonic. Storm 
systems followed each other in quick succession 
from the Atlantic, principally skirting the western 
and northern coasts ; but that of the 21st and 22nd 
came directly over Scotland ; and that of the 23rd 
travelled E.N.E. until it reached North Wales and 
then easterly over England and the North Sea. 
Strong winds and gales from S. or S.W. were felt 
throughout the latter part of the month over Ireland 
and England, but in Scotland the winds were quieter. 
The intensity and duration of this boisterous 
weather caused much loss of life and great damage 
to shipping and buildings. During the period 
18th to the 27th occurred the spring tides, and by 
heaping the sea still higher the wind drove waves 
over walls and embankments, carrying away 
masonry and flooding basements. At all the 
southern sea ports from Cardiff to Sandgate damage 
was thus done. 

Here it may be remarked, anent the vaunted talk 
about the wonderful results to outcome from 
synoptic weather charts, that these expectations 
must be quite illusory so long as their compilers 
persist in deeming local time synonymous with 
synchronism. If those produced in the weekly 
weather reports are examined, they are found to 
be synchronous only by courtesy, seeing that the 
observations are made at local times varying from 
7 to 94.M, and virtually differing among themselves 
three or four hours. 

According to weather lore, 

If the grass grow in Janiveer, 

It grows the worse for’t all the year. 
And ‘‘A green winter makes a fat churchyard.” 
Grass has flourished, and, certain it is, that this 
mild, humid, and boisterous month has been very 
unhealthy. There has been an enormous amount 
of sickness, aggravated by an epidemic disease of a 
variable type, vaguely termed influenza. The 
death rate has.risen greatly. In the London district 
during the week ending the 18th the registration 
of deaths exceeded the births, an exceptional if not 
a unique fact. 





use is still attended by many serious difficulties— 
difficulties which will be ultimately overcome and 
probably in the immediate future. Reference was 
made to mélinite and other French explosives. 
Despite the secrecy with which their composition is 
kept, it is pretty certain that the chief element is 
picric acid, and as this body is exceedingly 
unstable, it is probable that we shall hear but 
little more about these much-vaunted destruc- 
tive explosives. The most successful of contem- 
porary experimenters with high explosives is 
Mr. Nobel, the inventor of dynamite and other 
efficient blasting agents. He appears to have 
derived from nitro-glycerine and _nitro-cotton, 
a material which, when treated with camphor, 
compares very favourably with gun-cotton as to its 
ballistic properties, its stability, and uniformity, 
besides being almost absolutely smokeless. This 
power has been recently tried in small arms in 
Italy, and reports are current that Mr. Krupp is 
carrying on experiments with it in guns of various 
calibre. 

Sir Frederic Abel corrected an impression that 
seemed to be spreading, viz., that the new powder 
would be not only smokeless but also noiseless. It 
was shown that there is hardly any noticeable 
difference between the explosive violence of the 
new and the blackpowder. If anything, the report 
of the former is sharper and more ringing as well 
as of shorter duration. The absence of smoke in 
the battles of the future will undoubtedly affect 
both belligerent parties equally, and will call into 
requisition military qualities that, up to the present, 
have lain dormant. 





THE NEW MAGAZINE RIFLE. 

CotoneEt C, G. StapE, commandant at the Hythe 
Musketry School, gave an interesting lecture last 
Tuesday to the Aldershot Military Society on 
‘¢ Modern Military Rifles.” Though dealing princi- 
pally with the changes in tactics which would be 
necessitated by the new arm, he gave the following 
interesting Table, showing the general features of 
the arms now adopted by the different civilised 
powers : 





Calibre. Magazine. |Rounds, 





| Rife. | Weight. 








SMOKELESS POWDER. 
_ | Ib. 02. | 
WE gay li much accustomed to deal with SUN- | austria ..| Mannlicher 10 2/| .315 | Fixed box 5 
powder in warfare, in mining, and for sporting] America "| | 
” i ry 433 | Detachable 5 
purposes, that the term ‘‘smokeless” as applied to| (Navy) ..| | Lee | <- ‘ ic : 
powder seems at first somewhat anomalous. The. pSi™ | allt iain ie cost Sie 
anomaly will, however, disappear when we reflect | Denmark .. Believed to have adopted the Lee. a 
»j j j .| France... | e i 315 u 
that smoke is the product either of incomplete com nel Bal 9 8) ‘310 | ican hes | 5 
bustion or of the formation or precipitation of solid | Italy ..| Vetterli | 1010| .409 | % 5 
or of non-gaseous bodies. ome on roe baat RE 
Gunpowder, as all know, is an intimate mixture | portugal (. Notsettled, 
of nitre or saltpetre, charcoal, andsulphur. When | Russia _ ..! sais alas taiiiie 
H : 4 ‘ _ | Spain -- Not finally settled. 
raised to a high temperature, it burns with explo Switzerland | Vetterli 1010 = .409 Fixed box ; 6 
sive violence, evolving, at the same time, carbon | Turkey .. Mauser | .. | 483 | Tube | 8 
monoxide and carbon dioxide as highly heated | England .. acne 9 6| .303 Detachable) 8 


vapours, while potassium carbonate and potassium 
sulphate are simultaneously generated and distri- 
buted throughout the vaporous mass in a state of 
very minute division, thus giving rise to the whitish 
cloud which we call smoke. The solid products 
resulting from the ignition of gunpowder amount 
to no less than 50 per cent. by weight of the total 
product of the explosion. 

On the other hand, when gun-cotton is raised to 
the temperature of ignition, it burns either slowly 
or rapidly, giving out gases and water vapour which 
are quite transparent. Hence the absence of smoke. 

For the last forty years attention has been paid 
to the production of these smokeless explosives, 
and in no country with more marked success than in 
our own, and this is due mainly to the initiative 
and energy of Sir Frederic Abel. He is to-day 
looked up to as a great authority on the subject of 
explosives, and it is not surprising, then, to find 
that the mere announcement that he was to give a 
‘* Friday evening” discourse brought to the theatre 
of the Royal Institution not only a large number of 
those who have its entrée, but also knots of gentle- 
men from abroad who were eager to hear the very 
latest about smokeless explosives and the probable 
effect of their introduction into naval and military 
warfare. 

Sir Frederic Abel spoke of the early efforts 
made in Germany and in France to produce smoke- 
less explosives and dwelt with emphasis upon the 
superior intrinsic qualities of gun-cotton, pointing 
out at the same time that its application as a safe 
and reliable propulsive agent for military and naval 








| 


An examination of the Table shows that France 
alone has a weapon equal to the English arm in the 
number of rounds contained in the magazine, whilst 
its mechanical features are decidedly inferior, and 
its weight greater. It will be seen that all nations 
have very much reduced the calibre, and most of 
the powers have fixed upon one of from .303 in. to 
.315 in., that of England being the smallest of any, 
with one of .3803. Most of the powers have also 
adopted the box system of magazine, France alone 
among great nations havinga tube magazine. This 
form has many disadvantages ; the loading is slow, 
and the balance of the weapon alters at every shot. 
This to a certain extent is true also of the box 
system, but as in this case the supply of cartridges 
is concentrated near the mass centre of the weapon 
the alteration is not so great. The box magazines 
are of two types, that most favoured being a fixed 
steel box situated in front of the trigger guard. 
This is filled by a filler made of thin steel contain- 
ing five cartridges, and the magazine can thus be 
charged at one operation. 

England and America, the two great manufac- 
turing nations, have agreed in adopting a weapon 
with a detachable magazine, the invention of a 
Scotchman named Lee, now resident in the United 
States. It has been improved in this country very 
considerably and is now in all probability the best 
military weapon in existence. One great advantage 
of the detachable magazineis thatif one getsdamaged 
on service it can easily be replaced, and another is 
that troops defending a position can be supplied 
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with any number of spare magazines ready filled, 
which is equivalent to increasing indefinitely the 
effective capacity of the magazine. 

Though the last power to adopt a magazine rifle 
we may congratulate ourselves that our position has 
enabled us to thoroughly thrash the matter out, and 
not, as did Germany and Austria, waste millions of 
money in magazine rifles of a large calibre only to be 
replaced in a few months by new weapons.. The 
old Martini-Henry was in many respects an in- 
efficient weapon, the bullet was much too short in 
spite of the fact that Whitworth many years before 
had proved by a most extensive series of experi- 
ments that a rifle bullet should be somewhat more 
than three times as longas its diameter. This ratio 
has, we believe, been adopted in all the new rifles, 
and the pitch of the rifle has at the same time been 
quickened, thus insuring that the point of the 
bullet shall maintain its direction at long ranges. 
It is interesting to note in this connection that 
at the siege of Alexandria several of the 80-ton 
gun shells fired by the Inflexible were found 
afterwards on shore with their points towards 
the ships, thus showing that the rifling of the 
guns was insufficiently quick to preserve the 
parallelism of the axis of the shot. This decrease 
in the pitch, combined with the high velocity with 
which the bullet leaves all the new arms, has, how- 
ever, been accompanied by several serious difficulties 
which it has taken an immense amount of experi- 
ment and trouble to overcome, and even yet it is 
doubtful if they have been entirely surmounted. 
To enable the bullet to take the quick rifling at 
these high velocities, something harder than lead 
is required. Whitworth, indeed, in one extreme 
case, where a shot was fired from a rifle with 
one turn in an inch, used a _ ball of hardened 
steel machined to fit the bore, and with this 
weapon some very interesting results were ob- 
tained. For this reason the bullets of all the 
modern :mall-bore rifles are coated with a shell 
of hard metal. The French use nickel or German 
silver, and we have tried steel. But the diffi- 
culties are aggravated by the use of the smokeless 
powders, now undergoing experiment all over the 
world. Many people will be surprised by Colonel 
Slade’s statement that the fouling of the weapon 
caused by ordinary black powder is a_ positive 
advantage; but so it is. The fine black greasy 
deposit acts as a lubricant, and greatly assists the 
passage of the bullet along the barrel. With 
the new smokeless powders, however, there 
is no such deposit, and the friction is so great 
that particles of lead are stripped off the bullet, 
causing metal fouling, and in some cases the steel 
or nickel coating has been completely stripped off 
and left in the weapon. In spite of this, however, 
Colonel Slade holds that black powder is doomed, 
as the fouling becomes excessive in hot and dry 
climates, and a higher muzzle velocity than 1850 to 
1900 ft. per second, cannot be obtained even with 
compres3ed powder without excessive pressures in 
the chamber. Of the smokeless powders none seem 
entizely satisfactory up to the present ; the most 
promising is probably Sir Frederic Abel’s cordite, 
which, though not giving quite as good results 
as Nobel’s, so far as uniformity is concerned, has 
nevertheless stood some very severe temperature 
tests without alteration, and its stability seems 
assured. With this powder a muzzle velocity of 
2250 ft. per second has been obtained with the 
new rifle, that with ordinary black powder being 
1830 ft. The Swiss Hebler rifle, with ordinary 
powder, we may remark, is said to give a muzzle 
velocity of 1900 ft., the calibre, however, being 
but .295 in., and the rifling making one turn in 
about 790 ft. 

A remarkable feature of the new magazine rifle 
when fired with ordinary powder is that a shot 
fired point-blank at 300 yards is a foot above the 
mark aimed at, the rise being due to the kick of 
the weapon at the moment of firing. Aiming with 
it point-blank at a man’s breast, the man would be 
struck by the shot, supposing he was anywhere 
within a range of from 50 to 450 yards, so that the 
trajectory is very flat. At long ranges very fair 
practice has been obtained, as the following results, 
obtained last September, show: 


Percentage 
Distance. aed: ‘ae Object. 
_ Rounds Fired. 
2000 yards 181 48 Four companies in 
2400 ,, ee 109 29 quarter column 
2800 ,, ae 104 18 standing. 


The rifle, it should be remarked, was new to the 





men and they had had no previous experience of 
such long range fire. 

An interesting point not touched upon by Colonel 
Slade is the sight adopted for the newrifle. This is 
an entirely new departure, and is the invention of 
Major G. A. Lewes, of the Northamptonshire regi- 
ment. The fore sight consists of a rectangular block 
of metal which is split down the middle, the streak 
of light seen through this slit taking the place of 
the ordinary point. This slit, therefore, is not in- 
tended to be looked through, but simply aligned 
with the object aimed at in the ordinary way. The 
block in which it is cut being sufticiently massive 
there is no danger of the slit being knocked out of 
line, and the sight is capable of standing any 
amount of rough usage. The back sight consists 
of a hinged flap and a sliding bar. This bar has 
the upper edge bevelled and a square notch cut in 
the middle, from the centre of which there runs 
down vertically a fine white line. This notch is of 
such a size that when accurate aim is taken the 
block forming the fore sight just fills it, and the 
white slit in this fore sight forms one continuous line 
with the white line of the back sight. Should the 
aim be too high the block of the fore sight will 
appear above the general line of the bar of the 
back sight, and if too low there will appear a gap 
between the top of this bar and the block of the fore 
sight. It is said that these sights are equal in 
practice to those of a match rifle, and it is, therefore, 
to be hoped that with the new weapon the British 
soldier will regain his reputation for cool and accu- 
rate marksmanship. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 
(Concluded from page 123.) 

In our last issue we gave a short description of 
the opening proceedings at the late meeting of the 
Institution of Mechanical Engineers, held on the 
Wednesday, Thursday, and Friday of last week, 
and we now proceed to deal with the papers read 
and their discussions. 


Compounp LocoMoTIvEs IN Rwuss1a. 


The first paper taken on the evening of Wednes- 
day the 29th ult. was, as we stated last week, by 
Mr. Thomas Urquhart, the superintendent of the 
Grazi and Tsaritsin Railway, South East Russia, 
and in it he gave an account of the results of com- 
pounding some of those petroleum fuel-burning 
locomotives which he has described in previous 
papers contributed to the Institution. As we shall 
print this paper in extenso in an early issue it is 
unnecessary to give any abstract of it here. It 
may be noted, however, that Mr. Urquhart con- 
cludes that he gets an economy of 18 per cent. 
of fuel by compounding. His experience is espe- 
cially valuable as the steam pressure has not been 
increased in the converted engines, and thus there 
is no fear that it may be argued the economy 
claimed for the compounding has been partially, if 
not wholly, due to another cause, i.e., the higher 
pressure. This is a line of argument with which 
marine engineers were very familiar at one time. 
Mr. Urquhart’s experience is also valuable from 
another, and perhaps more important reason. It 
is often claimed by those who do not believe in com- 
pounding locomotives that the economy in fuel 
stated to be made is due more to the firing than to 
the system. Mr. Tomlinson adduced facts in sup- 
port of this during the discussion on Mr. Urquhart’s 
paper, and we all know how much is due to good 
stoking. But Mr. Urquhart’s locomotives are 
mechanically stoked—that is, they are worked with 
liquid fuel—so that the ordinary conditions of 
good or bad firing do not apply. Whether the 
‘* human factor” crops up in other directions we 
do not know. It is a point on which informa- 
tion from Mr. Urquhart would be valuable, and we 
should be glad to publish a communication from 
him on the subject. The evidence in favour of the 
compound locomotive, as being economical in fuel, 
is now of a very complete nature, and the ‘‘ human 
factor” argument is the chief one left to those who 
oppose the system. 

The discussion of Mr. Urquhart’s paper was com- 
menced only on the Wednesday evening, the meeting 
being adjourned shortly after the reading. It was 
resumed on the following evening, Thursday, the 
30th ult. 

Mr. Schénheyder was the first speaker on the 
Wednesday evening. He criticised the indicator 
diagrams shown on the wall. Mr. Urquhart said 





he had added 10 per cent. to the mean pressure 
in each cylinder, in order to allow for the effect 
of the pipe connection from the cylinder to the 
indicator. This the speaker exclaimed against, and 
he thought that two indicators and proper pipes 
should have been fitted. Possibly the loss of 
pressure might have been 10 per cent. or more, the 
speaker had known it to amount to 30 per cent. 
from similar causes, but he thought the arrange- 
ments for indicating should be more carefully made 
and that there should not be assumptions of this 
kind. The rings to the relief device for the slide 
valves were apparently plain rings with no springs. 
The speaker thought as much steam might get on 
one side as the other when starting, and it was 
difficult to see how the valve was to be kept up to 
the face on starting. 

Mr. Beaumont also referred to the allowance 
made on the diagrams for imperfect connections. 
The speaker would have preferred to have the 
diagrams untampered with and himself made what 
allowance he thought best. It would appear, the 
spesker said, that Mr. Urquhart was under the 
impression that increasing the receiver space gave 
more steam from the high-pressure cylinder, but he, 
the speaker, failed to see how this could be. It would 
be well if the author did not speak in such general 
terms about increasing the receiver space. It was 
also not quite clear that the engines always worked 
under the same conditions, and he would also ask 
were the number of experiments sufficient to 
eliminate the chance of errors. 

Mr. Tomkins said, that the power developed by 
the compound engine appeared to be 15 to 20 per 
cent. less than when the engine was not compounded, 
and a like percentage of economy was obtained, so 
one effect should be put against the other. In 
judging of the economy of repairs it should be re- 
membered that the engines, when compounded, 
were just out of the shops, whilst the others had 
been running some time. He failed to understand 
why the steam line in the low-pressure cylinder 
diagrams did not fall considering the supply of 
steam was limited. 

Mr. Jeremiah Head pointed out that there might 
be danger of the relief apparatus of the low-pres- 
sure valves giving trouble. He had had just such 
a device fitted to a stationary engine of his own, 
and one morning he was informed that the whole 
arrangement had gone through the roof of the 
engine-house. The joint of the swinging link where 
it was attached to the valve had worn through and 
the piston had therefore been released and blown 
out by the pressure of steam under it. 

At this point the meeting was adjourned until 
the next evening. 

On the members reassembling on Thursday, the 
30th ult., the discussion on Mr. Urquhart’s paper 
was renewed by the secretary reading a letter from 
the author in which he stated that since he had 
written his paper other engines had been com- 
pounded and put into use. He referred also to 
metallic packing for glands. This he said had been 
put in all the engines with very good results. 

Mr. Aspinall, of the Lancashire and Yorkshire 
Railway, who was called upon by the President, 
said he unfortunately had not been able to read 
the paper right through. The chief point that 
struck him was that petroleum fuel was particularly 
advantageous for compound engines as compared to 
coal, because a large open blast pipe was not a dis- 
advantage, and therefore there would be no exces- 
sive back pressure in the large cylinder. He had 
been trying experiments with liquid fuel in locomo- 
tives, using Mr. Holden’s system, and found it did 
well. It was only a question of price. As to 
metallic packing, he found the use of it increasing. 
If it were well made and well fitted it would run 
successfully for a long time. Some metallic pack- 
ings failed, however, because they were too com- 
plicated. He noticed that outside cylinders were 
used in Mr. Urquhart’s engines, and this got over 
a great difficulty in the matter of space. With 
inside cylinders it was difficult, without cutting 
the frames, to get the low-pressure cylinder large 
enough to give a proper ratio between the two 
cylinders. Mr. Worsdell had for this reason to 
increase the depth of his frames, and this rendered 
it impossible to alter a simple engine into a com- 
pound. In answer to a question, Mr. Aspinall said 
the liquid fuel he used was gas works tar, and the 
experiment he tried was of a limited nature, being 
confined to a shunting engine. It, however, had 
given satisfaction, and he thought of trying it on a 
regular running train. He had carried experiments 
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far enough to show that the system (Mr. Holden’s) 
could be used without the burning of coal. It was 
only necessary to see that air did not get through 
the bars. 

Mr. Lepage was of opinion that Mr. Urquhart 
had done well in changing his simple engines into 
compounds, The author’s method of taking steam 
direct from the boilers to the low-pressure cylinders, 
when starting, would no doubt act very well with 
good drivers, but the speaker preferred an auto- 
matic arrangement, as it would prevent drivers 
using high-pressure steam in the low-pressure 
cylinder when it was not necessary. He was glad 
to see the author was enlarging his receiver. The 
speaker had for many years used the differential 
valve gear for adjusting the cut-off. to the best 
positions in the two cylinders, and had found it a 
great advantage, as it was of great importance to 
pay attention to this point in order to get the best 
results. He was glad the same pressure had been 
used by Mr. Urquhart in his compound and non- 
compound locomotives, as this showed the advan- 
tages of compounding without the question bein 
complicated by other considerations. With rega 
to the difficulty of finding room for the cylinders 
between the frames of inside cylinder engines, he 
had just been designing an engine in which the low- 
pressure cylinder had been divided in two parts— 
that is to say, two low-pressure cylinders were 
used, but having one valve common to both. The 
speaker made a sketch of the arrangement, from 
which it appeared that the cylinders were placed 
one above the other-—that is, with their axes in 
the same vertical plane. Each piston had its own 
piston-rod, and these worked on to one crosshead. 
The valve apparently was placed on the cylinder 
ends. There were now between 500 and 600 com- 
pound locomotives in existence, and the saving in 
fuel might be reckoned at about 20 percent. That 
could be got if the engine was properly designed, 
but if the desiga were not good no benefit at all 
would result. The President here asked what 
pressure the speaker preferred for compound loco- 
motives. Mr. Lepage replied that he did not 
consider that pressure made any difference so far as 
the desirability of compounding was concerned, but 
he used from 120]b. to 170 1b. There was no difti- 
culty in keeping steam with a compound locomotive ; 
in fact, they steamed better thah the others. 

Mr. Walker, of Leeds, said that in the early part 
of his life he had been engaged in making loco- 
motives which were non-compound, and during the 
latter part of his life he had been making compound 
engines which were not locomotive. It was strange 
that authorities differed so in this matter of com- 
pounding locomotives. If he went to Mr. Stirling, 
of the Great Northern, or Mr. Johnson, of the 
Midland, they said that the game was not worth 
the candle ; whilst, on the other hand, Mr. Webb 
and Mr. Worsdell could hardly say too much in its 
favour. He, the speaker, thought, however, that 
the compound engine was the locomotive of the 
future. That was in accordance with common 
sense. His experience of compounding in mill 
engines went back for thirty years, and there was 
no doubt as to its success. The thing was proved 
by the best of all tests, the commercial test. The 
same amount of work was done with less coal to 
way for. So it was with the compound locomotive. 
The principle of making things fit and using up old 
patterns had been too much sacrificed in the loco- 
motive designing office. It was this difficulty of 
gétting the cylinders between the frames that was 
the bugbear that frightened the locomotive engi- 
neer. ‘‘ In fact,” continued the speaker, ‘‘ the 
compound locomotive is the right thing. You might 
talk for a month and I should be just of the same 
opinion.” With this characteristic utterance Mr. 
Walker sat down again. 

Captain Fairholme said he only wished to speak 
for a correspondent of his in Germany. This 
gentleman was the engineer to a line of railway in 
Saxony. He had adopted the compound system 
with the greatest success and found he saved about 
501. a year on each engine running. He used an 
automatic starting gear which, the speaker was 
understood to say, admitted steam both sides of the 
high-pressure piston. 

Mr. Young, of Blackwall, said that the author 
claimed that enlarging the receiver gave a better 
equalisation of the power between the cylinders, 
The speaker was of opinion that this would be better 
done by altering the cut-off. The speaker dwelt 
at some length on the compound engine generally. 

Mr, W. Galloway, of Cardiff, said that he had 





used a compound winding engine in which attention 
had to be paid to the question of starting. He had 
had a pipe direct from the boiler to the low-pres- 
sure cylinder, and this had a reducing valve fitted 
to it. This had enabled the engine to be readily 
started at any time, and the amount of steam 
passed by the reducing valve was inappreciable. 
Tenders were now being taken for a 700 horse- 
power engine on this principle. 

The President said that the thanks of the Insti- 
tution were due to Mr. Urquhart for putting so 
unreservedly before the meeting all the difficulties 
he had — through, and the experience he had 
acquired. The meeting had heard Mr. Walker on 
the compounding of mill engines, but the com- 
pounding of locomotives was a very different thing. 
There was no doubt that compounding was a good 
thing for mill and marine engines, but locomotive 
practice stood on a very different footing. When 
the captain of an Atlantic liner got clear of Queens- 
town Harbour and rang full speed ahead, the 
engines had the same duty to perform until the 
order was given for half speed off Sandy-Hook. If 
the cylinders were properly proportioned to the 
steam pressure and number of expansions, the 
result was very uniform and perfect throughout. 
The same thing might often be said of mill engines 
where the number of spindles in use remained 
fairly constant. With a locomotive engine, how- 
ever, say in a run from London to Swindon, 50 per 
cent. of the work would be done down hill, and 
under such conditions it would not matter whether 
the engine was compound or not. Treating the 
subject theoretically, the greatest gain that could 
be obtained was 15 per cent. in fuel, but against 
this there were offsets in extra wear and tear, addi- 
tional oil required, and additional complication and 
first cost. The fuel again was only one-fourth of 
the running expenses, and taking it on this basis, 
the theoretical saving was only sf per cent. of the 
whole. Mr. Tomlinson on the line—the Metro- 
politan—with which he was formerly connected 
allowed his drivers 32 1b. of coal per train-mile. A 
premium was allowed to drivers and firemen for all 
they could save on this. Some men never received 
a penny, others made a very substantial addition to 
their wages by the extra care or skill they exercised. 
Some men burnt as much as 40 lb., whilst others 
would not use more than 261b. This was not due 
to the engines, as they found the same thing when 
they put the men on different engines; that is to 
say, the men who did badly on one engine would 
do just as badly when they were given an engine 
which had been run successfully by other men. 
On the other hand, the men who did well on one 
engine would do well on another ; it was in fact the 
men and not the engines that varied. He men- 
tioned this fact because it showed how misleading 
figures as to coal economy might be in estimating 
engines. It was not to be supposed that Mr. Webb 
put the biggest fool to drive the engine embodying 
his invention of the new design of compound loco- 
motive. The President did not wish to depreciate 
the compound engine, but he did deprecate ex- 
travagent claims made for it, which would only lead 
to disappointment. In 1847, onthe Great Western 
Railway, some experiments had been made to test 
the question of difference in economy caused by 
giving different men charge of the same engines. 
A new engine was selected and eight different men 
were put on to drive each three days at a time. 
The result was that there was found to be a range 
of 22 per cent. in the efficiency of the men, as mea- 
sured by coal consumption. He thought the best 
way to compound locomotives was to tandem the 
cylinders, and then more equal turning moment 
was goton the crank. He was surprised to see in 
a triple-compound engine of Mr. Thornycroft’s, 
which had been experimented upon by Professor 
Kennedy, that 44 per cent. of the total power 
developed had been given off by the intermediate 
cylinder. This was an unfair strain to put on any 
shaft ; and, if compounding was going to lead to 
this kind of thing in locomotives, he, for his part, 
would rather spend a little extra on the coal bill 
than pay for new shafts. 


CotontaL Coat. 

The next paper was contributed by Mr. Michael 
Stephens, chief locomotive superintendent to the 
Cape of Good Hope Governnient railways. It was 
entitled ‘‘On the Burning of Colonial Coal in the 
Locomotives of the Cape Government Railways.” 
As we hope to print this paper in full at a future 
date we need give but a brief abstract here, 





The author commenced with a description of the 
South African coalfields, so far as they have been 
explored. It would appear that the coal, if not 
very high in quality—and some of it is excessively 
bad—is consi veer in quantity. It must be said, 
however, in spite of the recent researches of Mr. 
Galloway, which he made at the instance of the 
Colonial Government, that our knowledge of the 
coal resources of this part of the world is small, 
and doubtless the quality will improve, or rather, 
we shall better know where to go for the best kinds, 
as knowledge increases and better facilities for 
transport are opened up. It is, however, with the 
coal already at command—such as it is—that the 
author had chiefly to do, and the burning of it 
in locomotives supplied the subject of his paper. 

The coal used is bituminous and gaseous, and 
gives out great heat, but it contains 29 per cent. of 
incombustible matter. This becomes partly fused, 
and forms a pasty mass underneath the incan- 
descent coal. Mechanical means were tried to 
overcome this, but failed, and hand labour had to 
be resorted to. The firemen were selected for their 
strength and powers of endurance, and the bars 
were spaced 3in. The pricker had to be always in 
the fire, so that the locomotive left behind it a con- 
tinuous fiery trail on the steep and tortuous track. 
In order to meet the difficulty, Mr. Tilney, a rail- 
way engineer on the Cape Government railways, 
devised a mechanical arrangement for keeping the 
bars clear. This consisted of a drum worked by a 
second drum keyed to the leading axle. The first 
drum had pins in it, and so acted as a crank, the 
crank motion being conveyed by suitable connect- 
ing-rods to the firebars, which were thus caused to 
reciprocate with a stroke of 1fin. Only every 
alternate bar was caused to move in this way, and 
as the bars were serrated on the top, the dross, 
directly it began to cool on the bars, was broken up 
and fell through the 14-in. spaces between the bars. 
The dross is not hard and strong like clinker, but 
moderately friable. This device has been in work 
some time, and gives satisfaction. 

The first speaker was Mr. W. Galloway, of Cardiff, 
who had been employed by the Cape Government 
to survey the South African coalfields, and who ex- 
plained, in a most interesting speech, the extent and 
distinguishing characteristics of the coalfields of 
that part, which it had been his duty to examine. 
Mr. Galloway has reported at length on the sub- 
ject, and his report affords most interesting details 
of the carboniferous resources of South Africa. 
He has promised that a copy should be sent to the 
Institution, so that members will have an oppor- 
tunity of acquiring information on the subject. 
The coal in South Africa, Mr. Galloway said, is only 
known as outcrop coal, there being no shafts ex- 
cept some elementary ones in the Transvaal. One 
thing that struck him was the extreme regularity 
of the strata. The coal was between red rocks, 
and possibly the coal in South Africa was of the 
same age as our own. The fossils found also sup- 
ported this. In Cape Colony there is only one 
seam of importance, and that ranged between 22 in. 
and 4 ft., and part of this was shale. The roofs of 
the seams were, however, good, being of hard red 
sandstone, The South African coal measures 
were intersected by volcanic rocks in a very 
remarkable manner. He had compared the colonial 
coal with Welsh with the following results: The 
Welsh coal evaporated 8.76 Ib. of water per 
pound of coal, and two samples of the native 
coal 5,62 Ib. of water and 5.04 Ib. per pound 
of coal respectively. He wished to bear testimony 
to the value of Mr. Tilney’s invention, the arrange- 
ment being excellent for the purpose for which it 
was devised. In the locomotive with which he had 
experimented, he had put in the firebox a second 
arch so as to deflect the air down on to the burning 
fuel, as he found very little air came up through 
the bars on account of the ash. English coal would 
cost 11, 16s. per ton at the port and the colonial 
coal would cost 5s. per ton at the pit; yet the 
English coal would travel to within 300 miles of 
Cape Town, and then be as economical as the 
native product. Beyond that range the colonial 
coal became the more economical touse. It should 
be remembered that the means of carrying coal in 
Cape Colony are very primitive, the author of the 
paper mentioning the ox-wagon as a means of trans- 
port. This referred to the Natal coal, which we 
understood Mr. Galloway to say was some of the 
best. 

Mr. White said that in 1879 he had tried a sample 
of the Natal coa] and found it to be of fair quality, 
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giving an evaparative result equal to nearly 70 
per cent. of that of good English coal. The 
advantages of developing the colonial coal are 
very great, as for a large proportion of the 
steam power in the colony steam is at present 
raised by wood. With regard to the device shown 
by the author for dealing with very dirty coal, he 
thought the serrations of the bars were too fine to 
be durable, and there was danger of the gear slip- 
ping, otherwise the idea was a good one. The coal 
had been used for marine purposes, so far as coast- 
ing was concerned, with satisfactory results. 

Mr. Jeremiah Head asked if washing the coal 
had been tried. Mr. Galloway replied that it had 
not, but the defect was not of a nature that would 
be easily cured by washing. It was not a case of 
dirt mixed up with small coal, as, for the most part, 
it was only the large coal that was used, and there 
was no visible earthy matter, the impurities being 
contained in the lumps. Mr. Head asked if coking 
had been tried ; to which Mr. Galloway replied 
that it had been, but only on a very small scale. 

Mr. Woodhall said that in the north of Natal 
coal had been worked more extensively of late, but 
there were great difficulties in carrying it owing to 
the nature of the country, and the line over which 
it had to be brought. 

Mr. Tripp wished to ask Mr. Galloway whether 
he was of opinion that the coal had been deposited 
where it had grown, or had been conveyed to the 
spot where it was now found by water. To this 
Mr. Galloway answered that the question just asked 
was one that had been debated for some time, and 
he thought it would be a question likely to raise 
much controversy in the future. For his own part 
he was of opinion that the position of both the 
colonial coal and English coal was due to suba- 
queous causes rather than to the fact that vege- 
tation had flourished where the coal was found. 

The President said that 8.76 lb. of water evapo- 
rated per pound of fuel was something about the 
duty one would expect from Welsh coal. The 
5.62 lb. of water stated to have been evaporated by 
a pound of the colonial fuel was something about 
equivalent to the duty got from north-country coal, 
and this showed there was some virtue in this coal. 
He was of opinion that as the coal was worked 
back from the outcrop a large percentage of the ash 
would disappear, as there was always much ash 
from outcrop coal. As to Mr. Head’s suggestion of 
washing, he (the President) did not think it would 
pay to break the coal up and wash it. With regard 
to coking, a coal with 29 per cent. of ash would not 
be very likely to give very good results ; in fact, he 
doubted whether it would coke at all. Under these 
circumstances he had no doubt but that the plan 
described by the author in his paper was the only 
way out of the difficulty. 

At this point the meeting adjourned until the 
next evening, Friday, the 31st ult. 


THe ExtTRACTION OF OXYGEN. 


On the last day of the meeting the only business 
remaining was Mr. Kenneth 8. Murray’s paper on 
‘*The Mechanical Appliances Employed in the 
Manufacture and Storage of Oxygen.” This paper 
we shall print at a future date, together with the 
diagrams by which the apparatus in question was 
illustrated, and we will therefore deal briefly with 
the paper in the present instance. 

The author first referred to the discovery of the 
French chemist, Boussingault, upon which the 
Brin process is founded, that monoxide of barium 
has the property of absorbing oxygen from the 
atmosphere when heated to 1000 deg. Fahr., the 
result being a dioxide, and that the oxygen thus 
absorbed would be given off again at a higher 
temperature, about 1700 deg. Fahr., the monoxide 
being apparently restored to its original condition. 
It was found, however, that the barium monoxide 
gradually lost its virtues as an agent for extracting 
and giving up again the oxygen in the atmosphere. 
The discovery consequently had no important 
industrial result for very many years until the 
Brothers Brin determined to turn the researches of 
their compatriot to commercial uses. How far 
they and those who have followed them have 
succeeded, the author endeavoured to show in his 
paper. 

The barium oxide, commercially known as baryta, 
is used in bleaching processes, and is therefore an 
article of commerce, but that which is placed on the 
market by manufacturers is not sufticiently pure for 
the purpose of oxygen manufacture. The baryta 
required was therefore made on the Brin Com- 





pany’s works at Horseferry-road, and so far has the 
manufacture been perfected that the difticulties 
encountered by Boussingault and others have been 
practically overcome. In proof of this it may be 
mentioned that some of the baryta placed in the 
original oxygen producer in Horseferry-road is still 
at work. The manner in which the baryta is pre- 
pared is briefly described in the paper. 

The chief points in which improvements have 
been made in the method of working are the sub- 
stitution of varying pressure for varying tempera- 
ture in the treatment of the baryta, and of using 
vertical in place of horizontal retorts. The air is 
also purified before being subject to the process, 
Certain mechanical devices have also been intro- 
duced, which are of great importance in the com- 
mercial working. 

For these details we must refer our readers 
to Mr. Murray’s paper and the illustrations we 
shall shortly publish, but briefly stated, the 
method of working is as follows: The baryta is 
placed in vertical steel retorts—it is hoped cast 
iron may ultimately be used—and these are sub- 
jected to the heat generated by the burning of car- 
bonic oxide from a gas producer, which forms part 
of the apparatus. The retorts are 9 ft. long and 
7 in. in diameter, the metal being 4 in. thick. In 
the plant described there are 24 retorts, which will 
hold 2100 lb. of baryta. Arrangements are made 
for charging or emptying the retorts whilst in posi- 
tion. This is one of the recent improvements. 
Air is compressed in a suitable pump to a pressure 
of about 10 lb. to the square inch and is then deli- 
vered to the purifiers containing caustic lime and 
caustic soda in order that the carbonic acid and mois- 
ture may be extracted. The quantity of carbonic 
acid in the atmosphere is found to be small, about 
0.04 per cent. in volume. The volume of moisture 
varies from 0.3 to 3.3 per cent., the average is said to 
be 1.25 per cent. After leaving the purifiers the air 

asses to the retorts and the oxygen is absorbed 
C the baryta, the nitrogen escaping into the air 
through arelease valve. When the peroxidation of 
the baryta has continued for the desired period, 
say 74 minutes, the operation of the air pump is 
reversed by an ingenious automatic device which it 
would be impossible to make clear without illustra- 
tions. The apparatus throws the purifiers out of 
the circuit, by means of cocks, and the retorts are 
subjected to a vacuum of about 26 in. of mercury. 
Deoxidation of the baryta then takes place, and the 
gas thus obtained is stored in a suitable receptacle. 
The result is oxygen to the extent of about 96 per 
cent. 

The cost of production, allowing for depreciation 
of retorts and baryta, is said to range between 
2s. and 3s. 6d. per 1000 cubic feet in works where 
special plant is erected to use the oxygen as ex- 
tracted, such as gas works. In works specially 
erected, where additional charges would have to be 
made, the price would range from 3s. 6d. to 7s. 6d. 
per 1000 cubic feet. 

The demand for oxygen in retail business appears 
to be constantly increasing. In 1887 Brin’s Oxygen 
Company sold from the works in Horseferry-road 
no more than 142,000 cubic feet for limelight and 
other purposes. The quantity sold in 1889 amounted 
to just 1,000,000 cubic feet ; notwithstanding that 
the Manchester Oxygen Company have recently 
taken over the whole trade of the north of England. 
The paper concluded with a description of the 
high-pressure cylinders in which the oxygen is sent 
out, and of the compressors used for charging them. 

The discussion on this paper was opened by Mr. 
J. Adamson, who pointed out that an important use 
for oxygen would be found in welding iron. At 
such a price as 2s. per 1000 cubic feet he thought 
that it would be largely used in bleach works. Mr. 
Valon had shown at Ramsgate that it was essential 
to the most efficient production of good lighting 


as. 
: Mr. Hadfield said that he considered there was a 
great field for the use of oxygen in metallurgical 
work ; he could give many instances. The author 
had said that the air might contain over 3 per cent. 
of moisture. He would be glad to know how much 
was removed by the lime. 

Professor Kennedy said he had examined the 
plant, and there was no doubt that the plan of 
working at varying pressures rather than different 
temperatures was a great improvement, especially 
from a commercial point of view. 

Mr. Marten said that a few days ago he was at 
the conversazione of the Midland Institute at Bir- 
mingham, and he there saw the process described 





by the author gone through in miniature. The 
model apparatus might have been brought into the 
theatre, but it was considered that the works them- 
selves being so near, it would be better for the 
members to see the actual thing in operation. The 
company had liberally thrown the works open to 
the inspection of members, and a large number had 
availed themselves of the privilege. It was an 
extraordinary thing that so great a demand had 
arisen in so short a period for what was but very 
recently comparatively unknown as an article of 
commerce. He was sure the meeting would be 
glad if they could be informed for what purposes 
oxygen was employed. With regard to the com- 
pressing apparatus he would like to know what 
pressure was reached, and whether one cylinder 
put the pressure on and the others added toit. The 
author answered the latter question in the aftirma- 
tive, and said the storage pressure in the cylinders 
was 120 atmospheres. 

Another speaker asked how long the pressure 
was retained in the vessels? Was there any leakage 
through the metal? Did the company also supply 
hydrogen, and if so, what difference was made 
between the vessels in which it was contained? A 
mistake between the two gases by which they might 
become mixed, would result in a most dangerous 
compound. 

Mr. Schénheyder pointed out that the whole of 
the oxygen admitted to the retorts was not saved, 
which he looked on as a source of waste. Mr. 
Dawson said he had been connected with the 
designing of the first installation in the Horseferry- 
road. He bore testimony to the great improve- 
ments that had since been effected. He would be 
glal to know whether anything had been done in 
the use of oxygen in the glazing of pottery where 
an oxidising effect was required ? 

Dr. L. T. Thorne said he was connected with 
the Horseferry-road works. Reference had been 
made to high-pressure vessels, and there was no 
doubt these were of considerable importance, in 
fact, indispensable for the retail trade. Still 
without them the manufacture of oxygen would 
not be entirely useless) When the gas was 
wanted in large quantities, it could be made ina 
special plant erected for the purpose, and then 
would not want compressing. This was the system 
carried out in Germany, and also at Ramsgate, 
whilst other installations of a similar nature were in 
course of erection. Reference had been made to 
liability to accident due to putting oxygen into a 
cylinder that had contained coal gas. In order to 
provide against this danger, it had been decided to 
cut the screws for all connections on the hydrogen 
cylinders with a left-handed thread. One speaker 
had referred to the waste of heat, and also to the 
waste of oxygen. These were unavoidable, as 
indeed was loss of some kind in all industrial pro- 
cesses. In spite of this, however, they were able 
to produce oxygen at the low figures quoted, and he 
thought that showed at any rate a fair commercial 
efficiency. He had no doubt that oxygen would 
come largely into use for welding purposes, and 
that it would also play a very important part in 
metallurgical processes. He might instance specially 
the reduction of refractory ores. He would point 
out that 3.3 per cent. moisture in the atmosphere 
was given as a maximum for this country, although 
in the tropics the figures would doubtless be higher. 
Here the average would be 1 to 1.25 per cent. in 
volume. It was only after long and careful experi- 
ment that it was proved that difference of pressure 
could take the place of difference in temperature. _ 
Theoretically they should get about 14 cubic feet per 
pound of baryta used ; practically they got about 
half this, or about .6 to .7 cubic feet per pound of 
baryta. This was with the old process, but with the 
new system of using varying pressure instead of vary- 
ing temperature, although the yield of oxygen per 
pound of baryta on each operation was less, the 
operations were so much more rapidly performed in 
the new process that the yield per day was four or 
five times as much as formerly. The use of oxygen 
for glazing pottery had not been tried although it had 
been discussed ; but the oxygen had been used 
with great success in glass blowing. By the use of 
oxygen it was possible to manipulate bad glass with- 
out the reduction of lead, which led to the dis- 
coloration of glass. It was also possible to mani- 
pulate hard glass as easily as soft glass was formerly 
worked. The purification of coal gas was a pro- 
minent feature amongst the industrial uses of 
oxygen. It was hoped that Mr. Valon, of Rams- 
gate, would have been able to attend the meeting 
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to speak on this subject, but unfortunately he was 
ill with influenza and his doctor had forbidden his 
leaving his room. As was well known, oxide of 
iron is used for the purpose of removing sulphur 
from ordinary illuminating gas, the spent oxide 
being revivified by exposure to the air several 
times, until at last the oxide becomes useless. In 
order to carry out this process a small quantity of 
air is sometimes mixed with the gas before it enters 
the purifiers, so as to make the process continuous 
so long as the oxide retains its purifying pro- 
perty. This process, however, has the effect 
of detracting somewhat from the illuminating 
property of the gas, due to the nitrogen in the 
air admitted to revivify the uxide of iron. In 
several places this process was found very advan- 
tageous, as the amount of sulphur was often greater 
than formerly, and oxide of iron would go further 
than with the old process. It was found that 
by using a corresponding quantity of pure oxygen 
in place of air, not only was the revivification of 
the oxide of iron more effectually carried out, but 
that the loss of luminosity, resulting from the air 
mixture, gave place to a slight increase of lighting 
power. A further discovery was made that the 
oxygen could be used for lime purification, and 
thus the use of oxide of iron be done away with, 
for, if oxygen were employed in the same way, the 
sulphur compounds could be removed by the lime 
process, so the auxiliary oxide of iron purifiers were 
not necessary. Mr. Valon has stated that the total 
sulphur in purified gas treated in this way does not 
exceed 8 grains per 100 cubic feet. The quantity 
of oxygen passing over into the gas must be small, 
and then the illuminating power is increased, but 
if any considerable excess of oxygen passes the 
illuminating power of the gas is decreased. The 
See ero of oxygen found to give the best results 
1as been formerly stated by Mr. Valon to be 0.10 
per cent. of the volume of the gas for every 100 
grains of sulphur per 100 ft. of crude gas. Under 
these conditions the sulphur remained fixed in the 
lime, partly as free sulphur, and did not move 
forward when the lime became saturated with car- 
bonic acid, as is the case under ordinary conditions, 
and the life of the lime was nearly doubled. A 
most important feature, so far as the public is con- 
cerned, is that the lime, when at last it becomes 
spent, has not the foul stench of the gasmakers’ 
** blue billy,” but becomes an almost odourless and 
dry substance. The advantage of this in a pleasure 
or health resort such as Ramsgate is, as Mr. Valon 
has pointed out, very great. The use of oxygen in 
bleaching next occupied Dr. Thorne’s attention. 
In the bleaching of naturally coloured materials, 
such as esparto, grass, &c., oxygen plays the most 
important part in the process. Hitherto all 
attempts to use oxygen alone have failed, except in 
the open field, where the action is aided by sun- 
light. It has been found, however, when oxygen 
is used in conjunction with bleaching powder that it 
was very effective. The result was a great saving of 
chlorine ; in the laboratory experiment, amount- 
ing to 560 per cent. and in actual work to 30 per 
cent. ; but it was hoped the latter figure would be 
improved when a proper application of the system 
were made. As the oxygen cost less than the 
chlorine used there wasa clear gain. The saving in 
bleach was about 30 per cent. for each 200 cubic feet 
of oxygen used per ton of raw material treated. Dr. 
Thorne was of opinion that the reason the oxygen 
would not act alone was that free oxygen could not 
start the process, but if the nascent oxygen in 
the bleaching powder commences the action the 
free oxygen is able to carry it on. The oxygen 
gas produced by the Brin Company had also 
been used for oxidising oil, &c., in the manu- 
facture of linoleum and other like products. One 
of the great advantages was the saving in time. 
The freedom from danger of fire was also an im- 
vee feature, the ordinary process of oxidising 
inseed oil by boiling being ofa very Cangerous nature. 
Another use of oxygen, namely, the rapid pro- 
duction of vinegar and sulphuric anhydride, was also 
made with itin Germany. A plant was also being 
erected for the treatment of natural dyes. These, 
the speaker said, were only some of the uses to 
which oxygen might be put, so far as was known at 
present. The industry was in itsinfancy, but when 
they came to cast about for uses for oxygen they 
would be found to multiply almost indefinitely. 
Sir James Douglass said he was more especially 
interested in the production of oxygen so far as it 
applied to the intensifying of light. Experiments 
had been made at the suggestion of Mr. Golds- 





worthy Gurney, who had offered to make a trial at 
Orford Ness light. With the same sectional area 
the intensity of the light had been increased two 
and a half times. That was very satisfactory, but 
the application was not successful commercially, as 
the oxygen was too dear, and it was found better to 
pay for more oil than the oxygen. Sir James had 

een over the works at Horseferry-road, and was 
pleased with the ingenuity of all the mechanical 
arrangements. 

Mr. Arthur Paget asked if the price was 2s. to 
7s. per thousand cubic feet as delivered from the 
works, to which Mr. Murray replied that the price 
was 2s, per thousand when made and used at one 
place; for instance, in the case of a gas works 
where a special plant was erected and the oxygen 
used immediately as made. Compressing the gas 
doubled the price, but in any case the price varied 
with the conditions under which it was made. 
Mr. Paget, continuing, said it would appear, there- 
fore, that a great part of the cost was for com- 
pressing and transport. It had been objected by 
Mr. Schénheyder that all the oxygen was not 
extracted from the air, and this was referred to as 
waste, but it would be manifest that it would be 
only advisable to go on extracting oxygen so long 
as it could be done easily. It was better to take a 
fresh supply of air and get the oxygen from that at 
a small cost rather than go on trying to carry out 
the difficult and costly operation of extracting the 
last atom of oxygen from air already partially 
exhausted. Mr. Paget said that no doubt the meet- 
ing would be glad to hear that bad whisky could be 
made into good whisky in a very short tame by 
the use of oxygen. It had been stated that if 
oxygen is forced into spirits at a pressure of one or 
more atmospheres, and left for ten days or so, the 
spirits become mellowed to an extent equivalent to 
about three to five years ageing ; the harmful fusel 
oil being converted into innocuous compounds. 

In replying to the discussion the author said that 
Dr. Thorne had answered most of the questions. 
Mr. Paget was right in what he had said about 
maturing whisky. Oxygen had a very beneficial 
effect on whisky. Most people who tasted oxy- 
genated whisky were anxious to try it again. A 
question had been asked as to the length of time 
oxygen remained in the cylinders. In past times 
there had been trouble from the escape through the 
metal of the valves. They had tried various 
methods, but finally decided on the valve on the 
table. It was formed of an ordinary bronze, but 
very carefully mixed, only the best materials being 
used. The metal was run three times and great 
care was taken in the machining, which was all done 
on the company’s works. There was no leakage 
through the metal of the cylinder, and the gas had 
remained at pressure for six months. Bottles had 
been sent to Australia and the full pressure had 
been maintained. They did everything in their 
power to prevent the mixture of gases by painting 
bottles different colours and they were now adopting, 
as an additional precaution, left-handed threads on 
hydrogen connections. 

A vote of thanks was proposed to the author of 
the paper by the President and carried. The meet- 
ing then closed. 





NOTES. 
Tue Hupson River TUNNEL. 

Work has again been temporarily suspended on 
the Hudson River Tunnel, as the heading has again 
fallen in, thus once more illustrating the late Mr. 
Thomas Walker’s dictum that one subaqueous tunnel 
was enough in a lifetime for any man. Fortunately 
the accident is not serious, and no lives were lost, 
though one man out of the twenty employed has 
been somewhat seriously injured. The Hudson 
Tunnel is being driven through the silt which forms 
the bed of the river. This silt is, of course, water- 
logged, and to prevent its caving in it is necessary 
to maintain an air pressure of about 30 1b. per 
square inch in the heading. The pressure is regu- 
lated by watching the wall of the heading, as should 
this appear too dry the air pressure is too great, 
and is forcing the water back into the river, and 
there is then danger of a blow-out. On the other 
hand, a too damp appearance of the silt shows that 
the air pressure is insufficient, and it is accordingly 
increased. In the accident which occurred about 
the beginning of January, the men were first warned 
that the air and water pressures were not in 
equilibrium by the falling of small fragments of silt, 
and an examination showed that the lower part of 





the face of the heading was being forced in, whilst 
the air was escaping through the top. Thus 
warned, the men started for the air lock, and had 
all reached the completed part of the tunnel when 
a large blow-out occurred, and the air pressure in 
the heading was reduced to such a degree that the 
door of the air lock flew open. It is necessary to 
state that at the Hudson Tunnel there are two air 
locks, constructed in masonry bulkheads, about 
400 ft. apart. Between these bulkheads a pressure 
of 101b. to 15 lb. is maintained, that in the heading 
being usually about 351b. Hence, for the doors of 
the inner air lock to open the pressure in the head- 
ing must have been reduced till it was less than 
that between the bulkheads. This great reduction 
of pressure caused the silt to flow into the heading 
till the equilibrium between the air and the water 
pressures was restored. The man who was injured 
had one arm and leg caught in the door of the air 
lock as it closed again under the increase of pres- 
sure due to the advance of the silt up the heading. 
Some weeks are to be given for this mass of silt to 
solidify, when work will be resumed. 


Inp1an Frontier Ratiways. 

The important news is telegraphed from India 
this week that the Government have decided to 
undertake a survey of the country to be covered by 
the future railway to Cabul. The well-known 
Khyber Pass is not to be utilised for this purpose, 
owing to the many difficulties of the route. In 
the opinion of the Indian authorities the course of 
the Cabul River offers an easier and cheaper route 
for the railway, and this is the route to be taken 
in hand by the surveyors. Possibly it may not 
prove to be the best after all, for our engineering 
knowledge of the country is by no means exact ; 
and it might be possible, by a broader survey, to 
find a more suitable route still. At any rate we 
trust that after five years’ lagging the Indian 
Government will make a prompt and thorough job 
of the survey, and not bring about a recurrence of 
those blunders on the Bolan line, which are a dis- 
grace to the authorities at home and abroad. The 
latter, which was commenced, then ripped up and 
commenced again with a rush when the Russians 
annexed Merv, has proved one of the costliest 
lines constructed in India, owing to errors of route, 
wrong gradients designed in a hurry, and defective 
engineering generally. The parallel Hurnai route 
is not much better. Had the country been pro- 
perly surveyed a good time in advance, thousands of 
pounds would have been saved, and obstacles that 
clog and delay the traffic would have been avoided. 
So little has the lesson been impressed on the 
minds of the Indian authorities that it is only now, 
five years after the official decision to push on the 
Peshawur Railway to Cabul was arrived at, the 
work of preliminary surveying has been commenced, 
Had the Russians made any further advance during 
that period—and there was one critical moment a 
year ago, when the Russians assembled a force on 
the Oxus to watch the revolt against the Ameer in 
Afghan-Turkestan—the line from Peshawur would 
have been rushed ahead like the Bolan, and the 
costly blundering would have been repeated a 
second time. Considering the imperial interests at 
stake, surely the Government should take a leaf 
out of Russia’s book in these matters. Her frontier 
strategical lines are planned years in advance, and 
although financial considerations may delay their 
construction, the es are always ready when the 
signal is given. Equally prepared ought we to be 
in the case of the railways to Candahar and Cabul. 
The plans ought to have been ready long ago, even 
if one had to wait years before the Ameer gave his 
consent to their construction. Now-a-days wars are 
waged with the railway as well as with the bayonet. 
The Germans and Russians know it and act on their 
knowledge, but our authorities are apparently still 
ignorant of the fact. 


Tue Execrrica, Exuipition at Epinpurcu. 

The promoters of the Electrical Exhibition, 
which is to be held in Edinburgh during the 
summer and autumn of this year, have now in 
hand all the applications for space on behalf of 
intending exhibitors both at home and abroad, and 
they have every reason to congratulate themselves 
on the prospects. The Executive Council certainly 
came to a wise decision when they agreed that no 
rent should be charged for space allotted, except in 
the event of the Exhibition not being financially 
successful ; each exhibitor deposits 2s. 6d. per 
square foot of space allotted, and when the affairs 
of the Exhibition are wound up this amount will be 
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returned if there is no deficiency ; but if there is a 
deficiency it is assessed proportionately on the exhi- 
bitors and the balance of the deposit money returned. 
The result of this provisional agreement has been 
that many will contribute exhibits which will add not 
only to the interest, but will help materially in dis- 
seminating knowledge as to the principles and appli- 
cation of electricity, whereas had there been a space 
rent they would probably have weighed the chances 
of gain much more keenly. In this commercial age 
a'most all questions are looked at from the matter- 
of-fact financial point of view, and many firms are 
not inclined to exhibit unless there is to be a gain. 
It is yet too early to ascertain what even the prin- 
cipal exhibits will be. The space applied for far 
exceeds that at the disposal of the Executive 
Council, and it has been decided to build one or 
two annexes, but even then a discriminating selec- 
tion will require to be made from among the appli- 
cations. While essentially electrical, the Exhibi- 
tion will have several other distinctive charac- 
teristics. There will be a general engineering 
section, and in a sp2cial annex: erected for the pur- 
pose there will be a display of railway appliances. 
To this section nearly all the railway companies and 
many of the large locomotive and railway plant con- 
structors in the country will be contributors. Asthe 
Exhibition is intended to signalise the opening of 
the Forth Bridge, a section will be arranged with 
the view of demonstrating the main features of the 
design and the method of construction. It was 
decided the other day to have an Art Section, 
intended chiefly for the works of living artists, and 
comprising sale and loan collections. This has been 
done owing to numerous requests and offers of art 
exhibits. It is the desire to give preference to 
pictures not previously exhibited. It is yet too 
early to indicate even the principal features of the 
electrical display. The leading inventors, includ- 
ing Edison, and the foremost manufacturers of the 
day have promised their support, and the present 
indications point to a most effective and educa- 
tionally valuable collection. The foreign section 
will be especially extensive. Several of the 
European Governments have indicated their ap- 
proval. From France applications have been 
received for between 75,000 and 80,000 square 
yards of space, and there is likewise a prospect of a 
large syndicate of French manufacturers, who 
intended having a small Exhibition of artistic 
handicraft in London, being induced to transfer 
their collection to Edinburgh, on account of the 
difficulty of getting a suitable site in the metropolis. 
From France, too, there will be an important exhibit 
of the rolling stock of the railways of that country. 
Austria, Italy, Norway, and Switzerland will send 
interesting collections, and through the influence of 
the British ambassador at Berlin, the German 
Government is laying the claims of the Exhibition 
before that country. It only remains to be added that 
satisfactory progress is being made with the erection 
of the Exhibition buildings, described by us some 
time ago, and that Sir George Hayter Chubb, the 
chairman of the London Committee, who visited 
Edinburgh and inspected the buildings the other 
day, expressed his admiration of the beautiful 
situation, of the buildings themselves, and of 
the convenience of access from all parts of the 
city. 





ORDNANCE FOR CuInA.—Krupp got a large order from 
the Chinese Government towards the end of 1889, amount- 
ing to about 1,000,000 taels. It compries thirty-six guns 
to be delivered during three years for the fortifications at 
Ta-lien-hwan and Wei-hai-wai. The calibres are: Ten 
guns 28 centimetres, eight guns 24 centimetres, eight guns 
21 centimetres, and ten guns 15 centimetres. The ques- 
tion of guns seems altogether to be to the fore in China. 
As there is no patent law in the Celestial Empire, they 
hold, from a certain point of view, a privileged position, 
and are busily engaged at present in making Nordenfelt 
guns. 


Tue SwepisH Navy.—The Swedish Government is 
asking its Parliament for the following extraordinary 
grants for the Navy: 868,000 kr. as first grant for a new 
ironclad, the total cost of which is calculated at 
2,868,000 kr., or about 160,000’. She is to be the same 
type as the Svea, only somewhat narrower and longer, 
with increase of power, so as to obtain a higher speed. 
Further, 495,000 kr. for the completion of the Gita, a 
similar ship, and 244,000 kr. for a new second-class gun- 
boat. Of the ten second-class gunboats, which were built 
in 1856-63, only five remain in serviceable state. The 
new gunboat is intended to be 20 ft. longer than the old 
ones, and armed with some three or four far-reaching and 
rapid-firing guns. 








BARS IN TIDAL ESTUARIES. 


At the tenth ordinary meeting of the session of the 
Institution of Civil Engineers, held on Tuesday, Feb- 
ruary 4, the President, Sir John Coode, K.C.M.G., being 
in the chair, the paper read was on “‘ Bars at the Mouths 
of Tidal Estuaries,” by Mr. William Henry Wheeler, 
M. Inst. C.E. The paper referred to the different kinds 
of bars, treated of causes of their formation, and sug- 
gested remedies for their removal. Four classes of bars 
were described, namely, those consisting of hard material 
not affected by the scour of the current; those due to 
deposit of alluvial matter brought down by rivers; bars 
consisting of shingle or sand ; and casual bars. Examples 
of each kind were given. With reference to those of the 
second class, a distinction was drawn between bars and 
deltas. The latter consisted of a continually increasing 
deposit of fresh material, due to alluvial matter brought 
down by the river currents. The former were caused by 
the heaping up of sand or shingle by the action of littoral 
currents, aided by waves and gales. Tidal bars, unlike 
deltas, did not imcrease in size after formation; the 
balance of forces between the conflicting currents kept 
them in equilibrium, and caused them to maintain their 
general form and position. The features of bars at the 
mouth of sandy estuaries were described as being of a re- 
markable character. Such bars consisted of one or more 
ridges of material, the particles of which had no co- 
herence, yet stood with a slope much steeper than the 
natural angle of repose. Rising in some cases as much as 
from 40 ft to 50 ft. above the bottom, they maintained 
their positions across channels having a tidal rise of from 
20 ft. to 30 ft., with a current exceeding from three to 
four knots, and the direction of which was reversed 
three times every day; exposed to the storms and 
waves of the open sea, they were sometimes partly dis- 
persed, or added to, or altered their form, but they had a 
normal condition to which they reverted when the dis- 
turbing causes ceased. Examples were given of the bar 
of the Mersey and other estuaries. The author pointed 
out that bars were not common to all rivers, and even 
where a bar existed it was not always an impediment to 
navigation, as the water in the channel inside the bar 
was frequently as shoal as on the bar. The Thames, the 
Humber, the Severn, the Seine, and the Scheldt, were 

iven as instances of rivers without bars ; the Tyne, the 

"ees, and the Ribble, as illustrations of rivers where the 
bars did not affect the navigation. The various theories 
as to the cause of bars were enumerated. These were 
divided into two classes—one class ascribing the bar to 
the action of the river currents, and the other to the 
action of the sea. The theories of their formation might 
be thus summarised: 1. The deposition of the detritus 
carried in suspension in a river when it entered the sea, 
either from the slackening of the velocity, or from the 
meeting of two currents which neutralised each other, 
or from the effect of the conflict between the salt 
and the fresh water. 2. To the form and direction 
in which the ebb-and-flood currents met at the outfall. 
3. To aninsufficiency of back water. 4. To the difference 
in duration of the ebb-and-flood currents, and the varia- 
tion in the inclination of the slope of the low-water line. 
5. To the action of littoral currents, and waves driven 
along the shore in piling up detritus in the direction of 
their greatest force, and across the mouth of the outfall. 
With regard to the first class of theories, the euthor 
pointed out that the alluvial matter brought down by a 
river was of a totally different character to that of which 
bars consisted, being sufficiently light to be carried out to 
sea in suspension; that the meeting of the fresh and 
tidal waters, or the conflict between the salt and fresh 
water, could not be the cause of a deposit sufficient to 
make a bar, as the point of conflict varied with every 
tide; that fresh-water floods, from their intermittent 
character and small volume as compared to that of the 
tidal water, could have little effect on the bar or outfall 
channel. Attention was drawn to the fact that those 
rivers, having the largest discharge of upland water and 
absence of tidal flow, were most encumbered at their out- 
falls ; that, while freshets had little or no effect in scour- 
ing away bars, they not unfrequently were instrumental, 
in sandy estuaries, in feeding and maintaining them by 
altering the low-water channels through the sand, and 
stirring it up and throwing the sand into the ebb 
current, which was thus transported to the bar. The 
manner in which a channel entered the sea was admitted 
to havea marked effect on the maintenance of the bars, 
which were generally found at the mouths of estuaries 
discharging into shallow bays, or where the outfall was 
at right angles to a low flat sandy coast ; whereas rivers 
discharging at the head of a deep bight gradually 
increasing seawards, or discharging at a projection of 
the coast-line, where the run of the tide was strong, 
had free outfalls. The characteristics of the principal 
estuaries of this country were given in illustration. As 
to the insufficiency of back-water, the author, while admit- 
ting the importance of conserving tidal estuaries as scourin 
basins, and that a certain width of foreshore on eac 
side of the channel was essential for properly filling and 
feeding them, contended that only such portion of the 
water entering an estuary as passed in and out by means 
of the navigable channel over the bar was beneficial ; and 
that the inclosure of indentsand irregular parts of the 
coast line, by bringing the estuary into the best form for 
ingress and egress of the effective portion of the tidal 
water, might be of advantage; that while training walls 
were conducive to accretion, yet they did not necessarily 
decrease the tidal capacity. Training walls did not 
create new material, but merely led to a new disposition 
of the sand, the shoaling in one place being compensated 
by the deepening at the part from whence the sand was 
moved ; also the deepening of the channel by the scour 
Letween the walls more than compensated for loss of 








shallow water over a wider area. No fixed rule could be 
laid down either as to the best height of the walls, 
or how far reclamation might be carried ; each estuary 
must be judged and dealt with as experience taught. 
Several cases were quoted, showing where recla- 
mation had been detrimental, and also where it had 
been carried on without injury to the bar or navi- 
gable channel. The relative scouring effect of the 
ebb and the flood tide was discussed, the opinion of 
the author being that these were nearly balanced, the 
preponderance being in favour of the ebb. As to the 
theories that ascribed the existence of bars to external 
causes, while generally agreeing that this was caused by 
by the action of the sea, varied as to the way in which it 
was accomplished. This action was variously ascribed : 
To ground waves, which, having traversed the shore, 
carried with them sand and shingle into the mouth of the 
estuary, and formed a bank ; to the action of the winds 
which caused the detritus disturbed by waves to be pile 
up in the direction of their greatest force; to the action 
of on-shore waves, the crests of which, being impelled 
forward at a greater rate than the foot by their impetus 
in descending, pushed forward the mass of water in 
front of it, which, charged with the material on which 
it was driven, carried it into the mouth of the estuary ; 
to the general tendency on all coasts of waves driven 
along the shore by winds, or of the littoral currents 
to transport and heap up beach in a continuous line 
along the shore, to which operation the mouth of the 
estuary formed no exception. The author considered the 
last as the true cause. The action of gales in erodin 
the cliffs and breaking up the beach furnished the materi 
which was continually being transported along the beach 
in the direction of the flood tide, and those on-shore 
winds, which, from their prevalence, had the most effect 
on the coast. This material was carried across the mouth 
of the estuary, rolled along the bottom by the flood tide 
to the bank forming the bar, pushed over it, and depo- 
sited on the inner side. The ebb tide rolled it back, and 
it was dispersed on again reaching the sea. The bar was 
thus maintained in a general state of equilibrium; if in 
an exposed position, increasing after gales and decreasing 
in calms. The conditions of estuaries favourable to the 
formation or absence of bars were described and illus- 
trated by reference to the various rivers of this 
country. The remedy proposed for the dispersal of 
bars was to increase the depth of water at the out- 
fall and the power of the ebb current. The works 
carried out in the Tyne, the Tees, and the Liffey, 
were described and given as illustrations of the success- 
ful application of this remedy. It was pointed out 
that piers run out from the shore on a flat sandy coast 
were not effective unless carried to deep water, and in- 
stances were given of failure where this had been at- 
tempted. Under certain conditions, a single pier, 
concave in form, nage out from the coast on the side 
of the channel from which the drift came, having its 
concave side towards the channel, might be effective in 
deepening a channel and removing a bar. The author 
also suggested that bars might be dispersed by eroding, 
or stirring up the material of which they were composed 
by mechanical agency ; and thus taking advantage of the 
transporting power of the ebb current for their removal. 
he views of the author were thus summarised: 1. 
That the forces which operated in maintaining the exist- 
ence of bars in tidal estuaries came from the sea, and 
were not due to upland water. 2. That the dispersal of 
bars and the improvement of the outfall channels of 
estuaries could be accomplished by increasing the volume 
and velocity of the tidal water passing over the bar, and 
by fiving a greater sngeines to the ebb current. 
3. That in designing works for this purpose, the circum- 
stances of those estuaries which had natural deep-water 
channels free from bars should be taken as guides. The 
lessons to be taught by an examination of estuaries having 
natural deep-water channels were: (a) That the mouth of 
the outfall should be capacious enough to allow of the 
entry of sufficient tidal water to fill up the estuary and 
upper reaches of the river. (6) That, to insure a regular 
and undisturbed flow, the form of the estuary should be 
such as to afford a gradually decreasing width from the 
outfall. (c) That the depth of water in the channel 
should be sufficient to allow of a free propagation of the 
tidal wave. (d) That the longer the run of tidal water 
that could be given the more effective would be the 
scouring action, and that, therefore, all obstructions 
to the free flow of the tidal current were prejudicial 
to the outfall, (e) That it was essential to secure ade- 
uate depth of the channel by natural scour, or by 
redging. (f) That training and fixing in one position 
the low-water channel in a sandy estuary was of first 
importance in securing the full advantage of the tidal 
scour, and in maintaining a deep channel. (7) That water, 
flowing in and out of an estuary which did not pass to or 
from the sea over the bar, and by the main navigable 
channel, was of no advantage to the outfall, and was 
better excluded. Therefore, while it was of the utmost 
importance to conserve an estuary as a receptacle for the 
tidal water, the exclusion of such water from indents, and 
the cutting off of irregularities by embankments, might 
be carried out without detriment to the outfall. (4) That 
piers carried out from the shore were useless, unless ex- 
tended to deep water. That they should be so designed 
as, while not unduly throttling the inflow of the tidal 
water, they should effect the greatest amount of scouring 
force from the ebb current. 





Victorian Raitways.—The Bacchus Marsh Railway, 
which is a direct line from Melbourne to Ballarat, has 

n opened with some ceremony. A line from Heathcote 
to Toorbarack, about 80 miles in length, has also been 
opened. 
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MISCELLANEA. 

Tue Evesham Rural Sanitary Authority has called in 
Mr. J. E. Willcox, C.E., of Birmingham, to report as to 
the best means of obtaining an 74 wee supply of pure 
and wholesome water for South Littleton. 


Natural gas is now used in 104 steel works in America, 
but it is said that the supply has latterly shown signs of 
failure, and that several of the works now using it are 
thinking of returning to their old fuel. 


The accounts of the North London Railway Company, 
subject to final audit, show that after placing 7500/. to 
the reserve fund and carrying forward 5513/., a dividend 
of 74 per cent. can be declared at the next general meeting. 


Owing to the fire which occurred at 1, Victoria-street, 
London, 8.W., on the morning of the 30th ult., Messrs. 
¥, D. and A. K. Brown ask us to state that they have 
removed to temporary offices at 13, Victoria-street, West- 
minster. 


At the Royal Institution the Rev. Canon Ainger will 
begin a course of three lectures on ‘‘ The Three Stages o 
Shakespeare’s Art” on Thursday, February 13, and Lord 
Rayleigh will begin a course of seven lectures on ‘‘ Elec- 
tricity and Magnetism” on Saturday, February 15. 


The United Asbestos Company, Limited, have removed 
their chief offices and warehouses from Queen Victoria- 
street to Dock House, Billiter-street, E.C., the extensive 
sremises formerly occupied by the East and West India 
ock Company. 

The great gas strike has now been officially declared 
at an end, the company agreeing to take back the men 
as vacancies arise. Unfortunately these will be very few 
in number, and hard times are, it is to be feared, in 
prospect for the misguided men who did not know when 
they were well off. 


The gross receipts of the 28 principal railways in the 
United Kingdom, for the week ending January 26, 
amounted, on 16,1424 miles, to 1,232,801/., and for the 
corresponding period of 1889, on 16,028 miles, to 1,209,079/., 
an increase of 1144 mniles, or 0.7 per cent., and an increase 
of 23,722I., or 1.9 per cent. 


A motion is at present before the Swedish Parliament 
about the grant of an annual subvention of 200,000 kr. 
(about 11,0001.) for three years towards a regular direct 
steamer communication between Sweden and the Argen- 
tine Republic, which is expected to prove a good market 
for Swedish goods, 

A remarkable feat was recently done in the United 
States, in connection with the erection of Cairo Bridge, 
over the Ohio River. This bridge is nearly four miles 
long, with three main spans of 518 ft. each. One of these 
spans was erected so as to be self-supporting in three con- 
secutive days, an unprecedented feat in bridge engineering. 


Professor H. G. Seeley, F.R.S., is about to deliver a 
course of lectures on the ‘‘Tertiary Rocks on which 
London stands,” at Gresham College, Basinghall-street, 
London, commencing on Saturday, February 15, and 
extending over the three following Saturdays. Tickets 
for the course, price 5s. each, can be obtained from Mr. 
J. Herbert Hodd, hon. sec., at 30, Hatton-garden, E.C. 


We have received a copy of the “ Rules for Electrical 
Installations, compiled and adopted_by the Victorian 
Institute of Engineers and the Fire Underwriters’ Asso- 
ciation of Victoria.” Having had the advantage of 
studying previous codes of rules, the authors of the pre- 
sent set have drawn up their rules with considerable 
judgment, and but little objection can be made to the 
regulations here proposed. 


Another failure of the ordinary marine boiler when ex- 
on to forced draught is reported from Portsmouth. 

his time it is on board the Speedwell, a torpedo gunboat 
of the Seagull class, which, on Tuesday last, was taken 
for the first of a series of progressive speed trials under 
forced draught. After the failure of the Seagull this 
vessel was strengthened, and would apparently have got 
through the trials all right had her boilers held out, but 
the leakage from the tubeplates became so great that the 
three hours’ trial had to be abandoned five minutes before 
time. The air pressure in the stokehold was 1} in., and 
the engines were intended to develop 3500 indicated 
horse-power. 


The new alternate current machine now being manu- 
factured by Messrs. Mather and Platt has a field com- 
posed of 12 wrought-iron electro magnets fitted to the 
interior of a cast-iron ring. The armature consists of a 
similar number of flat bobbins fixed by bolts to two discs 
which are keyed on a shaft and pierced with holes to 
promote ventilation, Each bobbin can be taken out and 
replaced , @ new one in case of accident in a few 
minutes. The field magnets are excited by a small Man- 
chester dynamo, the armature of which is keyed on the 
shaft of the large machine, so that tie alternator and its 
exciter are on the same bedplate. One of these machines 
gives an output of 30 amperes at 1000 volts, when running 
at 800 revolutions per minute. Its field magnets have a 
resistance of two ohms, and its armature one of 0.55 
ohms. Under full load the exciting current is 21 amperes, 
and the electrical efficiency 95 per cent. 


The report of the directors of the City of London and 
Southwark Subway Company states that during the past 
half-year the works of the subway have made considerable 
progress, and are now approaching completion. One of 
the tunnels is now completed throughout, and the other 
tunnel is being rapidly advanced. The underground 
stations are all nearly finished, and the station buildings 
on the surface at Great Dover-street are roofed in, the 


alterations to the building at King William-street have 


been completed, and the company’s offices are now esta- 
blished there. Messrs. Mather and Platt have had an 
electric locomotive and carriages running experimentally 
for some time between the King William-street and Great 
Dover-street stations. As the present authorised lines 
stop at Stockwell, about a mile short of the t centre 
of traffic meeting near the Ploughat Clapham, the directors 
have deemed it advisable to y sim a Bill in Parliament 
asking for power to extend the line to that point, the 
works for which can be carried out at a lower compara- 
tive cost than the existing works, and the approval of the 
proprietors will be asked at a special meeting called for 
that purpose. They propose also to alter the name of the 
company to that of the City and South of London Railway 
Company, as being more in harmony with the present 
nature and object of the undertaking. 


The fifth ordinary meeting of the Owens College Engi- 
neering Society was held in the Court Room of the col- 
lege on Tuesday, January 20, Mr. W. Ingham, in the 
chair, when Mr. E. G. Hiller, Assuc. O.C., read a paper 
on ‘‘ Resistance of the Flue Tubes of Steam Boilers to 


¢| Collapse.” The author introduced the subject by a 


eneral consideration of the relation of flue tubes to steam 
ilers generally, and briefly described the condition of 
knowledge in regard to the strength of the shell, the ends 
and the flue tube, especially pointing out the want of 
definite knowledge on the last point. Fairbairn’s experi- 
ments on tubes were then described and considered, and 
rules for collapsing pressure of Unwin, Grashof, Love, 
and Clark were also noticed. Rules for working pressure 
were next dealt with and their value described, those of 
Harrison and Longridge being especially referred to. 
The essayist then expressed the opinion that the best 
course would be to form a list of experiments on actual 
tubes of ordinary dimensions, and to endeavour to deduce 
a rule from this. Such alist was brought forward and the 
results reduced to those of a standand tube 3 ft. in dia- 
meter, § in. thick. A curve was then plotted from the re- 
sults showing the variations of the collapsing pressure with 
the length, and for purposes of comparison similar curves 
were set out for the rules previously mentioned. It was 
claimed that the experimental curve thus obtained was 
the best available guide to the collapsing pressure of small 
tubes, and rules were given for approximately determin- 
ing this collapsing pressure in the case of tubes of different 
diameter and thickness. It was then observed that the 
factor of safety obtained by comparison of this curve with 
the best practice showed a remarkably nearly constant 
factor of “‘ three.” 


Our Naval Defence Bill of last year was, perhaps, the 
broadest measure of its kind that, up to that time, had 
ever been advocated by responsible statesmen, but that now 
proposed in America for the United States Navy is very 
much bolder and more far-reaching. It is proposed to 
build between 1890 and 1903, no fewer than 92 vessels, 
of which 54 shall be armour-plated and 15 deck-protected. 
The particulars of size and cost are said to be as follows : 

10 first-class battle-ships, of 10,000 £ 
tons... ies oe cs ... 10,000,000 
8 first-class battle-ships, of 8000 tons —-&, 000,000 

12 second-class battle-ships, of 7000 
tons ... us oe ee ... 10,800,000 

5 third-class battle-ships, of 6000 


tons... ae eS ts eS 3,600,000 
9 first-class belted cruisers, of 6250 
tons ... ee e nat ... 5,940,000 
10 armoured rams, of 3500 tons —... 3,600,000 
4 first-class protected cruisers, o 
7400 tons ... sty oka St 2,800,000 
9 second-class protected cruisers, of 
5400 tons ... Je evs ee 5,040,000 
2 second-class protected cruisers, of 
Ng ees See 820,000 
5 third-class cruisers, of 1200 tons t 
15 torpedo gun vessels, of 900 tons... 1,500,000 
3 depét ships, of 5500 tons ... 1,200,000 


Thus the 92 projected ships will have an aggregate dis- 
placement of 491,450 tons, and including machinery and 
armament, will cost 53,800,000/. ; but it is estimated that 
at the end of the fourteen years the total expenditure, 
including the cost of maintenance of the vessels as they 
are completed for sea, will amount to 76,000,000/. The 
battle-ships are to steam from 15 to 18 knots ; the belted 
cruisers, 19 knots; the protected cruisers, from 19 to 
22 knots ; the third-class cruisers, 18 knots ; and the tor- 
pedo gun vessels, 22 knots. 





LAUNCHES AND TRIAL TRIPS. 

THE screw steam ferry Marie was launched on Saturday 
January 18, from the yard of Messrs. Burmeister and 
Wain, Copenhagen. She is built for the Danish State 
Railways, and is particularly intended for winter traffic. 
She is built of steel, 140 ft. long and 314 ft. broad; she 
has two compound engines and two propellers, and is in 
most respects a sister ship to the screw steam ferry 
Waldemar, built at the same yard for the Danish State 
Railways. 





A new oil-carrying steamer, named Bremerhaven, for 
Messrs. Stursberg and Co., New York, was launched 
from the Greenock yard of Messrs. Russell and Co. on 
Wednesday, 22nd ult. The vessel is of 3330 tons register, 
the principal dimensions being as follows: Length, 
340 ft. ; breadth, 42 ft. 8in. ; depth, 26ft. The engines, 
which are of the triple-expansion type, have been con- 
structed by Messrs. Duncan, Stewart, and Co., London- 
road Works, Glasgow. The cylinders are 25in., 40in., 
and 66 in. in diameter respectively, with a piston stroke 
of 42in. Steam is generated in two boilers, each 12ft. Gin. 
in diameter by 15 ft. Gin. long, working to a pressure of 





160 1b. to the square inch. 





Thelargest Norwegian passenger steamer, the Britannia, 
was launched on Tuesday, January 28, from the yard of 
the Laxevaag Engineering and Shipbuilding Company, 
Norway. The Britannia is 270 ft. long and 34 ft.to 35 ft. 
broad; she has four boilers built of 1} in. steel plate with an 
aggregate heating surface of 8600 ft. The engine is a 
triple-expansion one of about 3000 indicated horse-power. 
She is intended for the Bergen Newcastle trade. 





The Kockum pe weet. Company, Malmé, has just 
delivered the first of two steamers ordered by the Danish 
Government for the use of their inspectors of fisheries. 
The name of the new steamer is Havorneid, and the trial 
trip, which took place on Friday, January 31, was entirely 
satisfactory. During a four hours’ firing, the consumption 
was on an average 1.61b. coal per indicated horse-power 
per hour (against 1.71b. as provided for in the contract), 
and the speed was 10.25 knots as against 9.75 knots as per 
contract, 





On Tuesday, February 4, there was launched from the 
yard of C. S. Swan and Hunter, Wallsend, a steel screw 
steamer of the following dimensions: Length over all, 
240 ft. ; breadth, 31 ft. 6 in. ; depth, 21 ft. 10in. Engines 
will be fitted by the Wallsend Slipway and Engineerin 
_ y, Limited, capable of driving the vessel at a spee 
te) nots. 





Messrs. Murray Brothers, Dennystown Yard, Dum- 
barton, have launched a steel screw steamer of 450 tons 
register, of the following {dimensions: Length, 175 ft. ; 
breadth, 264 ft., depth, 12ft. 3in. The propelling 
machinery has been supplied by Messrs. M. Paul and 
Co., also of Dumbarton, and is of the triple-expansion 
type, the cylinders being 154 in., 24 in., and 40in. in 
diameter, with a piston stroke of 33 in. The vessel is for 
Clyde owners. 





The s.s. Nidaros, built and engined by Messrs. Lobnitz 
and Co., Renfrew, for the United Steamship Company, 
of Copenhagen, has just completed her speed trials. The 
vessel, which is built of steel, is 198 ft. long over all, 29 ft. 
2in. breadth (extreme), and 163 ft. depth moulded, or 15 ft. 
depth in hold, the gross tonnage being 834 tons, and the 
deadweight capacity 740 tons. The engines are of the 
triple-expansion type, the cylinders being 18 in., 30 in., 
and 48in. in diameter respectively, and the stroke 36 in. 
Steam is generated in two single-ended boilers, working 
to a pressure of 160 lb. to the square inch. The diameter 
of the propeller is 12 ft., and the pitch 15 ft. The indi- 
cated horse-power is 850, and at 85 revolutions the average 
speed is 11 knots, the consumption of fuel being 1300 Ib. 
per hour. The capacity of the coal bunkers is 139 tons. 





EXPANSIVE WorRKING IN Locomotives. — At the last 
meeting of the Junior Engineering Society a paper 
was read by Mr. David Joy, vice-president, on “The 
Introduction of Expansive Working in Locomotives 
by John Gray’s Expansive Motion.” The author de- 
scribed this gear as being of considerable interest, as it 
was the pioneer of all variable expansive valve gears, and 
proceeded first to review those reversing gears of promi- 
nence which had progressively led up toits invention. In 
1832 the Murdoch valves on the engines of the Liverpool 
and Manchester Railway were first worked by one eccen- 
tric loose on the shaft and with a stop for backward or 
forward running and with hand gear for reversing, the 
eccentric-rod being lifted out of action. This method was 
followed by the employment of two eccentrics and hand 
levers. The double eccentric gab reversing gear was 
brought out by Stephenson about 1838, the subsequent 
simplifying modifications which were made leading to its 
general adoption. In 1839 Gray’s variable expansive gear 
was introduced and applied to the ‘‘ Cyclops,” an engine 
of the Liverpool and Manchester Railway. The gear 
maintained constant lead, and the cut-off could be varied 
from 82 to 46 per cent. A saving of fuel of 12 per cent. 
was effected in comparison with the performances of the 
best engines on the line. Buddicum’s gear of 1840 the 
author considered to be probably the simplest form of 
the gab gear proper, and was distinguished as being the 
precursor of the link gear. About 1841 Stephenson’s 
striking modification of the gab gear was applied to the 
‘** Princess of Wales,” an engine of the York and North 
Midland line. This gear was a very significant sugges- 
tion of the link reversing gear, the invention of which is 
credited to Howe, of Stephenson’s, its speedy adoption 
being the natural consequence of its great simplicity. 
But though satisfactory in its general results, it came far 
from giving a perfect steam distribution for both ends of 
the cylinder. Many attempts were now being made to 
wroduce a variable expansive gear, Cabry, of York, 
Nilliams, of Newcastle, Fenton, of Leeds, Dodds, of 
Rotherham, amongst others, devoting their attention to 
its study. In the autumn of 1846 the Gray gear again 
came to the front by its application to the engines of 
the London and Brighton Railway, which were intended 
to eclipse all others then running. The author gave a 
detailed description of the gear and referred to its 
originality as shown by the travel of the valve being 
almost doubled, and the lap and lead considerably in- 
creased, as compared with previous practice. It yielded 
favourable results, but there was, however, closely suc- 
ceeding and contrasting with this invention that of the 
link expansion gear, one of the most simple and efficient 
mechanical arrangements ever designed. The Gray gear 
being complicated, although securing a more perfect 
steam distribution than the link gear, was soon aban- 
doned, the latter, through the simplicity of its construc- 
tion and the general good results obtained, proving itself 
to be the one most meriting acceptance, 
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PORTABLE FORGE AND BLOWER. 
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ON the present page we illustrate a neatly arranged 
portable forge now being manufactured by Messrs. 
Thwaites Brothers, Limited, of the Vulcan Iron 
Works, Bradford, in which the blast is obtained from 
asmall Root’s blower bolted to a shelf fitted between 
the legs of the forge. This blower is driven by the 
friction gear shown on the left, the upper wheel being 
supported on brackets which can be adjusted to alter 
the pressure between the wheels. The speed is still 
further increased by a spurwheel inside the cover 
down the right of the follower shaft, which gears with 
a pinion on the upper piston shaft of the blower. 
This gear is protected from dust and ashes by the 
sheet-iron covering already mentioned, the spur gear 
connecting the two pistons of the blower also being 
protected in a similar way. The slide shown open at 
the top of the air pipe, allows the tuyere to be cleaned 
out when necessary. 





A SPEEDED SCREW MICROMETER. 

On the present page we illustrate an improved form 
of the very handy little screw micrometers which are 
now coming into such common use. The instrument 
shown is. manufactured by Mr. L. S. Starrett, Athol, 
Mass., U.S.A., and is being introduced into this 
country by Messrs. Charles Churchill and Co., Limited, 
of 21, Cross-street, Finsbury, London, E.C. The 
principal feature of the Starrett micrometer is the 
small milled pin shown to the right of the instrument, 
by means of which the screw can be rotated three 
times as fast as in the ordinary instrument, an advan- 
tage which will be appreciated by every one who has 
used the common form. The nut through which the 
screw passes is also peculiar, consisting as it does of a 
threaded bushing screwed into the barrel of the micro- 
meter frame, — which a shoulder on the bushing 
comes to a solid bearing. The inner end of the bush- 
ing is split and sprung slightly inwards, so that it 
grips the screw with a uniform continuous friction, 
and automatically takes up any wear that may arise. 
To further insure this a Aras thimble is screwed 
into the opposite end of the barrel and passes over the 
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split end of the bush, which is slightly tapered, and 
by screwing down this thimble the bush can be caused 














to grip the screw with any desired pressure, or if 
necessary the screw can be locked in its nut. 





INDUSTRIAL NOTES. 

In previous issues of ENGINEERING attention has 
been called to the efforts of the London Chamber of 
Commerce in Rromncting some permanent system of 
conciliation and arbitration in trade disputes. The 
action of the London Chamber of Commerce is being 
indorsed by other chambers of commerce in the 
country. A few days since the Edinburgh Chamber 
of Commerce had the subject under consideration, 
and expressed its satisfaction with the efforts of the 
London Chamber in promoting the establishment of 
boards of conciliation, to which disputes between 
employers and employed might be referred for adjust- 
ment, and thus to lessen strikes. The Edinburgh 
Chamber of Commerce, in discussing the question, ex- 
pressed the opinion that in this matter the wishes of 
the employed should be considered, so that the boards, 
when established, should have the confidence of the 
workpeople. In this respect the Edinburgh Chamber 
agrees with the London Chamber in all essential par- 
ticulars. The one supreme condition of success is that 
both parties shall feel that the tribunal is thoroughly 
representative and trustworthy, and it is satisfactory 
to find that there is a disposition to ‘‘ terminate, or at 
least to mitigate the evils arising from open trade dis- 
putes,” and that the basis of negotiation proposed 
shall be such as to inspire confidence and mutual 
respect. With these objects, the details of the 
arrangement ought not to be very difficult of attain- 
ment. 

The North of England Board of Conciliation and 
Arbitration for the manufactured iron trade has just 
held its twenty-first annual meeting at Middlesbrough, 
when the Standing Committee, in mentioning the fact, 
stated ‘‘ that the rd had been of great benefit to 
the district.” Those who remember the bitter, pro- 
longed, and intensified struggles of twenty-five years 
ago will heartily indorse the conclusion of the Com- 
mittee : ‘‘ Not only has it been advantageous to those 
engaged in the iron trade, but it has benefitted those 
connected with industries more or less closely related 
thereto.” In concluding their statement the Com- 
mittee expressed the opinion that ‘‘ the great struggles 
between capital and iabour were altogether a thing of 
the past.” This expression of opinion, which was 
greeted with applause by the assembled Board, con- 
sisting of representatives of employers and ——_ 
ought to afford encouragement to the London Chamber 
of Deitniates and other similar bodies to persevere in 
their useful work. The advances in wages to those 
represented at the Board, and to the workmen gene- 
rally throughout the district who are engaged in the 
wakes affected, amount to 174 per cent. during the past 
year, in the attainment of which not a penny was 
spent in actual labour disputes. The referee, presi- 
dent, vice-president, secretaries, committee, and other 
officers were re-elected for the current year, with 
cordial expressions of goodwill on both sides. 





The accountants’ report to the Board of Conciliation 
and Arbitration of the North of England iron and steel 
trade shows that the average net selling price per ton 
of manufactured iron ——. the last two months of 
the year, was 6/, 1s. 4d. ; this will give an advance of 
3d. per ton on puddling, and 2} per cent on all other 
forge and mill wages, to take effect from January 27 
of the present year, and continue in force for two 
months. 

The Midland Wages Board has also received the 
report of the accountants, from which it appears that 
the average net selling price for the last two months 
of 1889 was 7/. 5s. 8.72d. per ton, the result being an 
advance of 6d. per ton to puddlers and of 5 per cent. 
to other tonnage men, commencing from January 27 
and continuing in force until the last Saturday in 
March next. This last advance, added to former 
advances on the sliding scale rates, amounts to no less 
than 224 per cent. advance upon the minimum rates of 
1888. 

In consequence of the resolution agreed to in Decem- 
ber last, to the effect that the wages of blast furnacemen 
shall in future be identical with those of the iron- 
workers, the former will receive an additional advance 
of 24 per cent. to the 20 per cent. already granted, 
thus bringing them up to the level of 224 per cent. as 
conceded to the ironworkers. These advances in wages 
have resulted from the adoption of the sliding scale in 
operation in the Midland iron trade. 


The condition of trade in the Sheffield and Rother- 
ham district continues to be prosperous, the men 
being fully employed, and overtime being very general. 
The fluctuations in the market a of iron and 
steel do not appear to affect manufacturing industries 
very much, although the price of fuel is producing 
some inconvenience, and delays in supply are being 
felt. The dispute in the fettling branches of trade in 
the moulding shops of the district has been settled in 
the men’s favour, the 2s. per week advance having 
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been conceded in all cases. There was a slight opposi- 
tion at first, but some of the larger firms having 
granted the advance, the other firms followed as a 
matter of course. 

The workmen engaged in the stove-grate industries 
of the district are agitating for an advance of 10 per 
cent. in wages, and a return to the old system of 
working fifty-four hours per week. About 1000 hands 
are employed in Rotherham and district, in this branch 
of trade, and they are on fairly good terms with their 
employers, some of whom have, it appears, expressed 
their willingness to concede the advance, if the action 
be general. In the Birmingham district the same class 
of men have just obtained a similar advance to that 
sought at Rotherham. It is not expected that any 
resort to a strike will be made. The brewers’ labourers 
in this district are inaugurating a movement for higher 
wages and shorter hours ; this is their first attempt at 
combination and the formation of a union, so that 
other trades are rendering them assistance. 


The brass tube makers of Birmingham went out on 
strike, to the number of 4000, for an advance in 
wages on piece prices on Saturday last. In the same 
town the tube drawers struck work at the Smethwick 
Works a day or two previously, and some rioting 
ensued because those employed at another factory re- 
fused to join the strikers. Several policemen were 
injured, some injury was done to property, and a few 
of the ringleaders were arrested. 





The steel workers of South Wales have met their 
employers and exhaustively discussed the proposed 
sliding scale, which is to apply to the mechanics as 
well. The question was finally left to the workmen 
employed to decide whether the scale shall be adopted. 





In the North Staffordshire district there is, it is 
alleged, a slight falling off in orders for finished iron. 
But, as the manufacturers are for the most part well 
supplied with orders ahead, for some time to come, 
they show little or no eagerness to secure fresh orders, 
especially as they are somewhat behind in the execu- 
tion of those already in hand. There is a growing 
demand for boiler and tank plates, at higher rates, 
and angle iron is also in demand. The demand for 

ig iron is so great that makers have considerable 

ifficulty in arranging deliveries to meet requirements. 
The makers of col blast ualities are not eager to sell 
and prices show an upward tendency. The production 
is by no means equal to the demand, and it is felt that 
the maximum demand is far from being reached at 
present. Coke is dearer and very scarce, and there is 
a difficulty in obtaining manufacturing coal. The Nun 
Tron Works, at Ravensdale, Tunstall, have restarted, 
sixteen puddling furnaces being at work, making 
narrow bars for the small mills at the Black Bull Iron 
Works. The ironworkers are satisfied with the pro- 
spect of a further advance of 5 per cent. from Saturday 
last, as decreed by the Midland Wages Board. The 
only dispute of any moment in the district is at the 
Sneyd Colliery, Burslem, where the enginemen are on 
strike for an advance in wages. The present arrange- 
ments under the sliding scale are having the effect of 
removing the friction which was rather prevalent in the 
early part of last year. 





In the Cleveland district trade is as active as ever, 
and the men in most branches of industry are fully 
employed. Some of the unionist leaders are rather 
puzzled over the fluctuations in the iron market, 
which they declare seems to be to a great extent in 
the hands of the ‘‘ bears.” They appear to be under 
the impression that these fluctuations will affect wages, 
and hence they are on the alert for possible contin- 
— The wages questions at the Skinningrove 

ron Works, which were referred to Mr. T. H. Bell, by 
the representatives of the blast furnacemen and their 
employers, have been settled by the arbitrator award- 
ing the blast enginemen 3d. per day advance for clean- 
ing their engines, and of 2d. per truck for tipping 
over the full make, as extra pay. The blast furnace- 
men have decided to terminate the present sliding 
scale at the end of June next, with the view of making 
fresh arrangements, such as may be mutuallysatisfactory 
to both sides—a change of some kind being deemed to 
be necessary. The Cleveland Miners’ Association 
are considering the propriety of giving notice to the 
employers of an advance on the current rates at an 
early date. The ye antec an advance of 15 
per cent. in October last. They do not in their move- 
ments always run concurrently with the Yorkshire 
Miners’ Association, to whom an advance of 10 per 
cent. has just been conceded. The ironworkers’ wages 
are regulated by the North of England sliding scale. 





The engine-keepers in East Lothian have determined 
to merge their union into that of the miners, believing 
that fodacadlan will best serve their purpose, both in 
matters of wages and hours of work. In England the 
colliery enginemen have their own union, and have 
been busily engaged recently in extending it to dis- 


tricts where formerly no branch of the union existed. 





A new labour combination is also reported from 
Fifeshire, among the Fifeshire Miners’ Association, 
the Miners’ Colliery Engine Keepers, and the Colliery 
Mechanics’ Association. The object of the conference, 
at which the matter was discussed, was stated to be to 
federate those unions so that common action could be 
taken when required. It was ue to keep the funds 
of each association intact, for the individual purposes 
of each separate society, but that in the event of a 
dispute, in which only one association was involved, 
the others should take united action, either by a 
general strike, or by pecuniary support, as circum- 
stances required. 





The Cumberland coalminers have agreed to accept 
10 per cent. advance, in lieu of the 15 per cent. which 
~-_ had demanded. The dispute is therefore at an 
end. 

The Lanarkshire miners have abandoned the policy 
of four days per week in consequence of the refusal of 
the Hamilton miners to work short time similarly. 
This decision practically ends the demand, for the 

resent, of ls. per day advance in wages, which the 

narkshire men recently made. 

The Scottish miners have called a national confer- 
ence to consider the wages question, the employment 
of unskilled men in mines, and the action to taken 
as regards the Mauricewood disaster. The various 
sections have not been very unanimous lately upon 
labour questions. 

The Miners’ National Union have determined to call 
a conference in Belgium in May next. Messrs. Burt, 
M.P., Crauford, M.P., and Fenwick, M.P., have been 
appointed as a committee to arrange for such con- 
ference. Favourable replies have already been received 
from Belgium, France, and Germany, as well as from 
English mining districts, as to such conference. 

here is considerable irritation just now among 
E _— miners as to the action of the Welsh miners, 
and some opposition is being manifested against the 
proposal to give a testimonial to ‘‘ Mabon,” Mr. W. 
Abrahams, M.P., in reeognition of his services. 
‘* Mabon ” has supported the sliding scale, which some 
regard as being nitive to the cause of mining labour. 
"he Northumberland Miners’ Association have made 
a further demand for 20 per cent. advance in wages. 
The Durham Miners’ Association ask for 15 per cent. 
advance. The question is to be ballotted upon whether 
the men shall stand out for the full advance, which 
may mean a strike. Before this alternative is decided, 
7 some compromise will be arrived at. In 
urham and Northumberland the miners are cor- 
sidering what steps shall be taken to reduce the work- 
ing hours of boys at the mines. At present the hours 
are from ten to eleven per day. Eight hours for men 
and ten or eleven for boys seems an anomaly. 

The Northumberland coalowners have decided to 
receive a deputation of the miners to-morrow (Satur- 
day) to consider the demand for a further advance in 
wages. 





The strike of the labourers at Hay’s Wharf has 
entered upon a new phase, the Dockers’ Union and the 
Carmen’s Union having decided to work together. 
The London Trades Council has undertaken to try and 
effect a settlement between the gas stokers and the 
South Metropolitan Gas Company. Mr. Norwood 
states that the dockers have been demoralised by their 
recent victory—-that the work done is not up to the 
former average. If this be so it is a serious reflection 
upon the character of the men, as most of the unions 
pride themselves upon the superior character of their 
members. 





The fitters, turners, pattern makers, and machine 
men in Aberdeen, having unanimously resolved to 
strike, unless the halfpenny per hour which they de- 
manded was conceded, those employed by Messrs. 
Clyne and Mitchell and Messrs. A. Hall and Co., 
struck work to the number of about fifty men. If the 
employers still refuse to nt the advance, the engi- 
neers in all the other establishments of the city are 
prepared to strike. 


The rivet-heating boys in the Clydebank shipyard, 
who a short time since struck for an advance of 2s. per 
week in their wages, which ranged from 15s. to 24s. 
per week, have agreed to accept the offer of the 
rivetters of 2s. 24d. in the pound for first-class boys, 
and of 2s. in the pound for second-class boys. This is 
equal to about 11 per cent. and 10 per cent. respec- 
tively. 





The workmen employed in the sanitary department 
of the Leeds Town Council have been granted an 
advance in wages of from 2s. to 3s. per week; the 
strike has consequently terminated. 





A Spanisu TorpPepo Boat.—A submarine torpedo boat 
invented by Seftor Isaac Peral, has been successfully 
worked in the harbour of Cadiz, remaining entirely sub- 
merged foran hour and a half and at a considerable depth. 
The boat is equipped with electric storage batteries. 





SOCIETY OF ENGINEERS. 

THE first ordinary pots of the Society of Engineers 
for the present year was held on Monday evening, Febru- 
ary 3, at the Town Hall, Westminster. Mr. Jonathan R. 
Baillie, the President for 1889, first occupied the chair, 
and presented the premiums of books awarded for papers 
read during his year of office, viz.: The President’s Pre- 
mium to Mr. G. M. Lawford for his paper on ‘‘ Fireproof 
Floors.” The Bessemer Premium to Mr. Samuel Griffin 
for his paper on ‘‘Modern Gas Engine Practice.” A 
Society’s Premium to Mr. Henry Faija for his paper on 
‘* Forced Filtration of Water through Concrete,” and to 
Mr. —— R. Strachan for his paper on ‘‘'The Construc- 
tion and Repair of Roads.” 

Mr. Baillie introduced the President for the present 
year, Mr. Henry Adams, to the meeting, and retired 
from the chair, receiving a hearty and unanimous vote of 
thanks for his services during the past year. 

_ Mr, Adams then took the chair and proceeded to de- 
liver his inaugural address. After thanking the members 
for the honour they had conferred upon him in electing 
him to the presidential chair, he briefly alluded to the 
satisfactory position of the Society, which now numbers 
417 members of all c , and mentioned the loss by the 
death of Dr. Percy, and the addition of Earl Granville, 
Lord Armstrong, Lord Brassey, Sir Wm. Thomson, Mr. 
Wm. Anderson, and Mr. Benjamin Baker to the roll of 
honorary members. He commented on the principal points 
of the papers read during the session, and described the 
features of intarast in the works visited by the members 
during the vacation, which included the East London 
Water Works, the Sewage Outfall Precipitation Works at 
Crossness, the Central Station of the London ElectricSupply 
Corporation, and the Foreign Cattle Market, Deptford, 
The President then refe to the progress of technical 
education, noticing particularly the work of the Science 
and Art Department, and that of the City and Guilds of 
London Institute, and incidentally gave some particulars 
of the City of London College, where he has been for 
21 Ebay 7 the professor of engineering. Remarking that a 
wider field of enterprise than that contained within the 
shores of the United Kingdom wasnecessary for engineers, 
he gave statistics showing that about 30 per cent. of the 
English engineers were now practising abroad, and spoke 
of the advantages to be derived from the realisation of the 
idea of Imperial Federation. He then referred to the 
enormous strides being made in ocean navigation, and 
gave some particulars of the 8,000,000 tons of British 
shipping, with details of some of the recent performances. 
In connection with the Government expenditure on the 
increase of the Royal Navy, he said the contracts h 
been very fairly distributed over the great shipbuilding 
and marine engineering centres, and or given general 
satisfaction to those concerned. The extended use of 
mild steel and some of its disadvantages were noticed, 
and the President then on to a consideration of 
our fuel supply. He believed that the days of coal were 
surely numbered, and that it behoves us to seek other means 
of generating power and in the meantime to practise the 
greatest economy in the use of the mainstay of England’s 
prosperity. Under the head of railways some figures were 
given, showing the vastness of the traffic upon them, and 
that notwithstanding the rapidity of transit, according to 
the last statistics only one passenger was injured in 
14 millions, and not more than one in 80 millions was 
killed by causes beyond their own control. Particulars 
of — practice in compound locomotives were given, 
and the necessity for increasing the strength of the 
—— way was stated. In connection with ordinary 
ocomotives, Mr. Adams said he had recently made a 
public statement, which had been questioned, of the 
saving which one of the railway companies had obtained 
by the use of the Vortex blast pipe, and he now 
appended a copy of the official statement, showing that 
by the alteration of 324 of the engines upon the London 
and South-Western Railway during the last four years, 
a saving of 48,4617. had been effected. Several large 
bridges were described, the Forth Bridge, of course, 
occupying the place of honour, and references were made 
to many other engineering works and processes which 
have occupied public attention. In conclusion, attention 
was directed to the necessity for specialisation in the 
studies of engineers, the multifarious subdivisions ren- 
dering it physically impossible for one man to thoroughly 
master more than one or two branches, and hence the 
necessity for the existence of such bodies as the Societ 
of Engineers, where experience could be freely wrocttonaany 
A final exhortation to the members to wear out rather 
than rust out, brought to a close a very able and interest- 
ing address. 





New Daniso Man-or-War.—The construction of the 
Danish warship Hekla is red progressing at the Royal 
Dockyard, Copenhagen. Although not launched yet, the 
boilers have already been a on board, six in number, 
weighing about 14 tons each. The Hekla is 225 ft. long, 
33 ft. broad, and will be fitted with powerful engines. 
She will be protected by an armour deck, and her guns, 
&c., will be of the best. 





Pustic Works 1n New SoutH Watres.—The Public 
Works Committee of the New South Wales House of 
Assembly have been engaged in taking evidence on a pro- 
posed loop-line from Marrickville to Burwood. The next 
question on which the committee will take evidence, will 
be a proposed railway from Kiama to Nowra. A sectional 
committee has been engaged in taking local evidence in 
the northern districts on pro improvements in the 
entrances to the Clarence and the Richmond, the construc- 
tion of a breakwater at Byron Bay, and the building of a 
railway from Grafton to the Tweed. 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


CompPiteD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883, 
The number of views given in the ification Drawings is stated 
eres Gee Ge ee be os none are mentioned, the 
Specification is not illustrated. 
Where Inventions are communicated from abroad, the Names, 
e &e., ¥ the Communicators —_ ee wey on 
vs Specifications ma at: rsitor-street, 
Chancery. Lane, E.C., et } i 


personally, or letter, enclosing 
amount of and postage, addressed to H. DER LACK, Esq. 
The dave of the advertisement of the acceptance of a 


‘ion is, 
tent has been sealed, when the date of sealing is given. 
gS nese may at any time within two months from the date of 
advertisement of the acceptance of a com; specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


FURNACES. 


3391. G. R. Hislop, Paisley, Renfrew. Improve- 
ments in Apparatus for Charging Gas Producers 
and Gas or Shale-Oil Retort Furnaces with Hot 
Residual Coke. [6d. 3 Figs. February 26, 1889.—The 
object of this invention is to provide simple and efficient means for 
directly charging gas producers and furnaces with hot residual 
coke from the retorts heated by such furnaces, in lieu, as is usual, 
of transferring the hot coke into bogies, and charging the fur- 
nace therefrom. A mouthpiece is formed upon a crown-plate G, 
which is bolted on top of the projecting brick breastwork A of the 
retort oven E, and over the ordinary cleaning doors F and charging 
doors. A shoot B extends downwards and rearwards through 
the upper front wall of the furnace at such an inclination as to 
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discharge the fuel at or near the middle of the furnace. This 
mouthpiece is furnished with a self-sealing door H operated by a 
lever J, and has hinged to it a hopper L which may be raised and 
held by a catch close up against the front of the retorts, or lowered 
and retained by the same or a separate catch in a position in which 
it forms an inclined plane over which and through the mouthpiece 
the hot residual coke drawn from one or more of the retorts is 
discharged directly into the producer or furnace. In order to 
bind the projecting breastwork there are bolted to the crown-plate 
G on either side down to the floor line, cast-iron plates C with 
flan; at front going over and bolted to the front plate D of the 
producer or furnace. (Accepted December 31, 1889). 


3547. J. Bromilow, Gateshead-on- e. Improve- 
ments in Parts of Regenerative Furnaces. 
(8d. 3 Figs.) February 28, 1889.—The reversing valves are 
arranged to provide a larger area for the products of com- 
bustion escaping from the furnace to the chimney. The 
incoming gases (atmospheric air) pass through one set of 
reversing valves, and the combustible gas passes through 
another set of reversing valves. A, A are the bottom seats 
of the valves through which the outgoing. gases pass. B, B are 
the top seats of the valves for the incoming gases ; they are con- 
siderably contracted in area in comparison to the bottom seats A. 
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C, C are pulleys and chains connected to the disc D, by means of 
which the valves are reversed by throwing over the handle of the 
fever E in the opposite direction. The improved regenerators are 
laced in chambers F large enough to allow them to be contracted 
tween the bottom rows, and top rows of bricks are placed imme- 
diately below the flues, the contracted tops causing a more rapid 
concentration of the waste heat, and the larger area of space at 
the bottom preventing the reg 3 from b ing choked 
with slag from the small area, thrown into the furnace, and the 
melting away of the materials in the structure above. F,F are a 
pair of chambers, one for air and one for gas, previous to being 








filled with the chequered brickwork H. G are the contractions of 
the chequered brickwork forming the regenerators. J are the 
port flues through which the gases have to pass previous to enter- 
ing the furnace above. (Accepted December 31, 1889). 


ELECTRIC RAILWAYS AND ACCUMULATORS. 

16,648. M. Wheless and S. E. Wheatley, Washing- 
ton, D.C., U.S.A, An oved Electric Railway 
—- [8d. 3 Figs.] October 22, 1889.—This invention 
re! toa system of propelling cars by electricity, which con- 
sists in causing electro-magnets to open the line carrying the 
current from the dynamo station, and thereby circuit the dynamo 
current through the motor on the car. E E! is the conduit line, 
the current flowing from E to El. Extending from the conduit 
line at f f1 are wires which are attached to separate lengths of 
rail on one side of the track. B!, B!! are cells of a battery carried 
on the car. From B!! acurrent is led through a wire to the metal 
arm S, and thence through the small wheel m1 to the rail V. As 
the rail V is insulated from the rail V! at x, the current traverses 
the line z, passes round the magnet M, which is thereby energised, 
thence along the wire 2! and rail V1 to the small wheel m, and 
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along the metallic arm S! and wire t! back to the battery at Bl. 
When the magnet M is energised, the conduit line is opened by the 
withdrawal of the armature K, which keeps the conduit line 
closed when the magnet M is ‘‘ dead,” and the current seeks the 
rail W through the wire f; it then flows into the small wheel n 
(which is supported on a metal arm 0), and is from there carried 
to the motor D ; thence along the line p to the metal arm ol, and 

ses down this arm through the small wheel n! to the rail W1. 

hen the current reaches the rail W1, it must pass back to the 
conduit line through the wire f1, as the insulator at z gives it 
no other route. The supporting wheels of the car are made with 
non-conducting centres, and the small wheels m, 11 aresupported 
by metal arms, and occupy a distance on the car greater than 
the length of the rail, so that when one wheel is on one rail the 
other is on the next. (Accepted November 27, 1889). 


16,662. W. yo th, Camden, N.J., U.S.A. Im- 
rovements in Moulds for the Plates of 
m or Storage Batteries. [ 1 Fig.) October 

22, 1889.—The improved mould is constructed so as to be rapidly 
filled from the bottom in an upward direction. The mould is pre- 
ferably made of brass and consists of two parts A, A!, hinged to- 
gether ata. B, B! are sections constituting, when the mould is 
closed and in position for use, a funnel-sha feed which commu- 
nicates with a central feed channel b extending downward through 
the mould. In the lower part of the mould the feed channel b 
communicates with horizontal branch channels ¢ and cl, which 
communicate with vertical channels or “‘ risers” d and d!, extend- 
ing through and a short distance above the top edge of the mould. 


, 





Two series of matrices, /, f1, f2, 73, are provided. Adjacent to and 
on each side of the risers d, d!, pet commuuicate with them 
through knife-edged channels g, g1, which are enlarged at their 
upper ends? in order that the material becoming cast into plates 
in the respective matrices, and necessarily contracting therein, 
may suck in sufficient material from the risers d, d1 to fill up the 
spaces. The air escapes through the horizontal channels h, hl, 
into the main air escape channels i, 11. The material poured into 
the ingate B flows through the central feed channel b, is conducted 
along the horizontal branch channels ¢, cl into the risers d, d1, 
and then flowing into the matrices f, #1, &c., becomes cast into 
plates. (Accepted November 27, 1889). 


18,989. W.F. Smith, yaedeehin. Pa., U.S.A. Im- 
provements in Secondary or Storage Batteries, (6d. 
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2 Figs.) November 26, 1889.—The main object of this invention 
is to provide a supporting frame in which the usual expansion or 





contraction is compensated for, and whereby warping or bulgin: 
of the plates is obviated. The cell A, provided with an intern 
projecting lateral rib a, is made of glass. A frame B with or 
without transverse strips b is cast between and around the edges 
of each plate c, constituting the element of the battery. e 
peripheral portion of the frame B is divided into sections 5! united 
together by loops or compensating pieces b?. Inverted UJ-sha 
devices E serve to insulate the plates c from each other. e 
elements c provided with frames B are immersed in the electro- 
lyte in the cell A, and are supported by means of the loops b2 in 
contact with the lateral rim a of thecell A. The loops b2 compen- 
sate for the expansion and contraction, and also serve to maintain 
the frames B sufficiently rigid to properly retain the series of 
small oS composing the battery element. (Accepted December 
31, 1889). 


STEAM ENGINES AND BOILERS. 


1335. G. Tangye, Soho, Staffs. Improvements in 
Sectional or Water Tube Steam Boilers. (8d. 5 Fiys.) 
January 24, 1889.—The improvements have for object to obviate 
leakage at the junction of the ‘‘ headers” or boxes (to which the 
boiler tubes are connected) with the steam drum at the top of the 
boiler and with the mud drum at the bottom of the boiler. a are 
the parallel front headers closed at bottom, and b are the back 
headers closed at top, the open tops of the headers a being con- 
nected to the bottom of the steam dome c, and the open bottoms 
of the headers b being connected to the top of the mud drum d. 
Into each of the front and back headers are fitted and expanded 
the ends of a series of parallel water tubese. Each of the headers 
a and bis made of a straight tube of rectangular cross-section. 
The open end of each header does not open directly into the steam 
dome (or mud drum), but a separate contracted piece or neck d? 
forms a rivetted connection between the same. The base of each 














neck d? is square to fit in the square header, and the upper part 
of each neck is cylindrical to fit in the circular hole in the steam 
(ormud) drum. Across the steam drum c, at the place where the 
several headers are to be fixed, a trough-shaped depression / is 
made by stamping inwards (Fig. 4), under which a plate g is 
rivetted at its edges and ends to the dome c. Two thicknesses of 
metal are thereby produced, separted a short distance apart, and 
the necks d? of the headers a are fitted and expanded in the holes 
in the two thicknesses of metal (Figs. 3 and 4). Two bearings for 
the necks d? of the headers @ are in this way made, giving great 
rigidity to the fixing, and preventing the injurious action of strains 
by the expansion and contraction of the headers, and also giving 
double security against leakage. The contracted ends d2 of the 
back headers b are connected to the mud drum d by fixing them 
in a double thickness of metal produced as described above. 
(Accepted November 20, 1889). 


16,645. 5S. W. Ludlow, Madisonville, Ohio, U.S.A. 
Improvements in Safety Steam Generators. [éd. 2 
Figs.) October 22, 1889.—This invention consists in surrounding 
a steam generator by a hermetically sealed vessel containing 
vaporisable liquid so as to prevent the fire from acting directly on 
the external surface of the steam generator. A is an outer vessel 
which is provided with a series of horizontal fire tubes a commu- 
nicating with the uptake in the smoke stack. The vessel A is 
filled with water to about the line indicated at b, through an 
aperture c, and is then hermetically sealed by a plug d, Within 
the vessel A is a steam generator B, whichis provided with a series 
of flues e. The flues of the outside vessel within and 
through the flues of the generator, the water in the outside 
vessel thus forming a water jacket around the flues of the 








steam generator as well as around its sides and ends. The gene- 
rator is suitably supported within the vessel Aso as to be en- 
veloped by water and steam when in operation, and is furnished 
with a feed-water pipef, a safety valve C, and a steam supply pi 
D. Any liquid which will vaporise and conduct the heat of the 
products of bustion to the steam generator B, may be used in 
the outer vessel A. The water for the outer vessel A should be 
urified by filtration, distillation, or by chemical treatment before 
ing introduced into the vessel, thus reducing the possibility of 
the formation of any incrustation toa minimum. The body of water 
being inclosed in a hermetically closed vessel, and only asa 
heat tr itting dium, the water-line cannot v; appre- 
ciably, and the danger due to exposing the metal to the hot gases 
without being ee covered with water on the inside, is en- 
tirely removed. (Accepted November 27, 1889). 








16008. W. F. cagugeen. Lenton. H. D. Haver- 
aoe Deventer, Holland.) provements in'Slide Valves 
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for Steam Engines. (6d. 2 Figs.) October 22, 1889.—This 
invention relates to a slide valve for steam engines, in which the 
face or faces ada; to control the admission of steam are placed 
in different plane from those adapted to control the exhaust. 
The cylinder A, with ngeve B, is of the usual type. The faces 
a, a of the steam supply ports are located just above the ends of 
the cylinder A, and as near to the cylinder as the thickness of the 
material will allow, thus reducing the length of these ports C, C to 
about }in. to lin. The faces b,) for the exhaust ports are 
located somewhat further from the cylinder than the faces a, a, 
just about sufficient space being left between them and the ad- 














jacent wall of the cylinder to leave room for the exhaust ports 

e slide valves E, E, uni by one rod (not shown), 
slide on these faces a, aand b, b. The travel of the valves, neces- 
sary to open and shut the respective ports, is independent of the 
dimensions of the faces, so that it is ible to make these as 
large as is necessary for good working of the valves. The form of 
the valves is preferably such as to leave at F a considerable space 
between the ports free to admit steam under the valves; the 
pressure of the valves upon their faces is consequently greatly 
reduced and a very good equilibrium is obtained. (Accepted 
November 27, 1889). 


MISCELLANEOUS, 


832. H. Schneider, Le Creusot, France. Improve- 
ments in ulic Brakes for or Con- 
trolling the il of Ordnance. = 7 Figs.) January 
16, 1889.—According to the arrangement illustrated in Fig.1, a 
chamber 1 is connected to the carriage, and a piston A is connected 
to the stationary frame or platform. A cylinder Bin which the 

iston works is arranged in the chamber 1 and moves with the 
atter, and the interior of the cylinder B is placed in communica- 
tion with the interior of the chamber 1 by means of orifices o in the 
sides of the cylinder. These orifices may be arranged in a helical 
line as shown, or otherwise, and the number and sectional area of 
the orifices suitable for the gun to which the brake is to be applied 
is determined beforehand by suitable calculations. The orifices 
are so arranged that at the moment when the recoil commences 
all the orifices are in front of the piston A, and the liquid in the 
cylinder B being compressed by the recoil can escape through all 
the orifices simultaneously, but in proportion as the cylinder 
moves backwards in the direction of the arrow 2 the number of 
orifices open to the liquid diminishes in proportion as the piston 
approaches the end of its stroke so as to progressively diminish the 
total area of the outlet for the liquid. By these means the speed 
of the recoilcan be modified and controlled by regulating the 
dimensions, number, and position of the orifices o through which 
the liquid in the cylinder B escapes into the chamber 1.* Fig. 2 
—— a brake in which the piston is attached to a rod on one 
side only and acts by compression or with a thrusting action, being 
connected to the gun mounting and moving in the direction of the 
arrow 2 during the recoil. In a modification of this arrangement 
the piston- acts with a pulling action, the rod being connected 
to the stationary support, and the cylinder neteg attached to the 
gun mounting and moving during the recoil. In Fig. 3 the cylinder 
B is dispen with, the piston being made longer and forming a 














hollow plunger A! sliding in a correspondingly formed orifice in a 
= C dividing the chamber B into two compartments. This 

ollow plunger is provided on its circumference with orifices 0, 
which, during the recoil, pass successively from one side of the 
partition C to the other so as to progressively diminish the area of 
the outlet for the ae as the gun recoils. In Fig. 4 a liquid con- 
tained in chambers D is forced out by solid plungers E, E into an 
intermediate chamber G se ted by a 
G! containing a compensating plunger F provided with a hollow 
extension F!, sliding in an orifice in a ition se ting the 
chamber G from the chamber G!, The hollow extension F! is pro; 
vided with a series of orifices 0, and during the recoil’ the number 
of orifices open to the flow of liquid decreases from the commence- 
ment of the movement as they pass from.one side to the other of 
the ition, whereby the area of the passage for the escape of 
liquid is contracted in the required proportion. The total volume 
of the compressing plungers E, E, is alwa¥s equal to the volume of 
the compensator F, so that during the movement of recoil the 
compensator F is withdrawn from the chambers G, G1, to such an, 
extent that the which it leaves free behind it is equivalent. 
to the volume of liquid expelled by the com; rs E, E. In Fig. 5 
the compensator is of annular form and forms a perforated cy- 
linder B in which the compressing plunger A works. In this case’ 
the area of the compensating plunger or cylinder B, in transverse 
section, being a multiple of the area of the compressing plunger A,' 
its stroke is rtionately shorter. The cylinder B works ina 
chamber C attached to the gun mounting and is guided on one 
hand by a stuffing-box L, and on the other hand on a stationary 
rod J. The liquid in the space between the rod J and the com- 
pressor A is compressed by the recoil and escapes through orifices 
0, which are gradually closed one after the other as the compressor 
enters the compensator. The area of the passage for the flow of 
liquid d ding to the ber, size, and position of the 
onhces, and in proportion to the speed of the recoil. In propor- 


tion A from a chamber 





tion as the plunger’A enters the cylinder B, the liquid is expelled 
through the orifices 0 into the chamber C, and forces out the 
annular compensating plunger B, so that the er reer or 
withdrawal of this compensator makes room in the chamber C for 
the liquid driven out of the chamber in the cylinder B by the 
plunger A. (Accepted November 20, 1889). 

3468. B. Hoff, Jaroslaw, Austria. Improvements 
rela’ to Distillation and Apparatus therefor. 
[8d. 4 8.) February 26, 1889.—This invention relates to a 
process whereby Hi cate from several liquids of unequal boiling 
point is conducted through a vessel in one single distillation only, 
without using cooling water for condensing, the said vessel con- 
taining silicic acid bodies or minerals in quantity to be ascertained 
by trial, so that the vapours of higher boiling point are condensed, 
whilst the vapours of lower boiling points escape in the form of 
steam, and are only ultimately condensed in the cooler as a pure 
product. The intproved distilling apparatus comprises a number 
of vessels Al, A2....'. , connected together LF ny H for 
the purpose of transmitting the vapours to be rectified. Sieves 
C are arranged in the vessels whereby 8) } B are formed for 
the collection of the separated waste substances. These sieves 











form the bottom upon which the condensing material is placed. 
E is the inlet pipe of the product to be rectified, and F is the out- 
let oe of the vapours into the cooling apparatus. D are the 
outlet pipes for the waste products. G is the inlet for steam for 
cleaning the apparatus. 





e vapour mixture entering at E travels 


through the sieve C and then through the condensing bodies | PO 


laced upon the same, where those liquids separate that have 

iling points higher than those of the pure product. The vapours 
of the liquids of low boiling points enter the pipes H and pass into 
the next apparatus, where this rectification process is repeated. 
At the last apparatus the vapours are conducted through the pipe 
F in a thoroughly pure state to the cooler, where they are con- 
densed. An electrical ther t indicates the degree of 
purification of the product by the temperature of the vapour. 
(Accepted December 31, 1889). 


19,069. J. G. Lorra London. A New or Im- 
roved Method of an Serena for ey 
ergy in Small Mechani Accumulators. (8d. 

1 Fig.) December 31, 1888.—The figures illustrate an arrange- 
ment for converting the ordinary form of clock into an automatic 
or self-driving one by storing the energy in the driving spring. 
A is the winding wheel or first of the train of wheels through which 
power is transmitted to the spring barrel to wind up and thus store 
energy in the driving spring. This wheel is fast on the same arbor 
as the ratchet-wheel H, and moves with it. B is a closed vessel 
containing air, nitrogen, or other suitable fluid. One side C of 
this vessel consists of an expanding diaphragm of thin corrugated 
metal, like the flexible side of an aneroid. barometer box. . Into 
this vessel the heating conductor or resistance R passes in an air; 
tight manner. From the centre of C a link D extends to the lever 
E, one end of which is attached to the bracket F, and the other 
end of which bears the pawl G engaging with the teeth of the 
ratchet-wheel H. S is a suitable contact or circuit-closing device 
which determines the e of the electric current through R, 
and which is actuated by the driving spring through a train of 
wheels. The parts are connected up and an electric current is 





























transmitted through them at intervals for the purpose of winding 
up the driving spring. The course of the current is from one pole 
of the battery T to one spring of the contact S, and then from the 
other spring of the contact through the heating resistance R to 
the other pole of the battery. When the circuit is closed by the 
contact and a current is transmitted, the current will, in passing 
—_ R, which is of a thin material offering considerable resist- 
ance, heat the same, which will cause a rise of temperature of the 
fluid contents D, whereby their pressure and volume are increased. 
This will cause the diaphragm C to be pressed outwards, and the 
pawl G, through the link D and lever E, to e with the teeth 
of the ratchet-wheel H, and drive it round through a certain 
angular distance. When the contact S ceases to maintain the 
circuit closed, the current will cease to flow through R, which will 
then cool. As R cools, the fluid contents of B also cool, and con- 
tract so as to bring D, E, and G back into their normal positions 
shown, whilst the click J will prevent any backward movement of 
the ratchet-wheel H. With the backward movement of ‘the dia- 

C.the pawl G will ride loose over the teeth of the ratchet- 





phragm ) ; : aCe 
wheel H, and the parts will again be in their normal positions 





ready to go through a-similar cycle of movements at the next 
transmission of the electric current. (Accepted December 31, 1889.) 


L E. Crist, Brooklyn, U.S.A., and H. C. 
Covert, New York. ts 


Improvements in Gas es 
and ters for the same. [8d. 6 Figs.) December 17, 
1889.—Upon a base B is a ye casing A, the upper part 
being removed and the ends c losed by heads C, C! which furnish 
bearings for an axial shaft D. Two radial piston-plates D1, D? are 
fitted to the shaft D, which is mounted to rock in its bearings. 
The crank of a crankshaft E, which is mounted above the casing 
A, is coupled by a connecting-rod E? to one of the piston-plates 
Dl. The casing A is internally divided by a longitudinal partition 
wall F, F, the s H between them constituting a compression 
chamber, in which is mounted on a rock shaft G1 a vibrating 
piston G, which is caused to oscillate in synchronism with the 
pistons Dl, D2 by being coupled through the crank arm G2 and 
connecting-rod G2 to a wrist-pin S upon the flywheel E%, the 
wrist-pin being so adjusted that the piston G shall move in the 
direction opposite to that of the piston, which is at the time being 
driven by the force of an explosion. Air and gas are admitted to 
a port H! communicating with the compression chamber H respec- 
tively through the valve-piece J and the bore d when the valve K 
is lifted. During the first part of a revolution of the crankshaft 





the piston G will draw a charge of air and gas into the chamber, 
and during the remainder of the revolution will, by its return 
stroke, compress the charge. Meanwhile the working piston 
towards which the piston G is moving will drive the burnt gases 
through the exhaust port Q, the exhaust valve M being ke open 
until the stroke of the working piston is nearly counpleted, when 
it is closed, and the remaining 3 comp! into the exhaust 

rt Q. As soon as the working piston commences its, return 
stroke the compressed charge in the chamber H will force open 
the valve L1, and will be carried into the working chamber, and be 
thereupon ignited and exploded. The exhaust valve M will remain 
closed during the entire outward stroke of the piston, but will 
open so soon as the stroke is reversed. While one piston is moving 
outward under the force of an exploded charge, the other is 
moving inward and discharging the burnt gases, so there is vir- 
tually a continuous application of power. In the igniter (shown 
in Figs. 2, 3, and 4) aconstantly burning igniting flame 17 is used 
in connection with a reciprocating piston 19, 20, operating as a 
valve to control passages extending from the firing port 12 of the 
working chamber, to the flame port 15, and as a carrier to convey 
at the proper moment an inflamed firing charge from the flame 
port to the firing port. (Accepted December 31, 1889). 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the offices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. 





THE Surz Canai.—The transit revenue collected by the 
Suez Canal Company in December amounted to 214,400/. 
he corresponding collection in December, 1888, was 





THE ENGINEERING STUDENTS’ CLUB.—The opening meet- 
ing of the spring ‘session of this club was held’at the 
Durham College of Science, on Wednesday evening, 
January 29, when. Mr, John .H. Barker read a paper on 
‘*Locomotive Repairing.” A table of expenditure com- 
piled from eight of the leading railway companies, was 
submitted-and commented upon, and from it the cost of 
repairs per engine, and per train-mile, was shown to 
vary from 4.62d. to 1.9d. and the train-miles per engine 
from 21,432 on the Great Eastern Railway, to 14,418, on 
the Lancashire and Yorkshire Railway. The author 
pointed out, however, that such a table was very mislead- 
ing, as so many incorrect statements were employed for 
convenience in arranging capital and revenue accounts 
consequently it was extremely difficult to make a truthfu 
comparison. Duplicate engines are the chief cause of 
this unreliability of the reports, it being mentioned that 
very few railway companies make any return for them. 
The Great Northern Railway, for instance, divides the 
total mileage run amongst 799 locomotives only, but that 
number should in reality be raised to 842, seeing that 
there are 43 duplicates omitted. The method of repairing 
each of the important parts of a locomotive was next 
explained, and the manner in which each part wears was 
pointed out, and suggestions made as to the best way 


| of designing to prevent or minimise wear. Touching upon 
‘| the life and composition of tyres, the reasons of failure 


and rapid wear were pointed out, and the author advo- 
cated stéel of even a higher tensile strain than that at 
— in use (47 tons per square inch). Solid brass axle- 

xes were stated to be far more durable than those 
commonly employed, and a case was cited of such a box 
having run for over sixteen years without repairs. Advert- 
ing tothecylinders, theauthor commented upon the method 
of repairing them ; he also drew attention to the life and 
composition of valves, the amount of friction and dura- 
bility of the valve gear, and a North-Eastern Railway 
engine was mentioned as having run twenty-five years 
without any repairs to her valve gear, and some very on 
performances of Joy’s r were also mentioned. e 
Bey running of the “‘Charles Dickens,” and several 
of the London and North-Western Railway compounds 
was alluded to, the former said to be at the rate of 106,224 
miles per annum. 
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| beyond, the breech seating is screwed, and within 

MODERN ee yt ARTILLERY. it works a hollow tiscach Cheek. the inward or out- 

o. VI. , ' ward movement of which is facilitated by heavy 

BREECHLOADING MEcHANISM—continued. _ weighted levers. Within the slot before mentioned 

The Woolwich System.—As we have already a block slides to and fro, pierced as shown to 
seen, the first important departure in the construc- | receive the fuze, and fitted in the front face with a 
tion of ordnance in this country was also charac-|gas check. By running the breech-screw back the 
terised by the adoption of breechloading mechanism, | block is loosened and can be lifted out of the slot, 
and this practice continued until a very large num-' leaving a clear passage through the opening in the 
ber of guns had been manufactured and delivered | breech-screw to the powder chamber for the intro- 
to the British Government. About 1864, how-| duction of the charge. The diameter of the open- 
ever, when the tendency became more marked ing in the breech-screw corresponds with that of 
towards the construction of larger calibres and the powder chamber, and the faces of both screw 
heavier guns, a strong feeling of antagonism against and powder chamber are bushed as indicated in the | 
breechloading was evoked, with the result that all | section. So recently as 1880a number of these guns 





done by carefully heating the trunnion ring and so 
slackening it, and then turning it for a quarter of a 
revolution to the left. The gun was then fitted 
with a solid breech-block ; an upper and lower gun- 
metal bracket was fastened to the top and bottom 
edges of the slot, and between these the block 
slides backwards and forwards, its movement in 
and out of the gun being adjusted by means of a 
spring stop worked by a small lever above. The 
breech-block is fitted with a copper ring, and a 
special tin cup extractor is employed with this type 
of gun. Fig. 89 is a section of one form of gas 
check employed, in which the copper ring « in the 
face of the breech-block abuts against the bushing 
b in the chamber ; this bushing for calibres up to 
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ARMSTRONG BREECHLOADING 7-IN. 82-cwT. GUN; 1862. 


7 in. is made of copper, but for the 7-in. gun it is 
of iron. 

The annual report of the Director of Artillery and 
Stores for 1878 to 1879, urged that breechloading 
for heavy guns had become a necessity, owing 
chiefly to the increased length of bore, and it was 








in consequence of this report that the superinten- 
dent of the Royal Gun Factory was instructed to 
prepare designs for 20-ton and 40-ton breechloading 





guns. In 1879 a Special Committee of Ordnance 
was appointed, and one of its most important 
duties was to report upon the introduction of 











breechloading guns of heavy calibre into the ser- 
|vice. This Committee was dissolved in 1881, b 
which time a considerable amount of useful wor 
had been accomplished, and several guns of calibres 





ranging from 25-pounders to 12 in. had been con- 
structed with breechloading mechanism and tested; 


























all these were fitted with interrupted screw breech- 
blocks based on the French system. Experiments, 
| which lasted for more thana year longer, confirmed 











the wisdom of the recommendations of the Com- 











| mittee on Ordnance, and in May, 1882, the definite 
| adoption of breechloading was decided on as well as 
| the entire abandonment of wrought iron in favour of 
steel ; at the same time it was also decided that cast 
| steel jackets and hoops should take the place of coils. 
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ARMSTRONG CONVERTED BREECHLOADING MECHANISM. 


The breechloading mechanism in the English 
service comprises a solid steel breech-block cut with 
six or eight segments of screwed threads—the 


the larger classes of ordnance were afterwards made 
as muzzle-loaders ; this state of things continued 
for about fifteen years, at which time England 
remained the only power which had not long before 
abandoned the system as obsolete and undesirable. 
In 1880 a return was made to breechloading for all 
classes of guns. There are many guns still in ser- 
vice which date back as far as 1860, and some of 
these are of the fairly large size of 7-in. bore, 
although their weight is only 82 cwt. ; these were 
the nominal 100-pounders, but were afterwards 
known as 110-pounders on account of their projec- 
tile having been increased in dimensions ; finally 
they were recognised in the service as the 7-in. 
82-cwt. gun. These, together with 40-pounders of 
various weights, of 20-pounders ranging from 13cwt. 
to 16 cwt., and of 6-pounders, 9-pounders, and 
12-pounders, complete the list of calibres manufac- 
tured in the early days, and which are still in use. 
Fig. 87 is a section showing the arrangement of the 
Armstrong breech mechanism which was employed 
with very satisfactory results. The breech of the 
gun is extended for a considerable distance to the 
rear of the chamber, and a slot at right angles to 
the axis of the bore is cut through the gun imme- 
diately at the back of the powder chamber; 





French system in short—while two methods of 
were converted into the side-closing system, which obturation are in use, the Elswick cup and the 
in a less satisfactcry form had been introduced by De Bange gas check. The cup system consists of a 
Armstrong in the early days. Fig. 88 shows the shallow steel cup bolted to the centre of the 
method adopted, which was only applied to a breech-block, which is made slightly convex, the 

back of the cup being flat. In the rear of the 

WSN powder chamber a copper ring is inserted in such a 

\N position, that when the breech is closed by the 

block, the side of the cup is brought into close con- 
y | tact with the copper ring, and the pressure of the 
|gas generated when the charge is fired, forces it 
| outward and into the copper ring, and so prevents 
|all escape of gas. Whilst this system is very effec- 
\tive as long as it remains in perfect order, the 
slightest imperfection which allows an escape of 
gas, soon cuts the cup to pieces, besides damaging 
the ring, and as the presence of any fragment of 
| grit prevents perfectly close contact between the 
two parts of the abturator, it is a matter of the 
| first importance that both cup and ring should be 
| kept absolutely clean. After each round the ~~ 
should be turned upon its centre to present a fres 
‘line of contact with the ring ; neglect of this soon 
| leads to scoring and to the temporary disablement 
number of 40-pounders. The alteration consisted of the gun. It is also necessary, on account of the 
in bringing the slot to the right side instead of | expansion of the copper ring, to provide spare cups 
leaving it at the top as in the old plan ; this was | somewhat larger in diameter after the gun has been 














A GAS CHECK FOR ARMSTRONG BREECHLOADING 
SERVICE GUN. 
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fired for some time ; it is an easy matter to change 
the cups, but quite a difficult one to replace the 
rings. ‘‘From these remarks it will be seen that 
there are serious objections to the cup system, and 
consequently another method is recommended by 
the superintendent of the Royal Gun Factory, whic 
is known as the De Bange obturation. This after 
full trial was adopted in 1882 for all natures of 
breechloading guns.’”’* 

As we have already described in full detail the 
De Bange system, we may here confine ourselves 
to a notice of the gas check pad used in the 
British service, taken from the same source 
as the foregoing. This is made with a mixture 
of asbestos and grease worked into a ring and 
subjected to hydraulic pressure ; it is inclosed 
between two annular discs of tin, the outer 
edges of which are strengthened by steel rings. 
‘* The action of the De Bange obturator is this: 
when the breech-block is pushed into the gun, 
the spindle and the pad mounted on its inner 
face enter the chamber with perfect ease ; on turn- 
ing the breech-screw the pad is brought into con- 
tact with its coned seat in the gun and pressed home 
by the travel or pitch of the screw. The bore is 
then perfectly closed by a species of buffer in contact 
all round the circumference ; while the téte mobile 
forms a loose end to receive the force of the gas on 
discharge. On firing the gun the pressure acts on the 
steel mushroom head, and squeezes the pad against 
the breech-block, causing it to expand laterally; from 
symmetry of form and position this expansion must 
be radial to the axis and equal in every direction, 
and experience has proved that it is sufficient to 
prevent an escape of gas. After the pressure is 
removed, elasticity comes into play, and the obtu- 
rator can be withdrawn from the cone by a straight 
pull, which can be given as soon as the screw is 
unlocked. The simplicity of this obturation is 
evident, and the system has been found perfectly 
effective in guns of every size ; it involves little 
circumspection in use, and there is nothing in the 
gun which can ever require repair. As regards 
endurance, the pads are almost indestructible, 
except perhaps the wear of opening and closing the 
breech ; spare pads are provided with every gun, 
and if necessary the old one can be easily changed 
by any one who has seen the operation performed. 
Some pads have been known to last thousands of 
rounds, but if the firing is rapid the wad may get 
softened by heat ; in this case it should be changed 
and thrown into cold water for a time, and it will 
soon be restored to its condition again. Only field 
guns would be liable to such rapid fire, and the 
work of changing a pad in a small gun can be per- 
formed in a minute. Whatever the size of the 
piece, guns need never be thrown out of action for 
want of repair as in the case of cup obturation ; 
but the _ should be carefully handled whenever 
removed from the gun, for by rough treatment the 
metal discs may get injured.’ 

Figs. 90 and 91 show the modification of the 
French system applied by the Woolwich authorities 
to field guns ; the illustrations represent the breech 
of a 12-pounder. The breech-block and seat are 
cut with six threaded segments, and the block 
passes through the ring A, which fits freely within 
a ‘“‘hood” B screwed on to the outer jacket of the 
gun; on the right-hand side of this hood are two 
ears, between which are passed the hinge of the 
ring, the connections being completed by a hinge 
bolt. When the block is turned to be free in its 
seat it can be drawn through the ring, but cannot 
be disengaged from it, on account of the stop bolt a; 
the block is moved to and fro by the curved handle b 
after it has been unlocked by lifting the cam lever c, 
hinged to projections on the top of the block by the 
pin c; the operation of unlocking is effected by 
turning the cam lever and block through one-sixth 
of a revolution. The same turning movement de- 
presses the tail d' of the latch d and turns it on its 
centre pin g, depressing the spring e, that presses 
against the projection f on the left-hand side of the 
ring. The latch d is thus freed from its recess 
in the hood, and after the block has been with- 
drawn as far as possible through the ring, the latter 
can be swung back clear of the bore ; this latch can 
also be lifted, if necessary, by a loose pin passed 
through a small hole in the left-hand side of the 
hood. The obturator is of the De Bange pattern, 
with a mushroom head attached toa stem passing 
through a hole drilled in the block, and secured to 
it at the rear. The pad is of asbestos and grease 








* “Official Treatise on the Manufacture of Guns,” 1886. 





subjected to hydraulic pressure, and between it and 
the face of the block are a number of thin metal 
discs for packing. When the block is turned to fix 
it in its seat, the slight forward travel forces the 
pad against the mushroom head (the chamber being 
slightly tapered at this point) and makes a joint, 
which is rendered gas-tight by the pressure of the 
head when the gun is fired. Forward of the breech 
mechanism is the vent bolt D passing through the 
body of the gun; it is of steel, the hole drilled 
through it being .15in. at the lower end for a 
length of .415in., and .22in. for the remaining 
distance ; it is secured in place by a nut with a 
spring washer; this vent bolt requires to be 
renewed after 100 or 150 rounds. 

Figs. 92 to 94 are diagrams giving an idea of the 
arrangement of the breechloading mechanism for 
6-in. guns ; the details will be understood clearly by 
referring to our description of the French system ; 















































ENGLISH BREECH MECHANISM WITH 


it may be pointed out that the spindle on which 
the obturator cap passes through the axis of 
the breech-block, is drilled as usual to receive the 
fuze, which is also fitted with an obturation 
arrangement to prevent the discharge of gas back- 
wards ; the lever forming an extension of the end 
of the breech-block is carried to a height of 11 in. 
and terminates in a handle by which the block 
is pulled over to the right when it is desired to 
unlock it. It is removed from its seat by pulling 
on the handle shown in Fig. 94, and received 
upon the swing bracket hinged to the back of 
the gun; longitudinal grooves cut in the lower 
part of the block take their bearings upon the 
guides of the bracket when the block is with- 
drawn. Of course for guns of small calibre all the 
operations can be performed by hand, but for larger 
sizes, either hydraulic or other power-gaining 
arrangements are necessary. One such arrange- 
mentis that illustrated in Figs. 95and 96, and consists 
of a Stanhope lever worked by a vibrating handle 
which moves a toothed wheel by means of a double 
ratchet that can be thrown over to work in either 
direction. By this means a movement is given to one 
ofthe arms of the knuckle joint which is pivotted 
at the centre of the toothed wheel to the face of 
the breech. The other arm of the joint is connected 















at one end of the first lever, and at the other toa 
block sliding in guides on the face of the breech ; 
on this block is a pivot which engages in a slot 
formed in the lever of the breech-block. By operat- 
ing the vibrating handle the breech lever can be 
turned in either direction moving the block with it. 
Fig. 97 is an end viewof the breechclosing mechanism 
for a 9.2-in. gun, and is fitted on H.M.S. Im- 
périeuse. The mechanism comprises the controlled 
carrier on which the block is withdrawn, or from 
which it is pushed home ; the Stanhope lever just 
referred to, the safety arrangement for the percus- 
sion lock, and the safety electric firing apparatus. 
The controlled carrier is employed chiefly to obviate 
the danger of allowing so heavy a weight as the 
breech-block to swing freely on board ship in sea- 
way. This carrier is supported on a bronze hanger 
bolted to the back of the gun and forming a com- 
plete ring, but extended below by two projections 
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CUP OBTURATION, FOR 6-IN. GUNS. 


to give a larger bearing to the breech-block resting 
upon it. A bronze plate attached to the end of the 
breech-block forms the head of the cam lever. 
On the hinged bolt, to which the carrier is hung, 
is mounted a toothed pinion which gears into a 
rack recessed into the side of the breech-block ; 
the bolt is turned by means of a worm and wheel, 
the former being at the end of a horizontal shaft 
mounted in bearings and projecting forward at an 
angle towards the left for the convenience of the 
man who turns it by means of a handle. The 
wormwheel on the lower end of the hinge bolt turns 
idly upon it unless it is set fast by a clutch that is 
operated by means of a small hand-screw beneath. 
When this clutch is thrown out the carrier swings 
free. There is no latch used with this arrange- 
ment, but in its place is a spring stop under- 
neath the carrier; this is simply a spring bolt 
which is usually drawn back and turned out of use, 
but when wanted, that is to say when the control 
device is out of gear, it is turned down, and when 
the carrier is swung back it drops into a recess, 
locking the carrier. The action of this mechanism 
is as follows: The breech-block having been turned 
to the withdrawing position and started by the 
pulling over the lever, the winch handle is turned, 
driving the wormwheel, and turning the pinion, 
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which runs the block out by means of the rack 
recessed in its side ; this continues until the block 
is clear of its seat, when, if the movement of the 
worm and wheel be continued, the carrier is swung 
round upon its hinge bolt clear of the opening in 
the gun. The reverse process is followed for 
closing the gun. The safety arrangement for 
percussion firing, prevents the gun from being 
prematurely discharged. Before the fuze can be 
inserted the lock must be withdrawn, and before 
it can be fired the lock has to be pushed up again 
so as to support the head of the fuze and bring the 
striker over the detonator ; the end of the lock is 
slotted away on an incline, so that if the fuze is 
home it will pass over, and the insertion of the 
fuze, and its subsequent covering by the lock, can 
be partially effected by hand when the breech is 
opened ; but the block cannot be pressed so far as 
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slotted away ; but when the block is turned into 
firing position the arm rides up an inclined plane, 
allowing the lock its full travel. On lowering the 
cam lever, a slide connected with it pushes the lock 
home into its firing position ; this slide is actuated 
by the cam lever by means of a pin projecting from 
it engaging in a spiral groove cut in the face of the 
lever head. e lock engages in the slide by a 
spring bolt that drops into a hole in the slide ; the 
latter is always in gear with the cam lever, so that 
whenever this is raised or lowered the slide is put 
in motion. But until the cam bed is pressed against 
the carrier by closing the breech, the lock does not 
engage in the slide, for a pin stops the hole of the 
slide when the breech is open, so that the lock bolt 
cannot drop into it. When the breech is open the 
lock can be moved to and fro to admit the fuze and 
to partially cover it, but it cannot be brought into 


BREECH-BLOCK STARTING MECHANISM ; ENGLISH HEAVY GUNS, 


to bring the striker into position; this can only 
be done by lowering the starting lever when 
the breech is closed, but not until then, for a pin 
projecting from the face of the lever bed engages a 




















BREECH MECHANISM FOR 9.2-IN. GUN: H.M.S. 
‘ IMPERIEUSE.” 


slot in the under face of the lock and limits its 
play. This pin is kept pressed down by a spring 
that is capable of being withdrawn flush with its 
socket by a lever, one arm of which projects in the 
front face of the cam lever bed when the block is 
out. When the block is pushed home this arm is 
at first left undisturbed by the carrier ring being 





firing position ; it must be pressed forward by hand 
partially to cover the tube, or the bolt will not 
engage in the slide of the cam lever, and if this is 
not done the striker will not operate even when the 
breech is closed. 

The electric firing device is so arranged that con- 
nection is impossible until the breech is fully 
closed. The fuze wires are connected with a junc- 
tion consisting of an ebonised lock, through which 
two tapering metal pins pass ; these pins are about 
an inch apart, and project on both sides of the 
block. The projection on one side is to attach the 
fuze wires ; those on the other side fit into recesses 
formed in a block on the gun placed upon the top 
of the carrier hanger ; to this block are also secured 
the battery terminals. The holes for the battery 
terminals are in connection with the pins of the 
junction piece, but when the breech is open con- 
nection is interrupted by means of ivory plugs, 
which are carried on the end of a spring bolt, 
and by which they are forced into the terminal 
holes and locked fast by means of a spring. The 
holes are opened by a slide connected with the lock, 
the top of which is provided with a hook that pro- 
jects above the bearings of the cam lever. When 
the breech-block is returned to its seat and locked, 
the hook upon the slide engages in another hook 
on the end of the spring bolt and pushes back the 
trigger. When the main lever is lowered the lock 
is pressed into the firing position, the spring bolt 
with its ivory plugs is forced out of the terminal 
holes and the battery connections can be completed, 
but if the fuze is not home the lock, as in the per- 
cussion firing arrangement, remains fixed and the 
gun cannot be fired.* 





* “Official Treatise on the Manufacture of Guns,” 


THE AMERICAN SOCIETY OF CIVIL 
ENGINEERS. 


(From our New York CoRRESPONDENT.) 


THE first meeting of the year of this Society is 
one that attracts its members from all parts of the 
country, and is looked forward to as a special re- 
union. On the present occasion, many of the 
engineers who had been so magnificently enter- 
tained in England last summer, found themselves 
again assembled, and it is very certain that many 
kind words were spoken and many pleasant 
memories recalled of the visit of the engineers to 
England’s hospitable shores. 

The report of the secretary showed on January 1, 
1889, the total membership of the Society was 1243. 
On January 1, 1890, the membership was as 
follows : 


Honorary members, resident px ea 5 
2 as non-resident... abe 3 
Corresponding members a aes $ 


Members, resident... 18) 
2 non-resident 830 
Associates, resident ... 16 
» non-resident 39 
Juniors, resident... 30 
a non-resident 130 
Total ... —- ai ‘ 1245 
Fellows (five being members) roe ae 56 
Subscribers to building fund 140, of whom 
85 are entered in one or other of the 
above classes, and 16 deceased, leaving 39 


Total connected with the Society January 
1, 1890 iat ps a“ “ . 1335 


The additions during the past year to the several 
classes of the Society membership have been : 


Members qualified ... 84 
Associates qualified ... ll 
Juniors qualified 32 
Fellows qualified 1 

Total additions 128 


The decrease during the year was 36, as follows : 
Deaths, 21; resignations, 9; transferred, 6. The 
net addition during the year was 92. 

The treasurer’s annual report showed the receipts 
for the year to be 39,799.91 dols., including balance 
on hand on January 1, 1889, of 6515.02 dols. The 
expenditures for the year were 28,875.46 dols., the 
— on hand on January 1, 1889, being 10,924.45 

ols. 

The Norman medal was then awarded to Mr. 
Theo. Cooper for his paper on ‘‘ American Rail- 
road Bridges,” and the Rowland prize to Mr. Jas. 
D. Schuyler for his paper on ‘‘ The Construction of 
the Sweetwater Dam.” These awards seemed to 
give general satisfaction, andthe announcement of 
the committees, as to their selections, was received 
with applause. 

The Norman medal was founded in 1872 by the 
establishment of a fund of 1000 dols. by George H. 
Norman, member of the Society. It is a gold 
medal awarded by a Committee of Censors ap- 
pointed by the Board of Direction for the paper 
deemed by them to be the best ‘‘ contribution to 
engineering science, not merely relatively as com- 
_ with others presented during the same year, 

ut as exhibiting the science, talent, or industry 
displayed in the consideration of the subject 
treated of and for the good which may be expected 
to result from the discussion and the inquiry.” 

The Rowland prize consists of 50 dols. in cash. 
This is awarded by a Committee for the paper they 
‘deem most worthy of such recognition, the 
preference being given to papers describing in 
detail accomplished works of construction, their 
cost and manner of execution, and the errors in 
design and execution. This prize was established 
by Thomas F. Rowland, member of the Society, in 
1882, and consisted also of 1000 dols. fund. 

The papers.must not have been in print before 
presentation, and the award in each instance is 
made annually. Should the Committee on the 
Norman medal not think any paper for that year of 
sufficient merit to receive the medal, the money is 
invested in books, and is given to the second best 
paper ; the next year a medal isissued. Evidently 
the donor did not consider this failure could happen 
more than one year in succession, and in point of 
fact it has never happened since the medal was 
instituted, which shows that either the papers 
were excellent, or the Board of Censors were most 
appreciative. 





As the constitution and by-laws of the Society 
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seemed, in the opinion of some members, to have 
been framed by men who did not evidently under- 
stand the possibilities of the English language, 
there had been a Committee appointed to fix them 
up, that is to fix up the constitution and by-laws, 
not the framers. They reported a grouping of the 
articles without changing their meaning, which 
would seem to justify the style of the original docu- 
ments. It is always surprising when one comes to 
better another man’s work of this character to find 
how much the original party really knew and how 
well his work was done. The constitutions of 
various societies have been up time and again for 
revisions, improvements (?), explanations, &c., and 
yet as a rule the originals remain intact. 

A much-needed improvement in the Society’s 
house had been made, namely, the building had 
been extended to the rear, making a fine meeting 
room, with additional accommodations for a library 
in the second floor. This was thoroughly appre- 
ciated by those present, and the taste of the Com- 
mittee having this in charge was generally com- 
mended. 

Some time ago this Society appointed a Com- 
mittee on Rail Sections, whose functions were to 
obtain all possible information on the various forms 
of sections and to submit to the Society their views 
as to the best form, it being considered very desir- 
able to establish a uniform shape. The report of 
this Committee, made at this time, called forth con- 
siderable discussion, although they simply reported 
progress. There was a disposition shown, at once, 
to stop the consideration of this question. The 
opponents held that the Society should not commit 
itself as a body to any one form ; that it ought not 
to give gratuitous information to the rail manufac- 
turers, and that serious complications might arise 
in the event of an accident due to a broken rail 
where the standard section was used and where it 
was not, so that in either case the Society would 
be put on the defensive or offensive. 

In the same connection came the report of a 
Special Committee appointed to investigate the 
causes of the failure of the South Fork Dam. This 
was the occasion of that frightful disaster near 
Johnstown, Pa., last summer, in which thousands 
of lives were lost and millions of dollars of property 
destroyed. 

The Committee presented a sealed report, and 
desired it should not be opened until several suits 
now pending against the Dam Company be settled. 
This, perhaps, was also timely, as the report was 
really expert opinion, and its publication would not 
only commit the Society to certain positions, but 
would also render expert opinions in the suits un- 
necessary, and the Society might thus arm the legal 
talent with a weapon to destroy her own children. 
The writer cannot pronounce positively on the 
action taken, there being so much discussion over 
amendments and points of order, but he is of the 
impression both these matters were left unreported 
on. 

Then came the report of the Committee on 
Standard Time, showing that the officers of 135,000 
miles of railroad favoured standard time. Evi- 
dently their great familiarity with this subject had 
— the truth of the old proverb that ‘‘familiarity 

reeds contempt,” for this Committee is extremely 
— not only of their own time, but of every 
one else’s, both in their deliberations and in their 
reports. They will now memorialise Congress, and 
every one knows that a Congressman’s time belongs 
to his constituents; he may think it is ‘* mean 
time,” but they believe it only ‘‘ apparent time.” 
One of the Committee got in some work here on 
standard coinage, and although the writer was not 
present at this point, he will be willing to make 
a small wager, the Society had a little metric 
system also, or else the gentleman has lost his 
grip, for he has had one, being the head and front 
of the Metric Bureau, and has advanced from point 
to point till he absolutely thinks in metres, whether 
long, short, or peculiar mvtre cannot be stated, 
but if he gets any one converted to the metric 
system, almost an impossibility, it would surely 
become Hallelujah Metre. 

The following officers were then announced as 
elected : 

President, W. P. Shinn. Vice-Presidents, A. 
Fteley, Mendez Cohen. Secretary, John Bogart, 
Treasurer, Geo. S. Greene. Directors, C. B. 
Brush, Robert Van Buren, Wm. Ludlow, Theodore 
Voorhees, and Wm. J. Curtis. 

The Committee on Impurities in Domestic Water 
Supplyreported. Inthe opinion of this Committee 





the organisation to inquire into the sources of 
impurities in drinking water, and the methods of 
remedying them, should be a national one, and the 
work should properly be taken up by the American 
Society. The Committee recommended that all 
printed information on this subject should gra- 
dually be collected and catalogued, and suggested 
the employment by the Society of an expert to 
assist the Special Committee in the preparation of 
this catalogue and in correspondence. In the 
opinion of the Committee the Society should own 
and maintain a complete collection of such litera- 
ture and estimate the cost of a working library at 
about 4300 dols., and of a complete library at about 
7000 dols. It is suggested further that the same 
person might be employed bythe Society to investi- 
gate special cases. The report was accepted and re- 
ferred to the Board of Direction. The Electrical 
Engineers have frequently had the courtesy of the 
Civil Engineers extended to them in providing a 
place for their meetings, and took occasion at this 
time to present a magnificent set of andirons and 
fire utensils for the new terra-cotta fireplace. This 
was done in an extremely neat speech by Mr. 
Ralph Pope, the secretary, and responded to by 
Mr. M. J. Becker, who accepted them in the name 
of the Civil Engineers in an equally happy reply. 

That evening the members assembled to hear an 
account of the foundations of the Hawkesbury 
Bridge. This was presented by Mr. Charles 
Macdonald and was illustrated by stereopticon 
views. The account was extremely interesting and 
graphic. The piers were sunk to depths of from 
100 ft. to 160 ft. below high water. The caissons 
were sunk by open dredging ; the ends were semi- 
circular, and there were three dredging pockets 
8 ft. in diameter ; the dimensions 24 ft. by 52 ft. at 
the bottom and 20ft. by 48ft. at the top; from 
20 ft. up, however, the sides were vertical. The 
iron was put on in 10 ft. sections, and concrete 
pockets were formed between the outer and inner 
skins and between the dredging walls. 

The first pier put down (No. 5) got cut of line, 
and there was great difficulty in adjusting the 
weight so that it finally got 6 ft. 7 in. out of line; 
1 ft. 7 in. was corrected, and then the buckets 
became entangled, and the great depth prevented 
the diver from releasing them, so the attempt was 
abandoned and the masonry placed so as to over- 
hang 5 ft. Then an attempt was made to sink a 
supplementary caisson, but this collapsed at the 
depth of 106 ft. The top was taken off and the side 
of main caisson and a masonry bracket constructed, 
going 17 ft. below high water. The quickest work 
was done on Pier 3, which was sunk to 106 ft. 9 in. 
in nine weeks. The paper was listened to with close 
attention, and the complete description which the 
reader promised to prepare for the Society will be 
awaited with considerable interest. 

Following this came the usual reception, which 
was prolonged till a late hour, showing how much 
it was enjoyed by all. 

The next morning the party went to Willet’s 
Point to see the Government works there. As 
these have been pretty fully described in the visit 
of the Mechanical Engineers published in Enat- 
NEERING, it will suffice to say, they proved equally 
interesting to the Civil Engineers, and Colonel King 
blew up an old hulk with a torpedo for his visitors’ 
benefit, and that the monster magnet made by coil- 
ing wire around a gun condescended to work for the 
Civil Engineers, although it persistently refused to 
act for the Mechanicals. As usual also the officers 
were as cordial and pleasant as on the previous 
visit. On the return the party stopped at the Navy 
Yard and saw the new armoured cruiser Maine par- 
tially constructed, and also the new dry dock being 
built at an expense of 500,000 dols. It might as 
well be understood that the United States intends 
to have a navy and a powerful one, perhaps the 
most powerful one afloat. Politics have hampered 
its construction heretofore, but the people have 
made their wishes so plainly known that no politi- 
cian would dare to withstand them, or he would 
speedily find himself, in the words of the ex-presi- 
dent, in a condition of ‘‘ innocuous desuetude.” 

That evening the Engineers’ Club of New York 
gave a reception to the Society at their club-house, 
and as this club is not well known abroad a short 
statement of it and its functions may be appro- 
priate. 

This club was opened last May to supply a want 
felt particularly by non-residents of New York City 
of a place to meet their professional and other 
friends, and also to go themselves when desirous 





of attending the meetings of the various scientific 
societies in New York City. The house is hand- 
somely furnished, has the best restaurant in New 
York City, and large airy dormitories, besides a 
place for a good library, which is now in process of 
formation. At present the membership is 450, 
scattered from Maine to Chili, South America, and 
from the Atlantic to the Pacific Oceans. Members 
of all the engineering societies are eligible as well 
as those in pursuits kindred to engineering. The 
growth of the club will be marked by an increased 
attendance at the meetings of the various societies. 
It is mentioned here because of another function 
which is of interest to foreign scientific bodies, that 
is to entertain visiting scientists. 

When the American engineers returned from 
Europe last summer laden with the kind 
wishes and cordiality of English, French, and 
German engineers, the Engineers’ Club welcomed 
them by a beautiful reception. Last November the 
Mechanical Engineers, holding their annual meet- 
ing in New York, were also entertained by the 
Engineers’ Club, and on the occasion described in 
this article, the same hospitality was accepted by 
the Civil Engineers, and it is believed thoroughly 
enjoyed by hosts and guests, certainly if the late- 
ness of separation is taken into account, both 
were extremely loth to part. 

Already, the entertainment of the British Iron 
and Steel Institute this fall, is under consideration, 
and will be arranged for, but when the Institute of 
Civil Engineers comes over to the Fair in New 
York City in 1892, it will perhaps be in order for 
the club to build a house for their special use and 
reception. By that time with its present rate of 
increase, it will number 1000, and the Institution 
may know that they are sure of 1000 strong friends 
who will leave nothing undone which will add either 
to their pleasure or to their comfort. 





VICTORIAN GOLDFIELDS. 
SANDHURST. 


(By our SprectaL CoRRESPONDENT.) 
(Continued from page 108.) 

From the foregoing rough outline of the position 
of the leading mines on Sandhurst several impor- 
tant points may be noticed ; one especially, the 
great depth from which payable gold-bearing rock 
is raised, and also the number of companies that 
are pluckily sinking and prospecting, having little 
to cheer them but their faith in the permanence of 
the field. This energy and enterprise is not con- 
fined to the workings of public companies ; indivi- 
dual owners are working in the same way, notably 
Mr. George Landsell, whose private mines and 
expenditure are equal to half a dozen public com- 
panies. At present Sandhurst is not flourishing, 
but only in the sense that it suffers by comparison 
with itself. These good and bad times come to all 
goldfields ; when at the time 1000 ft. was considered 
an extraordinary depth to go to, the field was in a 
depressed condition ; when gold was struck at deep 
levels things flourished again. The records given 
show how many of the mines have been sinking 
and prospecting for several hundreds of feet with- 
out success. This means soon striking some rich 
patches or getting some sort of encouragement, or 
else abandoning such deep prospecting and trying 
back more closely over the ground which has been 
passed hurriedly. Private owners and companies 
cannot go on for an indefinite time, expending hun- 
dreds of thousands of pounds without obtaining some 
return, and for some time past there has been little 
tocheer them. There has been on Sandhurst a sort 
of craze for deep sinking, and gold must be found in 
this way or it will surely have an end. Again, were 
their manner of prospecting altered hundreds of 
pounds would suffice where thousands are now ex- 
pended. Of course it may appear to some strange 
or presumptuous that your representative should, 
after a short visit and examination of the field, 
attempt to make suggestions to the Sandhurst 
miners, many of whom have been working there 
continuously for thirty years past ; but with all due 
deference to their extended experience of the par- 
ticular locality, I shall submit my views. It appears 
to me that the time has been reached when economy 
should be studied ; when gold was being obtained 
by tons in weight out of individual mines, perhaps 
it did not matter much how the work was carried 
on. The manner of prospecting has been described 
before. Vertical shafts, then every 70 ft. or 100 ft., 
and in some cases as widely apart as 200 ft, down 
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these shafts, cross-cuts some 6 ft. by 5 ft. are 
driven into the country rock in the hope of finding 
some gold-bearing stone; if a reef is struck a drive 
of equal size is made along it, and from such drives 
‘*yises” are made upwards and ‘‘ winzes” down- 
wards on the underlies ; all this means an enormous 
expense, and if either no reef is found or when 
found it proves unpayable, all the money spent is 
virtually lost. In nearly all the mines on the field, 
certainly on all those mentioned in the list, sinking 
and driving is carried out by means of rock drills 
driven by compressed air—such as the Ingersoll 
or National, the two in commonest use. The use 
of rock drills, though not as cheap as hand 
labour in soft ground, is ever so much cheaper in 
hard, and they are also used for the purpose of 
doing the work quickly. Let this main vertical 
shaft be sunk in the manner considered most expe- 
dient ; then, instead of putting in cross-cuts, make 
chambers in the sides large enough to hold a few 
men—say 6 ft. or 8 ft. of an ordinary cross-cut— 
and in these chambers fix a prospector’s diamond 
drill, such as that described and illustrated in 
ENGINEERING, July 13, 1888, vol. xlvi., page 36. 
Such a drill is more portable than an ordinary rock 
drill ; it could be worked by compressed air from 
the same service which would be supplying other 
drills in the mine, and it would bring out a core 
showing what was in the mine on either side of the 
shaft ; then if a reef was discovered ahead drive 
for it by a cross-cut. When the reef was reached, 
prospect its length by a series of bores if it was 
considered to be of doubtful value. Diamond 
drills have been tried for gold prospecting in the 
colony before, but not applied in the same manner, 
nor was the handy drill particularised. They were 
used for vertical deep sinking ; a large steam engine 
and other gear was necessary to work them, and 
when tried on the underlie on a reef of an existing 
mine, it was found that the drills deflected so by 
obstructions in their course that it was next to 
an impossibility to start working in the mine below 
and drive out into the country rock and find the 
drill where it should be. It was only by an inge- 
nious method of sinking a bottle of warm gelatine, 
in which floated a magnetic needle attached to a 
piece of cork, the bottle fixed to the end of the 
drill, and the whole lowered without the rods being 
allowed to turn, and this procedure followed out at 
various measured depths, that the position of the 
bottom of the borehole was eventually located and 
found. 

When putting in such vertical bores it must be 
remembered that the bore is intended to go through 
the same rock in which the cross-cut will be made if 
the prospects are good enough to drive one, unlike in 
the case mentioned drilling from the surface per- 
haps 1000 ft. deep and starting from the workings 
below to find the reef or other indication shown by 
the core brought to the surface. In the case of 
horizontal bores, deflection upwards and down- 
wards, or to either side, would matter little, the 
hole could be followed by the cross-cut. By this 
means of prospecting by horizontal bores the ground 
could be much more closely tried and at a very 
much smaller cost than by the present method. 
In most of the mines, specially in cases where the 
cross-cuts have been driven widely apart, the pro- 
specting represents the most perfect system of 
groping in the dark imaginable, combined with 
perhaps the most costly method of doing so. 

Another point may be noticed in the foregoing 
outline description of a few of the mines on the 
field, and that is, that but a small proportion of the 
mines use pumps. From this it might be assumed 
that all the workings were dry. This is not the 
case, many of them are wet, but asa rule, it may 
be said that the mineowners on the field have 
abandoned pumping in favour of baling. In some 
of the plants tanks are fixed under the cages and 
dip into a cistern every time they go down, in other 
mines the cage is removed and a tank fixed when- 
ever it is found necessary to clear the workings of 
water. In other cases, where one mine takes the 
drainage of two or three others, they share the cost 
of removing the water. 

Again, it may be noticed that but a small propor- 
tion of the mines have their own milling plants. In 
general the stone is sent to the batteries which 
crush for the public ; frequently they are so close 
that a few hundred yards of tram line will carry 
ore to the mill. Many of the companies that own 
a battery, and are not getting much payable stone 
themselves, crush for their neighbours, and thus 
keep going prospecting work in their own proper- 





ties without having recourse to making calls on the 
shareholders. 

It will be seen that there is only one Root’s 
blower among the list of plant given. In the Sand- 
hurst mines there is nothing like firedamp or 
natural foul air ; the air is frequently hot and often 
vitiated with fumes of all kinds, but natural foul 
air, air charged with carbonic acid from mineral 
springs, there is none ; though near Maldon, some 
eighteen miles distant, this phenomena does occur. 
The method of ventilation throughout the field is 
by up-cast and down-cast shafts. When a single 
shaft is being sunk unconnected with any other 
mine or workings, it is generally made about 
11 ft. 6 in. by 3 ft. 6 in. over all; this is divided 
into three compartments, two 3ft. by 3 ft. 6in. for 
winding or hoisting shafts, and the other 5 ft. 2 in. 
by 3 ft. 6 in. for pump shaft and ladder road. The 
timbering of the shaft is kept as close as possible, 
in fact the closer it is made the more perfect is the 
ventilation ; then as this timbering is carried down 
close to the bottom of the shaft as it is sunk, in one 
of the chambers it is found that there is a down- 
ward current of air and in the other an up-draught. 
All modern shafts are close timbered, the old Cor- 
nish system of timbering in sets is entirely abolished 
in Sandhurst. As the work progresses and cross- 
cuts and drives are made in the workings, the sink- 
ing of ‘‘ winzes” from level to level creates circu- 
lating air currents through the mine and improves 
the ventilation. Air drills also supply a lot of 
air, in fact near the face of a drive the tem- 
perature from this cause is often found to be 
lower than near the main shaft. If the air com- 
pressors, receivers, and drills are allowed to become 
dirty with oil and other accumulations, the air when 
delivered from the valves below has often a nauseous 
and disagreeable smell. The best mode of venti- 
lation is found to be when two or more mines 
connect, and one whole shaft becomes a down-cast 
and a shaft of an adjacent mine becomes an up- 
cast. These up and down currents are very arbitrary 
in their action ; generally the shaft opening to the 
surface at the highest elevation takes the up-current, 
but sometimes a shaft much the lowest in a group 
will draw all the air from the others, and the higher 
ones then carry down currents. The practice on 
the field has shown that pumping air down into the 
workings is a more satisfactory mode of artificial 
ventilation than exhausting the heated and impure 
air from below. In the latter case it is necessary 
to have the mouths of the exhausting pipes close 
up to the ends of drives and workings, otherwise 
its action is somewhat local and the air then remains 
comparatively still ; but, when driving air in, it 
carries a long way from the end of the discharge 
pipe, and there is not the same necessity to remove 
or protect the pipe or hose whenever necessary to 
fire shots. Artificial ventilation has also been 
brought about by water jets working small fans 
about 15 in. in diameter, worked upon the same 
principle as a ‘‘ turbine,” fixed in the lower work- 
ings. Again, water is sent down from the surface 
or upper workings and discharged from a pipe in a 
spray, falling some 8 ft. or 10 ft. through the air into 
a tank or cistern; this spray displaces the air and 
forces it into the workings on either side of the 
shaft. Such methods of ventilation have only been 
used for temporary purposes before connection was 
gained with other mine workings, or before winzes 
were made to complete the air currents. Down in 
the bottom of Landsell’s 180, in vertical depth 
2590 ft. from the surface, the sides of the shaft and 
drives felt hot when touched. Up at the ends of 
the cross-cuts at the 2400 ft. and 2300 ft. levels the 
heat seemed much greater than near the shaft ; at 
the time I went down the rock drills were not 
working. The bottom of this shaft is ventilated 
by the simple up-and-down natural currents in the 
shaft, and the drives and cross-cuts have the 
benefit of the air supplied to work the drills. The 
men at these lower levels work bare from the 
waist ; the place seemed very hot, much more so 
than workings at considerably shallower levels ; 
perhaps it was imagination; at all events, the 
Inspector of Mines has had careful observations 
kept of self-registering thermometers for some time 
past, and he assures me that the temperature of 
workings below 2000 ft. does not rise beyond 
84 deg. Fahr. Only once, and then under most 
extreme circumstances, has he found it higher. It 
was on an occasion when a ‘‘rise” was being put 
up on the underlie of a reef to meet a ‘‘ winze” 
coming down to improve ventilation. Then the 
thermometer was hung on a bar fixed in the top of 





the ‘‘ rise,” and left it there while the men were away 
for dinner ; on that occasion the temperature regis- 
tered was 87 deg. Fahr. The observations from self- 
registering thermometers show no difference be- 
tween summer and winter at these great depths. 
In shallow workings the difference is a marked one, 
but below 2000ft., still, ‘‘ muggy” weather raises 
the temperature 2deg. or 3deg.; a foggy day 
in winter brings about the same result as the 
‘* muggiest” summer heat. A north wind is also 
very bad ; sometimes, even in quite shallow work- 
ings, they become almost unbearable while it is 
blowing. As the mines in Sandhurst are dry mines 
in the technical sense, and no steam or vapours 
issue from the rocks as in the very deep sinkings in 
certain mines of the United States, taken in con- 
junction with the above observations of tempera- 
ture, there appears to be no reason why mining 
may not be carried on in Sandhurst to much greater 
depths than those which were found impracticable 
in America, provided that care is shown by always 
having, as the work progresses, a thorough system 
of ventilation by the present system of up and down- 
cast shafts. 

From the list given it will be noticed that none 
of the milling plants have concentrating machinery, 
beyond, in some instances, shaking tables, which I 
have not included, as they can hardly be called 
concentrating machinery. On this point my opinion 
is not in accord with the practice of the Sandhurst 
mill-man, and perhaps I may again run the risk of 
being accused of trying to teach my grandmother 
the domestic arts of her childhood. The Sand- 
hurst gold is ‘‘ free” and crystalline in structure ; 
in many instances, when examined by a powerful 
lens, it may be seen in almost perfect octahedra, 
The quartz often gives as high a yield as 20z. to 
the ton—this is, of course, entirely omitting very 
rich patches, which in some instances went 1000 oz. 
and over tothe ton. Such quartz rarely contains 
pyrites to a greater average than 2 per cent. ; this 
pyrites gives an average yield of from 24 oz. to 3 oz. 
of gold to the ton. It is therefore obvious that the 
bulk of the gold is free and not locked up in sul- 

hides. With this class of gold the difficulty is to 
ose it, but by the manner of working adopted the 
gold millers on the field succeed in losing some of 
it. Long ago, when the Sandhurst men began to 
treat gold ores, the only appliances they could 
obtain were crude in the extreme ; they have found 
by experience that such crude appliances answered 
their purpose fairly well, and to this day there has 
been but little alteration of the methods originally 
adopted. The original method was a stamp mill 
with amalgamated copper plates and blanket tables. 
At present very many of the mills have not altered 
this arrangement ; of course, the make of the stamp 
mill and its adjuncts have been improved. Others 
have introduced shaking tables as additional aids in 
catching pyrites; beyond this nothing has been 
done, so far as I could see or learn from careful 
inquiry. In no case is a rock breaker used to aid 
the battery in crushing ; the quartz is fed directly 
into the mortars by boys or young lads, who are 
supposed to break up all large pieces of ore with a 
sledge hammer; as a rule, unless exceptionally 
large, everything goes in untouched, and the stamps 
have to crush large and small together ; regular 
feeding is entirely dependent on the individual 
workman, and the advantages of supplying the 
battery with fairly evenly sized ore and also auto- 
matic and regular feed, is entirely ignored. Much 
has already appeared in your columns on the sub- 
ject of the stamper battery not being a crushing 
machine where a reasonable proportion of the power 
consumed is expended in reducing the quartz, and 
also on the point of its not being the most suitable 
machine for crushing ores requiring amalgamation. 
Professor Egleston, of the New York School of 
Mines—sce Trans. Amer. Inst. Mining Engineers, 
vol. ix., pages 633 and 650, and vol. xil., page 
383—and other writers and practical men, have 
demonstrated this clearly, therefore a discussion on 
the stamp mill need not be attempted here. The 
first loss from the Sandhurst mills will be any very 
fine gold which has been hammered until it floats ; 
then the friable sulphides ground to impalpable 
powder are also carried away in suspension by the 
water. Stamps are machines which give a very 
large proportion of magnet drawings ; these inva- 
riably are very rich in gold, and frequently are 
entirely lost as far as the general return from the 
mine is concerned. No method of working has 
been yet devised which obviates all loss, but with 
more attention to concentrating, by using some of 
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the most efficient machines known, a large propor- 
tion of what is lost now should be saved; particulars 
in support of this opinion shall be adduced later on. 
The mill managers, as is usually the case, deny any 
considerable loss ; but, from the most undoubtedly 
reliable sources I learn that hundreds of assays of 
tailings taken from all over the field give from 
2dwt. to 24 dwt. of gold per ton. Taking the 
average returns instanced by the figures for last 
quarter, 9 dwt. 16.6 gr. per ton, this is a fairly 
large percentage to run to waste. That it is entirely 
na cannot be denied ; a few Chinamen work on 
the tailing heaps afterwards ; what they do shall be 
referred to later. 
(Zo be continued.) 





THE WATER WORKS OF OPORTO. 

THE population of Oporto, the second capital of 
Portugal, increased from 89,000 in 1864 to 115,000 
in 1880. Yet all these people depended for their 
water supply on a defective system of conduits fed 
from a source not beyond suspicion. Since 1855 
the subject of a better supply had been discussed, 


the most distant from the town (see annexed map) | is taken in by means of a barrage, which gives a 
that the Compagnie des Eaux determined to fix its| fall of 11 ft. Gin. It has a length of 134 ft. 
intake. The water is abundant and limpid; it is| Above the barrage there are four filter basins, 
rarely muddied, and only for very short periods. | separated by the canals which conduct the water to 
The Rio Souza traverses a granitic region, and its the turbines. The filters form long rectangular 
waters are therefore pure, and absolutely free from | basins with bottoms of hollow bricks, over which 
carbonate of lime. During eight months of the is spread the filter bed, consisting of twenty parts 
year the flow amounts to from 420 to 530 cubic of fine Douro sand, ten parts of coarse sand, fifteen 
feet per second, or about 265,000,000 gallons per parts of small gravel, and fifteen parts of coarse 
day of twenty-four hours. During four months of gravel. The filters, which have an area of 12,809 
summer the flow exceeds 7,000,000 gallons aday. square feet, pass about 2875 gallons per square 
In winter the temperature of the water does not metre (10.764 square feet) of surface per day. This 
descend below 46 deg. Fahr. In summer, although corresponds, for the area, to 3,300,000 gallons per 
the inhabitants of Oporto suffer from a temperature day. The filtered water falls into tanks below the 





which rises to 95 deg. Fahr., the water is delivered 
to them at a temperature of 68 deg. 

The intake is situated two miles from the con- 
fluence of the Rio Souza and the Douro, not far 
from the junction of the former with the Rio 
Ferreira, which furnishes one-third of the total 
volume. At this spot the height of the river is 
14.7 ft. above datum, while the most elevated point 
of the town is at a height of 475 ft. As the water 
has to be delivered into the first floors of the houses, 


umps. 
| : Some the filters are situated the feed channels 
'to the turbines, of which there are three, of the 
Mahler type. Each of these requires 700 gallons 
| per second, and gives, with a fall of 11 ft. Gin., a 
|useful effect of 110 horse-power. There are also 
four steam engines of 84 horse-power each. Eight 
|Girard double-acting pumps (see two-page engrav- 
‘ing) are driven by a line shaft fitted with three 


‘bevel wheels gearing with similar wheels on the 
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and various projects had been entertained, only to 
be adjourned time after time. But in 1880, the 
municipality, weary of the delays which had taken 
place, put into adjudication the construction and 
exploitation of works for the distribution of water 
to the entire city. The Compagnie Générale des 
Eaux pour |’Etranger, a French corporation, 
obtained the concession for ninety-nine years. The 
terms of the contract were that, without subvention 
or guarantee of any kind, they should erect the 
necessary works to deliver to the town 2,119,000 
gallons per day, and the quantity to be increased 
with the growth of the population, so that each 
inhabitant should have an average daily supply of 
22 gallons. The works were designed and carried 
out by Mr. Max Schmidt, engineer to the com- 
any. 

The town of Oporto is built upon rising ground 
on the right bank of the Douro, three miles from 
its mouth. In the higher part of the river the 
country is extremely broken, and is traversed 
by three valleys, perpendicular to the course 
of the Douro. In these valleys flow three affluents, 
the Rio Tinto, the Rio Torto, and the Rio Souza, 
the latter being also fed by the water of the 
Rio Ferreira. It is upon the third of these rivers, 





considerable pumping power is required. In the 
construction of the pumping station an important 
element had to be taken into account. The Rio 
Souza flows through a narrow valley, and its level 
is liable to be suddenly raised by freshets. A 
quick thaw of the snows on the high plateaux of 
the Douro will inflate that river, and thus dam 
back the waters of the Rio Souza, which gradually 
accumulate until they rise to a height of 50ft. to 
55 ft. Floods of this kind, however, are not fre- 
quent ; the last one took place in 1888, and the one 
before that in 1863. Ordinary floods seldom attain 
such a, high level, and it was thought sufficient 
merely to place the works out of reach of the latter, 
at a level of 36 ft. In 1888 they were flooded to a 
depth of 3 ft., and for five days they had to suspend 
operations ; no great inconvenience was felt, for the 
flood occurred at a time of year when the consump- 
tion of water is small. 

The method of distribution adopted consists in 
forcing the water to the required height, and then 
allowing it to flow through a conduit to a large 
reservoir which commands the greater part of the 
town. This reservoir is at a height of 411 ft. An 
engine pumps a part of the water into a still more 
elevated reservoir at a height of 528 ft, The water 


‘turbines, and with four pulleys on which run 
|belts from the engines. Each of the wheels and 
pulleys has an automatic clutch so arranged that 
if the motor stops the shaft is left free to re- 
|volve. All these parts are seen in the illustra- 
'tion, where V V are sluices at the head of the 
| filter basin ; V'V' sluices regulating the turbines ; 
| V? V? sluices on the tail races ; V* V? outlet sluices 
for the filter basins; V* V‘ sluices to reservoir 
tanks of filtered water ; V° V®° sluices communicat- 
ing between the supply channels to the turbines 
and the reservoir tanks; V® V® sluices on dis- 
charge passage ; T! T? T? turbines; MM engines ; 
PP pumps; GG boilers ; C condenser; A feed 
pump; X Y line shaft; H H coal shoots; U 
chimney. 

On leaving the works the water flows through 
a rising main 20in. in diameter laid in a trench 
1197 metres in length. The water rises to a height 
of 339 ft. 7 in., and then enters a tunnel of 1584 ft. 
in cut, cut through Mount Jubim. This tunnel 
forms a reservoir with a capacity of 1,434,000 
gallons ; it is divided into two parts, either of which 
can be cleaned or repaired without interrupting the 
service. At the outlet of the tunnel the channel is 
formed of a cast-iron pipe 23.6 in, in diameter ; 
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this has a length of 6.9 miles, and ends at the reser- 
voir of Sao Izidro, at a height of 411 ft. in the town 
of Oporto. The pipe crosses the Rio Torto by the 
road bridge, and the Rio Tinto by an iron foot 
bridge of 65 ft. span. The reservoir is completely 
underground, and has a capacity of 2,007,000 gallons. 
In connection with it there is a pumping engine 
of 18 horse-power driving piston plunger pumps, 
which deliver 8 gallons of water per second toa 
height of 118 ft., through a main 1236 ft. in 
length, and 10 in. in diameter. This main ends at 
Mount Oongregados, where there is a service 
reservoir founded upon a granitic point which forms 
the most elevated spot of the town. The reservoir 





| of the town. The capacity of the reservoirs is as 

follows : 

Gallons. 
Tunnel at Jubim... ie 993,000 
Reservoir of Sao Izidro... 2,007,000 

ie », Congregados__... 681,000 
Sao Joao da Foz 993,000 


All the reservoirs are kept full to provide against 
accidental stoppage of the pumps. The works were 
commenced in February, 1884, and finished in 

| May, 1886. Plans of the works wert shown by the 
|company at the Paris Exhibition ; they received a 
gold medal in the class of hygiene. 


| ELECTRIC LIGHTING OF PRUDENTIAL 
ASSURANCE COMPANY’S OFFICES. 
|_ Tue electric light installation at the offices of the 
| Prudential Assurance Company, Limited, Holborn, 
London, of which we give illustrations on this and the 
| next page, has recently been completed by Messrs. 
| Drake and Gorham, and is now practically an electric 
| lighting supply station. 

The work has assumed much larger proportions than 
was originally intended, but the designers had arranged 
matters in such a way that the plant is thoroughly 

| symmetrical throughout, and would 7“ to have 
been installed complete in its present condition. 

The total number of lamps fixed is about 3500, all 
of 16 candle-power. The current is generated by six 

| Crompton dynamos each capable of giving 650 ampéres 
| at a pressure of 80 volts, the ‘enied being driven 
in pairs from separate countershafting by three hori- 
zontal engines constructed by Messrs. Marshall, Sons, 
land Co. Each of these engines is capable of develop- 
|ing 110 horse-power, with a steam pressure of 90 lb., 
| the cylinders being 19 in. in diameter by 36 in. stroke. 
. . .. | They are fitted with automatic expansion gear, the 
is 13,504 square feet in area, and it has a capacity | governor being driven by double belts. The pistons 
of 860,000 gallons ; when full it stands at a height | are fitted with tail guides and special lubricating 
of 528 ft., and supplies the highest zone. | arrangements are provided for long runs. The lubri- 
The lower zone of the town is served from the | cation of the dynamos is effected by a mixture of oil 








Fic. 3. 


reservoir of Sao Joao da Foz, situated at the end | 
of an artery branching from the distributing main | 
which starts from the reservoir of Sao Izidro. This | 
reservoir holds 993,000 gallons, and its level is at 
200 ft.; it is partly underground. 

The disteibuting system is divided into three | 


and water according to marine engine practice. 

The steam is supplied by four boilers of the 
locomotive type fitted with steam domes and Cock- 
burn’s safety valves. A mixture of coke and Welsh 
coal is used in the boilers, and no artificial draught is 
required. A feed-water heater fitted with brass tubes 
is arranged in connection with the exhaust. The 
whole of the water, which is from the New River 





zones, which attain the following lengths, com-| 
mencing with the highest, 14.3 miles, 22.4 miles, supply, is filtered in large purifiers, worked on the 
and 5.9 miles, or 42.6 miles of mains in all. The | lime process, before being fed into the boilers, entirely 
figures are, of course, increasing with the extension | preventing any incrustation on the tubes. In Fig. 1, 
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A A are the main engines, B B the dynamos, C C the 
boilers, D the engine for the night circuit, and E the 
dynamo for the night circuit. 

The exhaust steam from the engine is also utilised 
for the heating and ventilating of the whole building, 
for which three separate boilers were previously 
employed. Ina large chamber, in a central position 
near the main extraction shaft, three powerful 
Atkinson’s heaters are placed, two being used for 
circulating the water in the heating mains and one 
for working the hot water service supply to the 
lavatories. The steam is led to these heaters through 

- an 8-in. pipe, with a bye-pass arrangement so that the 
exhaust may be diverted through the heaters or taken 
away direct. The temperature of the building is easily 
controlled by this means, and it is found from dia- 
grams taken that no back pressure is caused on the 
engines, Arrangements are made to supply live steam 
from the boilers when the engines are not at work. 
These heating arrangements have been worked out in 
connection with Mr. W. Phipson, M.I.C.E., and have 
proved successful in every way, especially as regards 
the economy effected. 

The main conductors consist of bare copper strips 
run outside the building, and carried by special insu- 
lators designed by Messrs. Drake and Gorham. The 
branch cables are carried through the walls in boxes 
run in with bitumen, and are bolted and soldered to 
the connecting strips. The working of this system, 
which has now been thoroughly tested, is found to be 
all that could be desired, and apart from the advan- 
tage of having all the mains in sight, there is of course 
a great saving in cost. 

A large accumulator is fixed in a separate room on 
the first floor to provide against any possible extinction 
of the light. The battery consists of 264 of the firm’s 
largest cells, which are mounted on wooden stands 
and placed in a single tier so as to be easily accessible. 
The floor of the battery room is lined with lead 
throughout. 

The distribution of the current is effected by a 
system of terminal blocks in connection with the four 
main switchboards arranged in such a manner that 
any dynamo and any set of lamps can be connected, 
as desired, to any of the switchboards. A diagram, 
Fig. 2, is given showing the method in which this is 
arranged, and it will be seen that the whole or portion 
of the battery can be charged as necessary, while the 
current for the lamps can be taken from such a number 
of cells as will give the required electromotive force. 

The dynamos are shown at the bottom of the dia- 

rain ; the positive terminal of each is connected to the 
ighting circuits through two switchboards shown to 
the right, by which the respective arrangements of the 
dynamo circuits can be varied as desired. The nega- 
tive terminals are connected through simple switches 
to a charging terminal board. Following the con- 
ductor from the left-hand dynamo it will be seen that 
it passes through the charging board to the left-hand 
ammeter; from this it passes through the second 
ammeter and away to the lighting circuit. Between 
the two ammeters is a regulating switch connected to 
a battery which is interposed between the positive and 
negative leads of the dynamo. There are four con- 
ductors between the battery and the switch, so that 
currents of different voltage may be sent into the 
lighting circuit as desired. The two ammeters are 
employed in order that the attendant may know if 
current is being fed into or drawn out of the battery. 
In the former case the second ammeter will register a 
less amount than the first, while in the latter case the 
opposite result will be shown. 

The switches are of Drake and Gorham’s patent rin 
contact pattern throughout; these are found to dea 
successfully with the large currentsemployed. One of 
them is illustrated in Fig. 3. 

The life of the lamps has been proved to be ex- 
tremely good, in many instances reaching over 3000 
hours, and the economy in this detail has amply com- 
pensated for the extra cost of the mains for a 60-volt 
circuit in the first instance. 

The output of the dynamos is regulated by an adjust- 
able resistance placed in the field-magnet circuit of 
each machine. 

In addition to the above-mentioned generating plant 
there is a separate horizontal Marshall engine giving 
30 horse-power and driving two Siemens dynamos for 
the night service and for the lighting during the 
summer when few lamps are required. The electro- 
motive force of this plant is kept constant by means of 
a Goolden automatic regulator, which varies the resist- 
ance in the tield-magnet circuit and reduces to a mini- 
mum the attention required. 

The whole of the building in which the plant is 
situated is glazed with white bricks, and no expense 
has been spared to render it perfect in every detail. 
It may be mentioned that although a considerable por- 
tion of the building has been lit for upwards of four 
years, there has never been a failure of any kind. 

At the time the electric light was established the gas 
was entirely abolished throughout the building, and 
during the whole of the time the lamps have been 
burning day and night without interruption, which is 
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DIAGRAM OF CONNECTIONS. 


ample testimony that in a well-designed installation 
the electric light is quite as reliable as any other form 
of illuminant, 

The eutire plant forms a central station on a fair 
scale, and is subject to practically the same fluctua- 
tions of demand which would occur if the lamps were 
spread over the neighbourhood, instead of being con- 
tained within a single building. It shows the most 
direct evidence of having been carefully and well | 
thought out, and will bear comparison with any instal- 
lation of the kind in the kingdom. Every part of it is | 
complete, and there is no sign of experiment and 
tentative advance by which most electric lighting 
plants are disfigured. Messrs. Drake and Gorham are 
to be congratulated on the sucess of their undertaking. 








THE PHYSICAL SOCIETY. 

THE annual general meeting of the Physical Society was 
held on February 7, Professor Reinold, F.R.S., President, | 
in the chair. | 

The reports of the Council and of the treasurer were | 
read and adopted. The former stated that there had been | 
a very satisfactory increase in the number of members | 
during the year. The number now exceeds 300, of whom 
80 are Fellows of the Royal Society. During the year the | 
council had proposed to change the time of meeting of | 
the Society from Saturday afternoon to Friday evening. | 
The change was adopted by the members by a vote of | 
129 to 30, and had resulted in a larger attendance at the | 
meetings. During the year the second volume of the 
translations of important foreign memoirs had been issued 
to the members, and it was ho that a third volume | 
would be published early in the present session. The 
Council had to regret the loss by death of three well- | 


| 


known members, James R. Joule, Warren de la Rue, and | 


Father Parry. <A valuable collection of books has been | 
= to the Society by the Royal Astronomical Society. 

rom the treasurer’s report it appeared that the balance | 
of the Society had been increased by 120’. during the 
year. Professor Hiltorf, of Munster, was, at the re- | 
commendation of the Council, elected an honorary | 
member of the Society. The result of the new elec- 
tion of officers was declai as follows: President, 
Professor W. E. Ayrton, F.R.S.; Vice-Presidents, | 
Dr. E. Atkinson, Walter Bailey, M.A., Shelford Bid- | 
well, F.R.S , and Professor 8S. P. Thompson, D.Se. ; 
secretaries, Professor J. Perry and T. H. Blakesley, | 
M.A., M.I.C.E.; treasurer, Professor A. W. Riicker, | 
F.R.S. ; demonstrator, C. V. Boys, F.R.S. ; other mem- | 
bers of Council, W. H. Coffin, Sir John Conroy, Bart., | 
M.A., Conrad W. Cooke, Major-General Festing, F.R.S., 
Professor J. V. Jones, M.A., Professor O. Lodge, D.Sc. 


e 


F.R.S , Professor W. Ramsay, Ph.D., F.R.S., W. N. | be 


Shaw, M.A., H. Tomlinson, B.A., F.R.S., and G. M. 
Whipple, D.Sc. Votes of thanks were then passed (1) to 
the cade of the Committee of the Council on Education 
for the use of the room in which the Society met ; (2) to 
the auditors, Professor Minchin and Dr. Fison ; (3) to the 
President and officers of the Society for their services | 
during the year. The meeting was then resolved into an 
ordinary science meeting. Messrs. E. W. Smith and 
C. E. Holland, B.A., were elected members of the Society, | 
and Mr. Sidney Evershed was proposed as a member. | 
The paper on ‘‘Galvanometers,” by Professor W. E. 
Ayrton, F.R.S., Mr. T. Mather, and Dr. W. E. Sumpner, 
was then resumed by Pro. Ayrton. A long table of numbers | 
which accompany the paper, representing the result of 





experiments on many galvanometers, was explained. | 


,did not too much 


From this it appeared that galvanometers of the D’Arson- 
val type were exceedingly efficient in proportion to 
the amount of wire used in the coils. It was for the 
reason that voltmeters with strong permanent magnets 
could be made sensitive, even with an exceedingly large 
external resistance in series so as to diminish the power 
absorbed by the instrument. The space occupied by the 
wire was so penn ae valuable that the extra resistance 

iminish the sensibility. The most 
sensitive galvanometers should, therefore, be made of the 
permanent magnet type. If, however, the magnets were 
to form part of the moving system, as in most galvano- 
meters, the experiments showed that instruments of the 
Rayleigh, Gray, or Rosenthal type were the best. The coils 
should be numerous and small, as Mr. Boys had previously 
shown. Asan astatic system of needles sets itself per- 


| pendicular to the earth’s field, it was recommended that 
| astatic galvanometers should be placed so that the needles 


pointed east and west. The controlling magnet would 


| then not need to be turned round as it was raised or 


lowered. It was recommended to calibrate low-resistance 
ballistic galvanometers for quantity by measuring the 

eflection for a known current. This obviates the neces- 
sity for large condensers or high potentials. The 
method, although not new, is not described in text-books. 
In conclusion Professor Ayrton asked for information 
with regard to microscope galvanometers. C. V. Boys, 
F.R.S., thought that the factor of merit of galvanometers 
should not be given in scale divisions per micro- 
ampere under the condition of constant controlling 
moment. This gave too great an advantage to instru- 
ments of the Gray or Rosenthal type. Great sensibility 
could be obtained by diminishing the moment of inertia 


| of the suspended parts, the practical limit being deter- 


mined by the trouble due to the silk fibre. Spider lines 
when = sage of silk fibres ae better results. It 
was possible, by using a eet suspending arrangement, to 
use needles 4 in. long and a period of twenty seconds, and 
to gain a sensibility far greater than those indicated in 
the paper. Ballistic galvanometers should be made with 
needles as light as possible. The method proposed of 
winding the central part of the coil in the opposite sense 
to the rest would probably not be good owing to the un- 
evenness of the field produced. The conclusion come to 


|by the authors that divisional galvanometers of great 


sensibility should be made with small coils placed in a 
very strong field, was one he had himself come to, but had 
finally abandoned owing to difficulties caused by diamag- 
netism in the copper, and to excessive damping due 
to Foucault’s currents. Mr. Swinburne thought that 
the factor of merit of a galvanometer should be deter- 
mined differently, according as it was to be used for the 
measurement of current, or quantity, or for null methods 
merely. He saw no great advantage in making practical 
instruments proportional. The name D’Arsonval should 
dropped, as the instrument denoted by it was invented 
by Varley years ago. He would like to know the rela- 
tive sensibility of the telephone and the Lippman gal- 
vanometer. Professor Fitzgerald stated .that Lord 
Rayleigh had shown that the microscope method of 
observing angular deflections was as sensitive: as the ordi- 
nary eas. eo ge of mirror and scale, even when only the 
mirror was used as a pointer, so that if a pointer were 
attached it would be far more sensitive. The drawback, 
however, was that it was impossible to distinguish with 
the microscope between lateral displacements of the 
needles and the angular motion whose measurement was 
required. To get over this error it was necessary to read 
both ends of the pointer, but this was hard to do. Pro- 
fessor Ayrton replied to the different points raised in the 
discussion. 
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LAUNCHES AND TRIAL TRIPS. 

A TWIN-SCREW steamer, built of steel, by Messrs. Archi- 
bald McMillan and Son, was launched on Saturday, the 
Ist inst., from their dockyard at Dumbarton. This vessel 
which is named Pleneta, and is intended for the Brazi 
coasting trade, is of the following dimensions ; Length, 
260 ft.; breadth, 34 ft.; depth, 20 ft. 43 in. ; and the 
register tonnage is 1500 tons gross. Engines of the triple- 
expansion type are being fitted on board by Messrs. 
Matthew Paul and Co., Dumbarton, and are designed to 
give the vessel a speed of 12 knots an hour. 


The s.s. Melange, the last of five steel steamers built 
and engined by Messrs. Scott and Co., Greenock, for the 
Mala 1 Portuguese Company, Lisbon, went on her 
official speed trials on Tuesday, the 4th inst., having on 
board, amongst others, Senor Diaz, engineer, representing 
the Portuguese Government. The vesselis for trading be- 
tween the capital of Portugal and the African colonies of 
that nation, and complies with all the requirements of the 
Portuguese Government as an armed cruiser, provision 
having been made for the ane of six guns. The 
dimensions of the vessel are: Length between perpen- 
diculars, 350 ft. ; breadth moulded, 42 ft. ; depth, 28 ft. 
Gin. Her gross tonnage is 3543 tons, net register 2409 
tons, and her displacement 5300 tons. The propelling 
machinery consists of a set of inverted direct-acting triple- 
expansion engines, with cylinders 31 in., 50 in., and 80 in. 
in diameter respectively, with a stroke of 4 ft. 6 in, Steam 
is generated in three boilers, two double-ended and one 
single-ended, having in all fifteen furnaces. The workin 

ressure is 160 lb. per square inch, and the indicate 
Leone power 4000, and with the vessel at a draught of 21 ft. 
the speed attained as the result of a six hours’ run was 15 
knots an hour, which is half a knot above the guaranteed 
rate. 





Messrs. David and William Henderson and Co., 
launched on Tuesday, the 4th inst., from their Meadow- 
side shipbuilding yard at Partick, a steel screw steamer 
named Bella, io, and built for Messrs. Bell Brothers and 
M‘Lelland, Glasgow. The steamer, which is designed to 
carry 6000 tons deadweight, is of the following dimen- 
sions: Length, 360 ft.; breadth, 46 ft. ; depth, 29 ft. 6in. 
Engines of the tri-compound type are being fitted on 
board by Messrs. Henderson. They are to indicate 2500 
horse-power. 





On Wednesday, the 5th inst., there was launched from 
the Kingston yard of Messrs. Russell and Co., at Port- 
Glasgow, a four-masted barque, built of steel to the order 
of Messrs. J. and W. Stewart, Glasgow. The barque, 
which is named Strathgryfe, is of the following dimen- 
sions: Length, 270 ft. ; breadth, 42 ft. ; depth, 24 ft. 6 in. 
The net register tonnage is 2200 tons, and on Lloyd’s 
freeboard dhe is to carry 3600 tons cargo. 


Messrs. A. and J. Inglis launched on Thursday, the 
6th inst., from their yard at Pointhouse, Glasgow, a 
steamer built by them for the British India Steam Navi- 
gation Company. The vessel, which is named Palamcotta, 
is of 4000 tons gross, her dimensions being 360 ft. long ; 
breadth, 42 ft. ; and depth, 29 ft.3 in. She will be fitted 
with hydraulic gear for oading and discharging cargo, and 
will be lighted throughout by electricity. Accommodation 
for thirty-six first-class and twenty second-class pas- 
sengers has been provided. The engines, which are of 
the triple-expansion type, are to indicate 3000 indicated 
horse-power. 








The Grangemouth tig ages Company launched on 
Saturday afternoon, the 8th inst., from their yard at 
Grangemouth, a steel screw steamer named Simon 
Dumois. The dimensions are as follows : Length, 180 ft. ; 
breadth, 28 ft. ; depth (to awning deck), 19 ft. 84m. The 
engines are of the triple-expansion type, and have been 
constructed by Messrs. Hutson and Corbett, Kelvinhaugh 
Works, Glasgow. The cylinders are 16in., 26 in., and 
40 in. in diameter, and the stroke of piston 30 in. Steam 
is generated in one boiler, 14 ft. in diameter and 11 ft. 
long, having three furnaces and a heating surface of 2000 
square feet, with the engines developing 700 horse-power ; 
the speed is expected to be 104 knots. 


Messrs. Blackwood and Gordon, Port-Glasgow, launched 
on Tuesday, the 11th inst., a steel screw steamer named 
Alfred Dumois, and built to the order of Mr. Jacob 
Christensen, Bergen. The vessel is of the following 
dimensions: Length, 175 ft.; breadth, 28 ft. ; depth, 
19 ft. 10in. Triple-expansion engines to indicate 800 
horse-power are being constructed by the builders. 








MISCELLANEA. 
THE Cape imports last Pa amounted to 10,841,454/., 
and the exports to 8,644,536/. 


The Danish State Railways have recently received 
several new locomotives from the Esslingen Engineering 
Company, Esslingen, Germany. 

We are informed that the Elmore Copper Depositing 
Company have commenced the manufacture of copper 
tubes at their Leeds works. 


The Chelsea Electricity Supply Company propose to 

rrow a sum of 50,000/. on debentures for the purpose of 
extending their business. During the last quarter the 
operations of the company show a small profit, which, 
however, will be largely increased as the district is 
opened up. 

The receipts of the 23 principal railways in the 
United’ Kingdom, for the week ending February 2, 





amounted, on 16,1424 miles, to 1,269,589/., and for the 
a period of 1889, on 16,028 miles, to 1,194,112/., 
an increase of 114} miles, or 0.7 per cent., and an increase 
of 45,477/., or 3.8 per cent. 


Mr. H. T. Ashton, M.Sc. Victoria University, B.Sc. 
with first-class honours in engineering 1885, has been 
appointed by the Secretary of State for War, assist- 
ant engineer in the Royal Laboratory, Woolwich. Mr. 
Ashton was educated in the Owens College, where he 


gained the certificate in engineering. 


The directors of the Telegraph Works at Silvertown 
state in their recent report that the Silvertown strike 
cost the workpeople 20,0007. in wages, while the loss to 
the company was but small, as the directors found other 
means of executing their orders, The strike lasted nearly 
three months. 


The total revenue of the Transvaal last year, including 
a balance of 126,000/., was 1,972,799/. The expenditure 
amounted to 1,521,375/., against 854,591/. in the previous 
year. The total balance was 626,424/. The output of 
gold during January from the Witwatersrand district 
amounted to 35,0300z., exclusive of the yield of the 
Klerksdorp and Potchefstroom mines. 


The Union Steamship Company’s Royal Mail Steamer 
Athenian, which left Cape Town at 5.35 p.m. on January 
22, arrived at Southampton at 4.15 p.m. on Sunday, 
February 9, her gross time of passage being 17 days 22 
hours 40 minutes, and her net steaming time 17 days 18 
hours 42 minutes, the distance run being 5987 miles, 
giving an average speed of 14.04 knots per hour over the 
whole course. 


A news agency states that the Government have com- 
pleted an arrangement by which they will have the right 
of making, for the use of the British Army and Navy, 
se a dynamite guns on the system invented by 

ieutenant Zalinski, of the United States. For the pre- 
sent it is not proposed to make more than fifty or sixty of 
these powerful weapons, but these are to be turned out as 
speedily as possible. The necessary orders have been 
p -setran to the authorities of Woolwich Arsenal, and 
the work has been already taken in hand. 


On Friday afternoon Earl Manvers turned the first sod 
in connection with the making of a new line by the Man- 
chester, Sheffield, and Lincolnshire Railway Company 
from Beighton Junction to Chesterfield. The Midland 
Company for regen | yous have had a monopoly in the 
district through which the new line will pass, but now, 
by arrangement with the Great Northern peneeee, the 
Sheffield Company will ultimately be able to go by an 
entirely new route vid Annesley to Nottingham, while 
the Great Northern and London and North-Western 
Companies will have running powers to Sheffield. 


The construction of the two large river a for sup- 
porting the superstructure of the Tower Bridge embraced 
in contract No. 1, has now been brought to a satisfactory 
conclusion. These piers, with their foundations 60 ft. 
below high water, constructed inside twenty-four large 
caissons sunk 20 ft. in the London clay, are, we believe, 
larger in area than the piers of any other bridge, contain- 
ing no less than 16,500 superficial feet. This work has 
been most successfully carried out by Mr. John Jackson, 
contractor, of Westminster, under Mr. John Wolfe Barry, 
the engineer. 


The eighth ordinary meeting of the present session of 
the Liverpool Engineering Society was held on January 
29th, at the Royal Institution, Colquitt -street, Mr. 
Henry H. West, M. Inst. C E., president, in the chair. 
After the usual bnsiness Mr. Charles H. Yeaman 
A. Inst. C.E., read a paper entitled ‘‘ Notes on Central 
Station Electric Lighting.” In giving an account of 
several stations at —— supplying current on a com- 
mercial basis, he described the West Brompton high 
tension, Glasgow high tension, Hastings, tbourne. 
and Brighton stations, pg battery system, us 
at Kensington-court, and King’s subdivided battery 
system in use at Chelsea, and illustrated his descriptions 
by mounted prints and diagrams. The history of the 
stations was traced, and the changes in the various 
systems employed noted. Complete sets of junction and 
distributing boxes and samples of the inains employed and 
in use at Fie 1 were shown. Samples of Fowler’s 
cables, as rier yt the House-to-House Company at 
London and at Eastbourne, were also exhibited. In 
concluding the author gave a short account of what is 

uired of an electric supply company under law 
aa by the public, with special reference to the Board of 
Trade rules and to the curves of supply obtained from 
the various stations alluded to. 


The report of the Manchester Ship Canal Company for 
the half-year ended December 31, states that the amount 
received on capital account was 486,869/., and the amount 
expended 1,055,115/., against the estimate of 1,194,700/. 
The following were amongst the principal items of ex- 
penditure : mstruction of works, 822,519/.; land pur- 
chase and compensation, 83,314/. ; engineering and sur- 
veying, 10,994/.; office and general expenses, 77231. ; 
interest on called-up capital, 74,425/.; interest on 
calls in advance, 18,421/.; interest on mortgage 
debentures, 26,444/. The total capital expenditure 
incurred from the formation of the company to the end 
of the half-year amounted to 6,482,347/., and the total 
receipts to 6,052,367. The directors’ estimate of further 
expenditure on capital account during the current half- 
year is as follows: Purchase of land and compensation, 
75,000. ; construction of works, 1,000,000/. ; interest, 
engineering, and general expenses, 155,7451. The net 
revenue of the Bridgewater Canal’s undertaking, after 
adding 4500/. to the reserve fund and 500/. to the insur- 
ance fund to cover risks on the Mersey, was 30,3787. The 


general balance-sheet shows: Cash invested in Consols 
in respect of Parliamentary deposit, 20,186/.; cash in- 
vested in Stockton-on-Tees Corporation on mortgage, at 
3} per cent., 30,0007. ; traffic and other accounts owing to 
the company, 83,953/.; sundry accounts owing by the 
company, 109,600/. ; retention money under contract for 
works, 125,000/. Interest out of capital on the amounts 
called up on shares was in paid, in accordance with 
the company’s Acts of Parliament, on January 1. A call 
of 1/. pershare was made payable on January 22 last, and 
has been well responded to. It will be necessary to make 
a further call of 1/. per share in June next. 


The total make of steel and ingot iron from phosphoric 
pig by the Thomas-Gilchrist process during the twelve 
months ending December 31, 1889, amounted to 2,274,552 
tons, being an increase over the make for the previous 
twelve months of about 321,318 tons, and making the 
total production of basic steel to this date 10,845,000 tons. 
It will be noticed that of the above-mentioned make of 
2,274,552 tons no fewer than 1,764,639 tons were ingot 
iron containing under .17 per cent. of carbon. The makes 
of the various countries for the twelve months ending 
December 31, 1888, and December 31, 1889, respectively 
are as follows : 





1889. | 1888, 








an 
5 Zi With under | With under 
Total. |.17 percent. Total. |.17 per cent. 
Carbon. Carbon 
tons. tons. tons. | tons, 
England ..  ... 493,919 | 348,828 | 408,594 | 276,476 


Germany, Luxem- 
burg, & Austria 1,481,642 | 1,185,323 1,276,070 1,026,033 
France ..  ... 222,392 159,271 | 222,333 158,223 
Belgium and other | 
countries se 76,599 71,217 46,237 | 32,300 








Totals .. 2,274,552 | 1,764,639 1,953,234 | 1,493,032 








With this 2,274,552 tons of basic steel were produced 
some 700,000 tons of slag yer pen J about 36 per cent. 
7 phosphate of lime), most of which was used as a fer- 
tiliser. 


A meting of the University College Engineering 
Society was held on Wednesday, the 5th inst., Professor 
T. Hudson Beare, the president, in the chair, when Mr. 
A. P. Head, the hon. secretary, read a paper on ‘Some 
Machinery Exhibits at the Paris Exhibition.’’ The author 
stated at the outset that his paper would embrace two 
subjects only, viz.: 1. The Popp compressed air system. 
2. The ‘‘ Chemin de Fer Glissant,” or at nea railway. 
With regard to the first, it was explained how the com- 
pressed air system of Paris had originated in 1881 as a 
pee clock system, by means of which a large num- 
r of clocks, public and private, were driven and con- 
trolled by a central standard clock. Soon, however, a 
demand for compressed air as a motive power sprang up, 
with the result that machinery indicating about 2000 
horse-power was at present used for compressing air at 
the central station at St. Fargeau. The different 
appliances between the compressor and the motor were 
then described, including the air meter, reducing valve, 
heater, and mains, after which the motors were dealt 
with more in detail. The author then pointed out the 
great economy of heating the air before use, at the same 
time nor ga ary See without this previous heating, the 
exhaust might be used for refrigeration and ventilation. 
Passing on to the second portion of his paper, namely, 
the Chemin de Fer Glissant, the author explained the 
two leading principles of the system, viz.: 1. The skate 
sliding upon the rail, with a thin film of water between. 
2. The propulsion of the train by means of jets of water 
shot, at high pressure, from fixed stand-pi against a 
rectilinear turbine or bucket rack under ean The 
details of the skates, rails, jets, &c., were described and 
illustrated, and the method of forcing water into the 
skates explained, special attention being given to the 
apparatus for closing jets after the train had stopped. 


The Government of Chili some three or four years ago 
decided that it was necessary for them as a maritime 
power to increase their navy by the addition of a number 
of vessels of the more modern types. A commission 
was therefore appointed under the presidency of Rear- 
Admiral Latorre, and sent to Europe with a view of 
entering into contracts for the vessels required. These 
comprised one very powerful armour-clad ship, two swift 
cruisers, and two powerful torpedo gunboats of the 
Rattlesnake class. Designs and tenders were received 
from most of the principal shipbuilders, both in England 
and on the Continent, and the order for the two ouean 
was placed with Messrs. Laird Brothers, their designs 
having been selected. The first of them was launched on 
the 8th inst. These vessels are an enlarged edition of 
the Rattlesnake, built by Messrs. Laird for the British 
Government. The dimensions are: Length over ail, 
240 ft. ; breadth, 27 ft. 6 in., with a maximum draught of 
water 9 ft. to 10 ft. They will be fitted with two pairs of 
tri tg surface-condensing engines, with four 
boilers of the locomotive type, and when working under 
forced draught will be capable of exerting 4500 horse- 
power, with which a speed of 21 knots is expected. The 
armament will consist of Hotchkiss, three 14-pounder 
and four 3-pounder quick-firing guns, together with two 
five-barrelled Gatling guns placed in a commanding posi- 
tion on the top of the pilot tower. The torpedo arma- 
ment consists of five torpedo guns, one fixed in the bow 
and the other four on the broadside, arranged to give a 
considerable angle of training. The vessel is fitted 
throughout with electric light, and will also have a 

werful 25,000 candle-power search-light. The vessel 





unched yesterday was named Almirante Lynch. 
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HORIZONTAL COMPOUND CORLISS ENGINE; PARIS EXHIBITION. 
CONSTRUCTED BY M. BERGER-ANDRE, ENGINEER, THANN, ALSACE. 








Fig.d 








WE illustrate on the present and opposite pages, and 
on page 170, a compound horizontal engine of the 
Corliss type, which was shown at the Paris Exhibition 
last year by M. Berger-Andre, of Thann (Alsace). At 
the Paris Exhibition of 1867, when Mr. G. H. Corliss, 
for the first time, exhibited his class of engine in 
Europe, M. Berger-Andre made arrangements for a 
sole license to construct these engines in the eastern 
and south-eastern districts of France, and since that 
date he has constructed large numbers of this class of 
motor, introducing from time to time improvements of 
detail which are embodied in the engine we now illus- 
trate. 

This engine is of moderate size, the cylinders being 
respectively 14in. and 22in. in diameter, with a 
stroke of 35.82 in., and it is intended to run at a speed 
of 70 revolutions per minute. Its general design is 
shown clearly by Figs. 1 and 2 on page 170, and Fig. 3 
on the present page. As will be seen by Figs. 4 and 5 
on the opposite page, the cylinders are both steam- 
Saapey , the jackets being cast solid with the barrels. 
The valve chambers are also in one piece with the 
cylinders. The intermediate receiver between the two 
cylinders is also steam-jacketted. 


In the case of the high-pressure cylinders the two. 


inlet valves and two exhaust valves all derive their 
motion from a single eccentric as shown in Fig. 1, 
page 170, while in the case of te low-pressure cylin- 
der the steam and exhaust valves are driven by 
separate eccentrics as shown in Fig. 3 annexed. 

he cut-off gear is shown in detail by Figs. 6, 7, and 
8, on page 167, and its constructionis simple. It con- 
sists, as will be seen, of an eccentric c mounted on the 
nozzle forming the guide of the steam valve spindle, 
this eccentric being encircled by a strap b carrying a 
detent e¢. The motion of the driving eccentric is im- 
parted to the strap b through the pin shown, and 


during the movement in one direc*ion the detent e| 


thrusts against one of the extremities of the double- 
armed lever f which is keyed on the steam valve 
spindle. The other arm of the lever carries a pin g 
which is connected by a rod with the piston of an air 
cylinder which effects the prompt closing of the valve 
when the lever / is released by the detent e. 

The eccentric c corresponding to each steam valve is 
connected by a rod to a three-armed lever as shown in 
Fig. 1, the third arm of this lever being coupled to the 
governor. During that motion ofeach strap b, which 
gives the opening motion to the valve, the detent e is 
carried further and further from the centre X, the 


point at which it is carried so far out as to release the | 


end of the lever / being determined by the position of 


the eccentric c, which position is in its turn controlled 
by the governor. 

The eccentric c carries also a cam k, which in the 
event of the governor belt failing, raises the detent e, 
and so prevents any admission of steam to the cylinder. 
During the reciprocating circular movements of the 
parts of this gear, the detent ¢ always remains normal 
to the lever f, and this makes engagement certain 
and renders the gear suitable for high speeds. 

No stufling-boxes are employed either for the valve 
spindles or the piston-rods, the tightness of the former 
being obtained ia a metallic joint and of the latter by 
the use of a metallic packing. 

As will be seen from Fig. 3, the condenser is placed 
below the floor line, and the air pump is horizontal, 
and is worked by a rod from the low-pressure crank- 
pin acting through a bell-crank. To prevent flooding 
of the low-pressure cylinder in the event of the engine 
being turned without steam with the injection cock 
open, the condenser is fitted with an air valve which 
is so connected to a float that it is opened—thus 
destroying the vacuum—-if the water rises in the con- 
denser above the proper height. 





LLOYD’S NEW CONSULTATIVE 
COMMITTEE. 
To THe EprtTor OF ENGINEERING. 


sible and self-elected body, have at last resolved to popu- 
larise their institution by adding twelve representatives 
as a sort of consultative deputation, to be selected from 
the Institution of Naval Architects, North-East Coast 
Institution, and from the Engineers and Shipbuilders in 
Scotland, to discuss with their Committee any propos 
changes from what has been their accepted practice. 


This addition to the Committee may be the means of | 


keeping the Society in touch with the progress of the 
times, so that the reproach of a well-known shipowner 
from his place in Parliament, that, ‘‘ A more hole-and- 


corner constitution than that of Lioyd’s did not exist,” | 


may cease to obtain, or that a corporation which has 
existed so long in a kind of stereotyped condition without 
even publishing a balance-sheet or showing how their 
enormous profits and funds are appropriated, cannot be 
expected to frame rules suitable to the rapid advances of 


the present day. 

Now since the ice is broken it is we yr emg | asked what 
are likely to be the special duties of this hybrid Com- 
mittee—are they to have neither office nor title, to be 
simply called together when wanted, to register the views 
of their elder brethren? for it may be that the man who 
dares to show anything like an independent way of look- 


ed much like the Board of Trade to name it. 
| thin end of the wedge will be driven in and all obstruc- 





ing at things, or who objects to any unfair or unjust rules, 
may be specially marked down as a rebellious person, 
who has spoken evil against the Society and is unfit to be 
a member of their Committee. Let us hope otherwise ; 
from the pages of your valuable —— they might arrange 
a very liberal programme of useful measures in order 
that all vessels and machinery bearing the distinctive 
marks of Lloyd’s Register were the best that could be 
constructed. 

The basis of Lloyd’s rules for construction are not lost 
in antiquity like the laws of the es and Persians. 
Fairbairn, Samuda, Clyde shipbuilders, &c., aided by 
draughtsmen from the Royal Dockyards, paved the way 
for others to follow. Much has yet to be done in appor- 
tioning the scantlings of both the fullest and finer forms 
of vessels. Lloyd’s numerals might be revised on a more 
equitable basis by adopting the dimensions and load line 
displacement as factors in determining the strength of 
vessels, 

Rivetted joints are seldom proportioned to uniformity 
of strength. Diameter of rudder-head should be deter- 
mined by the rudder area and test angle and speed 
of vessel (if a steamer) instead of the number which regu- 
lates the thickness of plating, and other anomalies of a 
similar character. 

It is said that the only interest Lloyd’s have at present 
in trade and navigation, is the insuring of ships and goods. 
Lloyd’s is therefore not a corporation instituted for the 
preservation of life. Many argue that if ships were not 
classed and insured loss of life at sea would be much less 
than at present. Fire on land and wrecks by sea are not 


‘avoided by insurance. 
Str,—Lloyd’s Registry Society, although an irrespon- | y urv. 
i at their periodical surveys wey 


Lloyd’s surveyors, as a rule, do not trouble themselves 
four years) about the 
number, capacity, condition, and equipment of the boats, 
manual labour pumps and their gear, life buoys and life- 
saving apparatus, — of distress, or even signal lamps. 
As for a fire hose and its connections, well it would be too 
But now the 


tion to improvements will be split and perhaps a new 
code of instructions may be issued to surveyors that will 
help to keep them right both with shipbuilders, ship 
a, engineers, and shipowners, and save them the 
infliction of stating in a court of law that their directions 
were only suggestions; but according to human nature 
there must always be a difficulty and a delicacy in dealing 
with any vessels belonging to members of their Committee, 
a feeling which is never experienced by Board of Trade 
surveyors. 

There will be plenty of work for the twelve good men 
and true, in the chief engineer’s Sema his latest 
formula for diameter of hollow crankshafts and nominal 
horse-power can be discussed together as “‘creatures of 
each other.” The best practice in the construction of 
main and other steam pipes deserves immediate atten- 
tion; also how far the area of safety valve per square foot 
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DETAILS OF HORIZONTAL CORLISS ENGINE; PARIS EXHIBITION. 
CONSTRUCTED BY M. BERGER-ANDRE, ENGINEER, THANN, ALSACE. 
(For Description, see opposite Page.) 
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of firegrate at —— 87.52 as adopted by the 
absolute pressure 
Board of Trade can continue with forced draught. 
Lloyd’s are said to be the “‘hierophants ” of boiler con- 
struction—‘‘the foundationsof all engineering;” the margin 
of safety as adopted by the Admiralty, and factor of | 
safety so long used by the Board of Trade, cannot very | 
well be discussed together when dealing with Lloyd’s 
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sibly be induced to offer another gold medal—or prize—for 
the best working drawing, specification, and form of the 
most safe and efficient marine boiler for a working pres- 
sure of 2001b. per square inch, to supply, say, a set of 
engines of about 1000 indicated horse-power. 
rass-plate consulting engineers may look out—“‘ their 
| oceupation’s gone”—Lloyd’s surveyors will now compare 
| the work as it progresses with the requirements of the 
| specification agreed upon by the a ee arties and 
| certify to the conditions thereof. They will be aided by 
| the selected talent of the three great institutions named 
| as representing the science and art of naval architecture 
|and marine engineering in Great Britain. Men who may 
also have experienced the anxiety of executing their own 
estimated work, and in fact all parties will be willing to 
| submit their differences of opinion to such an independent 
authority of known and acknowledged ability, in full con- 
| fidence that justice will be done to all interests concerned, 
| Hull, February 11, 1890. ARTISAN, 


| 
‘THE WIMSHURST INFLUENCE MACHINE. 


To THE Eprror oF ENGINEERING. 

S1r,—I shall feel obliged if you will allow me to place 
before your readers the outcome of some cogitations and 
— experiments upon the Wimshurst electrical ma- 

| chine. 

| As a preface, I must beg of you and your readers to 
‘regard me as I regard myself, a mere tyro in electrical 
| matters, and therefore to pardon and correct any errors 
| which my want of knowledge may have caused. Fig. 1 
|is a side view of the principal parts of a Wimshurst 
/machine. The larger circle in unbroken line represents 
the outer circumference of the glass discs ; n and n' with 
| unbroken line lying between meses the neutralising 
brushes and arm of the front glass disc, and n? and n* 





4 | 
constants. These, although a mysterious quantity to! with the broken line between them represent the neutra- 
many outside of the inner circle, equal »jth of the working | lising brushes and arm of the back glass disc. 


4 
lowed, h ni scl 
stress allowed, hence- . ibs 


= 6.06 nominal factor of | 


The points at p and p! represent the combs of the 
| machine; c! and c? represent the conductors and T the 


safety for iron plates 4in. thick and under, lap-jointed | terminals. That side of the machine opposite the 
with punched holes ; and the factors of safety in the other | reader’s left side I shall refer to as the left side of the ma- 


cases vary inversely as the constants. 


| chine and the opposite side as the fight. 


Lloyd’s to inaugurate their new departure might pos-| The front disc is supposed to turn upon the axis A, in 





168 





[ Fes. 14, 1890. 





ENGINEERING. 





the direction of the hands of a watch, or from n to| fear there are many more like myself who are confused 
n®, n}, n*, and the back disc in the reverse direction or | by the action of this curious machine and to whom this 
from n to n*, n}, n®, The left side of the discs are sup-| description of its action may bea little assistance. 
posed to be — and the right side +. It appears, then, that a sector charged + upon the front 
Mr. Wimshurst has often asserted that his machines do | plate, having moved p! to n, gives up its charge at n 
not change polarity. If he means that during the time | to the sector which is charged —, which has moved from 
the machines are at work they do not change polarity, I the comb p to n!; or that the sectors at n and n! are 
agree with him, for I never saw it ; but if he means that | neutrali By the same reasoning it will be shown 
one particular side of the machine always becomes -—and ; that the sectors on the back disc (moving in a contrary 
the other always +, I must say that is quite contrary to ; direction) are neutralised on passing the points n and n*. 
= J experience, for it appears to me to be quite accidental | Therefore sectors under each point n, n}, n*, and n° are 
which sign a particular side will take. ‘neutral, and must gain by induction electricity between 
I find that if excite my smal electrophorus and press | those points and the combs towards which they are 
moving. 
| If an insulated brass rod, having a wire brush at one 
end and pith balls at the other, is held so that the brush 
gently touches the sectors as they pass the different angles 
in the revolutions of the discs, a good idea of the genera- 
tion of the electricity will be obtained. 
To give such an idea upon paper, I have drawn a broken 
circle through the four neutralising points n, n3, nl, n2, 
and to each of these points to that on the opposite side of 
the circle a curve is drawn outside the broken circle. The 
distance between this circle and the outer curve, measured 
| upon any radius, gives a rough idea of the potential of 
the electricity upon the front disc at that angle of revolu- 
tion; and the broken curve outside the broken circle will 
represent the potential of electricity, measured in the 
same way, upon the back disc. For example, the sectors 
on the front disc at n is neutral at that point and increas- 
ing in potential until it reaches the comb p. From that 
pw it gradually decreases until it is neutralised at n! ; 
rom n! until it reaches the comb p! it again increases, 
and from the combs p! until it reaches n it again decreases. 
The electricity on the back disc may be descri in a 
similar manner, the disc revolving in an opposite direc- 
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either the ebonite disc or its brass cover upon those tion. Iam under the impression that during my experi- 
sectors of my machine which lie upon the front disc | ments, which enabled me to draw the curves showing the 
between the combs p and the neutralising brush n! (or | potentials, the terminals were too far apart, and _ that, 
charge those particular sectors by induction from the therefore, the electricity escaped from n! towards the 
electrophorus) that side (the left) of the discs will be +. | comb g, or the full curve between those points would be 
This scems to me to a strong proof of the one-fluid more like the part of a circle, rounded at n. 
theory, and has led me to conclude that the side of the| The currents of this machine may therefore be thus 
machine where electricity first appears will be the + side. | described. A sector'on the front plate having passed from 
Whilst trying to discover the cause of the change “of | n! arrives at the combs p! with electricity of such a 
polarity I thought I should first try to understand the | potential as will give off a certain portion to the con- 
principle of the machine, which I have never heard or ductor c?, which passes through the terminals T to the 
seen clearly explained, and to endeavour to explain it | conductor c! to the disc at p. And the remaining elec- 
clearly is my object. | tricity, or that which is not communicated to the combs 
To simplify matters I disconnected the neutralising at p! passes from x to n!, where it is neutralised. y 
brushes and arms of the front plate from those of the back, | If a machine is working theoretically are Timagine 
as all of them had been (through the shaft at A) in metallic | no electricity passes from the + to the — side, except 
communication, and found the machine acted perfectly. | through the terminals T. ; : 
The next step was to discover the direction of the currents) And now may I ask you to allow me to publish also in 
through the arms of the brushes, thus disconnected, and | your pages a plan by which the discs may easily 
to do this puzzled me no little, for I know of no means by | changed for others, and by which the great annoyance 
which the direction of these currents could be demon- | and inconvenience caused by the cracking of the glass 
strated. I know, however, that the electricity flowed from | around and about the centre is entirely obviated? This 
the discs at the ¢ side (say p!) through the conductor c? in | is to clamp the glass disc between two smaller ones of 
the direction of the arrow heads to the terminals T, and | brass, the one cast or fixed upon the end of the hollow 
thence to conductor c!, flowing from the combs at p to the | shaft, and the other attached to it by means of screws. 
discs at those points, having the ap .earance of little |The sketches herewith will, I hope, help to make the 
brushes sweeping the discs. F also remembered that when | design understood. ' 
particular vacuum tubes had been placed between the| In order to bring the large brass discs as near together 
terminals T, that end at which the electricity entered was | as possible, I cement each to a smaller one in such a way 
darker than at the other end, at which the electricity left, | as to form a recess for the reception of that smaller brass 
and on reversing the tubes I found this always held good. I | disc which is attached to the other by screws. _ 
therefore insulated the neutralising arms from the shaft| Fig. 2shows the two glass discs. is the inner and 
at A, and pl a vacuum tube between n and n!, and larger, d the smaller. ey are cemented together at ¢, 
another between n? and n%. So that on working the | and r is the recess into which the small brass discs fit. 
machine (the-side being the left side) the tubes, Figs. 3and 4 show the mode of clamping the glass discs 
showed the currents flowing from n to n! and from n? to n, | to the shaft of the machine, h is the hollow shaft carry- 
and that the direction of these currents was reversed | ing the boss B and the small brass disc p; & and k' are 
when the polarity of the machine was reversed. I sup-| washers of thin leather, india-rubber, &c., pl on 


pose that an accomplished electrician would have known | either side of the smaller glass disc d ; pis the other brass 
this must be the case, as the + must flow to the -, but I | disc through which three screws (s! Fig. 3 and s! Fig. 4) 


pass into the brass disc upon the end of the hollow shaft, 
and serve to clamp the small glass disc to the shaft. This 
small glass disc being cemented to the larger one, the 
whole is secured to the shaft. 

E. Darke. 





DECORTICATING MACHINES FOR RAMIE. 
To THE EDITOR OF ENGINEERING. 

S1r,—In fulfilment of my promise to you in Paris, I 
now have the pleasure of forwarding a few notes which 
are the outcrop of my observations during the late com- 
petitive trials of machines for decorticating green and 
dried rhea (or ramie) stems in the Paris Exhibition, and 
my own experience with hand labour to this end in a field 
of ramie under the immediate cognisance of the Govern- 
ment of Italy. 

In official circles it is generally believed that a solution 
of the great problem of treating ramie on a successful or 
commercial scale will be found in a decorticating machine. 
Large rewards have been offered from time to time by the 
India and other Governments for the best machines or 
methods for treating both green and dried ramie stems. 
They have unconsciously misled the public, and inventors 
(their name is legion) have expended much thoughtful 
time, labour, and money in their endeavours to produce 
a machine that could realise the great desideratum so long 
sought for in a ramie field; but their labour has been 
fruitless, partial success only has been attained by a few, 
though up to the present there has been no decorticating 
machine brought before the public which can successfully 
compete with hand labour; not so much the fault of the 
machine as that of the very peculiar nature of the service 
for which it had been constructed. I have carefull 
examined all the prominent decorticating machines which 
have been brought before the public, and witnessed the 
results of their trials, and carefully compared these 
results with practical hand labour in a field of ramie, and 
I do not believe that any machine, however meritorious, 
will ever be employed with advantage in separating the 
fibrous from the ligneous parts of the ramie stems on the 
ground where the ramie is grown. 

I do not deny that some of these machines can be used 
with advantage in breaking up, subdividing, and soften- 
ing ramie fibre after it has undergone a proper retting 
process, but the expenses attending the use of a machine 
for decortication, such as skilled labour, accidents (in- 
cident to machinery), and a staff of unskilled hands for 
cutting and transport of stems from the field (with in- 
creased distance each journey) to the machine, which 
staff would necessarily be large in ——— to the out- 
put of fibre, would, if expended in the employment of 
men, women, and children to cut and strip the stems 
by hand in the field and carry off the strippings only, 
leaving 80 percent. by weight (the woody part and leaves) 
on the ground, a larger wy of straight unbroken 
fitre would be pt cen than could be ema through the 
machine, in a more or less injured condition. I have full 
confidence in expressing my belief that a practical trial 
of hand labour against a machine in an extended ramie 
field, under the disadvantages peculiar to this industry 
alone, will convince the most sceptical of the futility of 
working further in the direction which thus far has 
only led up to ay > rg I would add, that all 
attempts that have hitherto been and are now being made 
to bring this fibre within the ordinary range of commerce, 
will not depend so much upon a decorticating machine 
as upon a simple and effective degumming process, which 
will not deteriorate the tensile strength of the fibre, and 
further, a thorough knowledge of the condition of the 
stems, 7¢.¢., when they are sufficiently matured and in 
full strength to cut, which can be seen at a. glance; 
when the stalks assume a brown appearance at or near 
their roots and extending upwards from 4 in. to 6 in. above 
the ground, such only should be cut, leaving the others 
to mature, when these also will turn brown and ready 
for another harvest. Three or four good cuttings per 
annum may A : 

The fibre should be stripped from the stalks imme- 
diately after having been cut, otherwise much of the finer 

rtion will adhere to the woody part and be lost. What 

have here written is without prejudice for or against 
machinery, but is based entirely upon my own personal 
observations and practical experience in a field which is 
unlike any other industry, and is therefore exceptional in 
its entourage and conditions. 

The most important factor in the treatment of ramie 
flax, hemp, and other fibres is the process of retting, 
which, from the earliest records down to within a few 
months, has never advanced or worked out of its primitive 
channel. By the recent discovery of a new agent by 
means of which an acid fermentation (not an ordinary one 
of decomposition) is produced, in which the gum and 
mucilaginous matter contained in these fibres partici- 
pates, the gum is broken down and loses its adhesive 

ualities without impairing the tensile strength of the fibre. 

lax and hemp treated or retted by this new process will 
show a marked improvement on the old, inasmuch as the 
fibre remains unimpaired and is more readily separated 
from the woody parts, is also more completely subdivided, 
and requires less time and stringent process for bleaching, 
consequently less deterioration of the tensile strength of 
the materials. 

I am, Sir, faithfully yours, 
London, Feb: uary 3, 1890, H. H. Dory. 





THE TESTING FOR COLOUR SIGHT. 
To THE EprTor OF ENGINEERING. 
Srtr,—Derivative colours are fractions of the unit or 
cardinal colours. Colour units are colour dissemblances, 





but each one acolour, The earlier dissemblances between 
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units are perceptible, the greater the colour sensitive- 
nesses (there being several colowrs), and so, proportionately, 
until failure to recognise dissemblances in this sense, re- 
semblance of colours is colour confusion, as sound con- 
fusion is surdity. 

The richer the colour the purer it is, and the more 
fractions it contains ; and the fewer fractions the poorer is 
the colour. 

All colours start from the stationary terminal, white. 
As they recede from white so the colours lose light, there- 
fore each colour unit starts at white and terminates in 
black. The range of gradation of each unit contains all 
the derivatives that constitute each gradation of that unit 
from first to last. 

The more negative is the colour sense, the greater is its 
sensitiveness to the gradations. The interval marked on 
the range of gradation of a unit, from when it is first to 
when it is last seen, indicate the degree of the intensity of 
the sensitiveness of the colour sense for that unit, in other 
words, the interval will determine colour acuity. Colour 
intensity is the correlative of illuminating power, and as 
I have demonstrated in my letter of the 5th inst. that 
visual acuity can have no gauge other than the distance, 
so can absolute reliance on the colour vision of a man be 
secured, only by determining both the faintest and the 
deepest shade of each cardinal colour he can see, when 
these are placed side by side at the greatest distance it is 
required the man should recognise those cardinal colours, 

Tam, Sir, your obedient servant, 
A. FouRNET. 

18, Bentinck-street, Welbeck-street, W., 

February 10, 1890, 





THE RELATION OF POWER TO SPEED IN 
STEAMSHIPS. 
To THE Epitor OF ENGINEERING. 

Sir,—Ten years ago you were gocd enough to print a 
communication of mine in which (ENGINEERING, Vol. xxix., 
page 39, January 9, 1880) it was stated that some six 
years earlier certain considerations had induced me to 
give the law of geometrical progression a trial, as ex- 
pressing the relation of power and speed in steamships ; 
that the result was encouraging. but that the paucity and 
unsatisfactory character of the data then extant made it 
difficult to form an opinion as to the true state of the 
case. That as time wore on, and the system of “‘ progres- 
sive trials,” so powerfully. advocated by the late Mr. 
William Denny, supplied more reliable data, the convic- 
tion forced itself upon me that the supposed relation was 
only of an approximate character. As regards the nature 
of the approximation, it was pointed out that it was com- 
— with contemporary theory as expounded by Froude, 

ing such as might be looked for on the supposition that 
‘initial friction” plays a specially important part in 
shaping the curve of gross resistance—‘‘ indicated thrust” 
—at low speeds, as wave resistance does at high speeds. 

This paper was written with the definite object of 
showing what the unqualified acceptance of Mr, Mansel’s 
conclusions would really involve, and of pointing out to 
him what his work really meant, as my own work specially 
qualified me to do. 

Mr. Mansel expressed his gratification that I had been 
considering the question of steamship propulsion by means 
of a resistance formula similar to the one involved in the 
‘special mode of investigation ” proposed by himself, but 
held that we were discussing two different things. My 
retort was that the formule used by us were the same, not 
‘ similar,” and after proving this } passed to a further 
proof showing that in asserting that we were not dis- 
cussing the same thing, he was making a distinction 
without a difference. This practically closed the corre- 
spondence in its first meee 

Towards the end of the same year (1880), seeing that 

r. Mansel was still at work on the old lines, and that 
as he made no mention of my name, he might be reason- 
ably supposed to be bent on passing me by, I wrote again. 
He did not like my letter, and in a weak reply was so 
ill-advised as to be guilty of a discourtesy towards 
myself. My reply (ENGINEERING, vol. xxxi., page 35, 
January 14, 1881), closed the correspondence, and should 
any of your readers care to look up that letter I venture to 
think that they will find therein a very fair statement of 
my case. 

What can I think of Mr. Mansel now when after a lapse 
of nine years he reappears, and does what practically 
amounts to reopening a closed discussion, without really 
importing any new arguments or facts in support of his 
views ? 

I am of course aware that articles and letters from his 
pen have appeared in the columns of your contemporary 
The Engineer, from time to time during the past four 
years, but I have not felt myself called upon to take notice 
of them, and I have indeed been loth to do anything cal- 
culated to check possible discussion, apart from my dis- 
like to going over old ground. 

Mr. Mansel’s reappearance in your journal is, however, 
another matter, and it might be thought that I had not 
the courage of my opinions if I failed to take notice of it. 

So little is the situation altered that a reprint of my 
letters would meet the case perfectly well now, but I fear 
lest I may have already taken up too much of your space 
in making such use of them as I have. There is, how- 
ever, one quotation (ENGINEERING, vol. xxx., page 597) 
that I should like to make—it seems so much to the point: 
“In the Jong run I venture to think that the well-known 
law of variation will prevail, and that the special graphic 
construction will get to be looked upon only as a conse- 
quence of that law.’ The special graphic construction is 
certainly now no longer the leading feature it used to be 
in Mr. Mansel’s work, and between this and the less 
frequent use of inverse logarithmic functions, his methods 
have become more and more like my own—or indeed those 





of any one that may be using the law of geometrical pro- 
gression in this connection. 

Having taken it on me to report progress, so to speak, 
and having so poor a story to tell, your readers may look 
for some facts in support of my assertions, and as it 
happens, the ‘‘ Note on Trial Dataof Torpedo Boat Sun- 
derland,” that appeared in your journal on January 24 
last will serve my purpose very well. 

Taking the general expression of the law of geometrical 
progression, 

R=A rV¥ 
when 


E 
R= 
Vv 
we have in a convenient form for computation, 
log R= log A + V logr. 


(Mr. Mansel would write C in place of log A, and ¢ in 





place of log rv). Using the trial data we find : 

¥. II. III. FV. W, 
V. 14.044 16.026 17.371 19.546 21.033 
?. 1.3005 1.1717 1.1286 1.0742 
7 -0283 1507 -2883 -7582 


All these values are given, not as logarithms, but as: 
natural numbers, in order that the relation between 
them may be more readily recognised. Now r is the 
common ratio or multiplier of the equirational or geome- 
trical progression, and as such it need hardly be said | 
should retain the same value through the whole range of 
the trials. Solikewise should A remain constant. What 
do we find? That each one of the four values of each 
constant differs from the rest, and very considerably 
moreover. ¥ 

The conclusion arrived at by any ordinary mortal 
would be that the law does not apply in this case, but 
Mr. Mansel has a soul above such considerations. By 
some manipulation of the trial data not explained, he 
obtains three different values of the constants, which he ' 
uses ina tabular statement that he asserts shows perfect 
agreement between the formula and experimental data. 
At best the so-called agreement involves three different 
curves—absolute discontinuity. 

Such ideas are to my mind simply horrible in connec- 
tion with fluid motion, and it is in vain I try to realise 
how the shunt is made from one set of conditions to! 
another. The assumption of a solution of continuity is 
the more remarkable since Mr. Mansel appears to base 
this theory of what he calls ‘‘conjugate solutions” on , 
certain experiments—notably those with canal boats— 
that have shown resistance curves of a sinuous or undu- 
latory character, certainly not suggestive of discon- 
tinuity. That there is some confusion in his mind seems 
to be shown when he begs the question in the paragraph 
that concludes his letter. What does he mean by ‘‘one 
fair curve”? Surely a curve of double curvature may be 
fair. At any rate there need be no discontinuity—no 
separate curves. My four sets of values are more truly 
‘conjugate solutions” than Mr. Mansel’s three, and 
there is really no limit to the number of such solutions 
but the number of trials of the vessel, unless the operator 
can discriminate between mere deviations from a normal 
curve, due to defects in the trial data, and actually dis- 
cordant values. 

In the abstract these ‘‘ conditioned constants” are pro- 
voking enough, and not knowing what r may be taken to | 
represent, all sorts of possibilities may be entertained 
as regards one factor of the expression ; when, however, 
we are told that in the factor A we have the power 
expended on ‘‘ Morin’s constant” for one revolution of 
the engines, it is difficult to know what to think. 
‘*Morin’s constant” is supposed to be something quite 
definite, representing the friction of the machinery, and 
the trial data enable us to determine four values : 





5. II. III. EV. v, 
1.76 9.38 17.98 47.2 


This result is to my mind astounding. Some small varia- 
tion might reasonably be looked for, but anything in 
the proportion of 26.8 to 1 is altogether unaccountable, 
and Mr. Mansel himself offers no explanation. 

As for ‘‘ Admiralty coefficients” we have little to learn 
about them, and it is agreed that we want something 
better than what is now so styled, but that desideratum 
has notyet been found. The law of geometrical progres- 
sion supplies a potent formu'a of interpolation, if nothing 
else, ps should be kept in view by engineers as likely to 
be useful on occasion in the discussion of experimental 
data. It must, however, be used with discretion, and 
for extrapolation may be dangerous, as an attempt to 
deduce the high-speed and power relation from the low- 
speed and power relation in the case of the Sunderland 
would show. 

In conclusion, I would direct attention to the remark 
in my original paper that it was highly improbable that 
the complex conditions of steamship resistance should be 
comprehended by such a simple law as that supposed to 
obtain. Mr. Mansel wrote of that expression of opinion : 
‘But this is fully met by the simple fact, improbable or 
not, that it is so!” Of this I write ten years later: 
How now? 

Tam, Sir, yours truly, 


London, February 6, 1890. F. B. Epmonps: 





RETROGRESSION IN MARINE 
ENGINEERING. 
To THE Epitror or ENGINEERING. 
S1r,—More than thirty years ago the results of the trial 
of a steam vessel were reported on by a committee, o 
which the following were members: Admiral Moorsom, 





Charles Atherton, J. Scott Russell, and William Fair- 
bairn. I therefore consider the data given to be authentic. 

The following are the data—Vessel: Length, 318 ft. ; 
beam, 40 ft. ; mean draught, 18 ft. 6 in. ; displacement, 
3440; indicated horse-power, 1624; speed, 13.15 knots ; 
consequently 5800 indicated horse-power would have pro- 
pelled the vessel at a speed of 20 knots perhour. Be it 
observed that the result then obtained was realised with 
engines of the ordinary condensing type, working with 
20 lb. steam. 

At the present day, with the greatly increased efficiency 
per indicated horse-power of triple-expansion engines, 
working with 160 ]b. steam, a new steel cruiser for the 
Navy, of very similar dimensions to the above vessel, is 
provided with 9000 indicated horse-power to propel the 
vessel 20 knots per hour. The dimensions of the cruiser 
are: Length, 300 ft.; beam, 43 ft.; mean draught, 
16 ft. 6 in. ; displacement, 3400. 

Having written to the Admiralty stating that with 
suitable propellers 5500 indicated horse-power should be 
sufficient to propel the cruiser at the required speed of 
20 knots per hour, I have been informed in reply that the 
Admiralty system of model experiments includes both 
the vessel and the screw propellers. 

If the outcome of the model experiments of the Ad- 
miralty be to show that an excess of 3500 indicated horse- 
power must be provided in a single vessel to perform the re- 
quired amount of work, I think yourreaders will agree with 
me that the sooner the experimental tanks are abolished, 
the better it will be for the public purse and the efficiency 
of the Navy. For an excess of 3500 indicated horse-power 
at 10/. per indicated horse-power, involves an additional 
cost for the machinery of 35,000/., without producing the 
slightest beneficial result under any circumstances. An 
excess of 3500 indicated horse-power also involves the 
additional consumption of 50 tons of coal for every 
twenty-four hours full steaming of the vessel. The coal 
bill for the Navy last year was 358,000 tons ; if 30 per cent. 
of this quantity can be saved by realising results equal 
only to those attained more that thirty years ago, the 
saving effected would be about 100,000/. per annum. 

If marine engineers of the present day say this cannot 
be done, I can but remark that the retrogression in marine 
engineering will be very manifest, for the fault lies in the 
proportions adopted for the screw propellers. 

My contention is that what has been done ina few cases 
can be done in all cases, if the screw propellers be pro- 
portioned on a system to meet the special requirements of 
each vessel. 

To illustrate how far the retrogression may extend, I 
know of a three-propeller torpedo cruiser that was pro- 
vided with 3600 indicated horse-power to propel the 
vessel at a speed of 18 knots per hour, whereas the re- 
quirements of the vessel in this case would have been 
readily met with 1400 indicated horse-power with properly 
proportioned screw propellers. 

I consider the subject to be of sufficient importance to 
justify me in asking you to kindly allow this letter to 
appear In your nest issue. 

T am, Sir, your obedient servant, 

London, February 10, 1890, Wm. Bury. 








Raitway Lasour.-——The railway employés throughout 
Scotland are pressing upon the directors of the various 
companies the urgent necessity 9f meeting the represen- 
tatives of the union. The men state that they have made 
concessions to the directors, and urge that the latter 
should concede something to the men. At Dundee the 
men favour a general strike, while at Hamilton they pro- 
pose a general holiday in order to discuss their grievances. 
The North-Eastern Railway employés have issued a 
manifesto, in which they allege that *‘ the directors have 
forced the men to combine, and that they will either have 
to accept the challenge of the union or to make an igno- 
minious surrender.” 

A Larce Locomotive Boiier. —Messrs. Davey, Pax- 
man, and Co., of Colchester, have just completed and 
despatched one of five locomotive boilers for Clark, Muir- 
head, and Co., which are of great interest as being among 
the largest ever constructed, and, excepting some in 
America, built from the designs of Mr. k. D. Leavitt, 
Jun., and a set constructed some years ago by Messrs. 
Diibs, for the Steel Company of Scotland, are, we believe, 
the largest steam generators of this type in the world. 
The total length of each boiler is approximately 20 ft. 
5 in. ; the mean diameter of the shell is 6 ft.; the internal 
firebox measures 6 ft. 3in by 5ft. 5in. by 5 ft, 10in.; 
they are fitted with 254 2} in. tubes. The total heating 
surface is about 1723 square feet, and the working pres- 
sure is 160 lb. 





Swiss Smart Arms.—Switzerland is following in the 
wake of the larger powers as regards firearms of small 
calibre. A recent vote comprised a sum of 12,600,000 
francs (about 500,000.) for 150,000 rifles of 7.5 millimetres 
calibre, the price being 84 francs per rifle, 4,500,000 francs 
(or about 180,000/.) for 300 cartridges for each rifle, and 
400,000 francs (16,000/.) for unforeseen expenses. The 
State gun factory is not to join in the manufacture, except 
as regards certain parts, but will have the entire control. 
The fact of the order having to be placed with private 
firms caused, necessarily, some delay, as tenders from no 
less than twenty-eight different manufactories had to be 
looked into. According to the concluded contracts, some 
private works have got the order, and will deliver 300 rifles 
per diem. The price is fixed at 69.8 francs per rifle, to 
which have to be added 14.2 francs per rifle for control, 
fittings, &c. As anew powder manufactory had to be 
erected, there has been some delay about the cartridges, 


f | but they are expected to be ready at the same time as the 


rifles, 
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HORIZONTAL COMPOUND CORLISS ENGINE; PARIS EXHIBITION. 


CONSTRUCTED BY M. BERGER-ANDRE, ENGINEFR, THANN, ALSACE 
(For Description, see Page 166.) 
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Fig. 1. 


Longitudinal Section of the Works. 
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CONSTRUCTED BY THE COMPAGNIE GENER, 
(For Description, | 
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Fig. 9. Section a.b.c.d & Elevation of East side of Works. 
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NOTICE TO AMERICAN SUBSCRIBERS. 

We beg to announce that American lp tapers 30M to ENGINEERING 
may now be addressed either direct to the publisher, Mk. CHARLES 
GinBERT, at the Offices of this Journal, Nos. 35 and 36, Bedford- 
street, Strand, London, W.C., or to our Sole po for the United 
States, Mr. W. H. Wiley, 15, *astor- place, New York. The prices 
of Subscription (payable in ‘advance) for one year are: For ae 
(foreign) paper P wpoy ll. 16s. Od. ; for thick (ordinary) pay 
edition, ob bs. ., or if remitted to Mr. Wiley, 9 dollars for t 
and 10 dollars Aas thick. 
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NOTICES OF MEETINGS. 

THE INSTITUTION OF CiviL ENGINEERS.—Ordinary meeting, Tues- 
day, February 18th, at 8p.m. Papers to be read with a view to 
discussion : ‘‘ The Shanghai Water Works,” by Mr. J. W. Hart, 
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Orange, Assoc. M. Inst. C.E. ‘‘ The Construction of the Yoko- 
hama Water Works,” by Mr. J. H. T. Turner, Assoc. M. Inst. C.E. 
—Students’ meeting, Friday, February 21st, at 7.30 p.m. Paper 
to be read: ‘‘Some 7 ‘of American Locomotives and their 
Construction,” by Mr. C. N. Goodall, Stud. Inst. C.E. Mr. F. W. 
Webb, Member of Council, in the chair. 
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“* The Behaviour of the more Stable Oxides at High Temperatures,” 
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C ilorate,” by Mr. G. J. Fowler, M.Sc., and Mr. J. Grant. 
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THE PROPOSED SCOTCH SHIP CANAL. 

THE proposal to construct a ship canal connecting 
thé Forth and Clyde has been making fair progress 
in public opinion ; but this week a severe check has 
been given to its advance in popular favour, and 
that at a time when everything seemed to prosper. 
The promoters of the respective routes—that vid 
Stirling and Loch Lomond, and the other striking 
across the country and joining the Clyde about 
Glasgow—have appointed influential deputations to 
‘*educate public opinion” on the merits and 
demerits of the two routes, and, if possible, to 
arrange a joint meeting to try and come to an 
amicable understanding as to which of the routes is 
the better. The Edinburgh people have decided— 
and it is an important point—that they ‘‘ should 
not set themselves in antagonism, but should rather 
meet those who favoured the Glasgow scheme and 
try to see by consultation or conference” whether 
an arrangement could not be come to. It is 
particularly desirable that this mutual agree- 
ment should be come to in view of the check 
given to the development of public opinion. 

The Edinburgh Chamber of Commerce, who 
heartily took up the question at the outset, ad- 
dressed to the Board of Trade a memorial on the 
general question—without particular reference to 
the alternative routes—suggesting that they might 
order a Government survey with the view of ascer- 
taining the best route. The Board replied to the 
effect that they had not funds at their disposal to 
make such a survey, but added that if the Chamber 
of Commerce thought the matter was one affecting 
national defence, they would probably bring it before 
the Admiralty or War Department. The Edin- 
burgh people next addressed their memorial to the 
Marquis of Salisbury, who handed it over to the 
Secretary for Scotland, and the Marquis of Lothian 
now writes, stating that he ‘has consulted with 
the naval and military authorities and that they 
are of opinion that Her Majesty’s Government 
would not be justified in incurring financial re- 
sponsibility in regard to the proposed undertaking.” 
This, therefore, ends all speculation as to what the 
Government will do. But after all it was not 
thought probable that they would have a survey 
made, although many regarded such as in the in- 
terest of the country. The Government, of course, 


80 | at war. 
gg | being a nationa. 


may take up a more favourable attitude towards 
the canal when it is completed, so that after all 
their non-compliance with the request is not such 
avery serious matter. This, however, cannot be 
said about the result of the consideration of the 
question by the directors of the Glasgow Chamber 
of Commerce, who are distinctly against the idea of 
a ship canal. 

The Edinburgh organisation communicated with 
the Glasgow Chamber with the view of securing 
their support in the matter and their assistance in 
approaching Parliament to get some financial aid, 
or to obtain the sanction of the Admiralty or 
Board of Trade to make a survey of the district. 
The Glasgow Chamber has not shown the same 
despatch in dealing with the matter, and it is ques- 
tionable if they have shown the same appreciation 
of the possibilities of a canal in fostering trade, 
While the matter was awaiting consideration at 
their hands, the Edinburgh organisation had not 
only approached the ae of Trade, but also the 
Prime Minister, and the reply of the Secretary of 
Scotland, curiously enough, was received on the 
same date as the Home Committee, the most influ- 
ential Committee of the Glasgow Chamber, came 


76|to their decision, although the refusal of the 


Government to incur financial responsibility was 

not at the time known to the Glasgow merchants. 
‘*That the proposed canal is unnecessary, and 

that financially it will not be successful,” is the 


- unanimous opinion of the directors of the Glasgow 


Chamber. The question, we understand, was first 
considered by the Home Committee from a national 
point of view, as to whether the canal would be of 
advantage to the country in the event of our being 
The opinion of the Committee was ‘‘ that 

P affair, it might very safely be left 
to the Government, who were fully aware of the 
existence of the scheme, and that it did not fall to 
the Chamber to interfere in any way with sugges- 
tions to the Government on the subject.” This is 
a most magnificent vote of confidence in the Navy 
and War Department, and without inquiring 
whether it is merited or not, we would recall the 
interesting fact that although the Government are 
‘* fully aware” of the inadequacy of protection of 
the Clyde and other large industrial rivers against 
attack by foreign cruisers, the Glasgow merchants, 
and, if we mistake not, the directors of the Cham- 
ber of Commerce, individually, if not collectively, 
have been ‘‘ interfering” with the Government in 
a very decided way, and urging fortifications. 

On the commercial or financial side of the ques- 
tion the Chamber has probably a greater right to 
speak emphatically, and we are told that the Com- 
mittee ‘‘had very little hesitation in coming to a 
decision.” While admitting that there were no in- 
surmountable engineering difficulties, there was not 
complete agreement with the promoters on the 
question of estimated cost, which Messrs. D. and 
T. Stevenson put at eight millions sterling in the 
case of the Loch Lomond route. In the direct 
route, with hydraulic hoists to raise vessels 500 ft. 
long a height of 135ft., the cost is put at six 
millions, even with a canal sufticiently wide to allow 
two vessels to pass at any point. Only a complete 
survey, of course, can enable an engineer to be 
positive on the question. The prospective traffic it 
was thought was over-estimated. Messrs. Steven- 
son estimate the traffic as equal to 8,651,500 
registered tons, and this is based on the Board of 
Trade’s Annual Statement of Shipping for the year 
1888. Taking 1s. 6d. as the average rate for cargo 
and ship, the revenue they state would be 713,748i., 
and deducting 60,000/. for management and repairs, 
there is left about 8 per cent. on eight millions 
sterling. 

In supporting the contention that the traftic was 
over-estimated, Mr. J. L. Mitchell, one of the 
directors, said that oversea ships coming from the 
south or from the west would save very little in 
point of time, and might in consequence of travers- 
ing the canal find obstacles that were not calculated 
upon, and which would make it really not worth 
their while encountering the risks of delay, while 
the Downs in the south and the Pentland Firth in 
the north were open to them. He certainly made 
a good point when contending that the Suez and 
the proposed Scotch canal were not, as had been 
hinted, analogous cases, in respect that the former 
cut off an entire continent, and saved a steamer 
bound for India a detour of 4000 miles—thirteen to 
fifteen days’ steaming. 

It would be a mistake to think that the decision 





of the Glasgow Chamber of Commerce will not 
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have an effect on the project, and one extending 
wider afield than that of the Government. But we 
do not think it will be disastrous. One member of 
the Chamber of Commerce said that engineers and 
landlords would be the only parties who could be 
supposed to advocate such a scheme. The remark 
does not merit further reference. Some shipowners 
on the Chamber have stated that they would not on 
any account utilise the canal, and this probably is 
the most prejudicial statement made. But this is 
not a universal opinion. As indicating that the 
action of the Glasgow Chamber may have an effect, 
it may be stated that the Belfast Chamber had 
written inquiring what action they intended to 
take, presumably with the idea of being guided 
by it. 

"The promoters instead of being discouraged will 
work more diligently. The Committee in connec- 
tion with the direct route have just engaged 
Messrs. Crouch and Hogg, MM. Inst. C.E., Glas- 
gow, to make a survey of the route. This work 
will probably be undertaken in the course of the 
next month or so, and the public will then have 
before them the engineering features of both 
schemes, and be able to judge not only of their 
respective merits but also as to the possibilities 
of success. The Glasgow people regard it as an 
indispensable desideratum that the canal should 
have a close and direct connection with the city, 
having an outlet to the Clyde not far distant from 
the harbour. The absence of this immediate 
connection is one of the great objections to the 
route vid Stirling and Loch Lomond. In the 
latter case the levels do away with the necessity 
of locks, as the cuttings are light, except 
at a point not far distant from the lake named, 
where it is proposed to have a tunnel 2} miles long, 
102 ft. wide, and 150 ft. above canal level, or a deep 
open cutting. This isa provision much criticised 
by the promoters of the direct route. As we gave 
the results of the preliminary survey made by 
Messrs. D. and T, Stevenson, C.E., Edinburgh, in 
our issues of November 22 and December 20 it is 
not necessary to deal further here with this matter. 
The direct route has the advantage of decreased 
distance. It follows practically the line of the 
present canal, is not 30 miles from Forth to Clyde, 
and if to this be added the distance to Loch Long, 
one of the proposed outlets of the route vid Loch 
Lomond, the length is only about 50 miles, as 
against 65 miles in the case of the Edinburgh scheme. 

If, however, the other outlets be considered, then 
the disparity in distance is not so great. Presum- 
ing that Glasgow Harbour is the destination, the 
distance to be traversed from the Forth is 30 miles 
by the route of the present canal, and about 90 
miles by the Loch Lomond route vid Loch Long. 
It will therefore be seen that the amount of tonnage 
connected with Glasgow, which may be expected to 
use the canal, is an important point in determining 
which of the schemes should be adopted. The route 
vid Glasgow, too, passes through the coalfields, a 
circumstance which is regarded by some as a con- 
sideration in its favour; but Mr. Brebner, of 
Messrs. Stevenson’s firm, says he is rather pleased 
than otherwise to get quit of those coalfields, 
because he thinks other land will be cheaper, espe- 
cially if the promoters are called upon to buy 
minerals under the canal. Besides, he thinks the 
railways and the present canal are sufticient for the 
transport of coal. 

The disadvantage in the direct route is that for 
about 22 or 23 miles of the distance the ground is 
135 ft. above ordnance survey level, necessitating 
either a very heavy cutting, a series of locks, or a 
hydraulic hoist to raise or lower the vessels the com- 
sete distance at one time. This high level has, 
however, an advantage, as nearly all the railways 
en route could be carried under the canal in tunnel, 
instead of over it on swing bridges, making trafic 
intermittent ; and as the Caledonian and North 
British lines to the north are both crossed, in addi- 
tion to others, the matter is one of importance. 





THE LAKE ERIE RAILROAD. 
Wuat better commentary on the admirable and 
economical management of this great trunk line 
could be made than a simple presentation of its 
report for the year ending September 30, 1889 ? 
{ven the most casual glance will show that its 
managers are masters of their science. As a 


financier, the president of the corporation has few 
equals, and perhaps no superiors, while the first 
vice-president has long been recognised as the 





coming railroad man of the United States. What- 
ever of hereditary traits of railroad management he 
may have inherited from his father (lately deceased, 

and who was one of the mainstays of the United 
States Government during the Civil War, and moved 
with remarkable skill large bodies of troops through 
hostile States), the younger Mr. Felton has certainly 
developed, and under his administration the Erie 
Railroad has so advanced that to-day it retains 
scarcely any signs of the a struggling, and 
plundered corporation of the past. 

As any American railroad success in these days 
of comparison is a subject in which all engineers 
must take an interest, we propose to show our 
readers what has been done on this railway, so 
far as the scanty limits of an article will permit, 
leaving to those specially interested, the pleasant 
task of studying the report in detail, and assuring 
them they will find it instructive in the extreme. 

At the outset, it may be remarked, the present 
administration is hampered extremely by the 
arrangements made by a previous one with the 
New York, Pennsylvania, and Ohio, and but for 
this unfortunate matter would show a far better 
balance-sheet. 


The gross earnings of the entire dols. 
system, including 100 per cent. 
of the N.Y, P., an O., and 
pennenenane jines and branches 
27,004,461.01 


2,409, 132.7 


ond deducting proportions due 
to these leased lines ... : 





Leaves 5 aeiaied toN.Y., 
L.E., and W. ... 

The entire operating e expenses 
amounted to... . 


24,595, 273,27 
17,854,424.95 








6,740,848.32 
Leaving as net earnings from 
traffic (to which add revenues 
from other sources) ne 1,076,504.64 
7,817,352.96 


Deducting interest on fixed 
rentals, funded debt, &c. ... 7,042,576.51 


774,776.45 





Leaving as surplus for the year 


The gross earnings of the entire system, although 
200,000 dols. less than in 1888, were 400,000 dols. 
more than in 1887, over 2,000,000 dols. more than 
in 1886, and over 6,000,000 dols. more than’ in 
1885. 

The revenue to the Lake Erie shows about 
the same ratio. The operating expenses, how- 
ever, were 150,000 dols. less than in 1888, 
450,000 dols. less than in 1887, 1,500,000 dols. less 
than in 1886, and 3,500,000 dols. less than 1885. 

The surplus for 1889 was 36,000 dols. more than 
in 1888, 173,000 dols. more than in 1887, 760,000 
dols. more than in 1886, and 2,250,000 dols. more 
than in 1885, asthe gross earnings were less than in 
1889 than in 1888. This surplus indicates eco- 
nomy of management. 

It was also necessary from the competition of 
other lines to add somewhat to the equipment, 
and the level-headed administration did not hesi- 
tate fora moment. Had they failed in this, they 
would have at once fallen behind their competitors, 
and thus been unable to have secured their share of 
the business. The Board endeavoured to nicely 
balance that great problem of to-day, viz., the law 
of supply and demand, and while they did not rush 
into lavish expenditure, they did not fail to provide 
the necessary facilities for doing business. 

In order to satisfactorily deal with the coal in- 
terest, which demands transportation in the busiest 
season for railways, just when it is most difficult to 
obtain it, and neglects to ship during the summer 
months, the company provided storage facilities 
at convenient places, and were thus enabled to 
divide the traffic more evenly over the various 
months in the year. 

Not to be behind in the luxuries of travel, the 
necessities having been arranged for, the company 
announces a contract with the Pullman Car Com- 
pany for five vestibule trains and four dining cars. 
As to steel rails, this company is again active and 
economical in its arrangements, 25,444 tons having 
been laid in 1889, as against 15,417 tons in 1888. 

The railroad suffered severely from the great 
freshets of last summer, spending 150,000 dols. 
to repair damages alone, yet so well was the matter 
arranged that the cost of maintenance of way was 
only increased 49,459.18 dols. over the previous 
year. The coal arrangements at Buffalo, where the 
great lake trade centres, have been greatly im- 





proved, not only in size of storage facilities, but also 
in the adaptation of improved machinery for 
handling, loading, and unloading ; 230,000 tons can 
now be stocked at this place alone. By the care- 
fully studied policy in regard to the local freight 
traftic, the company has increased this important 
item 16 per cent; while the lumber trade has 
been increased 26 per cent., the increase being 
represented by 340,864 tons ; the addition of side 
tracts and station facilities have contributed largely 
to these results. 

The report states that the local business is yet in 
its infancy, and any one who has been over the road 
can readily believe this. Under a former policy, 
manufacturers found no encouragement to settle 
along the line of the railway. The question was how 
much they could be made to pay for facilities, and 
being squeezed tothe last point, they naturally sought 
other lines, who pursued a more liberal policy. 
Under the present administration they have felt that 
the railway company was their friend, and by wise 
encouragement they have been induced to settle 
along the line and thus contribute to its general 
prosperity, as well as to advance their own interests. 

The following general statement shows what has 
been accomplished ; from an examination it appears 
that while the gross earnings decreased 226,918.51 
dols. or 1.09 per cent., the expenses were reduced 
162,621.02 dols., or 1.22 per cent., so that the net 
earnings are but 64,297.49 dols. less than the pre- 
vious year. This result was only obtained by the 
practice of the closest economy. Although the gross 
earnings show a falling off, the total tons of freight 
moved one mile show an increase of 4.65 per cent., 
the earnings per ton per mile, however, decreasing 
4.13 3 per cent. The train mileage increased 136,371, 
or 7% per cent., while the tons of freight per train 
were increased from 261 in 1888 to 265 in 1889, the 
smaller earnings per ton per mile brought down the 
earnings per freight train-mile from 1.83 dols. in 
1888 to 1.79 dols. in 1889. This was met by a re- 
duction in the expenses from 1.16 dols. to 1.12dols., 
thereby reducing the cost per ton per mile from 
.444 cents to .423 cents, a decrease of 4.73 per 
cent., making the lowest cost of transportation ever 
reached; also, with the large increase in the number 
of passengers carried, it is gratifying to show a re- 
duction of 134,926 miles run by passenger trains, 
as compared with the previous year. 

The earnings per train-mile increased from 
93 cents in 1888 to 96 cents in 1889, while the 
expenses remained the same. The increased 
number of passengers per train brought down the 
expenses per passenger from 1.582 cents in 1888 to 
1.370 cents in 1889, recording as in freight the 
lowest cost per passenger mile ever obtained. The 
decrease in the earnings on merchandise freight is 
largely accounted for by the radical reduction of 33 
per cent. in west-bound rates made during the fall of 
1888. The administration of the shops and care of 
rolling stock shows equally good results. Out of 251 
locomotives, 214 were in good condition at the close 
of the year, only four being classed as bad, an in- 
crease of twenty-four good engines and a decrease of 
thirteen reported as bad during 1888. 

When the class of engines is considered it is 
still more surprising that such results have been 
attained with the means at hand. The report 
Says : 

“Out of a total of 251 locomotives, 142 are light 
eight-wheel engines of insufficient capacity to handle 
the heavy traftic of the New York, Pennsylvania, 
and Ohio. These engines should be gradually re- 
placed by their equivalent in heavy engines of 
modern design. When it. is considered that 85 
such engines will haul the same amount of freight 
as the 142 light engines referred to, the saving in 
the number of trains on the road, resulting in an 
increase in the capacity of the line to handle busi- 
ness, as well asthe decrease i in the cost of operation, 
can be appreciated.” 

The account of car maintenance is as follows : 

“The expenses under this account were 
552,807.86 dols., an increase of 209,366.99 dols., 
or 60.96 per cent. The expense per mile of road 
was 927 dols., per train-mile 7.59 cents. The in- 
crease was entirely caused by repairs and renewals 
of freight cars, 430,035.79 dols. being expended on 
this account alone ; 550 freight cars were built to 
take the place of cars worn out and torn down, 
2429 freight cars received general repairs, 734 
freight cars were painted, 45 passenger cars were 
painted, and 26 varnished ; the equipment, both 
pres and freight, is now up to its full number. 

uring the past two years there has been a shortage 
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in the car equipment which was made up at all 
times by the use of Erie equipment on the New 
York, Pennsylvania, and Ohio Railroad. During 
the early summer it became apparent that the 
general business of the Erie Company would be far 
in excess of the car equipment to move it, so it 
was decided to at once replace the shortage on the 
N. Y., P. and O., which was done before the close of 
the year.” 

As before stated,-the company (the New York, 
Lake Erie, and Western) is greatly hampere2 by 
the arrangements transmitted to it by the previous 
administrations regarding the N. Y., P. and O. 
Railway, and the following quotation clearly sets 
this forth : 

‘*A fair idea of the disadvantages under which 
this company operates the N. Y., P. and O. can be 
gathered from a comparison of the results obtained 
on that line and on the Erie. 

‘*During the year 1889, the average tons of 
freight per train on the Erie was 265 as against 
193 on the N. Y., P. and O. 

‘“‘The average miles each ton was hauled was 
156 on the Erie against 124.5 on the N. Y., P. 
and O. 

‘The earnings per freight-train mile on the Erie 
were 1.79 dols. against 1.11 dols. on the N. Y., P. 
and O. 

‘¢ The earnings per ton per mile were .674 cents 
on the Erie against .578 cents on the N. Y., P. 
and O 

‘¢ The expenses per ton per mile on the Erie were 
.423 cents against .448 cents on the N. Y., P 
and O. : 

‘* With a reduction in the grades and an increase 
in the yard and siding facilities, there is no doubt that 
the N. Y., P and O. could be operated at the per- 
centage provided in the lease, but, without some such 
relief, it will be impossible for any continuous period 
to make that line self-sustaining. It is earnestly 
hoped that some plan will be devised by the owners 
under which they will be able to put their line in a 
condition where it can fairly compete with the Lake 
Shore and Michigan Southern Railway, and Pitts- 
burgh, Fort Wayne, and Chicago Railroad, extend- 
ing through the same territory and connecting with 
the principal competitors of this company. 

‘* There was no time during the past year when 
the N. Y., P. and O; equipment was able to take 
care of the business offering on the Mahoning 
Division. This is especially true in the case of ore. 
The shortage on that line runs from 500 to 1000 
cars a day during the last six months, and for the 
last three months it has been practically impossible 
to furnish any empty cars to lines connecting with 
the N. Y., P and O. for through traffic. This, in 
spite of the fact that during the past year the Erie 
Company have had fromtwotothreethousand of their 
own cars in the N. Y., P. and O. service. Some 
provision will have to be made at an early date for 
a large increase in the equipment of the N. Y., P. 
and O. road, or the business offering will gradually 
drift away to our competitors, who are making very 
substantial additions to their equipment for special 
use in the coal and ore trade between Pittsburg 
and the Mahoning Valley and the lakes.” 

As the New York, Pennsylvania, and Ohio Rail- 
road is largely owned in England, these statements 
may prove of interest. This railroad is not ina 
position to compete with either the Lake Shore or 
the Fort Wayne Railways on account of its grades 
of from 60 ft. to 70 ft., as against 35 ft. to 40 ft. on 
the other roads. 

The engines are inadequate to the work, and it 
is pretty certain the ‘‘Erie” folks will drop this 
road at the first good opportunity. The policy of 
the owners of the New York, Pennsylvania, and 
Ohio is of the most short-sighted character. It is 
a great deal like the case of a landlord who has a 
good tenant but will not spend enough money on 
his house to keep it in repair, so that at the termi- 
nation of the lease he finds himself with an empty 
house, and must spend a great deal more for re- 
pairs, and then search for a new tenant. ‘‘ Why 
don’t you mend your roof ?” said a traveller to an 
Irishman who was getting drenched from number- 
less leaks. ‘‘It rains too hard,” said Pat. ‘* Why 
don’t you mend it then when it stops raining ?” 
‘* Because then it stops leaking.” 

Should the ‘‘ Erie” win their suit regarding the 
Chicago and Atlantic, of which there is a great 
probability, matters will be entirely different. The 
local business has also been greatly developed by 
means of frequent trains run at high speeds, so that 
thesuturbs of New York on this line of railway 





are rapidly springing into life; new towns are being 
built ; each suburban resident is a centre of traftic, 
and it grows around him. The policy of encou- 
raging these people to locate along a railway is full 
of benefit to the company, and the management of 
this railway have been quick to see this. The fol- 
lowing statement of cost will prove very interest- 
ing to English railway managers and may be studied 
with profit : 

‘* For 1889 the average per passenger per mile got 
down to the extraordinarily low figure of 1.639 
cents. There are few parallels to this on United 
States roads, either by large systems or small. The 
average cost of moving a passenger a mile has also 
been reduced to a low point—namely, 1.37 cent. 
The average on the United Lines of New Jersey for 
the year 1888 was precisely the same, but on that sys- 
tem the receipt per passenger per mile in the same 
year was 1.934 cent, leaving a much larger profit 
than in the Erie case. As regards the freight 
averages, the Erie’s receipt of 0.674 cent per ton 
per mile (coal and freight combined) for the late 
year, compares with 0.693 cent on the Pennsyl- 
vania lines east of Pittsburg, and with 0.634 
cent on the Pennsylvania main line and branches. 
The cost per ton per mile to the Erie for 1889 
stands at 0.423 cent ; for 1888 on the Pennsylvania 
lines east of Pittsburg it was 0.482 cent, and on 
the Pennsylvania main stem and branches 0.412 
cent.” Could any greater compliment to the 
administration be given than this ? 

Taking this report as a whole it certainly showsa 


. | remarkable administration, and it also shows what 


this magnificent line of railway is capable of doing 
when properlyadministered. Of course, as in war, all 
the praise of success, or condemnation of failure, goes 
to the commanding officers, and yet in the general 
praise the good and clear-headed assistants must be 
counted—such as the general-manager, general- 
superintendent, superintendent cf motive power, 
chief engineer, master mechanic, general freight 
agent, &c. The skill of the heads of this railway lies, 
first, in making the proper selection of their assist- 
ants, and second, in seeing they perform properly the 
duties assigned to them. The one without the other 
produces only failure, but the combination is always 
a success. It is right that to the heads should go 
the praise, for they have made the selection, and to 
their forethought is due the fact that the assistant 
has the chance to show what he is capable of. Too 
many assistants overlook this and think while they 
are doing all the work some one else is getting all 
the praise. Such men are rarely in the right posi- 
tion, they have a place beyond their capacity and 
are haunted by the fear some one will find it out, 
hence their arrogance and display of a petty 
temper. In conclusion, we may congratulate the 
financial and the operating departments on their 
brilliant showing, and to predict under the guidance 
of the president and the vice-president, the ‘‘ Erie” 
has a future before it of great promise and of 
assured success. 





CLIMATOLOGICAL TEMPERATURE. 
Ir is well known that the sensation produced by 
heat and cold of the atmosphere upon the exposed 
surface of the human body has no direct constant 
relation to the rising and falling of the temperature 
in the shade, commonly regarded as the temperature 
of the external air. When overheated we fan our- 
selves or court a draught, and wind produces a like 
cooling effect. In stagnant air the heat of the 
tropics is unbearable. In polar regions the cold 
of winter is unsupportable in high winds. Thus a 
cooling sensation is maintained by a breeze through- 
out the thermometrical range of temperature. But, 
whatever the temperature of the air may be, in 
sunshine we experience additional warmth, especially 
if there is little or no wind. Hence our sensation 
of heat and cold are due not merely to the tempera- 
ture of the air, but also to the direct solar radiation, 
and the wind’s velocity. Upon this basis, J. Vincent, 
the Belgian meteorologist, has experimented on the 
temperature of the exposed surface of the human 
body, as the hands and face, and given an account 
of his investigation in ‘‘ Ciel et Terre” under the 
title Climatological Temperature. A long series of 
observations has conducted him to the formula, 
adapted to Fahrenheit’s thermometer, 
99.7-A _ , 
—-. =1.42 ; 
whence 
8 =70.3+0.3A; 


where 99.7 deg. is the interior tem erature of the 





human body ; A the temperature of the air; S the 
temperature of the exposed skin when in shaded 
and calm air. Let E be the excess of solar radia- 
tion above the temperature of the air; V the velo- 
city of the wind in miles per hour; then C, the 
climatological temperature, or the temperature of 
the skin, as influenced by A, E, and V, is 


C=70.3+0.3A+02E—V434V. 

Thus if A=48 deg., E=4 deg., V=20 miles ; then 
C=76.3 deg. ; and this is the temperature of the 
exposed skin ; whereas in calm air it would have 
been 85.5 deg.; and in calm and shaded air 84.7 
deg. Here the effect of sunshine is very small. It 
is often very considerable. Observations carried 
out in this manner during December, 1889, show 
that the thermometrical coldest day, 20.8 deg., was 
the 3rd ; the warmest, 48 deg., the 24th ; whereas 
the greatest sensation of cold, 71.4 deg., was due 
to the 9th ; of heat, 88.8 deg., to the 15th. Although 
the air was not so cold on the 9th as on the 3rd, it 
felt colder because there was no wind ; and although 
the 24th was much warmer than the 15th, the 15th 
felt warmer because there was much less wind and 
powerful sunshine. The observations were made at 
noon. The investigation is exceedingly curious and 
interesting ; gives a direct utility to observations of 
solar radiation ; and, without doubt, ought to enlist 
the attention of meteorologists and be carried out 
more extensively, for which purpose the original 
memoir must of course be consulted. 

Probably it will be found that these relations are 
only tolerably identical in healthy subjects ; for 
physiological] and pathological influences, as well as 
those of the weather, determine the bodily sensa- 
tions. This investigation, however, clearly makes 
manifest, that our individual bodily experience is 
in several respects quite a different meteorological 
indicator to the unsentimental thermometer. 





THE GAMBLE IN PIG IRON. 

Wuat is undoubtedly a huge gamble in pig iron 
has reached a climax, and the ‘* ring” in Glasgow is 
now passing through an experience, which in some 
respects is unprecedented. As we have pointed out 
in a previous article, pig iron was being very largely 
operated with for speculative purposes—men who 
had never seen a bar of pig were buying in large 
quantities, and that too without even having cash 
to take the iron off the market far less to use it 
legitimately. The crash has come. The aggregate 
a of iron represented by warrants shows a 

epreciation in market value during the month of 
over a million sterling, and the differences which fell 
to be met during the past few days and will still 
require to be met in the first days of next week, 
bring out forcibly the disastrous effects on those 
participating in the gamble. More than a half of the 
loss falls on Scotch iron, about 400,000/. on hematite, 
and about 160,000/. on the small stock of Cleveland. 
In other words, operators for the rise who bought a 
month ago find to-day that they have to repay 15s. 
per ton on Scotch, 16s. per ton on Cleveland, and 
ll, per ton on hematite. Some have sold their 
iron, recognising that the ‘‘dice” had gone against 
them, and even facing ruin; others have honour- 
ably met their differences, while not a few have left 
the broker to settle as best he could. The settle- 
ments, it will be understood, were exceedingly 
heavy, and some of the Glasgow brokers have lost 
considerable sums of money owing to their clients 
failing to meet their differences. Two of the brokers 
have liquidated, others are said to be in difficulty, 
and as an indication of the losses it may be stated 
that several of the substantial men have dropped 
sums, running almost into seven figures, on account 
of defaulting clients. Regarding outside specula- 
tors the losses in the aggregate have fallen heavier 
on England than on Scotland. When the price was 
advancing the Scotch operators were probably more 
numerous than those in the south, but as the rates 
became ‘‘toppish” the cautious characteristic of 
the Scot asserted itself, while on the other hand 
enormous buying orders set in from England. 
At the beginning of the year, when prices 
were unduly inflated, orders literally poured 
in from England, and indeed the weakness 
now is very much due to the fact that the ope- 
rators dealt in larger quantities than was warranted 
by their financial circumstances, or by the state of 
affairs prevailing. Of course when the price began 
to give way they were unable to stem the rapid 
downward movement of the market. It is not 
necessary to particularise, but it may be stated that 
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heavy losses have been made by many individual 
clients. The account has been purged ; but still 
‘‘ bull” operators are numerous as indicated by the 
heavy rate of contango at which iron is being 
carried over, ranging from 8 to 9 per cent. Until 
the account for the rise is still further reduced, 
there cannot be much stability, These proceedings 
within the past few days clearly prove what we 
stated a fortnight ago that the pig-iron warrant 
market is not a good barometer of trade, and the 
ambling propensities which have developed cannot 
G too strongly condemned in view of the indirect 
influence it has on legitimate commerce. 





REMINISCENCES OF THE LIFE OF 
G. A. HIRN. 


By Professor DwetsHAvvERS-DeEry, of Litge 
University. 
(Concluded from page 121.) 

THE verification of the law that nothing is lost in 
nature, and its consequences, occupied Hirn’s whole 
life. Even before 1854 he traced the principle in 
the steam engine, and his researches in this field 
were as much to the advantage of the engineer as 
of physical science. By the light of this law he 
investigated the depths of mts collecting materials 
for his masterly work ‘‘ Constitution de ]’Espace 
Céleste,” published thirty-four years later—in 1888 
—only a short time before his death. 

How often, in his numerous publications, he 
recurred to this fundamental truth, the following 
list will show: ‘‘ Recherches sur ]’équivalent mé- 
canique,” published in the Revue d’ Alsace, 1850, 
1851, 1852, which gained the prize of the Berlin 
Physical Society in 1857 ; the three editions, 1862, 
1865, and 1875 of his ‘“‘ Théorie Mécanique de la 
Chaleur ;” ‘‘ Théorie de la Machine Lenoir (Cos- 
mos, 1863);” his great philosophical work ‘‘ Analyse 
Elémentaire de ]’'Univers, 1868 ;” ‘‘ La Musique 
et l’Acoustique, 1878 ;” ‘‘La Vie Future et la 
Science Moderne, 1882 ;” (which was followed by 
‘* Réfutation scientifique de la doctrine du Maté- 
rialisme) ;” ‘‘ Recherches Expérimentales sur la 
résistance de l’Air, 1882;” ‘Recherches sur les 
lois de l’Ecoulement des Gaz, 1885 ;” ‘‘ Notion de 
la Force dans la Science Moderne, 1885 ;” ‘‘ Nou- 
velle Réfutation générale des Théories appelées 
cinétiques, 1886 ;” ‘‘ Avenir du Dynamisme dans 
les Sciences Physiques ;” and lastly, ‘‘ La Thérmo- 
dynamique et L’ttude du travail chez les étres 
vivants, 1887.” Long as this list is, it does not 
exhaust his literary labours, 

But from our special point of view, we may say 
that his first work on friction was the determining 
cause of those researches which resulted in the 
creation of a new experimental method, and a 
practical theory of the steam motor. These ques- 
tions may be considered as now set at rest. irn 
desired to know which was correct, the old theory 
of Carnot and Clapeyron, who held that heat was 
as indestructible as matter, or the modern view 
that heat was consumed in proportion to the 
external work accomplished. He found that the 
most accurate solution of the problem was in the 
explanation of the economy effected in a steam 
engine by using Watt’s steam jacket. Combes’ 
experiments had demonstrated this fact, of which 
the old theory took no count. ‘‘ But the point at 
issue,” said Hirn, in June, 1854, ‘‘ is to interpret 
an apparently well-ascertained fact, and all @ priori 
reasonings are useless. It is clear that a satisfac- 
tory solution can be arrived at only by comparing 
experimentally these two theories of the motive 
power of heat. It appears to me that a study of 
the most recondite functions of the steam engine 
ought soon to lead to the solution of some of the 
finest problems in pure mechanics, and in industrial 
economy. If it is my good fortune to bring to a 
happy conclusion the experiments I have already 
begun, I shall shortly be im a position to communi- 
cate the result of my researches in this field to the 
Société Industrielle.” 

In October of the same year, Hirn was able to 
say, in a letter to a trient : “With this view I 
have undertaken a series of investigations, and in a 
month or two I shall hope to give you my deduc- 
tions in a complete shape. Meanwhile I will just 


mention two of the most striking results of my 
studies. .... / A Woolf engine on which I have 
experimented, gives 106 horse-power with a steam 
jacket, and only 82 horse-power without... . . 
The mode of action of the jacket remains to be 
explained, and this I shall endeavour to do in the 





work upon which I am now engaged. At present 
I can merely say that it must neither be attributed 
to a diminution of the loss of heat externally, nor 
to the drier steam due to the jacket; the enormous 
influence of a steam jacket proceeds from other 
causes.” That these in Hirn’s opinion were the 
influence of the walls is proved by his paper of 1855. 
But the facts, which had been previously published 
by Combes, were of quite subsidiary importance, 
—— to the method of experimenting and 
method of interpretation Hirn had originated. 

It was the first time that a physicist had sought to 
explain the evolutions of heat in a steam engine. A 
real heat balance was struck by putting on one side 
of the account all the thermal units coming from 
the boiler, on the other those passed into the con- 
denser, and expended in work. No one had ever 
thought of measuring the heat from the condenser. 
Hirn wanted, it is true, to discover the value of 
the mechanical equivalent, and not to use a given 
value to verify his experiments, or, as he afterwards 
expressed it, to verify the consumption. Never- 
theless the honour, to which some have disputed 
his claim, will always be his. As early as 1854 he 
accurately measured the three quantities of heat 
above mentioned, established a heat balance, and 
thus laid the foundations of the only practical 
theory of the steam engine that has been universally 
accepted. Is there evidence of any modern experi- 
ments, seriously undertaken, which have not been 
based upon his method ? 

In the same letter of October 21, 1854, Hirn 
shows that he had arrived at his discovery by a 
process of logical reasoning, led on, so to speak, 
while endeavouring to verify his facts. ‘‘I now 
come,” he says, ‘‘to the second point of my letter. 
According to Carnot’s theory, as developed by 
Clapeyron, heat being indestructible, and acting 
only by expansion as it passes through the motor, 
the heat from the boiler ought all to be found in 
the water ejected from the air-pump discharge, or 
in the steam ejected from a non-condensing engine. 
. . . . My experiments prove that this is not the 
case ; they completely confirm the modern theory. 
: Heat in a steam motor is not only dispersed, 
but actually disappears, and the power obtained 
is exactly proportioned to the quantity of fluid 
which disappears as heat, to re-appear as motive 
power... /3 . I do not know if other observers 
have already arrived at these results. Nor do I 
know if others have verified on so large a 
scale, this disappearance of caloric in a steam 
engine, and its direct transformation into power. 
However that may be, whether I am first in the 
field or not, I shall be perfectly satisfied if I 
have been able merely to corroborate the exist- 
ence of this phenomenon. Everything relating to 
the verification and the extension of Mayer's great 
law of heat is of such incalculable value and im- 
portance in the present state of mechanical and 
physical science, that questions of priority ought not 
to occupy one who is interested chiefly in the dis- 
covery of truth.” 

The memoir of 1855 contains more than one im- 
portant statement ; we will only mention one or 
two essential points. While endeavouring to dis- 
cover the cause of the economy of the steam jacket, 
Hirn happened to demonstrate experimentally 
the remarkable fact brought out by Clausius in his 
formulas, that when saturated steam expands to 
perform external work, it is partially condensed. 
As the jacket prevents this condensation, it com- 
pletely changes the law that governs the expansion 
of steam, and by bringing more fluid into action it 
greatly increases the work of expansion. Hirn 
also proved by experiment that, in conformity with 
mathematical analysis, vapour generated by sul- 
phuric ether acts in a diametrically opposite way to 
ordinary steam, and is superheated by expansion, 
and condensed by compression. 

His paperonsuperheated steam closely followed the 
memoir detailing his attempts to trace the effects of 
the steam jacket. It was read October 29, 1856. I 
shall not injure the memory of my friend Hirn if [ 
mention here the following fact, which I myself 
told him to his great surprise, in 1875. The em- 
ployment of superheated steam had been suggested 
by a Belgian engineer, Ferdinand Spineux, more 
than fifteen years before. An experiment made at 
Antwerp demonstrated its economy, and Spineux 
competed for a prize offered for the greatest im- 
provement in steam engines. The judges foresaw 
practical dangers in the employment of superheated 
steam, which have since proved chimerical. 

To obtain definite and practical results, Hirn 





was in fact obliged to introduce many modifica- 
tions in the construction of the steam engine. One 
point he thought of essential importance, namely, 
that the distribution of steam should be effected by 
means of four valves, two for admission, controlled 
by the governor, and two for exhaust. The historical 
engine at Logelbach is the same now as it was in 
1856, when the principles of construction laid down 
by Corliss were unknown. To make the piston 
tight with superheated steam, and lubricate the 
engine without fear of accident, were difficulties 
that could only be overcome by an operator accus- 
tomed to deal with natural phenomena. 

Hirn wrote to me about two months ago: 
‘“'The two engines you saw at Logelbach have been 
working for thirty-four years, which is suflicient 
proof of the practical utility of superheated steam. 
You can see in the ‘ Bulletin of the Société Indus- 
trielle de Mulhouse’ how the apparatus for super- 
heating is constructed ; I need add nothing to that 
explanation. . . . Vertical cylinders should as far 
as possible be employed; I doubt if the pistons of 
horizontal cylinders can ever be made tight enough 
to avoid all leakage. If the conditions I am speak- 
ing of are adhered to, steam can be used up to 
446 deg. Fahr. without any risk of injury. . . . To 
sum up: 1. Forsuperheating strong cast-iron pipes 
should be used, and joints made of metallic rings 
fitted into grooves turned in the flanges. These 
pipes are placed in the boiler flues, and surrounded 
by the hot gases. 2. Vertical cylinders should be 
employed, if possible, not steam jacketted, and 
protected from external cooling by a good non- 
conductor. Four separate openings for admission 
and emission of the steam; the rest as in other 
engines. If superheating has hitherto been 
neglected, it is because these precautions have not 
been taken. . . . With continuous lubrication, now 
so much used, the risk of valve friction is reduced 
to a minimum.” 

In 1856 Hirn made the following remarks ; their 
practical bearing will be at once apparent. ‘‘I 
have now determined and reduced to a formula the 
economy of steam and fuel which may be obtained 
in every kind of engine by substituting superheated 
for saturated steam. The first question, and one 
that will naturally occur to more than one reader 
is, Can this method of calculating a certain advan- 
tage beforehand be made sufticiently accurate for 
general use? In other words, is it trustworthy in 
every case ? To this we may reply in the affirmative 
if the superheating apparatus has been properly 
fitted, and applied to an engine in good condition ; 
- every other instance it will be found impractic- 
a ot 

Notwithstanding the success of his experiments, 
Hirn found the greatest difficulty in persuading 
others to adopt his system of superheating. It was 
only after twelve years of patient and persevering 
efforts that he had the satisfaction of seeing the 
results he had obtained verified and confirmed, in 
a report of the Société Industrielle de Mulhouse, by 
Messrs. Hallauer and Grossetéte, 1869. As far as 
personal advantage was concerned, Hirn’s labours 
bore no fruit ; but they led him to study closely 
the properties of superheated steam, as also of the 
expansion of vapours, in a word to determine by 
experiment the laws governing certain phenomena, 
and to win himself distinction in many depart- 
ments of physical science. Finally he proposed a 
general formula to express the law that regulates 
the phenomena of expansion and contraction of all 
bodies. (See vol. ii. of his ‘‘ Thermodynamique,” 
1876). 

The more he experimented the larger became his 
horizon, and the more accurate his views. This 
gradual expansion is visible in the three editions of 
his ‘‘ Exposition analytique et expérimentale de la 
Théorie mécanique de la chaleur.” 

No other experiments in physics had then been 
made on so great a scale, nor with such powerful 
engines. Not only were new methods required, 
but new apparatus and instruments, and Hirn was 
obliged to spend much time in designing them. 
Even the manipulation of the figures was a 
laborious and fatiguing operation, and he was soon 
glad to have recourse to Thomas’s arithmometer, on 
which he published a notice in 1863. To save his 
eyesight, he made use of a form of typewriter as 
early as 1855. He modified Watt’s steam engine 
indicator and made it more accurate. (M. Marcel 
Deprez re-invented the same arrangement at a later 
period.) In 1867 he invented the ‘‘ pandynamo- 
metre differentiel” and the ‘‘ pandynamométre de 
flexion,” in which he used the principal parts of 
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the steam engine itself, the beam or the shaft, as! 


an indicator of pressure. This new method has not 
been adopted hitherto, because in practice great 
precision is sometimes not required, but it may 
sooner or later be utilised in the engineering 
laboratories which, owing greatly to the exertions 
of Professor Kennedy, have been generally esta- 
blished in England. Hirn introduced the air ther- 
mometer and Koeplin’s hydrostat in the calorimetric 
determinations he made in 1869 with relation to the 
priming of steam. Amsler’s planimeter was also 
of great service to him, and he published a theory | 


Sit 


; 


ublic see the necessity of forming mechanical 
aboratories in the schools and colleges. I there- 
fore published in 1878-1880, a series of articles in 
the Revue Universelle des Mines de Liége, giving an 
historical sketch of the discovery of the thermal 
action of steam engine walls, in which I endeavoured 
to do justice to scientific discoverers of every 
country, Combes, Lechitellier, Clark, Isherwood, 
and others. I followed it up with an ‘‘ Exposé 
succinct de la Théorie pratique des moteurs & 
Vapeur” (a portion of which has appeared in En- 
GINEERING). 





of it to make it popular, and to induce engineers to | 
adopt it. 

So great a mind as Hirn’s could not always remain 
isolated. In Hallauer he found a pupil and a friend, 
whose well-known researches made what is called 
the Alsatian school famous. Hirn once told me! 
that Hallauer never caused him but one sorrow, 
namely, his death in 1884. The great philosopher | 
was almost inconsolable, and never ceased to regret 
his friend and fellow-worker. 

It was in 1873 that I became acquainted with | 
Hirn. I began our intimacy by criticising his 
experiments ; he replied by inviting me to come 
and test them for myself, to open my eyes to facts, 
and draw my own conclusions. That was his way 
of teaching—facts, not opinions. In 1875 I joined 
in the experiments directed by Hirn, and carried 
out by Hallauer, M. Grossetéte, and myself; an 
exhaustive report was presented in the following 
year by Hallauer to the Société Industrielle. Con- 
vinced myself, I was then anxious to make the 





issue, and understood their importance. 


It was the first time, as M. Zeuner said, that 
Hirn’s theory had been formulated and summed 
up ina general way without any special application. 


| About the same time G. Schmidt, of Prague, wrote 
a similar work in German. 


Upon this occasion M. 
Zeuner began his famous discussion with Hirn and 
Hallauer, which Schmidt humorously called the 
war of water against metal. Zeuner maintained 
that to the permanent presence of water in the 
cylinder must be attributed the injurious effects 
Hirn ascribed to the influence of the metal walls. 
The discussion, which unfortunately was not always 
carried on in a very courteous spirit, had a two- 
fold and excellent effect. A flood of light was shed 
upon the subject, and many obscure and intricate 
questions were elucidated, while the publicity 
given to the discussion turned the attention of 
engineers to the Alsatian experimenters and Hirn’s 
theory. Before this time only a few workers, 
chiefly in England, had followed the any at 
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henceforth Hirn’s works became more popular, and 
the results obtained by Hallauer better known. 

As usual, when success crowns the labours of a 
lifetime, there was no lack of people ready to 
dispute the authorship of the discoveries, but the 
various publications on the subject amply prove it. 
Hirn was above such trifles. Once more only did 
he trouble himself with them, when he found a 
man of science like Clausius pretending to form a 
theory of the steam engine without taking count 
of the phenomenon of the exchange of heat between 
the steam and the metal, But I well remember 
his delight when, by the aid of Donkin’s revealer, 
he was able to see through the glass those effects 
of heat he had beheld years before, with his mind’s 
eye, across the thick metal. 

Among the works of Hirn that are of especial 
interest for engineers, we add the following to the 
list already given: ‘‘ Théorie de la machine & gaz 
de Lenoir, Kosmos, 1863;” ‘‘Transmissions télo- 
dynamiques inventées par Ferdinand Hirn, Bul- 
letin de la Société d’Encowragement de France ;” 
‘“‘Théorie du gyroscope, Annales de lObserva- 
toire, 1867;” ‘‘Mémoire sur la turbine Jouval, 
Annales du Génie Civil, 1862.” This last is as 
remarkable from an experimental as from a prac- 
tical point of view. 

Hirn’s astronomical and physical works are also 
of great importance, but this is hardly the place 
to speak of them. We will only cite one fact, that 
gives some idea of his spirit of inquiry, and the 
original turn of his mind. Of what nature, he 
asked, are Saturn’s strange rings? This question 
puzzled him. In order to discover if they were solid, 
liquid, or gaseous, he determined in each case what 
would be their conditions of existence and of equili- 
brium, and he found that they could not possibly be 
either solid, liquid, or gaseous. The conclusion he 
drew was that each ring is composed of many sepa- 
rate bodies, probably spherical, travelling together 
round the planet, after the manner of all satellites. 

Thus ends our sketch of the scientific philosopher 
and investigator. Those who wish to know the 
man will gain some idea of him by reading his 
biography of his brother Ferdinand, the inventor of 
the first driving by rope (Kosmos, 1880) and 
his memoir of Hallauer, which appeared in 1884 
- the Bulletin dela Société Industrielle de Mul- 

Ose, 

It may be interesting to add a list of the honours 
and titles conferred on Hirn by various countries : 
President of the Société d’Histoire Naturelle de 
Colmar; Membre Correspondent de 1'Institut de 
France ; Associate of the Academies of Science of 
Belgium, Denmark, Spain, Sweden, Bologna, 
Rome, St. Petersburg, Hippone ; Honorary Doctor 
of the University of Bologna ; Honorary Member of 
the Société Industrielle de Mulhouse, of the Ameri- 
can Society of Mechanical Engineers, of the Society 
of Natural Science at Zurich, of the Literary and 
Philosophical Society of Manchester, of the Batavian 
Society of Experimental Philosophy of Rotterdam, 
Philosophical Society of the United States, Society 
of Civil Engineers of Paris, French Physical Society, 
&c.; Chevalier of the Legion of Honour, Com- 
mander of the Order of the Rose of Brazil, Officer _ 
of the Order of Leopold. 

A medal bearing an effigy of himself was also 
subscribed for by his numerous friends and ad- 
mirers. Unfortunately it was not completed in 
time, but a model of it was presented to him a few 
weeks before his death, 





NOTES. 
Tue Cantor LEcTUREs. 

On Monday evening, the 10th inst., Professor 
Silvanus P. Thompson concluded his Cantor Lec- 
tures on the electro-magnet by a thorough discus- 
sion of the field of magnetic force due toa solenoid. 
The results of observations made with a given coil 
and soft-iron cores of various lengths were duly 
plotted, and much valuable practical information 
extracted from the curves thus obtained. The par- 
ticular advantages arising from the use of perma- 
nent magnets in relays and other apparatus were 
pointed out, and a well-merited word of — 
tion was skilfully paid to the ingenious devices 
with which Professor Hughes has enriched tele- 
graphy. Professor Thompson had also much to 
say about the bright star due to the self-induction 
of the electro-magnet, and pointed out two suc- 
cessful ways of diminishing or almost completely 
abolishing this objectionable phenomenon. Both 





of these methods were illustrated, and they cer- 
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tainly appeared to reduce very greatly the bright- 
ness of the spark. The brevity with which the 
condenser method of disposing of the ‘‘extra 
current” was despatched, caused some little sur- 
prise, especially to those who had read Professor 
Fleming’s investigation of the function of induc- 
tion-coil condensers. These lectures of Professor 
Thompson have deservedly excited much interest, 
and their publication in the Journal of the Society 
of Arts is looked forward to with eagerness. It 
will, therefore, be very disappointing to electrical 
engineers and students of electrotechnics generally, 
to learn that they must wait for the return of the 
summer months before they can be gratitied in this 
matter. If inclined to rebel against this procras- 
tinating policy of the Society, they must remember 
that even in the idle summer months the Journal 
must pay. We trust that in the mean time Pro- 
fessor Thompson may be induced to do for these 
lectures what he did for the course which he deli- 
vered before the same Society in the autumn of 
1882, and that as his ‘‘ Dynamo-Electric Machi- 
nery” was the outgrowth of the latter, a similar 
handbook may be the outcome of the former. 


INDUSTRIAL EXHIBITION AT STOCKHOLM DURING 


1892. 

An industrial exhibition will be held at the 
Swedish capital during 1892, a remarkably well- 
yositioned site in the proximity of the town having 
an fixed upon. A committee has been con- 
sidering the financial question of the matter, and 
arrived at the result that the expenses would be 
likely to exceed the profits with 1,200,000 kr. This 
deficiency is proposed to be covered by a grant from 
the State of 400,000 kr. (half to be taken from the 
Industrial Manufacture Fund), by a grant of 
300,000 kr. from the city of Stockholm, and the 
balance of 500,000kr. it is proposed to raise 
through a lottery. Stockholm is a beautiful town, 
and the Swedish manufacturers are sure to exert 
themselves, so the Exhibition should become one 
of some interest even in these days of excessive 
exhibitions. 

Russtra’s New Nava Station. 

In accordance with the decision arrived at last 
year, nearly a million and a half sterling is to be 
spent by the Russian Government in constructing 
a new naval station in the Baltic. As may be 
imagined, the engineering works are to be of the 
most extensive character, and will occupy the 
authorities some years. The spot selected is close 
to Libau, itself a new commercial port near the 
German frontier, on which over a million sterling 
has been expended. Commercially, Libau has 
proved a great success, and has attracted to itself 
a large winter export trade, the Russian ports 
higher up the Baltic and in the Gulf of Finland 
being closed with ice a considerable period during 
the winter season. In excess. of a good winter 
port in the Baltic, Russia has long wanted a naval 
station where the Baltic fleet could not only winter, 
but where the entire coast could be kept under firm 
control. At the mouth of the Dwina there are 
some forts protecting Riga, but for all practical 
el the nearest dockyards are Sveaborg and 

evel, If there were to be a war between Germany 
and Russia, the fleet of the latter, resting on the 
Sveaborg-Revel base, would leave open the whole 
coast of Courland and Livonia to the enemy. As 
these provinces contain a large German population, 
notoriously disaffected, a German force would ex- 
perience no difficulty in making its way to Riga. 
This has long been recognised in Russia, and with 
a view to preventing such a move the Government 
decided last year to build a dockyard near Libau. 
Here, within a few miles from the German frontier, 
the Russians will be able in war time to mass their 
naval and military resources, and cut the line of 
advance of any force marching from Kénigsberg 
to Riga. The task of constructing the dockyard 
and the fortifications to defend it will be intrusted 
to Government engineers, Russian contractors 
alone being allowed to tender for the various por- 
tions of the undertaking. A series of short stra- 
tegical lines will interlace the forts, and connect the 
dockyard with the main Russian system. In order 
to prevent the plans becoming known to Germany, 
no Germans of local extraction are to be permitted 
to participate in the works or visit the locality. 


Tue AccipENT ON Boarp THE ‘‘BarRacovuta.” 

The accident which occurred off Margate to the 
boiler of the Barracouta during the contractors’ trial 
on the 7th inst. is at present full of mystery to the 
general public. This latest mishap—for the Barra- 





couta has been the child of misfortune from her 
launch—is not the effect of that scapegoat to so 
many mishaps, forced draught, for the vessel was 
running, according to the daily paper reports, with 
4 in. air pressure in the stokehold, which is about 
equivalent to natural draught. As a matter of fact, 
we believe, less than that pressure was registered by 
the water gaugesatthetime. Neither is it the result 
of that other bugbear of vessels of this class, the loco- 
marine boiler, for the Barracouta has return-tube 
boi'ers, the one in question being, we believe, of 
the double-ended type. However, we must be 
content to surmise only until haply the coroner’s 
inquest throws some light on the engineering aspect 
of the case. The boiler has been sealed up, with 
the official seal, and sentries, doubtless with double- 
loaded muskets and fixed bayonets, have been 
placed at the stokehold hatchways. The sudden 
driving out of flame from the furnace would lead 
one to suppose that a tube had suddenly burst, and 
the fact that this boiler was used at reduced pres- 
sure might be taken to indicate that the engineers 
had managed to close the tube. The reports, how- 
ever, negative this. It will be remembered that some 
time ago two men were burnt to death in a torpedo 
boat off Portsmouth, through the stokehold be- 
coming filled with flame from the furnace. 
This, however, was caused by the sudden break- 
ing down of the fan, the result of which was 
that the volume of combustible gases, set free from 
the fuel on the grate, was too great to be carried 
through the tubes without the impetus of the fan 
draught, and they accordingly found their way into 
the stokehold through the ashpit openings. So far 
from this being the case in the present instance, the 
only man who escaped without injury was one who 
was standing near the fan delivery, he being pre- 
served by the blast of cold air. It is hard to 
imagine that any bulging of the tube-plate and 
ovalling of the holes was the cause of the accident. 
We know what a pitiable state boilers are often in, 
even after a successful trial trip, and how diflicult it 
is to keep steam in them when they have been 
allowed to cool ; yet the boiler in question main- 
tained a pressure of 75 lb., half the working pres- 
sure, on her return trip. On the whole the problem 
is one of considerable importance, and as a side 
issue may be of interest in connection with the 
lately promulgated Admiralty rules as to boiler 
testing. 


Tue TAcTICcAL IMPORTANCE OF SMOKELESS PowvEr. 


An interesting paper by Major Rogala Von 
Bieberstein, German army, has appeared in the 
February number of Colburn’s United Service Maga- 
zine. The principal deductions, derived from the 
last summer manceuvres in the presence of the 
Emperor, when ‘extensive use was made of 
smokeless powder by different divisions of the 
Guards, as well as by the whole of the 10th Army 
Corps,” may be summarised as follows. Cast steel 
guns were seriously injured. Bronze guns were 
unaffected. Steel bronze guns are recommended. 
It was found necessary to lubricate gun barrels from 
time to time by means of an oily cloth. The 
cartridges take up less space in the powder chamber. 
Whether with guns or rifles ‘‘a better aim is 
obtained, as also quicker firing ; it is easier to judge 
distances ; a better view of one’s own troops is 
obtained ; a clearer general view is presented ; and 
a better control in directing an attack or defence is 
practicable.” . . . ‘‘ Troops can suffer great losses 
from an enemy’s fire without knowing whence it 
comes, and whither they shall direct their fire in 
defence.” . . . ‘‘The artillery . . . will in future 
fill their shells with explosives, which produce 
dense smoke in order the better to observe the ” 
bursts. ‘‘ Cavalry will suffer more than any other 
branch of the service by the introduction of smoke- 
less powder, for their best friend was always the 
smoke which veiled their attack.” ... ‘* Their 
tactical worth in field operations will become much 
less” than formerly. As to the defence, defenders 
‘‘can use their weapons with more composure, 
especially in the front line, than can the attacking 
party.” . . . ‘*The spade will play a more im- 
portant part than formerly, as well for the infantry 
and for the artillery.” As regards the attack, the 
cavalry will reconnoitre a position under great 
difficulties, they ‘‘ must be prepared to suffer. . . 
greater losses than heretofore,” . .. and ‘‘ must 
develop a more careful reconnoitring activity.” 
... ‘*The attacking party of to-day must make 
great use of his artillery to shake the enemy’s 
infantry ” before the position is assaulted. Major 





Bieberstein considers that the ‘‘ attacking force 
which leaves its cover to advance will be cut down 
by a murderous fire, better aimed than formerly.” 
. . . ‘*The increased deadly effect of the repeating 
rifle and smokeless powder on an enemy repulsed 
after an unsuccessful storm, will tend to annihila- 
tion, and probably change an orderly retreat into 
hopeless flight.” Applying these deductions, it 
appears more than ever necessary that generals in 
the field should be experts of the highest order. 
Also it appears that the preponderance of ad- 
vantages gained by modern inventions lie with the 
defence, and that troops which may not possess 
sufficient experience to attack, may nevertheless, 
defend a good position against the best soldiers in 
the world, and especially in an inclosed country. 
As regards our own case, the ‘‘ improvements” 
may therefore be considered as having increased 
the defensive power of our volunteer forces. 





DESIGNING AND CONSTRUCTING MILLS. 

THE report of the Commissioners appointed by the 
Government to inquire as to the cause of the collapse 
of a large building in course of construction for Messrs. 
Templeton, Glasgow, by which about twenty lives 
were lost, has been laid on the table of Parliament. 
It contains some valuable suggestions to architects and 
engineers, and also to the authorities having super- 
vision over the design and methods of construction of 
buildings. The Commissioners were Colonel E. D. 
Malcolm, C.B., commanding the Roysl Engineers in 
Scotland, and Mr. W. W. Robertson, surveyor in 
Scotland of Her Majesty’s offices of work. Many 
theories were propounded to account for the disaster, 
and it is remarkable that the cause, according to the 
Commissioners, was only hinted at by one witness 
before the public inquiry held on December 21 and 22. 
Their explanation of the accident is as follows: The 
first gust of wind caused the whole building to oscillate, 
an action which is inevitable in a structure of consider- 
able ae and which should not damage a properly 
designed construction ; but this oscillation severely 
strained the back wall, especially towards the centre 
of its length, and the oblique pressure which accom- 
panied it fractured one or more of the base-plates of 
the stanchions supporting the wall. The second gust, 
acting with increased force on the somewhat weakened 
structure, caused a greater sway of the building, broke 
more of the base-plates, and probably tilted some of 
the stanchions, causing a grinding of the wheels 
observed in the weaving shed. The third and 
strongest gust was probably that which caused the 
catastrophe. Under its impulse the already weakened 
wall, deprived of a portion of its effective support by 
the fracture of the base-plates, swayed beyond the 
narrow limit of its stability, and in its fall not only 
deprived the front wall of the support of the joists, 
but actually, by their connections, assisted to drag it 
over. The result was the simultaneous collapse of 
both front and back walls. 

The back wall was not exposed directly to the full 
force of the wind; but it was subjected to a large, 
though unascertainable, wind pressure, due to window 
openings in the front wall and the absence of the roof, 
as well as to a considerable thrust transmitted from 
the front wall by the four tiers of joists which crossed 
the building. Against these forces the back wall had 
nothing to oppose but its own lateral stability. In 
matter of thickness and ratio of openings to solids it 
was inferior to the front wall. The Commissioners, 
however, were satisfied with the substantial manner of 
the workmanship and material. At the level of the 
first-floor windows (the lowest part which gave way) 
the horizontal area of the piers in a given length of the 
front wall exceeded that in the same length of the 
back wall by 40 per cent., while their aggregate width 
exceeded that in the same length of the back wall by 
20 per cent. The front wall exceeded the dimensions 
ae by the Metropolitan Building Act. The back 
wall fell, though but slightly, below the requirements 
of that Act, Leaving out of account the portions 
which were incorporated and strengthened by the 
staircases and other buildings at either end, the back 
wall was 150 ft. long, and was entirely supported on 
iron lintels and stanchions already referred to. There 
being no cross-walls this back wall was but a sheet of 
brickwork 150 ft. long and 66 ft. high, perforated by a 
relatively largenumber of windows, resting oniron beams 
and stanchions and having no connection, except at the 
two ends, with any other structure which could stiffen 
or support it. The statement of these facts is sufficient 
to show that it could oppose but a feeble resistance to 
lateral pressure. But the stanchions on which the wall 
rested were not altogether satisfactory ; although well 
enough designed to support the vertical load, the frac- 
ture of the bases of five of them has shown conclusively 
in what respect they were deficient. Even while the 
pressure came upon them as a vertical and dead load, 
the centre of pressure, owing to the gradual thinning 
of the wall upwards, was considerably nearer the last 
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or outer side than the other. They were, no doubt, 
amply sufficient to bear their load as long as it was 
stationary ; but as soon as an oblique pressure came 
upon them in consequence of even a slight oscillation 
of the wall above, they were insufficient. The base- 
plate projecting 6in. beyond the solid part of the 
stanchion without stiffening, or gusset pieces, gave 
way in one-third of them at the time of the accident, 
and the Commissioners believe contributed materially 
to the failure. 

The back wall and stanchions on which it rested were, 
in their opinion, the weakest part of the whole build- 
ing. The Commissioners did not think the evidence 
supported the theory that the pressure was greater 
than a maximum of 17 lb. to the inch, as reported by 
Professor Grant, of the Glasgow Observatory. They 
did not entertain the theory that the upper part of the 
front wall falling and carrying away the joists was 
the cause of the whole building collapsing, because 
the wall was shown to be sufficiently strong, and the 
idea was not consistent with the instantaneous collapse 
of the front wall in one mass. 

The matter of supporting the joists at the walls was 
adverted on, but the Commissioners considered that it 
left the wall stronger than if they had been carried 
into the wall, as suggested, care of course being taken 
to preserve the ‘‘tie” between the front and back 
walls, which received careful attention in this case. 
Reference was made to a steam crane placed on the 
top tier of joisting above one of the iron columns, but 
nothing was said which could lead the Commissioners 
to the conclusion that this crane in any way contri- 
buted to the accident. 

While not seeking ‘‘ to apportion the responsibility,” 
the Commissioners think ‘‘ that a practical lesson of 
great importance is indicated, namely, that when an 
architect and engineer are employed in designinga build- 
ing—which may in many cases be desirable—they should 
not follow one another and act without concert as in 
this case, but they should act together, either as colla- 
borators or as principal and assistant, the responsibility 
in either case being perfectly clear. There seems to 
have been no approach to collaboration such as sug- 
gested, and communications between the architect and 
engineers were not direct, but passed almost entirely 
through the Messrs. Templeton.” Indeed there seems 
to have been a misapprehension in the matter, and it 
is difficult to see how either can be held responsible. 
Regarding the Dean of Guild Court, which is intended 
to protect the public interest in respect of the erection 
and alteration of buildings, the Commissioners state 
that its control should be more real and its supervision 
more effective than at present. More detailed plans 
should be examined before the Court grants authority 
to erect buildings—the plans did not show the details 
of the iron stanchions. Some well-considered code of 
building regulations should be framed, and with these 
all plans should comply. More complete inspection is 
also necessary. If these suggestions are given effect 
to the public inquiry will have been beneficial. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 30, 1890. 

Tuk iron trade for the first month of the new year 
has been much below the month of December, but 
prices have held up well. The rail mills have con- 
tracts booked for 800,000 tons, and buyers who want 
about 100,000 tons are now trying to make terms at 
35 dols. at eastern mills, and 36.50 dols. at western 
mills. The activity in Lake ores is extraordinary. 
Both Bessemer and non-Bessemer ores are sold six to 
eight months ahead. The pressure for 1890 ore was 
never as great. Buyers are unwilling to let the 
opportunity pass to guard against an advance. All 
kinds of iron continue high. Steel billets are held at 
38 dols. to 39 dols., and manufacturers have all they 
can do. Bessemer pig is 22 dols. in this market, and 
24 dols. at Pittsburg. Old rails are quoted to-day at 
28 dols. tide water. Last year’s pig iron output was 
17 per cent. greater than the output of 1888, and most 
of the increase was in Bessemer pig. The present 
week’s production is 175,000 tons of all kinds. Last 
week five blast furnaces were projected, and the ex- 
pansion of mill capacity has become so general as to 
excite only a passing comment. The Naval Policy 
Board at Washington, which has under consideration 
a scheme for the construction of over 100 war vessels, 
is encountering considerable opposition from interior 
public opinion, 2000 to 3000 miles out of reach of 
hostile war vessels. There are schemes on foot look- 
ing to the establishment of two or three shipyards. 
Existing shipbuilding capacity is overstrained. The 
latest news from shipbuilders is that some twenty 
small vessels are to be contracted for this spring. The 
bridgebuilders are crowded with work. Several 
changes of location of iron works are contemplated. 
The Buffalo Bridge Works will probably be removed 
from Buffalo, on the Lake, to an interior Pennsylvania 
town, and a tube works in Boston will probably be 
removed to near Pittsburg, where natural gas could 
be utilised. The supply of gas is somewhat irre- 
gular and new lines are projected to more remote 





fields. New supplies of gas are being found in the 
west within 300 to 500 miles of Chicago. The 
advantages of natural gas, as a fuel, are being 
gradually offset by artificial fuel processes of which 
there are a score in use. The window glass manufac- 
turers have had trouble with their workmen, in which 
the latter in most instances carried their point. The 
master builders in convention this week at Minneapolis 
took steps to oppose the enforced acceptance of an 
ps ner day. A more or less general strike will 
take place on May 1, in which the building trades will 
suffer most. Wages in the building trades range from 
2.50 dols. to 4.50 dols. per day of nine hours. Mill 
and factory labour will probably escape. There is no 
more than the usual percentage of idleness in the 
trades, none whatever in iron or steelmaking. 
partial idleness exists in the anthracite coal region, 
where a maximum capacity of 1,000,000 tons per week 
has been restricted to less than 500,000 tons per week. 
Greater activity prevails among the bituminous mines 
of the States where coal is more cheaply mined. The 
stock of American petroleum is declining, but the 
possibilities of the unexpected development of fresh 


supplies keeps prices lower than they otherwise would | jog 


be. There is no possibility of scarcity and tank 
capacity is very large. 





NOTES FROM THE SOUTH-WEST. 


Improvements on the Great Western Railway.—Addi- | Ry 


tional sidings and other works near the North Somerset 
junction at Bristol have been completed and brought into 
use, and progress is being made with the construction of 
a relief line and the doubling of the Bristol and South 
Wales Union line between Lawrence Hill and Stapleton- 
e construction of a loop line at Brynmerin, and 
of junction lines at Fondu, is being proceeded with. The 
doubling of the line and the construction of a new station 
at Abertillery are in hand, and contracts are about to be 
let for the doubling of the Western Valleys section of the 
Monmouthshire Railway between Aberbeeg and Cwm, 
and for the construction of improved junctions with the 
Rhymney Valley line at Hengoed and with the Lon#on 
and North-Western system at Tredegar. A new via- 
duct over the Usk at Newport has been completed, 
and progress has been made with the _reconstruc- 
tion of a viaduct over the same river at Penpergwm. 
The reconstructing of the Landore viaduct has also been 
re seag completed. With the completion of the 
oubling of the South Devon Railway, for which powers 
were obtained in 1888, it is proposed to proceed imme- 
diately with the reconstruction, in masonry, of viaducts 
between Hemerdon and Rattery, and with the formation 
of a second tunnel alongside the existing Marley tunnel, 
near Rattery. A contract has been let for the reconstruc- 
tion, adapted to a double narrow-gauge line, of the 
Combe-by-Saltash viaduct on the Cornwall Railway, near 
Plymouth. The construction of a short curve at Plymouth 
to connect the main line with the Sutton harbour branch, 
authorised in the last session, is in progress. 


Cardif.—The demand for steam coal has continued 
unabated. The best qualities have made 15s. to 15s. 6d., 
and dry oval, 14s. 6d. to 14s. 9d. per ton. Cold 
weather has increased the inquiry for household coal ; 
No. 3 Rhondda has made readily 15s. per ton. Recent 

rices have been readily maintained. The inquiry for 

th foundry and furnace coke has been active at 29s. to 
30s. per ton. The manufactured iron and steel trades 
have ruled firm, and prices have shown a hardening ten- 
dency. Heavy section steel rails have made 7/. to 7/. 10s., 
and light section ditto 8/. 10s. to 8/. 15/. per ton. 


The E ectric Light at Bristol.—Mr. Preece has been in- 
structed to invite tenders with a view to the lighting. of 
an experimental area of Bristol by pense a § e wires 
are to be placed underground, and there will be no inter- 
ference with the gas plant. The area proposed to be 
lighted extends from the drawbridge to 
street, and from Bristol Bridge to St. John’s Church, 
Broad-street. 


Taff Vale Railway.—At the half-yearly meeting of the 
Taff Vale Railway Company, the chairman (Mr. J. 
Inskip) said he had never concealed his conviction that 
the interests of the company must be affected by the 
opening of the Barry Dock and Railways, and the forecast 
which e made upon the subject in 1888 had been quite 
fulfilled. New traffic was, however, being aecdapen by 
the Taff Vale—new mineral traffic and new merchandise 
traffic. The directors of the Taff Vale also expected to 
have a much larger general traffic this year at Penarth. 


A New Welsh Colliery.—Some time since the Dowlais 
Company obtained permission to sink a trial pit upon 
land in close proximity to the Aberdare Junction Rail- 
way. The depth at present attained by the trial pit is 
about 60 ft., and the indications are so favourable that 
the Dowlais Company proposes to take the whole matter 
in hand vigorously. 


Water Supply of Salisbury.—The Salisbury Town 
Council was occupied on Friday with the question of the 
water supply of the borough. The works were con- 
structed to provide for a consumption far less than that 
at present existing; and there is now a feeling either 
that the works must be considerably extended or that 
changes must be made in the water service and fittings, 
there being an impression that a large amount of the 
water pumped is wasted. The average consumption is 
now 34 gallons per head per day, while at Bath, where 
there is a continuous water supply, it is only 174 gallons 
per head per day. A resolution was passed instructing 
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the Water Committee of the council to consider and 
report on the best possible means of increasing the supply 
of water and reducing the waste. 


Barry Dock and Railways.—Hitherto the Pontypridd 
section of the Barry Railways has been maintained by the 
contractor (Mr. J. W. Sylumper), but on Friday it 
was taken over on behalf of the company by Mr. J. 
Robinson, the resident engineer. It is expected that 
trains will be shortly run over this portion of the Barry 
system, and that several stations will be opened between 

adoxton-Barry and Hafod Junction. 


Artesian Wells.—The Mumbles Local Board recently 
consulted Messrs. Le Grand, Sutcliffe, and Co., of London, 
with respect to their water supply, and after examining 
the district the firm in question is of opinion that water 
may be obtained upon a large scale by boring wells near 
ewton. 


South Wales Coal.—A syndicate was formed recently to 
take over large collieries owned and worked by Messrs. 
Watts, Ward, and Co., of Cardiff and Newport, at Risca 
and Abercarn, and in the Rhondda Valley. 


The Severn.—The Worcester Town Council has de- 
clined for the present to pi with its support of the 
Bill for carrying out improvements in the Severn. It had 
n proposed to provide docks at Worcester in connec- 
tion with the scheme. The Worcester Town Council has 
some land at its disposal which it was proposed to utilise 
for the contemplated docks, but the council appears dis- 

to use the land in question for a sewage farm. 


Rhymney Railway.—At the half-yearly meeting of the 
ymney Railway Company at Cardiff on Friday, the 
chairman (Mr. J. gy referred to the competition now 
wag. between the Taff Vale, the Rhymney, and the 

arry Railways. He did not agree with the chairman of 
the Taff Vale that the days of large dividends were past 
and gone ; on the contrary, he hoped that some arrange- 
a the competing companies would be soon 
arrived at. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—On Thursday forenoon 
there were again rapid oscillations in the prices of pig 
iron. Scotch warrants ranged in price from 52s. 6d. to 
52s. 11d. per ton cash, with buyers at the close at 52s. 5d. 
cash. Cleveland iron was 6d. dearer than Scotch—a state 
of things which was not expected to last long. Hematite 
was more steady at 65s., consumers preferring to purchase 
warrant iron rather than to pay the rates asked by Scotch 
makers. Scotch warrants were quietly steady during the 
afternoon, the blowing in of two furnaces at the Eglinton 
Iron Works not having much effect on prices. Both 
Cleveland and hematite prices were 44d. per ton lower. 
The closing settlement prices were—Scotch iron, 52s. 74d. 
per ton; Cleveland, 52s. 6d. ; hematite iron, 64s. 9d. per 
ton. There was a firm tone in the market on Friday 
forenoon, in the expectation that the settlement would be 
got over more easily than had been anticipated ; but just 
before the close of the market intimation was made 
that a member of the Pig-Iron Trade Association, 
had failed to Py his differences, and quotations were 
at once sent down about 1s. per ton for all classes 
of iron. The cause of the failure was alleged to be 
the inability of some of the broker’s clients to meet 
their losses on hematite iron purchased at the high 
prices ruling in the early part of last month. The 
quantity at issue was said to have been about 10,000 
tons. On January 7 the settlement price of hema- 
tite iron was 81s. 9d. per ton, and last Friday it was 
down to 63s. 74d.—equal toa drop of 18s. 14d per ton. 
The loss on 10,000 tons would, at that rate, be equal to 
fully 90007. of differences alone. Scotch iron improved in 
price on Friday forenoon, and was fairly steady till near 
the close, when prices suffered a drop of 1s. 2d. to 51s. 8d., 
or 11d. under the previous night’s close. Cleveland iron, 
after being 3d. per ton dearer, closed at 52s. 14d.—a 
decline of 44d., but 44d. over the price of Scotch iron. 
ematite iron closed 1s. 14d. per ton lower. Over the 
week prices dropped—for hematite iron 5s. 7d. per ton, 
for Scotch 4s. 6d., and for Cleveland 3s. 7d. per 
ton. There was an anxious feeling in iron circles 
on Monday forenoon, as fears had been entertained as 
to further difficulties arising in the speculative market. 
Otherwise trade reports were encouraging, the withdrawals 
from the warrant stores having been heavy, and the ship- 
ments for the past week showing a considerable increase 
over those of the two preceding weeks and of the corre- 
sponding week of last year. In the warrant market prices 
were depressed at the opening, but as no serious difficul- 
ties were reported the tone improved, and the forenoon 
market closed with prices at the best. Scotch iron, after 
being 64d. per ton down, to 51s. 14d.—the lowest quota- 
tion since October 4—recovered and closed at 51s. 104d., 
or 24d. above last week’s final quotation. Cleveland iron 
closed at 51s. 104d., or 3d. under last week’s close ; and 
hematite iron closed at 63s. 9d.—a recovery of 14d. per 
ton. An intimation was made in the afternoon of. 
some difficulty having arisen in connection with the 
account of another member of the Association, but the 
full consideration of the matter was left over for a day. 
Fn a onrwe better feelin i business 
opened yesterday morning, especially when it was 
mre that no serious result would attend the failure 
reported on Monday. The warrant market was active 
and the tone was decidedly more cheerful. Scotch iron 
rose in price 1s. 7d. per ton without a break, but before 
the close the odd 7d. of the gain was lost, and the closing 
quotation, 52s. 104d. per ton, showed an improvement of 
1s. per ton over the previous day’s close. At one time 
Cleveland iron was 1s, 104d. per ton up, but it closed 1s, 
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over Monday’s close, and hemat e closed 104d. over the 
previous day's quotations, after being1s. 6d. up. The settle- 
ment prices were—Scotch iron, 52s. 104d. per ton ; Cleve- 
land, 52s. 103d. ; hematite iron, 64s. 74d. per ton. A year 
ago yesterday the quantity of Scotch iron in Messrs. 
Connal and Co.’s public warrant stores reached the 
highest point, namely, 1,034,427 tons, and yesterday the 
stock stood at 892,731 tons, showing for the year a 
decrease amounting to 141,697 tons. The market was 
very much depressed to-day. Heavy realisation sales 
took place in the forenoon, which resulted in a rather 
severe drop in prices. Scotch iron dropped 4d. per ton, 
Cleveland 1s. 14d., and Cumberland warrants 1s. below 
the finishing quotations of last night. Last week’s — 
ments of pig iron from all Seotch ports amounted to 6¢ 
tons, as compared with 4118 tons in the correspondin 
week of last year. They included 145 tons for the Uni 
States, 360 tons for Australia, 114 tons for France, 725 
tons for Italy, 100 tons for Russia, 573 tons for Holland, 
420 tons for Spain and Portugal, smaller. quantities for 
other countries, and 3861 tons coastwise. There are now 
90 blast furnaces in actual operation in Scotland, against 
80 at this time last year. The stock of pig iron in Messrs. 
Connal and Co’s public warrant stores stood at 892,731 
tons, as compared with 901,584 tons yesterday week, thus 
showing a decrease for the week of 8853 tons, 


The Scotch Coal Trade.—The position of the coal trade 
in the Glasgow district appears to be fairly satisfactory. 
Although the colliers are working more fully and steadily, 
supplies are in most cases readily disposed of. The ship- 
ments of the past week were above the average in amount. 
On 'Change this afternoon coalmasters and salesmen were 
somewhat firm in their quotations, and the prices are 
practical 
Glasgow Harbour they are as follows : 

F.o.b. per Ton. 


Le: et oe 
Splint ee * sb 10 9toll 3 
Main coal oe re pie 9 9 ,,10 0 
Steam * 1107) 1 6 


Ell oes bse _ esi 10: 6g 10 9 
Ayrshire coal 9s. 6d. to 9s. 9d. f.0.b. at Ayrshire ports. 
The position of the coal trade in the Fife district appears 
to be materially easier, and prices at the ports there have 
been reduced from 10s. 9d. to 9s. 6d. per ton within the 

last ten days. 

Shipments of Machinery, &c., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from 
the ‘Elyde reported last week, included the following : 
Locomotive engines, for Italy and Bombay, valued at 
18,400/.; sugar crushing and cotton machinery, brick- 
making and mining machinery, for the Canary Islands, 
Calcutta, Bombay, Italy, New York, Buenos Ayres, &c., 
of the value of 11,704/.; sewing machine parts, chiefly for 
Italy, Bombay, Oporto, and Calcutta, valued at 71521/.; 
pipes and other castings, plates, sheets, bars, tubes, wagon 
iron, and miscellaneous iron manufactures, of the value of 
18,7501. 

Tron and Steel Imports.—The imports of iron and steel 
goods into the Clyde reported last week included 1905 
ewt. of girders, 720 cwt. of plates, 272 cwt. of nails, 170 
ewt. of bolts, nuts, &c., from Antwerp; and 170 cwt. of 
steel and iron goods from the United States. 


New Shipping at Port-Glasgow and Greenock.—Not only 
are all the fourteen slips in Messrs. Russell and Co.’s 
Port-Glasgow and Greenock shipbuilding yards occupied 
with new vessels in course of construction, but there are 
orders, it is said, for new vessels to be laid down on several 
of them as soon as they are empty. Such data seem to 
indicate that this year’s output of new shipping will be 
quite up to the level reached last year, which was 46,500 
tons. The growth and development of this firm’s busi- 
ness—which is, however, only shipbuilding—during the 
»ast dozen or fifteen years, has been quite a phenomenal 
eature of the t industry of the Clyde. eir output 
in 1876 was only 2446 tons of new shipping, whereas in the 
year 1884 it had risen to 32,120 tons, and to 40,866 tons in 
the following year. In 1886 and 1887 there was a falling 
off, as was the case generally on the Clyde, but in 1888 
the output rose to the extraordinary total of 45,495, and 
last year it was even 1000 tons greater. 


The Late Mr. Robert Cassels, Ironmaster.—The death 
of Mr. Robert Cassels, ironmaster, in his eightieth year, 
occurred to-day. The deceased was one of the oldest 
members of the Scotch iron trade, if not even the very 
oldest, and during his long life he played a leading part 
in the development more especially of the snalieahio iron 


department. He was for a long time the senior partner 
of the Glasgow Iron Company, whose malleable iron 
works at St. Rollo and Motherwell attained considerable 


extent in the lapse of years, At the latter he was early 
prevailed upon to adopt the Siemens regenerative fur- 
naces, both for puddling and for reheating pu . His 
company also established the Wishaw Iron Works, pro- 
bably thirty years ago or thereby. pd consist of 
four blast furnaces, and within the past half-dozen years 
or so there has been established a very large business in 
connection with the manufacture of basic steel. 


Royal Scottish Society of Arts—On Monday night a 
meeting of the Royal Scottish Society of Arts was held 
in the Society’s Hall, Edinburgh, Lord Kingsburgh, the 
president, in the chair. The only communication made 
to the meeting was one by Mr. W. B. Blaikie, Edin- 
burgh, descriptive of a system by which the use of the 
sextant and slide-rule for rapid era os | was much ex- 
tended. The system, Mr. Blaikie stated, had been of 
enormous service to him when engaged in Government 
survey work in India, and though the results obtained by 
it were not meant to rival the nance Survey in accu- 


unchanged from those this day week. At | had 





racy, for many practical cpa and exploring purposes 
the method was accurate enough. The method of wor 
the pocket sextant for field purposes he fully indicated, 
explaining that by means of a plumb “‘ bob,” which might 
be used either hung from the finger or the end of a walk- 
ing stick, the sextant could be converted into a level, a 
chronometer, or an instrument for measuring slopes. Mr. 
Blaikie went on to explain a method of using the sextant 
as a range-finder, illustrating how this instrument and 
the slide rule could be worked together. Some discussion 
followed the reading of the paper, and at the close the 
Chairman, in moving a vote of thanks to Mr. Blaikie, 
incidentally mentioned that the present Lord Wemyss 
had introduced a range-finder which consisted of a tele- 
scope with a number of lines drawn across the outermost 

lass. By ascertaining the number of lines which covered 
the object looked at, one was able to arrive at an approxi- 
mate distance. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was an 
excellent attendance on Change. The tone of the market 
was cheerful, and a good deal of business was transacted. 
A more satisfactory market has not been held for some 
considerable time past. Inquiries were good and there 
was more disposition to buy than has recently been the 
case. Several ple interested in the iron trade ex- 
pressed the belief that we were on the eve of a 9 
and large legitimate trade, saying that the lull in 
prices which has characterised the market of late was 
over, and that as most of the outside speculators 
gone out of the market there was not much likeli- 
hood of a repetition of the tremendous fluctuations 
in prices which occurred a month or two ago. One unfor- 
tunate feature in the trade is that Cleveland iron con- 
tinues dearer than Scotch, and with such a state of 
things, we must expect Continental consumers to take 
their orders north of the Tweed in preference to giving 
them to Cleveland. At the opening of the market No. 3 
g.m.b. Cleveland pig iron for prompt f.o.b. delivery was 
quoted 52s. 6d. per ton, but the price quickly advanced, 
and business was recorded 53s. 3d., with sellers asking 
53s. 6d. and even 54s. Later in the day, however, affairs 
were rather quieter, and No. 3 was quoted 53s. Middles- 
brough No. 3 warrants reached 53s., but at the close of the 
market 52s. a cash was the figure. No. 4 forge iron 
was quoted fully half-a-crown above No. 3. This quality 
is very scarce, and as merchants have practically none of 
it for sale, buyers who need it are compelled to purchase 
from producers who ask considerably higher rates than 
merchants for all classes of iron. To-day the market was 
again weaker, with prig aig A little business doing. 
In the earlier part of the day Middlesbrough warrants 
dropped to 51s. 9d. per ton buyers, but recovered some- 
what during the afternoon, and closed 52s. buyers for 
ag cash. No. 3 g.m.b. was also weaker, closing with 

uuyers at 52s., and sellers at 52s. 6d. per ton for prompt 
delivery. 

Manufactured Iron and Steel.—New orders for both 
manufactured iron and steel are scarce just now, but 
makers continue busily employed, and are unwilling to 
reduce their quotations much. rices, however, are 
rather easier, common iron bars being 7/. 10s. per ton 
best bars 8/., ship-plates 7/. 10s., boiler plates 8/. 10s., an 
ship angles 7/. 5s., all less the usual discount for cash. 
The price of heavy steel rails is now 6l. 12s. 6d., steel 
ship-plates 87. 10s., and steel ship angles 8/. 5s. at works. 


Engineering and Shiphuilding.—Engineers and_ ship- 
builders are still well er and are likely to be for 
some time to come. ew contracts, however, come 
slowly to hand at present, but many of the shipbuilding 
firms do not care about taking fresh orders just now, as 
they consider they are sufficiently supplied with orders 
which will keep them busily occupied for many months. 


Coal and Coke Trades.—Coal and coke is still scarce, 
especially the latter, and yen are high. For blast fur- 
nace coke some sellers still ask as much as 30s. per ton. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Forty Thousand Men Threaten to Strike.—The colliery 
owners of South Yorkshire held a meeting on Monday 
afternoon, at the Royal Victoria Hotel, to consider the 
question of wages. There was a large attendance, most 
of the principal collieries in the district being repre- 
sented. Mr. J. D. Ellis presided. The meeting was 
private, and at its conclusion a number of delegates ap- 
pointed by the Yorkshire Miners’ Association to attend 
were invited into the room. The deputation consisted of 
Messrs. B. Pickard, M.P., W. Parrott, E. Cowey, J. 
Wadsworth, J. Murray, A. Hawkins, Ww. Annables, A. 
Earnshaw, J. Hopton; ‘and J. Crowther. The result of 
the discussion which took place was that the owners 
informed the delegates that if an answer was given that 
day it must of necessity be a refusal to grant the ad- 
vances. It was stated that the prices obtained for coal 
did not justify another increase of wages. The men were 
further given to understand that the coalowners of York- 
shire were pledged to act in uniformity with those of the 
other districts, and that a meeting of mine owners was to 
take place in London, when a formal answer would be 
given. 

State of Trade.—Throughout the Sheftield and Rother- 
ham district trade is exceedingly prosperous in all 
branches. The Midland ironmasters, even of the specu- 
lating sort, are full of hope that the downward tendency 


q | details. 





in Scotch and Cleveland prices have been reached. The 
larger firms are full of pressing orders in all departments, 
mais is no new thing to see the furnaces in the hammer 
shops at white heat and ready for charging on Sunday 
afternoons at 5 or 6 o’clock. Messrs. John Brown and 
Co. have started another blast furnace and are extremely 
busy, especially in the armour-plate departments. Inthe 
usual local trades the workpeople are fully employed and 
for the most part are working overtime ; and there is no 
labour dispute of any consequence to disturb the indus- 
trial activity of the neighbourhood. The unskilled 
labourers in nearly all branches are combining in large 
numbers, with a view to improve their condition. The 
women workers in the Sheffield trades, and they number 
many thousands, are so well satisfied with their work and 
pay that domestic servants are at a premium. 


Prosperous Local Companies.—Henry Bessemer and 
Co., Limited, have issued their first annual report. The 
capital is 96,000/. in 102, shares fully paid, and the profit 
for the year has been 37,138/., to which has to be added 
15,0771., balance brought forward. The company has 
expended during the past year no less a sum than 
11,3941. in erecting a forging press and other new ma- 
chinery and buildings, and after paying for these and 
writing off 5000/. from the improvements and additions 
accounts, they are able to announce a dividend of 30s. per 
share, which, with 20s. per share paid in July last, 
makes 25 per cent. for the year, carrying forward to the 
credit of the net revenue 23,2161. 6s. 


Samuel Fox and Co. (Limited).—Stockbridge Works, 
Deepcar, have declared an interim dividend of 4/. per 
_ (802. paid) for the half-year ended December 31 
ast. 


Yorkshire Collieries and the Hull Coal Trade.—Although 
the house coal trade is unquestionably diminishing both 
in prices and demand, it is satisfactory to learn from the 
official return showing the quantity of coal sent from the 
Yorkshire collieries to Hull, that the steam coal trade up 
to the end of last month was in an active state. Last 
month there was sent from the Yorkshire collieries to 
Hull no less than 160,416 tons, or an increase of 14,368 
tons over the quantity sent last year. The improvement 
over the corresponding period of 1888 and 1887, was still 
larger, the increase last month being no less than 61,432 
tons over that forwarded in the first month of 1887. 
It is somewhat strange to find, although there is an 
increase of over 14,000 tons in the imports, the exports, 
which only reached 45,495 tons last month, show a de- 
crease of 36,811 tons. 


Proposed Advances at Thorneliffe Iron Works.—A meet- 
ing representing engineers, fitters, turners, blacksmiths, 
pattern makers, boiler makers, and other ‘‘daymen ” 
employed at Thorncliffe Iron Works has been held to 
consider the question of wages and weekly payment of 
wages. After a general discussion it was resolved to ask 
Mr. Dawson, managing director, to grant these requests. 








Sream Enerne Inpicators.—A paper under this title 
was read before the Owens College Engineering Society 
on Tuesday, the 4th inst., by Mr. C. F. Budenberg, 
the chair being occupied by Professor Osborne Reynolds 
After referring to the early types of indicators and the 
development of the instrument, the author described the 
Richards indicator with particular reference to the 

It was stated that the limiting speed at which 
useful diagrams could be obtained de oie greatly upon 
the setting of the valves, but with little or no compression, 
the limit would be between about 70 and 200 revolutions, 
according to the strength of spring used. By the use of 
the Thompson indicator, equally good diagrams could be 
obtained at nearly double the speed, the inertia of the 

allel motion being only about one-half of what it is 
in the Richards parallel motion. The author also held 
that the Thompson motion is far more stable and com- 
pact than the Richards, and less liable to get out of order 
through damage or wear, The essential features of the 
Borns, Crosby, Tabor, and other indicators were also 
pointed out, and reference was made to Kenyon’s indi- 
cator in which the piston was replaced by a Bourdon 
tube. It was stated that the principle of this indicator 
had found a fresh application in a hydraulic indicator 
constructed by Messrs. Schaeffer and Budenburg. In 
this instrument, the Bourbon tube was replaced by a 
steel tube similar to those used in high-pressure gauges. 
The author went on to point out that in the ordinary 
diagram the expansion curve did not really correspond 
to the back-pressure curve drawn below it, and in 
calculating the power from the diagram, it was assumed 
that the action of the steam was the same on both 
sides of the piston, and during two successive strokes. 
which is, however, not necessarily true. This led 
to a description of the Thompson double indicator 
in which the actual effective pressure is directly indi- 
cated. This method of indication had been frequently 
objected to by engineers of considerable eminence on 
account of the loss of pressure caused by the length of 
pipe necessitated by this arrangement, but the author 

ieved that the reduction of pressure which had been 
noticed was due rather to throttling of steam in the cock, 
than to condensation in the pipes. If, instead of using 
cocks with } in. bore, or even less, $ in. connections were 
used throughout, the effect of condensation would be 
found barely perceptible. Sufficient care was not always 
bestowed by engineers upon these instruments, and many 
errors arose in this way. In conclusion, the innate 
errors of the indicator were considered, attention being 
drawn to the remarkable results of the researches on the 
errors of the indicator diagram, conducted a few years 
ago by the honoured chairman and president, Professor 
Aer and Mr. Brightmore, also a member of this 

ety. 
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TuIs thermograph is the invention of Dr. Daniel{come under the eyes of a more appreciative and 
Draper, and is made by the Draper Manufacturing exacting public than the native Indian community. 


Company, New York. A front view is shown in| 
Fig. 1, and its construction is illustrated by Fig. 2. 
The front measures about 14 in. by 20 in. 
In this instrument a clock revolves a disc, on which 
is placed a chart indicating the hours and days of the 
week by radiating divisions, and giving the degrees of 


Probably the engineers of this bridge, who have 
already made marks on the face of their adopted 
country, are scarcely sorry at having no ‘“‘ tamasha,” 
the generic Anglo-Indian name for festivals of all 
sorts, for as one of them the other day put it very 
concisely, a big opening ceremony is always a worry 


temperature, from 20 deg. to 110 deg., by concentric | and often a fiasco. Curiously enough it is the foremen 
circular divisions. A lever, provided with a pen, is! and subordinates who seem, as a class, to attach most 
supported on an axis moved by the expansion and con- | importarice to festivities in which, too often, they 
traction of bimetallic strips, so that the pen, which | have a very limited share. Probably the kindly 
touches the paper, moves outward and inward with | custom of the chief mentioning the more prominent 
respect to the centre of the chart, drawing on it a line | captains of labour by name in his speech, is the main- 
which thus becomes a permanent and continuous record spring of the very strong feeling which undoubtedly 
of the temperature. exists on this point. Apropos to fiascos, Mr. Bell’s 

The diagram, Fig. 2, shows the different parts of the | previous bridge opening at Ferozepur was a marked 
instrument, namely : A, clock arbor ; C, clock-box ; | instance in point. The feast was to be held in a great 
D, ink pen; F F, arcs; LL, recording lever; N N, | tent pitched on the river bank, and a typhoon on the 
metallic strips; PP, platinum wires; R, piece for| night before the ceremony blew the tents down, 
holding strips to frame; SS, screws for adjusting | smashed a heap of crockery and furniture, and kept all 
lever; W W, winding arbors of clock; X X, holes | hands hard atit for eighteen hours repairing the wreck 
for fastening instrument in place or in packing case. |in bare time to meet the special trains with guests. 
The frame supporting and inclosing all the parts is These no sooner arrived than a hot dust storm arose 
made of nickel-plated brass, and has perforations to | that put sand in the viands, melted the ice, and pro- 
admit of easy circulation of the air. An eight-day | duced, alike in servants and guests, a general demo- 
spring clock movement is employed to revolve the disc ralised tone, that was more than even Sir James Lyall’s 
to which is clamped the paper chart. The metallic | good nature and @ plomb was equal to, and even upset 
thermometers are made of compound metallic strips, | the good old Bishop French’s wondrous equanimity. 
one of the metals expanding more than the other, | It is no wonder that Sir James has not recommended 
causes the strip to bend in one direction with an in-| the young Prince to try his luck against such chances 
crease of temperature, and in the other with a decrease. as these, and moreover, the work, though really of 
They are thin and long, presenting a large surface to | the first-class, is not one to which it is easy to accord 
the air, and are very sensitive to changes of tempera- | the sort of superlative definition that brings its ex- 
ture. The axis of the lever carries two small arcs so | cellencies home to non-professional minds. Fourteen 
as to connect, by means of two fine wires, the two | years ago the bridge, some 250 miles higher up the same 
thermometric strips to the lever. To this axis is also | river, or rather one of its main branches, was opened 
fastened a frame carrying two screws for adjusting the | by H.R.H. the Prince of Wales, and named, after his 
lever to the right degree of temperature on the chart. | amiable wife, the Alexandra. At that time it was 
Like all self-recording instruments, adjustment of the | ‘the longest bridge in the world,” for its length is a 
thermometer with a standard must be made occa-| mile and seven furlongs, as near as may be thrice the 
sionally, and the clock must be kept to correct time, as | length of the lower bridge that has just been completed. 
close as possible. The pen carries glycerine ink, and | This latter is a good deal longer than Mr. T. R. Bell, 
a charge will usually last a week. Directions for | its designer, would have adopted had he been given a 
unpacking, placing, and setting are sent with the) more perfectly free hand. That in fourteen years 
instrument, though scarcely necessary when the de- | engineers have found out how to reduce the length of 
scription is understood. It is claimed to be suitable | bridge, under which a given river can be induced to 
for meteorological registration, also for use in hos- | flow, by 60 per cent. is undoubtedly a very singular 
pitals, drying-rooms or ovens, storehouses, breweries, | success ; but it is hardly the sort of triumph that can 
greenhouses, and refrigerating boxes or cars. | be concisely expressed in the sort of terms that will 
' convey its novelty and importance to laymen, nor, 
| indeed, do perhaps these columns entirely succeed in 
explaining the case to even experts in lands where it is 
|uncommon. If a river sometimes spreads into many 
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rince Albert Victor should open the work in ques- 
tion, but the ceremony is not to take place, as the 
fatigue involved to the Royal guest would be con- 


siderable ; the weather at this time of year is some- | 
what uncertain, and no other celebrity cares for the | 


attitude of a pis aller. In the case of important 
ublic works that lie out of the beaten track of 


Suropean travel there is more need for the publicity | 
of an opening function than at home, where the pro- | 
gress and merits of great links of communication 


small channels, and at other times concentrates practi- 


\cally the whole of its active forces into one deep and 

Some particulars of the latest bridge practice in| 
India at the Chenab crossing, near Mooltan, was) 
oma in a former note, as forthcoming when | 


narrow current, it is clear that any bridge must be 
prepared to cope with the deep and narrow action 
coming into play, and must have spans so wide as not 
to materially obstruct that action, and foundations 
too secure to be undermined by it. The action, when 
it occurs, as sooner or later it must, may arise at 
any point in the length of the bridge, and no matter 
how long it may be, the concentrated action will 
work its will in the space it attacks. Under these 
circumstances Mr. Bell merely proposes that we 
should compel this sort of action every year, build a 
short bridge amply sufficient to cope with it, and make 
flank defences to prevent the deep and comparatively 





narrow channel from wandering about and attaining 
an alignment askew to the bridge. The principles 
involved are just those that would differentiate a rail- 
way from a cart road, and the advantage as great as 
that of substituting a line of rails for a width of road 
whose paving was necessarily at all parts strong 
— h to carry a locomotive running on its own 
wheels, 

The tests taken last week at the new Chenab Bridge 
on the seventeen spans of 200 ft., though in fact quite 
satisfactory, gave rise at first to a measure of surprise. 
The girders, which are exceedingly simple and easy of 
erection, are of mild steel throughout. The trusses 
are of the Whipple-Murpy type, with raking heel 
posts. The 206ft. between bearings is divided into 
thirty bays. The ties are at the angle of 45 deg., and 
consequently the depth is a tenth of the span. In 
previous girders of this type made in iron the deflec- 
tion under full loads was usually less than .0004 of the 
span, while here l}in., equal to .0006, obtained 
throughout. The deflections were remarkably uni- 
form in the whole thirty-four girders, and in each case 
the observed permanent set was less than 4in. There 
is thus no question of bad workmanship either in the 
pieces sent out from home or in the erection at site, 
and it is very clear that steel structures, especiall 
when so _ as these spans, which only as wit 
corrugated floor and all bearing and expansion gear, 
220 tons each, are necessarily more sensitive than 
those of iron. In accordance with the orders of the 
Government of India, two engines of the heaviest class 
(the Kandhar type), weighing 73 tons each on 42 ft. 
lengths, drawing a fully-loaded goods train, were used. 
These engines have leading bogie trucks and ver 
short and heavy tenders, and it was proved by experi- 
ment that two engines placed head to head gave less 
deflection than when coupled up “following.” On 
most of the spans oscillation diagrams were taken 
with the train described running at 30 miles an hour. 
The engines have outside . ey very small 
drivers, and three axles coupled, a combination well 
calculated to flog the road. The observed oscillation 
of § in. on the top booms and ,%; in. at the floor, the 
time of oscillation being three beats in a second, is 
thought here to be very satisfactory. So sensitive, 
however, is this class of structure that one man run- 
ning along the span imparts a distinct tremor to the 
booms, which, when tested with a crowd walking and 
running in broken step, gave an oscillation of about 
half of the ys in. shown by the train and a deflection 
of about 4 in. 

With foundations sunk 75 ft. deep and protective 
breakwaters containing some 3,500,000 cubic feet of 
stone, the execution of this great work in sixteen 
months breaks the record of Mr. Bell’s eighteen months 
for the Ferozepur Bridge, and it is hoped that Mr. F. J. 
E. Spring, M.I.C.E., the executive engineer, will 
record the many interesting details in a paper to the 
Institution. 





INDUSTRIAL NOTES. 

INDUSTRIAL questions have become more compli 
cated by reason of two recent occurrences, firstly, gene- 
rally, by the action and pronouncement of the German 
Emperor, and, secondly, by the newer developments 
in connection with the London Labourers’ Unions at 
the docks and elsewhere. With reference to the Im- 
perial rescript, it may mean a great deal or may 
mean nothing at all. It is the personal act of a ruler 
not quite subject to the restraints of constitutional 
government, as we understand constitutionalism in 
this country. The Imperial manifesto had not the 
sanction of his Imperial Majesty’s ministers, and was, 
it appears, issued even against their wishes. It is pro- 
bable that the rescript is intended as a political mani- 
festo rather than as a distinctive declaration in favour 
of the social amelioration of the German people. 
Prince Bismarck did the same thing about a quarter 
of a century ago, when he wanted to cripple the 
political power of the nobles. But whatever the motive, 
or the object, the German Emperor has very distinctly 

layed down to the Socialist party in Germany, the 
fand of Socialism ; and this action may lead to similar 
manifestoes, or to essentially identical action on the 
part of other monarchs or a for political 
purposes. The real danger of such action is hidden for 
the moment, but only for the moment. If it be a 
struggle between personal rule and anarchy, we may 
leave the issue as of no interest to us ; but the influence 
of the Imperial rescript will extend to other countries 
where the conditions are dissimilar in the extreme. 

The ‘‘labour troubles” at the East-end and in the 
South of London have never really settled down, as is 
usual after a great strike. There have been bicker- 
ings, partial disputes, threats of further contests, and 
frequent upbraidings during the last three months, 
The recent strike at Hay’s Wharf, for payment for 
meal times, has brought matters to an issue. The 
workmen brought all their influence to bear upon men 
not concerned in the actual dispute to refuse to do any 
work which might help the wharfingers in their 
struggle. The Carmen’s Union joined in the fray, 
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This action has given rise to, or has been used as the 
immediate pretext for, the institution of an Employers’ 
Union of vast dimensions and enormous resources, 
should the need arise for mutual action in the event of 
a strike. The Labourers’ and Carmen’s Unions 
threatened to call out a large contingent of their men 
on Monday last; the pecs, Wer employers replied 
with the threat of a lock-out in certain eventualities. 
These resolves brought matters to a crisis. The 
Labourers’ Union appealed to the London Chamber of 
Commerce to invite a conference of those concerned ; 
the result being that the two unions agreed to with- 
draw their manifesto for the time being. The 
unions have exercised a wise discretion in withdrawing 
their manifesto, but most people doubt the wisdom of 
its issue at all, The only excuse for this vacillating 

olicy is the almost utter inexperience of the leaders, 
But that will not excuse their boastful threats 
of utterly stopping the trade of London unless their 
demands are complied with. 





The monthly report of the ironfounders for as grt | 
is still buoyant with the condition of trade, and wit 
hopes for the future. It says: ‘‘ From all parts of 
the country, the ironfounding and engineering trades 
are reported good, the weight of new work coming in 
more than equalling the orders under conpletion.” 
Referring to the Continent it states that in France and 
Belgium the iron trade is good, while in Germany the 
larger firms are well provided with orders ahead for 
some time to come ; the result being that the workmen 
in most branches of the iron and engineering trades 
are agitating for increased pay, for shorter hours of 
labour, and the abolition of all overtime. The members 
of one branch are reported to be demanding an increase 
of 2s. per week, but no strike has as yet taken place. 
Indeed, of the 13,794 members not a single one is re- 
ported to be on strike pay; in the previous month 
there was one only. The prosperous condition of trade 
is evidenced by the fact that, of the total number of 
members, 13,531 were enjoying the greatest prosperity. 
Even of the superannuated members no few than 53 
are employed, so that the older men, discarded when 
trade is bad, can now find employment. The cash 
balance has increased by 1000/. during January ; the 
numbers on the funds have decreased under all heads, 
except sick pay, in which department of relief there 
is an increase of 79. The ‘‘older unionism” can at 
least boast of peaceful progress, of solid improvement, 
and of increasing usefulness. 





The variations in the market rates, the flatness in 
some cases, the depression even in the Glasgow warrant 
market, have but little effect as regards actual em- 
ployment, or manufacturing industry generally. At 
the most they may, in some instances, delay the plac- 
ing of orders for a time ; but if the work is needed, the 
orders must eventually be placed. Throughout Lan- 
cashire, the condition of the engineering trades, and of 
the iron industries generally, is good ; all branches are 
well employed, and there is no scarcity of new work to 
keep the various establishments fully active for a lon 
time to come. The higher prices for iron and stee 
have, it is said, checked orders for the heavier kinds 
of machine work, tools, and in the shipbuilding 
branches of engineering establishments, but they have 
not affected employment. Happily, there are no 
labour disputes of any moment to disturb the condi- 
tion of trade; the men are well employed at good 
wages, with more than enough of overtime to satisfy 
them, even at the higher rates. In some instances, 
the easier rates for finished iron have prompted orders, 
especially in steel plates for boilermaking purposes. 
The fuel question is affecting the Lancashire iron and 
engineering trades, even more than the price of iron, 
though both go together, perhaps one is more or less 
the outcome of the other. The attitude, or rather the 
threatened attitude, of the Lancashire miners is caus- 
ing some anxiety in the manufacturing districts, but 
as in many other movements, the aeont of what may 
possibly happen may turn out to be worse than the 
actual danger. 

In the Cleveland district a rather serious strike has 
been averted, after a little difficuly. It appears that 
at the Anderston Foundry, Port Clarence, about a 
thousand men are employed, a large proportion of 
whom have become members of the National Steel- 
workers’ Association. In conseuence of their asso- 
ciutive action, and of the support of the North of Eng- 
land Ironworkers’ Association, they recently obtained 
an advance in wages. Since that date there has been 
some friction between the union and non-union men, and 
a few days since one of the non-union men exasperated 
the unionists by some disparaging remarks about the 
union. The unionists thereupon held a meeting and 
determined to strike, unless the offending worker was 
discharged. The manager appealed to the secretary 
of the North of England Ironworkers’ Association, and 
laid the matter before him. He reasoned with the 
men, pointing out that a strike under the circum- 
stances would be in contravention to the rules of the 





Association. After some time the men yielded, but 
again refused to resume work. The whole matter was 
thereupon reported to the employers, who, after inves- 
tigating the facts, determined to degrade the offender 
to an inferior position in the works, and so the dispute 
was arranged. The steelworkers at the Britannia 
Iron Works have put in a claim for a 10 per cent. 
advance, while the day workers have put forward a 
claim for 15 per cent. advance ; the employers at first 
refused, but, upon reconsideration, the matter has 
been referred to Dr. Spence Watson, of Newcastle, as 
arbitrator. A strike is, therefore, averted. 





The pattern-makers employed at the large engineer- 
ing works of Messrs. Fairbairn, Kennedy, and Naylors, 
at Leeds, have struck work in consequence of the 
refusal of the firm to grant the 2s. per week advance, 
applied for at the beginning of the present month. The 
demand of the men is supported by the United 
Kingdom Pattern-Makers’ Society. 





The engineers employed in the various engineering 
establishments at Dundee have agreed to accept the 
employers’ offer of 1s. per week advance, and to settle 
the dispute. The original demand of the men was for 
2s. per week increase in wages. 





A strike of about 1000 rivet heaters and labourers 
took place at the Fairfield Shipbuilding Yard, Govan, 
against non-union men a few days since. The boiler- 
makers at Messrs, Diibs locomotive works Glasgow, to 
the number about 500, struck for an advance of 74 per 
cent., and the hammermen in the firm of Messrs. 
Mechan and Son struck for 10 per cent. advance. In 
the latter case 1s. per week has been offered and re- 
fused. 


In the mining districts of Yorkshire, Lancashire, 
and the Midlands generally the question of the eight 
hours’ day, by Act of Parliament, is being pushed on- 
ward with much persistency and vigour. At the 
executive meeting of the Miners’ National Federation, 
it was reported that the Committee had requested the 
Prime Minister (Lord Salisbury), the Home Secretary 
(Mr. Matthews), Mr. Gladstone, Lord Randolph 
Churchill, and Lord Dunraven to receive deputations 
on the question. The members for several of the 
mining districts have, it is stated, promised to support 
the Eight Hours’ Bill. Mr. Burt, with singular fidelity 
to his often-expressed views, keeps aloof from the 
movement. 

The Yorkshire Miners’ Association have, after some 
discussion, agreed to fix their present demand at 10 
per cent. advance, although some of the districts pro- 
posed, and voted for, 15, 20, 25, and even 30 per cent. 
advance on present prices. It is reported that some 
of the colliery owners and managers of companies have 
intimated to their workpeople that they will not sto 
their pits for the 10 per cent now agreed to be aske 
for. Suieed, the chief dread now is lest any disturb- 
ance should arise to lessen the output, to say nothing 
of any stoppage at the pits. Several local disputes, 
such as those at Wharncliffe, Cortmund, Carlton Main, 
&c., have been settled amicably, or are referred to 
arbitration so as to avert a strike. The union leaders 
have counselled the men to arrange matters reasonably 
wherever practicable. 

In Lancashire, the replies of the mineowners to the 
circular of the miners asking for the advance, are 
not so favourable as those of the Yorkshire mine- 
owners appear. Indeed, it is reported that there will 
be strenuous opposition to the demand in the Lancashire 
coalfields, ieewehis the federation is preparing to 
send out notices ; but these will be withheld ees 
the other districts give notice at the same time. This 
caution may avert a strike. The engine winders and 
the surface men are flocking into the union, all 
branches being determined to stand by each other in 
the contest. 

In Nottinghamshire the men are not quite so forward 
in demanding a further 10 per cent. advance, and the 
leaders have rather to whip them up, than to restrain 
them as in other districts. Nevertheless the unions 
have agreed to give notice, and to send deputations to 
the owners and managers in due time. 

In the Somerset and Bristol mining districts the 
men have resolved to claim a further 10 per cent. in 
accordance with the resolutions of the Birmingham 
conference. In some cases the letters were signed by 
the men employed at the pits, in order to satisfy the 
managers ; while in other cases the notices were signed 
by the agent of the union. Some of the men work 
long hours at the pits, being content with a big pay-day 
as a recompense, 

The Stirlingshire miners have had a conference with 
the mineowners concerning the 10 per cent. advance 
demanded ; but no decision was arrived at. The 
miners are considering what shall be their next move. 
The Ayrshire miners have been taking a week’s 
holiday in order to ‘ quicken the consciences of the 
mineowners. ” 





HIGH-SPEED KNITTING AND WEAVING, 
WITHOUT WEFT.* 


By ARTHUR Packet, Vice-President of the Institution of 
Mechanical Engineers, M. Inst. C.E. 


PRoBABLY in the records of any of the early races of man, 
one of the earliest signs of a more advanced civilisation 
which we find, is the proof that the art or invention of 
weaving was in use. The first method of weaving used is 
always that of ordinary weaving with a warp and a weft, 
in which the threads of the weft cross the threads of the 
warp, so that each t of the weft passes under one 
thread of the warp, and then over the next thread of the 
warp, in the manner shown on page 181. This method of 
weaving, there is no doubt, dates back at least as far as 
5000 years, if not more ; and, as faras I know, the earliest 
records of such weaving are found among the Egyptians and 

ied races, and I am told that in some lately discovered 
tombs illustrations have been found of the primitive 
looms which were used for weaving the cere-cloths which 
we find around the mummies of the early Egyptians ; 
and there is no doubt that, more than 5000 years ago, the 
weaving of fabrics with a warp and a weft in the ordinary 
way had attained a considerable degree of perfection, and 
that the richness of some of the fabrics used for wearin 
apparel was very great. Now you all know that a clot 
woven in the ordinary way has a degree of elasticity 
diagonally to the longth of the piece of fabric in both 
directions, but all ordinary woven cloths have very little 
elasticity either the lengthways of the fabric or across the 
fabric, 7.¢., either in the direction of the warp or the weft. 
The elasticity, therefore, is very uneven and limited, and 
of course for many articles of wearing apparel (perhaps 
more particularly for underclothing) a fabric with an 
elasticity equal in all directions has always been a great 
desideratum. 

The first method of approaching this elasticity appears 
to have been what is generally known as knitted fabric, 
i.e., @ fabric in which ieotend of using a warpand a weft, 
a weft only is used, which: is woven or interlaced across 
the fabric in successive rows of loops, the weft being 
looped across the fabric, no doubt originally by ordinary 
knitting needles as now used. I believe that no record 
has been found of the use of this system of producin 
cloths or fabries by knitting earlier than a few hundre 
ad ago; and though there is no doubt that the 

‘gyptians possessed machines for ordinary weaving, 7.e., 
looms, the earliest record of any machine for making 
knitted fabrics is a hand-knitting frame invented by 
William , a curate of Calverton, in Nottinghamshire, 
about the year 1589. 

You are probably all aware that the industry of making 
knitted goods, knitted from weft only, is one which has 
greatly inc: , and even in my lifetime the increase of 
this industry for making knitted hosiery goods of all 
kinds in the districts of Leicestershire, Nottinghamshire 
and Derbyshire, and more recently in Lancashire an 
other counties, has increased enormously. 

I left Manchester to go to Loughborough to undertake 
the management of a hosiery manufactory in the year 
1854; and to show the enormous changes in this in- 
dustry from the year 1854 up to the present date, on 
referring to the books of my firm of that period, I 
find that a dozen pairs of ‘30 gauge hose,” or stock- 
ings, which are such as a lady has. wear in autumn, 
winter, or spring, the cost for knitting in the hand- 
knitting frame (which was then the only machine that 
could make any class of stockings shaped to fit) was 
from 6s. to 6s. 6d. per dozen pairs ; whereas in the power 
machines now made by my firm, stockings slightly better 
than those made in the i 1854 can now be knitted 
complete for 1s. 10d. per dozen pairs. The highest wages 
paid to an intelligent, reliable woman engaged in hosiery 
manufacture - to the year 1854 was only from 8s. to 
8s. 6d. per week of sixty hours, whereas for some years 
past (notwithstanding the reduction in the cost of knitting 
these stockings), when trade has been at all good, women 
have been in the habit of earning from 18s. to 1/. per 
week of fifty-five hours’ work. 

The third and least known and least used method of 
producing fabrics is called warp-knitting or warp-weaving 
—that is, knitting or weaving the threads of a warp only, 
without weft, and the date of the invention of the first 
machine for making fabrics with a warp only (that is, by 
knitting together a set of warp-threads without using any 
weft) is given by one authority as 1775, and by another 
as 1780, and this method of knitting or weaving has 
hardly increased at all—in fact, it is doubtful if it has 
not decreased—and its chief uses have been for making 
the fabric of which cotton “‘ Berlin gloves” are made, 
which most of you may remember best as the white cotton 
gloves usually worn by the “‘ green r,” who, with his 
gloves, has been immortalised by Dickens, Thackeray, and 
others writers as being employed in the evenings as a 
waiter or pseudo-butler at the banquets of the middle 
classes. arp-woven fabric is also now used for the ex- 
ceedingly fine delicate fabrics of which ladies’ silk gloves 
are made, and these gloves have given quite recently a 
ae spur to the decaying trade of warp-weaving or 

nitting. 


There have been many attempts to make cloths and 
other similar fabrics by warp-weaving, but hitherto they 
have not been successful for any lengthened period. 

The method of shaping articles of apparel during the 
process of producing the fabric has hitherto Aesin 
entirely confined to articles of apparel made by ordinary 
knittting with weft only. Lately, when making some 
improvements in warp-weaving or knitting machines, it 
occurred to me that if a warp-knitted fabric were made 
with an increased length of loops, the fabric would be 








* Paper read before the Society of Arts, on the 5th inst, 
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materially increased in width. This, of course, is the | 
case to a very minor degree in ordinary knitting; 
but you will see by the di s annexed that in 
knittmg with weft only the in th of the loops lie 
almost exactly in the direction of the length of the | 
fabric, and therefore the increase in the width of the | 
fabric when the loops are lengthened is very slight ; | 
whereas, if you examine the illustration of the stitch of | 
the warp-woven fabric, you will see that these loops lie | 
more diagonally, and, therefore, ifthe loops are ar Sansa | 
in the warp fabric, this has a much greater tendency to | 
increase the width of the fabric than is the case in the 
knitted fabric. It, therefore, appeared to me that if a 
warp-knitting machine could be made, in which the | 
variation of the lengths of the loo could be automati- | 
cally varied at certain portions of the length of the fabric, 
it would be quite possible to shape the fabric at pleasure 
(i.e., to vary the width of it) during the process of 
weaving, and it appeared also that a much higher speed 
of knitting ought to be attainable by warp-knitting than 





beam of warp (G, Fig. 14); next, while the “heads ” of 
the needles are still held back behind the troughs, and 
behind the face of the row of hooks, the troughs are again 
moved sideways, one space further in the same direction 
as they moved before; next, the row of hooks is made to 
descend, so that the underside of the bend at the top of 
each hook presses upon each thread (G, Fig. 14); next, the 
needles are made to advance, and the hooks to descend, 
simultaneously, so that the loops already pulled by the 
needles against the face of the hooks will now be drawn 
down by the hooks, while the row of needles continues 
to advance to its former position; this completes the 
first cycle of the motions of the machine (G, Fig. 15). 
Another row of loops is now commenced. to be formed 
and interlaced with or drawn through the last woven row 
of — in exactly the same way, only that the row of 
troughs, each of which formerly over the needle 
next to it on its i side, now passes over the needle 
next to it on its left side, and so lays a loop over the 
needle contiguous to the needle on which it laid its loops 


by knitting the weft, because in warp-knitting in a | during the previous cycle of motions. 


machine with, say, 1000 threads, the machine makes 


This second cycle of the motions is then completed, and 


1000 loops simultaneously; whereas in the knitting the third cycle of the motions is exactly similar to the 
machine with weft each individual loop must be com- | first cycle of the motions. 


pletly formed or drawn down from the weft before the 
next loop can be begun to be formed. These trains of 
thought have been, after much labour and many experi- 
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ments, embodied and brought to a final successful issue, | 
and have now been given practical life and a concrete | 
shape in a new machine. | 
I will now proceed to describe the main principles of 
this machine for ‘‘ warp weaving at high speed without | 
weft,”* three views of which are here shown. In this | 
machine there are a number of threads constituting what | 
is known as a warp, and in the most simple of these | 
machines these threads are wound upon a weaver’s beam | 
(which is a very long roller or reel), so that the threads | 
can be drawn off the beam all equal in length, and each | 
one at an equal distance from the other, exactly as in the | 
ordinary beam, in the ordinary loom, and the problem to | 
be solved by this machine is to take each one of these | 
threads (say 1000 to 2000 threads in each machine), and to | 
interlace or weave a loop from each thread with a loop | 
from its neighbouring thread on each side of it. In this | 
machine each of these threads is manipulated, or woven, or | 
interlaced, by the immediate touch or action of three parts, | 
which, for convenience, I will call the three primary parts. | 
If you will now kindly look at os 10, showing the | 
primary parts which manipulate the t read, and the sec- | 
tion of part of a Paget’s patent warp-weaver and knitter, | 
you por si that the primary parts which manipulate the | 
thread are, first, the trough A; second, the needle B; 
and third, the hook C, which are shown separate in 
Figs. 1 to 9 on page 182. Each of the troughs A has a 
thread threaded through it, and takes this thread as it is 
drawn off the beam at the upper part of the machine, | 
and guides or conducts it to each one of the row of | 
needles B, and there is one trough to each one of the row 
of needles. The cycle of movements of the machine is 
commenced by the row of troughs being moved so that 
each trough lays its thread across and over one needle; 
and I ae ask you to turn your attention to this 
model of a section of part of the machine, which is thirty- 
two times full size, and shows only six needles, 
five troughs, and five hooks (of the 1000 needles, 999) 
troughs, and 999 hooks in the real machine). You 
will now see how the troughs lay their threads on 
the needles (G, Fig. 11, page 182); next, the troughs 
having laid the thread across the needles, the row | 
of needles then retires until the point of the “beard,” | 
or hook, of each needle passes over the thread which 
has been laid upon its stem (G, Fig. 1%) ; next, the beard 
of each needle is pressed into the eye of the needle (i.c., 
the groove in the upper part of the stem of the needle) b: 
a bar (B, Fig. 13), which is called a “‘presser” (G, Fig. 13}. 
next, the ‘‘presser” holds down the points of the “‘ beards” 
of the soutien in these grooves, while the point of the 
‘“beard” of each needle passes into and safely through 
the loop of the fabric which has been previously knitted, 
and which is hanging on the stems of the needles 
(G, Fig. 14); next, the needles retire further, so that the 
‘*heads” of the needles pass a certain distance beyond 
the face or front of the row of hooks ¢c, and thus a certain 
length of thread is pulled by the hook of each needle 
against the face of each of the hooks, and drawn through 
each loop of the fabric which was on each needle-stem, 
and is thus drawn through each trough, and from the 








* The three views here referred to appeared on page3 
730 and 734 of vol, xlvii, of ENGINEERING. 
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Thus you will see that each loop in each row of loops is 
| looped to and thoroughly interwoven with the loop next 
| to it on its right side in the row of loops next formed, 


Warp Weaving, with Threads of Warp 
only, one Thread to each Needle. 





which loop is again looped to and thoroughly interwoven 
with the loop on its left side in the next row 0! 
loops, and so on, and thus in this way you see 
that a row of loops is formed by each cycle of the motions 
of the machine, and each loop is thoroughly connec 
to, interlaced with, or interwoven with the contiguous 
row of loops on either side of it during each following 
cycle of the motions of the machine, and thus a fabric is 
formed, the loops of which are thoroughly interwoven, as 
is clearly shown in the third figure in the diagram annexed. 

I hope I have now made intelligible the way in which 
the three primary parts, the trough A, the needle B, and 
the hook C manipulate the threads so as to produce a 
warp-woven or knitted fabric. 

Iam afraid it would be wearisome beyond the endur- 
of any but experienced 
mechanics, to follow all the details of the various me- 
chanical arrangements by which the movements of these 
primary parts are produced in the machine, and I need 
only say to those who wish to study the purely mechani- 
—— of this machine further, that they can do so by 
reading a ie r which I read before the Institution of 
Mechanical Engineers of England, at their recent meet- 
ing in Paris, and which has been published in July Pro- 
ceedings of that Institution.* 

I have now carried the explanation of the machine so 
far that you will clearly understand how this machine 
produces cloths and fabrics—not shaped, such as the 
samples you have in your hands—also ordinary “‘ladies’ 
clouds,” also narrow tapes, such as the samples you have. 
The next branch of our subject will be to explain why 
this system of warp weaving enables the weaving to be 
done at so much higher speeds than can be attained, 
either by the ordinary system of weaving with a warp 
and a weft, or the ordinary system of knitting with a 
weft only. 

Probably most of you are aware that, in the ordinary 
system of weaving with a warp and a weft, a shuttle or 
light case containing a ‘‘ pirn,” ‘‘ cone,” or ‘‘ spool,” with 
a portion of weft wound upon it, has to thrown (or 
hit) across the width of the warp, each alternate thread 
of which is lifted up, to allow the shuttle to pass under 
it, while the other alternate threads are lowered, to 
allow the shuttle to pass over them. 

Now, from this it will be evident to you that the speed 
| of the loom is very materially influenced by the width 
| of the fabric to be made; and of late years, in weav- 
| ing cloths and other fabrics used for cutting-out coats 
|and other articles of dress, it has been found much 
|more economical, and to cause much less waste, to 
| make the loom to weave what are called ‘‘ double-widths” 
| of cloth, that is, a cloth about 58 in. wide, instea 
| of, as formerly, a cloth of about 29in. wide; and it 
| will be readily seen that in cutting out a garment, such 
|asacoat, the garment will be cut out with less waste 
| froma cloth of this double width than it would be in a 
| cloth 29 in. wide. But, of course, this advantage in the 
| cutting up of the cloth has entailed a counterbalancing 

disadvantage, inasmuch as the loom can only weave at a 
much slower speed, because of the greater time required 





* The paper was published in extenso in the last volume 
| of ENGINEERING, pages 88 and 119, 


ted | will 





for throwing the shuttle across the wider width of warp. 
Now in the system of warp weaving which I have ex- 
lained to you, you will see that within very considerable 
imits the width of the fabric made, however wide it may 
be, does not reduce the speed of the weaving at all, unless 
the width required is so enormous that the bar containing 
the needles B! and the bar containing the hooks C* be- 
come so heavy that this necessitates a reduction of speed. 
The machines we have made hitherto are 84 in. wide, 
and these make 120 rows of loops each minute quite satis- 
factorily ; and, as far as we can judge, the widest machine 
for weaving cloth and similar fabrics likely to be required 
will a machine about 120in. wide; and we have every 
reason to believe that this machine will run just as fast as 
the 84-in. machine, and this gives a speed of production 
of the fabrics which I believe never been attained by 
any previous system of weaving. It is, therefore, evident 
from this, that an unusually t advantage is attained 
by this machine in weaving wide cloths ; but I will now 
explain to you why it happens also that an immense ad- 
vantage is inal in this machine in weaving narrow 
fabrics—such as tapes and the like. In an ordinary loom 
weaving several widths of fabric in one loom, to produce 
a proper selvedge (which of course is necessary in tapes 
and the like) there must be a shuttle to each width of 
fabric produced, and this necessitates between each width 
of fabric (and for example we will take one, 4 in. wide) a 
sacrifice in the width of the loom sufficient to allowa 
shuttle to lie in between each width of fabric woven; and 
the shuttles in ordinary use are from about 4 in. to 14 in. 
or more long. Now, in this system of warp weaving, we 
can produce a satisfactory selvedge by leaving out one 
thread from one needle, and as the fabrics, of which 
you have samples, are most of them made upon a 
machine with twelve needles to the inch, this means that 
to divide the fabric woven into two widths, each width 
having a perfect selvedge, requires the sacrifice of only 
one needle ; that is, only ;; in , instead of, asin ordinary 
weaving, more than 4 in. tol4in. It therefore naturally 
results from this, that there isan immense advantage in 
this system of weaving over the ordinary loom for weav- 
ing very narrow widths as well as in weaving very wide 
widths. The reason why this system of warp-weaving is so 
much more expeditious than the system of knitting is very 
evident, because in ordinary knitting (as previously 
referred to) each loop has to be completely drawn and 
formed from the weft before the next loop to it can com- 
mence to be formed, and after the formation of the whole 
row of loops, they have to be drawn through the row of 
loops previously formed by a separate operation ; whereas, 
in a warp-weaving loom, such as has made the fabrics 


¢ | before you, the 1000 loops are formed simultaneously, and 


in the process of forming them the loops are drawn through 
the agro row of loops simultaneously. It perhaps 

considered that I ought to refer to the system 
of poities as another system of weaving, but, practi- 
cally plaiting is really almost identical with ordinary 
weaving with a warp and a weft, only that the 
—e instead of being taken in a direct line with 
the length of the fabric, is taken diagonally with the 
length of the fabric, and the weft, instead of being 
taken in a direct line across the fabric, is taken 
diagonally across the fabric, and plaited fabrics are, with 
this exception, woven in a manner similar to the ordinary 
weaving with a warp and a weft; but there are other 
reasons, which would take too long to explain heré, which 
make the plaiting system of weaving probably the 
slowest system of making fabrics. 

The next branch of our subject will be to explain how 
fabrics made upon this warp-knitting machine can 
pm during the process of weaving. I have already 
explained why, in warp-woven fabrics, if the lengths of 
the loops are increased, a material increase in the width 
of the fabric is made, and of course if the lengths of the 
loops are decreased, the width of the fabric is also de- 
creased. It is, therefore, evident that if we add to the 
machine a simple method by which the machine can be 
made to automatically increase the length of the loops, 
when desired, by certain delicately graduated steps, and 
then decrease the length of the loops, when desired, in a 
similar manner, then fabrics, shaped as they are woven 
(into such shapes as may be desired), can be woven upon 
the machine. 

I am afraid I should weary you too much with delicate 
and elaborate mechanical details if I went fully into the 
mechanical arrangements by which this is done, but I 
think I can make it quite intelligible to you by explaining 
that, by the use of small inclines attached to a chain like 
a flexible ladder, seen in the end view of the machine,* 
which is made to g° forward one link for every row of 
loops knitted, the length of the pull of the needles and 
the length of the pull of the hooks are easily increased or 
decreased at any row of loops, automatically, during a 
part of the 120th part of a minute required for the form- 
ing of the row of 1000 loops, and, in, fact, the increase or 
decrease of the }ength of each row of loops is easily varied 
exactly the 200th part of an inch during less than 1.900th 
hae of a minute ; and by this arrangement the bodies of 
adies’ vests are so woven as to shaped during the 
weaving to fit exactly to the figure. 

Most of you will know that in an ordinary loom when 


tead | # weaver’s beam has had all the yarn unwound from it, 


and woven into fabric, it is necessary to cut every thread 
of the warp and remove the onply beam, and put ina 
fresh beam ; and suppose the loom has 1000 threads in it, 
to tie 1000 knots to connect the new beam of warp with 
the old warp. In some looms this is done in a slightly 
more rapid way, by having two sets of the whole internal 
machinery of the loom; but this system would take too 
long to explain ; but the result of the most perfect process 
is I believe that after the emptying of one weaver’s beam 





* See ENGINEERING, vol. xlvii., page 734. 
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it takes about three to five hours before a loom with 1000| which shape it came from the spinning machine ; 1008 
ends can be restarted, and in an old-fashioned warp loom | of these cops were arranged on a “‘creel,” and woven 
the time occupied to thread the a aly peso formerly | direct. The ordinary way of putting the yarn from the 
in use with a new warp is considerably longer. It was | cop on to the beam, and preparing it for weaving, cost 
therefore evident that, having attained a ae of weay- nearly as much as the weaving itself, and that was now 
ing so much higher than had n attained before, there entirely dispensed with, and he could show anyone who 
would be a very large percentage of loss of time in remov- | would go into the figures that he could now weave cloth 
ing the empty beam and tying the 1000 ends of the new at less than one-sixth the cost formerly incurred between 
warp on the new beam, unless some better system could | the spinning the yarn, and delivering it woven to the 
be invented. dyer and finisher. As to the question whether this 
I am afraid it would take too long to explain all the | material unroved, as it was called, or ran down with a 
mechanical details by which this re-threading of the 1000 | “‘ Jacob’s ladder,” he would only say that there are 1008 
threads in the rene § troughs is now done, but I can very | ends in a piece of that cloth, and his machine wove those 
- shortly give you the general result, which is that when a | ends together. An American, at the Paris Exhibition, 
beam is emptied a new beam can be put into the machine | asked him if this could be unroved, and he told him that 
and it can be restarted by two girls in from twenty to/|if he could invent a machine which would unweave it 
twenty-five minutes, and during this time the whole | and pull those ends out he would “take a back seat.” If 
thousand threads are accurately threaded, each thread | one thread in a stocking were broken it ran of itself, and 
into its right one of the 1000 troughs. | you had a ladder directly, but here you must pull the 
Another feature of this warp-weaver and knitter is that | whole thousand ends with exactly the same force, other- 


Mr. Carbutt here remarked that there was one point 
worth attention from a manufacturer’s point of view, 
viz., that when working with a warp and weft, you had 
to keep amuch larger stock of material. Mr. Paget said 
that was so, and the warp and the weft required entirely 
different classes of spinning machines ; using warp only, 

ou needed only one kind ef yarn. In weaving four 
s there fosces be on an average one thread out of 
every 1000 broken in an hour, which would necessitate 
the stopping of the machine for about one minute. The 
knots were easily tied. He had run 1008 needles for six 
hours with only three broken, and these stopped the 
machine for about one and a half minutes. The needles 
cost 17s. 6d. per thousand, so that the cost occasioned 
| by broken needles was very slight. He added that 
| the football jerseys exhibited were shaped automatically, 
| and he had recently added an apparatus by which the 
| pattern was also varied automatically, and at a certain 
point a zig-zag was introduced ins ofastripe. Within 

| twenty-five minutes, the machine could be changed from 





so many curious and different patterns, similar to and | wise the threads are ‘‘locked” immediately. He was not | making a material like horsecloths to make a fine thin 
different from some of those you have, can be made in so | going to try to invent a machine which woulddo that. With | flannel, and with another change in twenty minutes, it 
exceedingly simple a aeonees ae only varying the traverse | regard to stockinettes, these fabrics had now a very evil | would produce ladies’ clouds. 

1 : 


of the troughs across the n y 
various numbers of traverses, first to the rig 


es, i.¢., by giving them | reputation, and he must say “stank in the nostrils” of all| Mr. 
Fit and then | who had anything to do with them, either in making, | he had referred to in his description of the machine, and 


t also exhibited a portion of the chain which 


to the left, which varying of the traverses of the thread- selling, or wearing, and the main reason was that, un-| in reply to a request made by Mr. Alfred Carpmael he 


ve the 
8 of the weaving—by the use of a chain similar to | knitting the face of the cloth with 


oonahe is done automatically—without lessening the | fortunately, that method of weaving 
that used to shape the fabrics. 


wer of | stai 
| yarn, whilst the| in America asthe ‘‘ Paget” chain, but he was not the 
back might be pure unadulterated ‘‘shoddy,” and that | inventor, In the year 1851, he wanted a chain which 


that the chain was known on the Continent and 


I hope I have now made the working of the machine as | was too great a temptation for human nature to resist, | would allow of any number of links being taken out or 
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clear as is owe without wearying you with elaborate | consequently, the material got a bad name. Another 
mechanical details, and it only remains for me to give | thing was, that owing to the construction of the stockinette 
you a few curious facts which may interest and amuse you. | pen J it was absolutely impossible to knit as solid or 

One machine which we have at work at present is 84in. | closely woven cloths, as in this one. It was his thirty 
wide, and in that 84 in. there ara 1344 needles. This | years’ knowledge of knitting machines which enabled him 
machine makes 120 rows of loops per minute, that is, it | so to construct this one so that he could knit more closely 
makes 161,280 loops per minute; also when knitting | than had ever been done before. Very little strength or 
certain classes of ladies’ clouds,” this machine knits into thickness was required in the needles, as the only strain 
fabric rather more than 1§ miles of the finest worsted yarn | upon them was lengthways, and therefore they also might 
per minute, this being 100 miles per hour ; and one girl on | be very thin, whereas in the stockinette machine they had 
one machine can weave in a week of fifty-five hours 308 | to be tolerably thick, or the work would be irregular. He 
dozens of ladies’ clouds. : had three of these machines at work, none on the ground 

Also one of these machines, when making the fully- | floor, and they did not shake the floor at all; his know- 
shaped bodies for ladies’ vests (which bodies are woven | ledge of knitting machines enabled him to proportion the 
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inserted easily, and being in the Palais Royal, in Paris, 
he noticed a peculiar chain with which a man was wind- 
ing up his awning. He was told it was a Chaine Vaucan- 
son, and was in common use for that purpose, and it had 
been invented by the celebrated engineer of that name. 
For a long time he supposed him to be the original 
inventor, but one day in the Antiquarian Museum, in 
Edinburgh, he saw a case unpacked which contained 
relics from the tomb of ene of the abbots in an old Scotch 
monastery, and round the waist of the abbot was found 
a piece of the same kind of chain, only the spiked ends 
of the wire links pointed inwards ; and the ancient saint 
had worn this girdle until the spikes had eaten into him 
and killed him, and thus he obtained canonisation. 





apart from the sleeves) can be worked by one girl, and 
makes five bodies at one time, and this set of five bodies 
are woven, shaped, and complete in fifteen minutes, 





In the discussion which followed the reading of the 
paper high opinions of Mr. Paget’s warp weaver and its 
work were expre: by Mr. Henry Chapman, Mr. E. H. 
Carbutt, and the chairman, Dr. William Anderson. In 
replying to some queries put by these gentlemen, Mr. 
Paget stated that a short time ago he regarded the pro- 
cess of “‘ beaming’’ the warp as a necessity in the case of 
his warp-weaver, as it was in working with ordinary 
looms, but now, speaking from considerable experience, 
he could say positively that the necessity did not 
exist. The machine he had described had quantities 
of cloth using the warp direct from the ‘“‘cops” on 





parts properly. A few days ago, he took a foreigner who 
came to see him to one of his tenants who had on the third 
floor a knitting machine which had been running con-} State RatLways IN SwEDEN.—The value of the 
stantly for thitry years, and it looked good for another ten | Swedish State railways at the end of 1889 amounted to 
years’ wear. He was quite sure that no loom in Bradford | 261,650,000 kr., or rather more than 14,500,000/. The 
would stand so much work as that. But these machines | receipts during last year amount to 22,201,302 kr., or 
ought to last as long because there was no more wear upon | about 1,235,000. The expenses amounted to 15,701,302kr. 
them. Hedid not know exactly the power required todrive |—of which working and maintenance account for 
a loom, but he felt certain it Aree be more than double | 14,645,166 kr. (about 805,900/.), leaving a balance of 
that rie wey for this machine. With regard to the vests, | 6,500,000 kr., or 361,000’, which has been handed over to 
as the sleeve had to be jomed to an armhole in the body, | the exchequer. Of the receipts the greater portion comes 
it was found more economical to make them with a seam | upon the goods traffic, viz., 12,622,496 kr. The receipts 
up the side, because there were then two selvedges to | on the passenger traffic amount to 4,096,158 kr. for third- 
- instead of cutting into the fabric to insert the sleeve. | class passengers, 2,486,786 kr. for second-class passengers, 








he vest was shaped, however, in the knitting, front and | and 414,964 kr. for first-class passengers. The mail trans- 


back as required, port has brought receipts amounting to 470,111 kr, 
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BELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883. 

The number of views given in the ification Drawings is stated 
in each case after the price ; bm none are mentioned, the 
Specification is not illustrated. 

Where Inventions are communicated from abroad, the Names, 
éc., of the Communicators are given in italics. : 

Copies of Specifications may be obtained at 38, Cursitor-street, 
Chanesigt ian, E.C., either personally, or letter, enclosing 
amount ice and postage, addressed to H. DER Lack, Esq. 

The date the advertisement of the acceptance of a complete spe- 
fF ncwey 4 is, in each case, given after the abstract, unless the 

‘atent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a com specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS. 


6680. E. P. de Soveral, London. Improvements 
Connected with the Crossheads of Piston-Rods for 
Steam Engines, (8d. 6 Figs.) April 18, 1889.—This inven- 
tion relates to the use of roller bearings for the bearings of the 
crossheads of piston-rods in place of the usual flat slides. Re- 
ferring to Figs. 1 and 2, A is the frame of the engine, B and C the 
guides of same for the crosshead D, the bearing parts of which are 
rollers E, F mounted on a cross-axle G. The engine is intended 
to work in the direction of the arrow, so that the bearing will be 
taken by the rollers E in both the instroke and the outstroke. If 
the engine is occasionally reversed in its working the bearing will 
be taken by the small rollers F, which do not quite touch the face 
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of the guide C when the engine is working on the rollers E. The 
connecting-rod H is of usual construction, and is connected to the 
axle G of the crosshead D by a fork I. To prevent any lateral 
play in working, the rollers E work in a groove formed by an inner 
flange J and an outside plate K. The standards L which carry 
the rollers F are arranged to bear against the pendent sides of the 
ide C. In the arrangement illustrated in Fig. 3, Q are the cross- 
ead guides of usual construction, R is a form of crosshead fur- 
nished with four rollers S, with outside flanges T to prevent bon 4 
lateral play ; U is the piston-rod, and V is the connecting-rod. 
(Accepted December 4, 1889). 


14,289. W. P. Powers, La Crosse, Wis., U.S.A. Im- 
| ae ae seg in ———_ for Automatically a. 

ting the Supply of Air to the Furnaces of Hot 
Water Boilers. (8d. 2 Figs.) September 10, 1889.—This in- 
vention relates to provision for automatically controlling the 
damper of a furnace by which heat is supplied to boilers that are 
used for hot water heating. The improvements consist in the 
combination of a main boiler A, a pipe communicating there- 
with and extending above it for et a column of water by 
means of which the water in the boiler is held under greater than 
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atmospheric pressure, a supplemental boiler or steam generator H 
so located as to be heated by the water of the boiler, containing 
water under a pressure lower than that in the main boiler, a pres- 
sure chamber a, a! (Fig. 2) containing a diaphragm d, and commu- 
nicating with the supplemental boiler H, and a suitable damper 
or heat-controlling device D, the body of water in the supple- 
mental boiler H being in such quantity that the increase in 
volume when raised from the normal to the boiling point will be 


less than the displacement of the diaphragm d vies pent 


ductor a? leading to the field-magnet coils of the motor. The 


a? divides at a point a? into branches atand a5. The 





+ the heat-controlling device. (Accepted 


15,043. O. Imray, London, (E. R. Weir, Chicago, Iil., 
U.S.A.) Improvements in Heating Boilers by us 
Fuel. (8d. 8 Figs.) September 24, 1889.—The boiler C is in- 
closed in a rectangular brick casing provided with an arched cover 
lined with asbestos. The boiler has an inner and outer shell 
between which is a water space Cl, and is dome-sha) A fuel 
supply pipe D leads into a “fire pot” E, oval in plan and hollow, 
so as to form a water EH, which communicates by water 
pipes c with the boiler. G isan outlet, and H an inlet for steam 
or water. Beneath the burner isan air space I over which is situated 
a sliding perforated plate J provided with holes j to permit of air 
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being distributed to the burner. & is an opening from the flue into 
the chamber within which the boiler is located. Lisa plate at the 
front end of the air chamber I, with inlet openings for the 4 
of air. The gas from the sections F of the burner mingled with a 
due proportion of air, escapes through the slits d!, and combustion 
takes place first between the sections F and the main body E of 
the fire pot. The hot products of combustion circulate within the 
heating chamber B, and also below the lower edge of the boiler 
and within the heating chamber B! outside the boiler. The waste 
products of combustion pass through the opening k into the waste 
flue K. (Accepted December 4, 1889). 


17,086. V. W. Blanchard, New York. Improved 
Apparatus for Generating Steam. [lld. 10 Figs.) 
October 29, 1889.—The improved boiler consists of a series of ver- 
tical water legs C communicating with a horizontal stand-pipe D, 
and with the steam drum E, and a series of horizontal duplex 
tubes communicating with the legs. The legs C are each formed 
with an enlarged body and contracted ends C!, C2, and with an 
interior vertical partition C3, which extends from top to bottom, 
dividing the tube into two non-communicating chambers C4, C5. 
The chamber C4 is nearest the furnace, and communicates with 
the supply pipe D and chamber C5 through connections with the 
steam drum. The ends C2 are connected by a pipe E! with the 
steam drum E. A pipe ¢ leads from the drum E to a pump con- 
nected by pipes with the pipe D. F are water tubes connected in 
front with the chambers &s of the legs C, and closed at their rear 
ends. Tubes (not shown), centred in the pipes F, pass through 
the chambers G5, and communicate with chambers C4 of the legs 
C. The water from pipe D rises in chambers C4 through the afore- 
said central tubes to the rear ends of tubes F, thence back through 




















tubes F to chambers C® of the legs, and thence escapes into the 
drum E to be returned by pipe e to the pipe D. The steam 
escaping from the water heater J s into a number of con- 
densers not shown, from which the water of condensation is drawn 
by a pump Q through a pipe Q!, and forced through a pipe K$ into 
the upper end of a coil K in the heater J, passing down through 
the coil and escaping at bottom into a pipe K’, which conduets it 
back to the boiler. The steam and water are kept in a closed 
circuit, the steam passing from the boiler to the engine, and taken 
thence through the water heater J to the condensers, and after 
reconversion into hot water, is forced back into the boiler, passing 
between the pump and boiler through the heating coil K, where 
itis heated by the exhaust steam from the engine. K¢4 (Fig. 2) 
are small tubes passed through the horizontal portions of the pipe 
coils K, and open at one or both ends so that the exhaust steam 
can enter the tubes K4, and thus subject the water passing through 
the pipes K to heat externally and internally. R is a low-water 
alarm. Z is the furnace communicating directly with the boiler. 
(Accepted December 11, 1889). 


ELECTRICAL MOTORS AND DYNAMOS, &c. 
3272. W. P. Thompson, London, (The Westinghouse 


Electric Company, Pittsburg, Pa., U.S.A.) Improvements 
inor rela to Electric Motors. (8d. 2 Figs.) Feb- 
ruary 23, 1889.—This invention relates to electric motors designed 


to be operated by alternating electric currents, and its object is 
to provide a motor which will readily start from a state of rest 
and gradually increase its speed until it reaches a maximum 
dependent upon the ber of alternati per minute in the 
electric current. Referring to Fig. 1, Al represents a suitable 
source of alternating electric currents. Conductors L! and L?are 
led from the respective poles of this generator. In the conductor 
a, leading from the conductor L! to the conductor L2, there is 
included the primary coil p! of a converter Cl. The secondary 








coil s' of this converter is connected at one terminal with a con- 





branch a4 leads through the coils el, e3, e5, and e7, which alternate 
in position with the coils e?, e4, e6, ‘and e8. These are applied to 
the alternate poles f of the field-magnet E of the motor. e coils 
e2, e4, &c., are included in the branch conductor e5. The con- 
ductor a4 leading from the field-magnet is connected with a brush 
hl applied to a circuit-changing commutator H! upon the shaft 
of the armature K of the motor. The conductor a5 leading from the 
field-magnet is connected with a corresponding brush h? applied 
to the commutator. A brush k applied to the commutator H 
makes alternate contact with the plates inst which the brushes 
hl and h?2 respectively rest. This brush & is connected by a con- 
ductor a through the secondary coil s? of a converter C2, thence 
back to the remaining terminal of the secondary coil s! of the con- 
verter Cl, Thus the secondary circuits of the converters C1 and C2 
are completed alternately through the conductors a4 and a5, thus 
causing the poles of the field-magnet to be alternately energised. 
The primary circuit of the converter Cz is connected in a shunt 
upon a resistance R included in a conductor b? leading from the 
line L? to a contact brush »2, applied to the contact ring m? upon 
the armature of the motor. A second ring m upon this shaft is 
provided with a second brush 7! which is connected by a line bt 
with the line L!. The rings m! and m? are tively connected 
with the terminals 1 and 2 of the armature coils. More or less of 
the resistance R may be included between the terminals of the 
primary coils p? of the converter C2, by means of a lever r. When 
the machine is to be started the resistance R is included in shunt 
upon the converter C2, so that the maximum difference of poten- 
tial is applied to the coil p?. The current induced in the secon- 
dary coil s? is added to the current which is being induced at the 
same time in the secondary coil s! of the converter C!, and the 
combined currents serve to raise the field-magnet E to a point of 
high saturation. The armature is meanwhile supplied with cur- 
rents through the conductors b! and 62. As the rotation of the 
armature increases in rapidity the resistance may be gradually cut 
out, and this will cause the difference of potential at the terminals 
of the primary coil p? to be diminished, and consequently the 
effect of the coil will be diminished until finally, when the re- 
ristance R has been completely short-circuited, the converter has 









































no further effect. The converter C1 then operates alone at a 
proper electromotive force to maintain the field at its proper 
value. The speed of the armature has meanwhile been increasing 
until it has reached synchronism with the alternations of current 
upon the circuit, and consequently the successive currents through 
the alternate field-magnet coils will be in the same direction, 
and the motor is then working under proper conditions. 
Referring to Fig. 2, the primary coil of a converter C! is con- 
nected by conductors 1 and 2 between the conductors L! and L?. 
The secondary coil of this converter is connected at one terminal 
with a conductor 4, leading through the current rectifying device 
H to the field-magnet coils e!, e2, &c., of the motor. A conductor 
3 also leading to the device H, may be placed in connection with 
different points in the length of the secondary coil of the con- 





verter C!, by means of a switch S!, This switch may be placed in 
contact with ee a, ¢2, t3, t4, ted with diff 
points of the length of the secondary coil. The currents for the 


armature K of the motor are supplied through a second converter 
C*. The primary coil of this converter is connected between the 
conductors L! and LI, by conductors 6 and 6, The secondary coil 
of the converter, whose active length is adjustable by means of a 
switch S2 applied to points ul, w2, uw, has its respective terminals 
connected with brushes n! and n* resting upon contact rings m1 
and m*, These rings are respectively connected with the ter- 
minals of the armature coils. Alternating currents are therefore 
continuously supplied to the armature coils. Currents having 
potentials independent of each other are thus supplied to the 
armature and field-magnet coils, and these are independently con- 
trollable. The converter C? is introduced for the purpose of re- 
ducing the potential of the current upon the supply circuit in case 
that it is too high to be handled conveniently and also to vary 
the potential of the current upon tbe armature. The converter 
Cl, through which current is supplied to the field-1 et, isso 
proportioned that the lowest electromotive force which it can 
produce will be suitable for operation after the armature has 
attained a proper speed and the field-magnet current becomes con- 
tinuous in direction. The current in the field is alternating as 
well as that in the armature, at all speeds except that of syn- 
chronism, the commutator acting simply to reverse the relative 
directions of the two currents at a given instant, until the speed is 
at (Accepted December 31, 1889). 


16,710. W. T. Goolden and H. W. Ravenshaw, 
London. Improvements o - Electrical 

hines. (6d. 4 Figs.] October 22, 1889.—This invention 
has for its object to provide a dynamo-electrical machine, the 
armature coils of which can be readily repaired without the neces- 
sity for taking the machine to pieces. Figs. 1 and 2 illustrate the 
dynamo. Figs. 3 and 4 illustrate the way of connecting the wind- 
ings of the armature to the sections or strips of the commutator. 
A is the armature shaft mounted and driven in the ordinary 
manner. B isthe frame or support carrying the field-magnets C, 
the pole-pieces D of which extend on both sides of the armature D. 
e arethe wires, conductors, or windings of the armature. The 
commutator F is so arranged that the sections or strips f of the 
same are situated in the plane, or behind the plane, in which 
the face of the armature, next the commutator, is situated, and 
the said sections or strips f have an angled end f2. The ends 
of the wires e are —— and passed under the ends f2 of the sec- 
tions, as shown in Figs. 3 and 4, and are secured thereto by screws 
or other means of fastening that can be readily removed. The 
armature is shown as consisting of soft iron riband at ¢? wound on 
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the central piece or hub e%, and having round it insulating material 
y with grooves g? in it for the reception of the armature wires. H 

















is one of the covers, extending from pole-piece to pole-piece, and 
affixed by screws or other fastening devices that can readily 
removed, (Accepted December 11, 1889). 


18,997. A.J. Boult, London. (A. Foeppl, Leipriy, Ger- 
many.) Improvements in or relating to the Connect- 
of an Accumulator Bai in Alternating 
Current Circuit. (6d. 5 Figs.) November 26, 1889.—This 
arrangement has for object to form a connection between an 
accumulator battery a and cables b and c of an alternating current 
circuit, which permits, on the one hand, the charging of the battery 
by the alternating current, and the maintenance, by means of the 
battery, of the alternating current in the main circuit, whenever 
the electromotive force of the —— current dynamo de- 
creases or stops altogether. The battery, therefore, is in relation 
to the alternating current motor connected at any given moment 
in parallel, and bears the same relation to the alternating current 
installation as that of a battery connected in parallel to a direct 
current arrangement. This object is attained by an arrangement 
of accumulators consisting of two main divisions. One of these 
main divisions consists of a stationary cylindrical commutator d, 
the segments e of which, insulated from each other, are connected 
by wires with various — of the battery. Independently of 
the end electrodes, 1 and 9, of the battery, each point of the latter 
is connected with at least two segments of the commutator d. 
Between each pair of such points of connection there is inserted 
one or more accumulator cells. The other main portion of this 
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arrangement is a brush carrier f which is keyed on a shaft g driven 
at the desired speed either by the main shaft of the dynamo, or 
by means of a small alternate current motor. It carries two 
brushes A situated almost diametrically opposite each other, which 
are in contact with the stationary commutator segments e. On the 
same shaft there are two metal plates t, k insulated from each 
other, and connected with a brush h and Femmes in contact with 
either cable of the main circuit by means of twostationary brushes 
i,m. In order to obviate the consequences of short-circuiting in 
some of the cells during the from one ent to the 
next, and to equalise the variations of the current curve likely to 
occur in such passages, each commutator brush h is formed of two 
separate brushes /!, h? so arranged that both points of contact n, 0, 
are se ted in relation to each other by a small arc which is 
sometimes larger than the insulating strip p between two . 
ments. One-half of the brush A! is thus set at a slight angle in 
relation to the other half h?. Between the ends q and r of the 
brushes farthest from the commutator, a coil s of thick copper 
wire is inserted, into the centre of which an iron core ¢ may be 
fitted. The outward leading conductor wv starts from the centre 
of this wire coils. The elect tive forces induced in the con- 
volutions of the coil, during the passages, prevent the trouble- 
some q of short iting from taking place and reduce 
fluctuations. (Accepted December 31, 1889). 


RAILWAY PERMANENT WAY. 


123. 8S. Danischewsky, Paris. Improvements in 
or relating to Keys or Wedges for way Rails 
and Chairs. (8d. 7 Figs.) January 3, 1889.—This invention 
has for object to provide a railway chair key possessing all the 
advan of the ordinary wooden key, and provided with a suit- 
able appliance for preventing it dropping out of the chair owing 


















































Ves. 
‘ea Fig. 4. 
to vibration caused by the passage of trains, or to shrinkage during 
dry weather. Referring to Figs. 1, 2, and 3, on one face of a 
wooden key @ is attached a metal plate } (of iron or steel) having 
incisions c punched through it. e parts c so punched are not 
removed from the plate, but can be bent or sprung beyond its face 





so as to form stops or teeth (Fig. 3). The wooden key a and plate 
b are preferably wedge-shaped as shown, so that they can be driven 
in tightly between the rail A and the chair d, the teeth ¢ of the 
plate b flying outwards (if the metal is elastic) as they successively 
emerge from the chair, and thus form stops against its face, so 
that the key @ cannot shift back again in the direction in which it 
was driven in, or fall out owing to shrink or vibration ; the key 
a being taper cannot fall out in the other direction. If the metal 
is not elastic, the teeth c can be bent outwards by a suitable tool. 
Fig. 4 illustrates a modification in which, instead of the notched 
plate b, a sort of toothed rack e is provided, which is pivotted at 
one end as at /, preferably on the under face of the wooden key a. 
As the key is driven in, one end /! of the rack e falls by gravity on 
to the base of the chair d, and its teeth successively engage its face, 
so that the key a cannot be moved back without lifting the rack. 
The “ of the key prevents its dropping out in the other direc- 
tion. e teeth do not form any obstacle to the key being driven 
in. A wedge may be inserted between the rack and the key so as 
to prevent the rack rising and b ing disengaged from the 
teeth owing to vibration during the passage of a train. (Accepted 
December 4, 1889). 





MISCELLANEOUS, 

1841. J. ©, Paisley, Renfrew. Improvements 
in and rela to Air and Gas Exhaus or Com- 
Pp {8d. 9 Figs.] February 1, 1889.—The 
Gan of the steam cylinder B is set to act on the same crank 

1 of the crankshaft D, as that of the piston-rod of the air-com- 


pressing cylinder C. The steam cylinder B is arranged to oscillate 
on trunnions vertically over the crankshaft D, and the air-com- 
pressing cylinder C works on trunnions arranged in the horizontal 
plane of the crankshaft D. When the air cylinder C is to be used as 
a drawing or suction and forcing or compressing cylinder, it has 
close longitudinal inlet and exhaust ports e?, e11 within the water 
casing, from the inlet trunnion pipes e, the first opening to the 
inlet valves and valve chambers G, G1 at the opposite ends of the 
cylinder C, and the second from the outlet valves of valve 
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chambers e!11 at the ends of the cylinder C, leading to the outlet 
ports and branch ell, el, so as to conduct the air entering by the 
trunnion C? and branch pipe e. Small screw valves h are fitted in 
the upper ends of the cylinders C,C* to allow a small regulated 
jet of water to neg from the annular cooling water space C3 
down a radial orifice h1, and passin as a spray Set over the inlet 
valves g? into the cylinder to moisten the air as it is drawn in. 
By the general arrangement of the steam and the air-compressing 
cylinders B and C, working at right angles to each other on the 
same crankpin D1, the steam piston-rod has its greatest effect and 
speed at the time when the piston-rod of the air cylinder C is per- 
forming its maximum compressing work, with a quick admission 
of the steam and cut-off after the pistons pass their dead points 
at each end of the stroke. (Accepted December 31, 1889). 


2806. A. Waldbaur, Stuttgart, Germany. Im- 

rovements in Centrifugal Ap’ for Con- 
. , 1m) 

gig rg ei rage 


Fabrics, (8d. 6 Figs.) February 18, 1889.—The basket T 
which receives the material to be treated is furnished with an 
outer casing T? which dips with its lower edge into the outlet 
channel of the framing of the apeeseten, and makes a joint there- 
with. The disc of the liquids received in the outer casing is 
caused by making the same —— to the lower end, or with 
helicoidal furrows n! which force the liquid downwards, allowing 
it to flow ey 4 into the discharge channel. The im ati 
liquids are led through the lid into the centre of the et ai 
conducted thence by suitable means to the material to be t: 


reated. 
A tight joint is made for the feed-pipe Z at E by the following | street, Strand. 





arrangement. Upon the lid D at the mouth of the feed-pipe 
there is a circular receiver R! above which is a circular packing 
channel R2. On the feed-pipe Z is provided a disc S having suffi- 
cient play in the packing channel (in view of the vibrations of 
the basket). The receiver R! is filled with a liquid which when 
the basket rotates rises into the packing channel R? and surround- 
ing the —. of the disc 82, makes a tight joint. In order to 
cause the lid D, which closes the ket, to press automa- 
tically upon the material, a lever arrangement is provided as 
follows: The inner side of the basket is provided with 
a number of lugs L into which pressure levers P are inserted after 
the lid Dis down. The levers are capable of rotation in the lugs. 
One end of each lever turned towards the centre before rotation 
begins, is furnished with a weight, whilst the other end forms an 
eccentric When the drum rotates these levers turn in a 
vertical direction, as, by reason of the centrifugal power, the 
weight tends to move outward and thus their eccentrics force the 
lid downwards. To produce and preserve a free space within the 
basket, serving also to admit of the inflow of the r nts required 
for treating the material, and to cause a suitable division, a device 
is provided in the centre of the drum, consisting in a perforated 
cylinder K on the inner side of which upwardly leading or rising 
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ribs or grooves of spiral form are provided. The liquid is thrown 
upon the bottom of the drum and thence forthwith propelled by 
centrifugal force against the sides of the cylinder K, directed 
upwards by the ribs or grooves when rotation is rapid, spread 
over the severa perforations, and by these conducted to the 
material outside the cylinder. Fig. 3 is a detail view with section 
through one cop and an elevation of another. Upon the ring, 
flange, or the like 1, is provided a cone 2, to which is attached 
a wire loop3 upon which the cop is fitted, so that the inner hollow 
part of the same remains unobstructed, the end of the cop joining 
the wire loop and the cone 2. Instead of the wire loop a perforated 
sleeve of suitable form or the like may be used, so that the cop is 
held fast without obstruction of its interior. The wire loops, or 
the sleeves, or other holders are radially attached to rings or hoo; 
(or to sections of the same) corresponding to the diameter of the 
drum, and this facilitates attachment and removal. When the 
cops have been introduced into the drum, leaving a sufficient space 
between the inner side of the latter and the ring hoop or flange 
carrying the cop, then the dye or other liquid can freely circulate 
and the cops can be impregnated and the excess liquid thrown off 
without requiring the ¢ in the drum to be touched. (Accepted 
December 31, 1889). 


3581. J. H. R. Ritson and W. Jenkins, Neath, 
Glamorgan. Improvements in or Connected with 
Machinery or pproretas for Polishing or Grinding 
Rolls in Plate Mills or in Tinning or other 
Machines. (8d. 7 Figs.) February 28, 1889.—According to 
this invention polishing apparatus is provided which is brought 
up to a pair of rolls and carried by an adjustable bracket to suit 
the particular angle to which the rolls may be set. The polishing 
material or surface may be composed of any suitable material or 
composition such asemery. A are the polishing surfaces or blocks 
curved on their surfaces to adapt themselves to the size of the 
rolls. B is the bracket in which the polishing apparatus is held, 
and C, Care screws for adjusting the ition of same therein. 
These polishing surfaces A, bracket B, and screws C, composing the 
mounting, are carried by and jointed to a screwed spindle D work- 











ing through a lug or pectection on an internally screw- 
threaded collar or traversing h on a screw-threaded shaft F, 
the latter having keyed at one end thereof a toothed wheel G in 
ee with another toothed wheel H; the latter being driven by a 

andle J orin any other convenient way. I is the framework in 
which the screw-threaded shaft F revolves. By turning the handle 
J, the collar or traversing head E on the screw F is traversed 
lengthways of the rolls and with it the polishing block A and 
bracket B. projection E! on the collar E takes into a longi- 
tudinal groove in the frame I, and thus the collar E, and with it the 
polishing surface, is guided longitudinally from end to end of the 
rolls. e block A is adjusted towards the rolls by turning 
the screw Din the head D!, the latter being hinged to the bracket 
B in order to allow of angular adjustment of the block A while the 
latter is itself adjustable in the bracket B by the screw C. (Ac- 
cepted December 31, 1889). 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the ee time, and 
reports of trials of patent law cases in the U) ~ per peng Ae 
consulted, gratis, at the cffices of ENGINEERING, 35 and 36, lord: 
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‘in both cases, the difference in the drawings show- 
‘ing the two forms of obturator which are used. The 
|cup i is a flat-backed saucer of steel resting against 
ithe face of the breech-screw, which is slightly 
The Armstrong System.—We have referred in a| rounded. The cup also fits accurately into a ring 
previous article to the Armstrong system of obtura- | of hard copper hammered into a groove in the gun, 
tion, known as the Elswick cup, and have given the | | and the pressure of the gas in the chamber forcing 
official opinion respecting it. Fig. 98 shows the the cup against the convex surface of the breech- 
exact form of this cup, and besides is a section of | screw effectually closes the space between the cup 
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THE ARMSTRONG SYSTEM OF BRBECHCLOSING FOR HEAVY ORDNANCE WITH THE 
ELSWICK CUP, AND THE DE BANGE OBTURATOR, 


MODERN FRENCH ARTILLERY. F 
No. VIII. 
BREECHLOADING MECHANISM—continued. 
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THE ARMSTRONG SYSTEM OF BREECHLOADING FOR QUICK- 


of machinery, these cups frequently stand several 
hundred rounds without failure or even the neces- 
sity of putting in a new copper. 

‘¢ The De Bange obturator has the principal ad- 
vantage that it appears to stand all the rough treat- 
ment which gunners of both services are able to 
bestow up it. It is not, however, elastic like the 
cup, and particularly in the large sizes requires 


great power to extract the breech. In the 68-ton 
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FIRING GUNS. 





the breech mechanism of a 6-in. Armstrong gun.|and the copper ring, and prevents the escape of and 110-ton guns, for instance, hydraulic mechanism 
The details of this mechanism call for no special powder gas. A great advantage of this form of exerting a force of about 10 tons has to be em- 
notice either as regards the block, seating, locking obturator is that it is absolutely elastic and requires | ployed to extract the breech screw.’ 
or safety apparatus, which resemble the French | ‘little or no force to enter it into position in the gun| Figs. 100 and 101 show the breech opening of the 
ceatintt . With modifications in detail, | or to extract it. Thecup, however, must be carefully | 6-in. Armstrong quick-firing gun. In this the 
99 is a section of asimilar gun, the block being | handled, and like the Broadwell ring ina Krupp question of obturators in the usual sense of the 
gun, will not stand knocking about to the un- | term is avoided, as the gun is used with a metallic 
ited extent which sometimes happens to them. eee case, which in itself does the obturation, 

s also no doubt that it is an excellent form 


Fig. 
fitted with a De Bange obturator. With regard to 
their two systems the Elswick firm say: ‘‘The breech | 

opening gear and firing arrangements are the same Used, however, as it ought to be as a delicate piece There 
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of obturator, the gas being stopped at the very 
mouth of the cartridge, and leaving no fouling in 
the chamber, and therefore no necessity for wash- 
ing out between the rounds, 
he breech is closed on the interrupted screw 
system, and to render the closing and opening more 
easy and rapid, the breech-block is formed in two 
steps, both of which have portions of an inter- 
rupted screw on their surfaces, the threads on one 
step standing longitudinally opposite to the blank 
spaces on the other. The breech-block swings 
rapidly into place, and is secured by a small turn- 
ing movement. The gun is fired by electricity, the 
mechanism for that purpose being simple and inge- 
nious. In the base of the cartridge case is screwed 
an electric primer, against which an insulated steel 
pin. carried in the axis of the breech-block, presses. 
his pin is in communication with the electric 





any country so far as weight is concerned. In its 
earliest and elementary stages the system was 
founded upon the crude ideas of Cavalli, and con- 
sisted of a simple wedge working to and fro ina 
suitably formed slot cut in the body of the gun at 
right angles to the bore, the wedge being held, more 
or less securely, in its place while the gun was fired. 
Of course such a mode as this soon passed out of 
practice. With gradual developments the me- 
chanism assumed the form shown in Figs. 102 to 
106, which may be taken as illustrating the most 
advanced practice in this system of breechloading 
for field guns. The body of the gun, to the rear of 
the powder chamber, is slotted out at right angles to 
the bore, the opening so formed having a flat face 
and a semicircular back, which is made with a 
taper, enlarging from right to left. On the top and 
bottom sides of the slot, ribs are formed parallel to 





hole is drilled through the wedge, so that the centre 
coincides with the centre of the plate P recessed 
into the face of the wedge. When in firing posi- 
tion, the lower part of the vent tube fixed in the 
wedge coincides exactly with the upper part screwed 
in the breech, and at the point of junction a copper 
gas check is introduced to prevent any backward 
discharge of gas. To the left-hand side of the 
wedge is bolted the guard-plate B, fastened to the 
wedge by the three bolts C C ; one of the principal 
uses for this plate is to provide a bearing for the 
locking screw D, and for the spring fastening that 
prevents the screw from shaking loose while the 
gun is being transported. The travel of the locking 
screw is limited by a stop on the bearing. The 
screw has a right-handed thread of coarse pitch, 
which is cut away over half its circumference ; it is 
so mounted in its bearings and in the recess formed 
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wires, which carry the current to fire the primer, 
only when the breech-block is closed, and secured 
by turning the lever downwards against the rear of 
the block. The circuit is closed and the charge 
fired by pulling the trigger of a pistol handle, 
arranged in a convenient position close to the 
sights. In case of the failure of the electrical 
firing gear each gun is also fitted with a percussion 
lock ; the electric primer in the base of the car- 
tridge is replaced by a percuss.on primer of the 
same form, and the steel pin, which in the former 
case supplied the electrical contact, now serves as a 
firing needle. The percussion firing gear also has 
a safety appliance to prevent the charge being fired 
till the breech is a omer and locked. In this 
manver all danger of accidental discharge is avoided 
and complete security gained. 

The Krupp System.—F rom the outset, Mr. Krupp, 
of Essen, adopted an entirely distinctive system of 
breech mechanism, which he followed consistently 
through the great and rapid development of gun 
manufacture, from its first application to field 
artillery, to his latest achievement in monster ord- 
nance—the greatest that has been yet attempted in 


KRUPP’S BREECH MECHANISM FOR FIELD GUNS. 


the rear of the slot, so that the wedge when moved 
in and out may be always guided with the front face | 
at right angles to the bore. Some partial screw | 
threads are tapped in the left side of the upper. 
wall, and the breech is secured in place by means | 
of the locking screw entering these threads. The | 
wedge A is of such a shape that it accurately fits | 
the slot, when the block is in position and locked; | 
it is of the form shown in Fig. 105, a circular pas- | 
sage, the diameter of the loading chamber being | 
cut through it at the right-hand end ; this opening T,, | 
when the breech is withdrawn into the loading posi- | 
tion, coincides with the bore of the gun, and forms | 
a passage for the projectile and cartridge. When | 
closed the wedge assumes the position shown << 
Fig. 103, and that part of its front face closing the | 
powder chamber, is recessed to receive a hard steel 
disc P, which, with the gas-check ring, forms the 
abutment to receive the shock of discharge. The 
upper face of the wedge is cut with an inclined 
slot Z (Fig. 103); through this the lower end of 
the upper section of the vent tube passes, and it 
forms a further guide for the wedge when it is 
drawn in or out. In prolongation of this tube a 






>> 
Avia 7s 








to receive it in the wedge, that when it is turned 
with the smooth segment outward, the wedge can 
be withdrawn, but when it is turned through half 














Fic. 106. THE BROADWELL RING. 


a revolution, the threaded part engages in the 
recesses cut in the body of the gun and holds the 
wedge securely ; besides locking, however, its 
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movement forces the face of the wedge up to the|the breech can be opened, the spring has to be| wedge is drawn out, these grooves force the tube 
edge of the powder chamber. The screw is operated | lifted by the handle shown in Figs. 103, 104. In| forward, keeping it in contact with the back of the 


by the long lever E, which is fixed to the stud|the opening at the right-hand end of the wedge | gas-check, and so prevent any dirt from entering 
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THE HOTCHKISS BREECHLOADING MECHANISM. 


THE NORDENFELT BREECHLOADING MECHANISM. 


by a key and pin. It can be held in the locked| through which the projectile and cartridge are 
position by means of a flat spring attached to the introduced into the bore, slides a light brass tube 
cover-plate and pressing on the stud of the lock- from which studs project into grooves cut in the 


ing screw projecting through the bearing; before | guides at the top and bottom of the slot; as the 


the chamber ; as the wedge is pushed home the 
tube recedes into the opening in the wedge. The 
gas-check is one of the details which helped to 
insure the success of the system ; it is known ag 
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the Broadwell ring, and is of the form shown in 
Fig. 106. The inner surface is cylindrical, the 
outer is spherical, the centre from which it is 
struck corresponding with that of the bore in the 
plane of the forward face of the slot ; it is of course 
seated in a spherical recess in the chamber of 
the gun, and on its rear face are cut a number of 
concentric grooves to prevent the escape of powder 
gases. The vent screw W, which, as already 
explained, is screwed into the body of the gun, is 
provided at the top with a cup-shaped shield to 
protect the men serving the gun from any backward 
discharge of gas or primer fragments. The mecha- 
nism is completed by a brass cylinder S bolted to 
the right-hand side of the breech, and over which 
is fitted a leather hood that protects the mecha- 
nism from dirt. The mode of working this system 
will be gathered from the foregoing description of 
its parts. 

he mechanism for guns of large calibre is very 
similar to the foregoing, and is illustrated by Figs. 
107 to 110. As the wedge is too heavy to move in 
and out by hand, the necessary power is obtained 
by the quick-threaded screw D partly recessed into 
the upper surface of the wedge and engaging in a 
half-nut F secured to the breech. In this case the 
lever R that locks and unlocks the wedge can be 
mounted upon the square-ended stud of the screw, 
and the breech opened ; a check chain prevents 
overrunning. When loading, a light brass cylinder 
W can be inserted from the back through to the 
rear of the powder chamber; the right-hand 
side of the wedge is not extended far enough to 
allow of a circular opening as with the field-gun 
arrangement, but the end is hollowed to a curve 
corresponding with the diameter of the chamber. 
The wedge which is recessed to receive a gas-check 
plate, is drilled through, as shown, for the friction 
primer (Fig. 110), provided with an obturating 
device, but which Ses no special features ; the 
firing rod is finished inside the primer with a taper- 
ing stop, and when the lanyard is pulled the stop 
enters a countersink in the base of the primer case 
and checks any backward discharge of gas. 

In future articles of this series we shall speak 
in considerable detail of the Hotchkiss system, 
which although essentially American, has found a 
pe and successful field in France, and has in fact 

come nationalised there. In the Hotchkiss 
factory at St. Denis two types of guns are manufac- 
tured ; the revolving cannon and the quick-firing 
gun. The latter is also largely asks by the 
Elswick firm, and it forms the chief armament of 
its class in the French Navy. It is, in all its calibres, 
up to 10 centimetres, a breechloading gun on the 
sliding wedge system. Unlike Krupp, however, the 
movement of the block is vertical instead of being 
lateral, Figs. 111 to 114 illustrate the system quite 
clearly ; from these views it will be seen that the 
breech of the gun is slotted, the face next the 
chamber being vertical and the rear face tapered. 
Within this slot slides a block, the top of which is 
recessed and the body made hollow for the firing 
device ; the face of the sliding block carries a plate 
perforated for the passage of the striker. On one 
side of the sliding block a stud projects through the 
body of the gun, and on this is mounted a two-armed 
lever, outside the gun, and a lever with a stud at 
the end within the slot, the block being cut away 
to make room for it; the stud works in a curved 
path cut in the block, while the latter is limited in 
its up-and-down travel by means of a recess on the 
left-hand side, in which works the end of a screw 
asshown. By turning the handle of the operating 
lever in one direction the block is run down by the 
action of the stud in the cam path, until the recessed 
top coincides with the bore and a new cartridge 
can be inserted ; the motion of the lever is then re- 
versed and the block is raised, and held in position 
by the lever being pulled past the vertical and also 
by being held with a spring catch. The movement 
of lowering the block cocks the hammer, which is 
liberated by the firing trigger on the pistol handle. 
The extractor is operated by the end of its lever 
working in a curved slot that gives the requisite 
withdrawing motion. 

Before terminating these descriptions of breech 
mechanisms, we may refer to that adopted by 
Nordenfelt for quick-firing guns, and which is repre- 
sented in Figs. 115 and 116. The arrangement is 
remarkable for simplicity and the small number of 
parts, there being only ten in all. The principal 


eee are the firing handle a, the action cam b, the 
reech-block c, the wedge d, the extractor e ; of the 
remainder f is the pin in one with the firing handle, 





and to which the cam b is connected, g the firing 
in, h the spring, and i the trigger ; the last three 
ing housed -in the breech-block ; k is the pin of 
the Si fitting in the slot of the cam. The path 
of this slot is at first nearly straight, the remainder 
being curved to the radius of the firing handle. 
The wedge has a rising and falling movement in 
the slot 1 of the gun, and the upper face, as well as 
that of the wedge, is curved to fit on a correspond- 
ingly curved seat m at the rear of the gun ; the top 
of the wedge is alsocurved, and on its front side is 
a projection n, that takes its bearing in a recess 
in the breech. The action of the mechanism is 
as follows: Assuming the gun to have been 
fired, the handle is thrown back through one- 
third of a revolution, drawing the wedge pin 
up the curved part of the slot in the cam }, into 
the straight path, and as the movement is continued, 
the wedge is forced down, the angle o in the hollow 
part of the wedge coming in contact with the pro- 
jection i of the trigger and throwing it back ; before 
this has happened, however, the firing pin is forced 
forward by the downward movement, and the main 
spring is compressed ; the extractor cam lever has 
so actuated the extractor, forcing it back and 
started the cartridge case from the chamber. As 
soon as the wedge pin has reached: the end of the 
slots in the cam, this continued movement of 
the firing handle sets up a downward motion of the 
wedge and block, which continues until the handle 
has reached its extreme travel, when the position of 
the various parts is as shown in Fig. 116, the last 
motion of the extractor lever being a sudden one 
that throws out the cartridge case. 

A new cartridge may now be introduced into the 
gun, and the firing Leaiiie pulled forward ; the 
ising wedge and block push the cartridge home, 
and the movement continuing, the trigger is pushed 
up until the hammer is started and the gun fired. 
The inclined face within the wedge prevents the 
firing pin from striking the cap of the cartridge 
until the wedge is quite home, and abuts firmly against 
the back of the slot ; if the trigger is a | prema- 
turely the lugs on the firing pin strike against the in- 
clined face of the wedge and the cap is not touched. 





VICTORIAN GOLDFIELDS. 
SANDHURST. 
(By our SprectaL CoRRESPONDENT. ) 
(Continued from page 162.) 

THatT some of the Sandhurst people have learned 
to mine and crush quartz economically is beyond 
dispute ; in fact, in a few cases, the mine records 
are astonishing, and point a most useful lesson to 


miners and millmen all over the world. The St.’ 


Mungo Mine at Eaglehawk being notably one of 
this class, some particulars concerning its work for 
the past half-year supply the lesson. The quartz 
in this mine is not in a defined lode, the western 
wall is the only one marked ; the eastern wall is 
entirely broken up; from 600 ft. to 800 ft. the 
deposit is almost vertical, then it underlies west. 
The quartz is nearly pure white, intersected by bands 
of slate, and both show pyrites but little or no gold, 
the width of the deposit varies from 3 ft. to 35 ft.; 
a general fair average would be about 14 ft , and of 
this only about 6 ft. is put through the battery, the 
remainder being barren bands of rock. For 5} years 
this mine has worked on quartz giving a yield of 
under 5 dwt. of gold to the ton; on this return 
some 28,0001. has been paid in dividends ; the 
machinery has been kept in thorough repair, and 
the mine properly worked and developed. During 
the last six months the main shaft has been sunk 
and timbered 74 ft., 143 ft. of winzes made and 
timbered, and 210 ft. of drives, making a total of 
427 ft. of ground sunk and driven. From all parts 
of the mine—including the lower levels, over 
1200 ft. deep—10,190 tons of quartz have been 
raised and crushed, giving a return of 1851 oz. 
17 dwt. of gold ; 66 tons of pyrites were collected 
and gave a return of 144 oz. 9dwt., or altogether a 
total of 1996 oz. 6 dwt., being an average of 
3 dwt. 22 grains of gold per ton of ore mined and 
crushed. The following statement of receipts and 
expenditure show the dividend from this return : 





Balance Sheet. 

To Capital 32,000 £ s.d.;|ByUncalled capi- £ s.d. 
shares at 11. | tal .. ++ 24,600 0 0 
each .. 82,000 0 0 Reserve shares 1,850 0 0 

Profit and loss 10,499 9 4 Mine and pro- 
Bank .. ee 3512 2 perty . 4,775 14 0 
Machinery and 
plant .. 11,309 7 6 
42,535 1 6 42,535 1 6 





Receipts and Expenditure. 


To Balance £ s.d.| By Wages, mine ac- £ s.d. £ 8. d: 
— unt .. --4247 111 


year 394 3 9 
Com- 
pany’s Firewood 
gold 790719 1 Machinery wear 
and tear as 
Carting .. . a’ 
Treating pyrites, 
cleaning plates 204 0 


Dividends a 
Mineand property, 

new lease... 
Management, di- 

rectors, and 

auditors -- 6 40 
General charges, 
stationary, in- 

surance, &... 12 0 0 
Leaserents,rates 7 010 


—— & 


10 2 
1200 0 0 


400 0 0 


Dr. Balance 
bank 3512 2 


410 


8337 15 0 


8337 15 0 


In this mine, as in almost all others on the field, 
it is necessary to do a lot of timbering and to fill 
up the worked-out portions as the mining pro- 
gresses. With this in view nothing but cushing 
stuff is sent to the surface, the ‘‘ mullock” or rock 
intersecting and inclosing the quartz vein is picked 
out below and left for filling, and in addition large 
quantities of ‘‘ mullock” sent to the surface from 
workings some years back are returned underground 
together with tailings and the whole carefully 
packed into the cavities made by removing the 
quartz lode. In very many mines the soundness of 
the country rock is such as not to require filling to 
prevent the ground falling in, but it is invariably 
filled up all the same, for this reason: In working 
quartz in large cavities it would be necessary to 
employ staging to raise the miners up to the roof; 
when shots are fired in the quartz many large loose 
pieces do not fall down with the bulk of the quartz 
shifted, and would be most dangerous and apt to 
fall on the heads of the workmen as they were 
again fixing their staging to resume work, therefore, 
as in this class of mining almost all the ground is 
worked upwards, it is considered most advantageous 
and less hazardous to fill in the ground below as it 
is taken out, never leaving a greater space between 
the filling and the top of the roof than about 6 ft. ; 
this timbering in loose ground before filling, and 
subsequent filling in of all cavities, is by no means 
the least expensive and troublesome part of the 
mining work. 

I omitted to take particulars of the winding ma- 
chinery on the St. Mungo Mine; but, the crushing 
plant is as follows: A 30-head stamper battery by 
Roberts and Sons, Sandhurst, stamps 93 cwt. each, 
crushing the ore to pass through screens with 144 
holes to the square inch—by the way, this is the 
manner in which the Sandhurst mill men know the 
size of the gratings they use ; they do not use mesh 
screens, and they do not know the sizes of the holes 
in the punched plates they use by a corresponding 
size in mesh screens or by numbers. The pulp from 
this mill passes over about 12 ft. of amalgamated 
aa from which it travels over about the same 

ength of blanket strips, into a ‘‘ Halley” shaking 
table, one for each five head of stamps, and then 
into asump from whence it is lifted about 30 ft. in 
height into a shoot running it to the tailing heaps. 
Once on the tailing heaps it ceases to be of any 
value to the mineowners, excepting in this way : 
For the labour of keeping the tailing heaps trim 
and preventing their flowing or slipping on to other 
people’s property, the right is given to Chinese 
labourers to take out of the tailings all gold, 
amalgam, floured mercury, or pyrites or other con- 
tents they can save by their crude and laborious 
methods of hand labour. The Chinaman works on 
the pyrites heap on the flowing stream coming from 
the shoot before the sand loses the momentum it 
gains from the stream of water; he passes it through 
long boxes with small pieces of battens nailed cross- 
wise, known locally as ‘‘slips” or ‘‘ties ;” these 
catch the heavier particles as they gradually fall to 
the bottom from out of the current of water as it 
loses its force, he runs it over long trays with 
canvas laid on the surface and then over trays 
covered with blankets, after that it may settle 
where it will on the heap and no longer is of value 
to any one; indeed the tailings have become a 
positive nuisance, and the tailing and sludge 
questions promise before long to become one 
of the hard nuts which has to be cracked by 
both miners, legislators, and others interested. 
Three Cornish boilers 28 ft. long by 6 ft. 6 in. 
with Galloway’s tubes, supply the steam to an 
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THE SCREW FERRY STEAMER 







Dia. of Sorew.... 8 FS 

Avge.Picch of Pushing Side 8-31 on! 
«a Pulling. 8-92------~ 

Dia.oF Hub ...,-< 7 Ya" E 





Ye 


Pitch at JF*Rad. Mp - 
: Hoe t 
ae aan 


80 horse-power engine (working to a little over 
half its capacity ; it is arranged so as to worka 
duplicate crushing plant when necessary) which 
drives the 30-head battery, the tailings pump, 
and a 4 horse-power Tangye vertical engine driving 
a dynamo by the new Australian Electric Company, 
Limited, of Melbourne, which works fifty 16-candle 
incandescent lamps used to light the mill, engine- 
house, winding machinery, and main drives stopes, 
cross-cuts, &c., of the underground workings. 
Little other light is used, but the ordinary candle is 
brought into requisition when putting in ‘‘rises” 
or ‘* winzes.” 

The lamps underground are inclosed in glass 
lanterns with wire guards, and some have from 
10 ft. to 20 ft. of flexible wire attached; in the 
battery house the lamps have special fittings with 
spring attachments to neutralise the great vibration 
constantly going on. The adoption of the electric 
light in lieu of candles has, according to the 
manager of the mine, resulted in a considerable 
saving of expense, and the installation has been at 
work for five years. From another point it must 
make itself felt, that is, in minimising the greasy 
substances going into the mill together with the 
quartz, any of which are fatal to good amalgama- 
tion ; the general substitution of composite candles 
for tallow ‘‘ dips” had a marked effect in increasing 
the efficiency of mercury as a gold saver, and the elec- 
tric light must be anotherstep in advance. All over 
this company’s property there are marked evidences 
of the personal care and attention bestowed upon 
it by the manager, Mr. T. Butson, who must be 
congratulated for the unusually workmanlike and 





(For Description, see Page 192.) 
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‘*spick-and-span” appearance everything bears ; 
having everything in its place and having a place 
for everything has much to do with economical 
working, and to this orderliness and absence of 
waste is no doubt due in a great measure the pay- 
ing of dividends with quartz which yields such low 
returns. 

Another of the typical mines on Sandhurst is 
Landsell’s 180; the depth of the shaft was on July31 
2590 ft. This is the deepest mine in the southern 
hemisphere, and if I mistake not the deepest gold 
mine in the world; the strata in this mine has 
already been discussed, and cross-sections of the 
workings and reefs shown by Fig. 4 (page 105 ante). 
When the property came into the hands of Mr. 
George Landsell, the present owner, the shaft was 
at a depth of 460ft., and no machinery on the 
ground ; all the winding was done by a horse 
“whim.” During Mr. Landsell’s tenure of the 
property, he has taken out over 160,000 tons of 
quartz, which have yielded 88,346 oz. of gold, the 
value being about 353,3841., and he is still working 
the mine vigorously. Mr. Landsell’s first step was 
to put up machinery and continue sinking the shaft, 
the size of this being 10ft. by 4ft., divided into 
three compartments. The following description of 
the present machinery, erected some ten or twelve 
years ago, may interest practical men ; unfortunately 
there are no plans of it available: The winding 
engines are a pair of vertical engines with 20-in. 
cylinders and 4 ft. stroke, fitted with link motion ; 
the cylinders are on top. The rope drums, 
10 ft. 6 in. in diameter, are placed between the 
engines on the crankshaft ; one drum is keyed on 





“ BERGEN.” 





crankshaft, while the other is mounted on to a brass- 
bushed thimble, which allows the shaft to revolve 
without thedrum. This drum is thrown in and out 
of gear by a lever acting on a clutch containing eight 
teeth, so that the drum can be adjusted to the 
various levels required to haul from ; each drum is 


controlled by a brake. The hauling ropes are steel, 
each about 1 in. in diameter and 3000 ft. long. The 
cages in use have safety catches to prevent their 
falling should the rope break ; tanks of a capacity 
of about 250 gallons are fixed beneath the floor of 
cages ; the speed of the engine is regulated so that 
the cages can travel from 1800 ft. to 2000 ft. per 
minute. An indicator is fixed near the driver so 
that the position of each cage in the shaft can be 
seenatonce. This indicator consists of a dial plate 
4ft. in diameter, with two arms, one pointer for 
the ascending the other for the descending cage; 
the pointers are worked by a wormwheel from the 
crankshaft. A balance drum has been connected 
with this plant for the purpose of equalising the 
weight of the travelling lead te the shaft, so that 
the difference in weight between the up or down 
cages may not be felt by the engine. The rope 
from this drum runs, over a pulley at the poppet 
head and down the ladder way of the main shaft as 
far as the 1100 ft. level, where a box is fixed in 
which the chain forming the balance weight may 
coil and uncoil ; a lever is fixed to a clutch in con- 
nection with this drum so that it can be thrown into 
or outof gear. The engine driver stands on a raised 
platform on the upper floor of the building, and has 
command over all the levers and brakes working 
the machinery without moving from his position ; 
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ENGINES OF THE SCREW STEAMER “BERGEN.” 
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he is signalled to from below in the mine by bell | Ford’s air compressors, two of 8 in. diameter and | ing engines with 14 in. steam cylinders and 18 in. 
strokes, so that he not only knows what to do but/ 4 ft. stroke, and one of 12 in, diameter and 2 ft. stroke; the air cylinders are 12 in. in diameter and 
also knows the character of the load he is lifting. stroke ; these are wet compressors, each having a arranged ina similar way to that of the engine men- 
The foregoing notes relate to the winding ma- pair of rising and falling water columns. The air | tioned above; this air-compressing machinery was 
chinery. On the ground floor of the same engine- chambers directly over the two water columns are | made at the local foundries. 
house is fixed the air-compressing machinery, which | fitted with four leather valves. At each down-| From all this compressing machinery the air is 
consists of the following plant: .A 20-in. cylinder | stroke of the water columns a small jet of water | conveyed in pipes to a receiver situated close to 
horizontal engine having behind the steam cylin-|is made to play on the inlet valve and on the the main shaft, this receiver being about 25 ft. 
der, and ina line with it, an air-compressing cylinder | upward stroke the water with the air is forced long by 5 ft. in diameter and fitted with safety 
16 in. in diameter. On each cover of the air| through the outlet valves and travels with the air valves to sustain a working pressure of 90 lb. per 
cylinder are inlet and outlet valves, and between toa receiver, carrying off the heat and returning square inch. Four other mines are supplied 
the jacket of this cylinder and its bushing is aj again by a small pipe to the inlet valve, thus using with air from the machinery besides that used 
spiral groove running the whole length, through| the same water over again. Also connected with in Landsell’s 180; the air is conveyed along the 
which a constant stream of cold water runs to this engine is a double-action condenser worked by surface of the ground in pipes, to the various 
keep the cylinder from overheating from the heat an arm on the end of the flywheel shaft ; the working mines, thence down the working shafts to drive 
set free during the compression of the air. There barrel is 10 in. in diameter and 40 in. stroke. On rock drills and winches. There are five Ingersoll 
are also in connection with this machinery three of | the same flooy there are also a pair of air-compress- | rock drills at work in the mine under review, and 
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BOILERS OF THE FERRY STEAMERS “ORANGE” AND “BERGEN.” 


(For Description, see Page 192.) 
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also an air winch fixed at the 2400-ft. level for the it may be stated that the general procedure fol- | is moved down to another “ plat,” the main wind- 
purpose of hauling water and ‘‘ mullock,” &c., to| lowed in sinking shafts on the field is to work | ing engine is arranged to work down to where the 
that level ; from thence they are carried to the downwards from lifts about 200 ft. apart in which | winch had been previously stationed. 

surface by the main winding engine. In passing, an independent winch is fixed ; then as the winch! To supply the steam for working the machinery 
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above described, three boilers are used, all of the 
Cornish type, with Galloway tubes ; one is 7 ft. in 
diameter and 30 ft. long, the other two are 6 ft. 6 in. 
in diameter and 28 ft. long ; a steam receiver lies 
across each boiler, from which steam is taken to the 
various engines; the working steam pressure is 
50 lb. per square inch. The consumption of fire- 
wood is from 90 to 100 tons per week, allowing 50 
cubic feet to a ton. 


(To be continued.) 





ON THE PERFORMANCE OF A DOUBLE- 
SCREW FERRY-BOAT.* 

Tue first propeller boat used for ferry purposes was 
built in the first decade of the century by Mr. John 
Stevens, and her engines are at present in the Stevens 
Institute. In 1867, Mr. Edwin L. Brady, of New 
York, patented a screw propeller ferry-boat, and two 
vessels of 900 tons each were built under his patent. 
They were, however, not a success, as the wash from 
their screws damaged the levées of the Mississippi, where 
they-were tried. Still later, about twenty years ago, 
Mr. F. B. Stevens made a model of a double-ended 
propeller boat. In August, 1879, the Oxton, a double- 
ended boat with twin screws at each end, was placed 
on the Mersey for service between Birkenhead and 
Liverpool, and since then a number of similar vessels 
have been built and proved perfectly successful. 
Four years ago Mr. Cowles, of New York, suggested 
a double-ended screw-boat, in which both screws were 
driven by one engine, and a deep immersion obtained 
by toggle joints on each side of the engine bed. 

In December, 1887, the steamer St. Ignace was 
built to the designs of Mr. Frank Kirby. This vessel 
is 250 ft. long, 50 ft. in beam by 22 ft. depth of hold. 
She has two compound engines each driving a pro- 
peller at opposite ends of the boat, the forward engine 
propeller being smaller and less powerful than the 
after one. This arrangement was adopted because it 
has been found that propeller vessels make better 
headway through heavy ice by going stern foremost. 
Mr. Kirby’s ion was to have a forward auxiliary 
screw to project a stream of water in front of the 
vessel, in this manner breaking up the ice and allow- 
ing the vessel to proceed. Thus when the waterway 
is blocked with ice the two propellers of the St. 
Ignace work against each other, and the boat is pro- 
pelled solely os the difference in the powers of the 
two screws. In spite of this, however, this boat makes 
better time than any of the other vessels performing a 
like service. 

The problem of constructing a screw ferry-boat for 
Hoboken has been a long-standing one, and in 1885 it 
became evident that two new boats must soon be built, 
but owing to insufficient time for maturing the neces- 
sary plans, it was decided to build the vessels required 
of the ordinary side-wheel type, but at the same time 
Mr. E. A. Stevens and Captain C. W. Woolsey com- 
menced a series of experiments which, two years 
later, resulted in a double-screw vessel named the 
Bergen. 

The water-lines of this vessel are shown in Fig. 1, 
™ e 189. Her characteristics are a full flaring upper 
body, fine under-water body, with a full water-line, a 
sharp Y shaped midship section and a peculiar cutting 
away of the ends so as to bring the rudders and screws 
within perpendiculars of the stems. To fulfil all the 
necessary conditions the form adopted was about the 
only practicable one, and experience on the Hoboken 
ferry had, moreover, been very favourable to the 
V section, which was in this case required in order to 
get asufficient depth for an unbroken line of shafting 

rom end to end of the vessel, on a moderate displace- 

ment. The rudder and screw adopted are shown in 
Fig. 2, and fuller details of the screw are given by 
Fig. 4, page 189. Its dimensicns are as follows : 


Average pitch for pushing side of blade for points 8.911 ft. 
me for pulling side of blade for the same 
points as ee oe os he ee oe 8.920 ft. 
Projected area of blades in per cent. of disc area 53.1 
Area of oe oe oe oe ob ee 3.5 sq.ft. 


Both screws are keyed on one continuous shaft run- 
ning from end to end of the vessel and driven by a set 
of triple-expansion engines with jacketted cylinders 
shown in Fig. 3, page 190, which were designed by 
Mr. Wilson, of Philadelphia. 

The two boilers of the Bergen are shown in Figs. 7, 
8, and 9, page 191. 

The main engines take steam through a separator 
attached to the steam pipe near the high-pressure 
steam chest. The jacket space around each cylinder 
is used as the steam chest for that cylinder. Steam to 
drive the circulating pump is taken from the first 
receiver, that is, the steam chest of the intermediate 
cylinder. Steam to drive the feed pump, bilge pump, 
ventilating and steering engines, is taken pf wer 





* Summary of a paper read before the American Society 
of Mechanical Engineers at New York, by F. A. Stevens, 
associate, and J. E. Denton, member, 





from the boiler through reducing pressure valves set 
to maintain 30 lb. pressure. 

The pumps, &c., are arranged to exhaust either into 
the main condenser or overboard against atmospheric 
pressure. , oe 

When the Bergen was completed it was determined | 
to make a number of comparative experiments between | 
one of the old type of boats named the Orange ; par- 
ticulars of both boats are given below. | 

The Orange is a paddle boat built of steel in 1887. | 
The paddles are 21 tt. in diameter outside the floats, | 
which are 20 in. deep by 4 ft. ae The engines, of 
which particulars are given in Table II., are condensing 
beam engines, and the boiler is shown in Figs. 5 and 6, 
page 191, further particulars being given in Table II. | 


| 
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Average card of Bergen’ 120-Mile Run Throttle wide open HP 665 


TABLE I.—Dimensions and Weights of ‘‘ Orange” 
and “ Bergen.” 











Dimensions. | **Orange.” * Bergen.” 
Length... o> ws ot 211 ft. 200 ft. | 
Beam os oe ee ay | 32 , 32 ,, 
Draught above base of hull 7 ft. Sin. 8 ft. Win, 
Immersed surface os 5571 sq. ft 5788 sq. ft. 
Augmented ,, ee re 7347 _—Cs, 7524 =, 
Coefficient of augmentation ..| 1.318 1,299 
Mean angles of water lines... | 14 deg, 13 deg. 13 min. | 

Weights. Ib. Ib. 
Boiler as os on - | 76,000 00,852 
Water in boiler .. oe 60,000—136,000 | 55,000—155,852 | 
Propelling wheels re -. 80,000 i | 
»» Wheel shaft .. . 24,000-104,000 | 27,000— 33,000 

Engines without propelling 

wheels and shaft, but includ 

ing frame, kelsons, &c. onl 132,000 122,000 
Fresh water tanks filled, donkey! 

pumps, attachments (piping, 

chimney, &c.) .. ra et 80,000 86,000 
Total machinery burden, exclu-| = 

sive of steering and ventilat-| a 

ing engines 2! 452,000 396,852 
Hull as launched... £60,000 720,348 
Total weight, machinery and) 

hull, as launched os as 658 tons 558 tons 








TABLE II.—General Summary of Machinery of Ferry- 
Boats “ Orange” and ‘‘ Bergen.” 





** Orange.” | 











* Bergen.” 
heen Inter- = 
, High. snedtate Low. 
= = EES om 
Engine. | 
Diameter of cylinders in.” 46 18} 27 42 
Stroke ° ee ft. 10 2 2 2 
Cut-off a ae 045 § 3 § 
Clearance per cent. 3.7 16 10.7 11.3 
Total expansion * 21 ua 9 
Area of admission ports, 
per cent. of piston 12 12} 11 
Boilers. 
Total heating surface, sq. ft. 3049 3462 
Superheating ,, - 0 } 0 
Grate area .. ee - 80 | 81 
Ratio of grate to heating } 
surface .. ee oe 38 oe 43 
t 








The tests were carried out by Prof. J. E. Denton, 
and the following programme was gone through. 

1. The steam consumption, iler evaporation, 
horse-power, and speed were determined for each boat 
during 14 hours of regular ferry service. 

2. Bach was run to Newburgh and return, a distance 
of 120 miles, without stoppage, and the steam con- 
sumption per horse-power determined at the maximum 
capacity of the boilers. Also, the evaporative economy 
of the boilers, starting with new wood fires, was deter- 
mined during an interval of 14 hours, and the speed 
was measured by an estimate of the probable velocity 
of tides, and a log whose correction coefficient was 
approximately known. 

3. The speed of the Bergen was determined at the 
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maximum horse-power for which the engines were 
designed, by opposite runs over a one-mile course, 
after allowing the boiler pressure to accumulate above 
the average pressure which the boilers can maintain 
for more than a few minutes. 

4. One of the screws of the Bergen was removed, 
and the power and speed determined by runs over a 
two-mile course, first with the single screw pushing 
and then with it pulling, the boat at equal speeds of 
revolution of the engine. 

The principal results are shown in Tables IIT., IV., 
and V., and the conclusions drawn from the experi- 
ments are as follows : 

1. The steam used per horse-power for all purposes 
is 25lb. per hour for the beam engine, and 22 1b. for 
the triple engine, under their average conditions of 
ferry service; but the consumption of the Bergen’s 
main engine is only 18.31b. per hour per horse-power, 
the direct-acting steam feed and circulating pumps, 
&c., consuming about 3} lb. per indicated horse-power, 

2. The steam consumption of both engines does not 
practically differ while in intermittent ferry service, 
from that found during continuous working of the 
engines. 
| 3. The economy of the drop return flue boiler of the 
Orange is practically the same as the locomotive type 
in the Bergen, both boilers evaporating on the average 
about 84$1b. of water per pound of bituminous coal, 
under ordinary working conditions, thus making the 
consumption of coal per hour per horse-power about 
2.9 for the beam engine, 2.6lb. for the Bergen for all 
| purposes, and 2.15 lb. for main engines alone. 

4. The speed of the boats under all conditions is 
sept enage in agreement with the law of cubes, and 

y the applicatiou of this law it appears that fora 
still-water speed of 12.6 statute miles per hour the fol- 
lowing statements are practically true: the paddle- 
wheel boat would require 642 horse-power, and would 
make 244 revolutions per minute with a slip of 26 per 
cent. Thescrew boat, using double screws, would re- 
quire 680 horse-power, and engine speed of 145 revolu- 
tions, and the slip would be 124 per cent. The screw 
boat, using one screw at the stern, would require 
584 horse-power, 152 revolutions per minute, and the 
slip would be 18 per cent. The screw boat, using one 
screw at the bow, would require 692 horse-power, 163 
revolutions per minute, and the slip would be 18 per 
cent., but the recoil upon the hull of the water which 
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the screw acts on, would make the apparent slip about 
22 per cent. 

5. The screw at the bow, using the same horse-power 
as the screw at the stern for equal revolutions, propels 
the boat slower than the screw at the stern by an 
amount practically equal to the equivalent of the 
extra resistance due to the increase of the velocity of 
the boat by an amount equal to the velocity of slip of 
the screw. 


























TaBLe III. 
“ Orange.” “ Bergen.” 
Pounds above Pounds above 
Atmosphere. | Atmosphere. 
| } 
120-Mile| Ferry | 120-Mile | Ferry 
Run, | Service.) Run. Service. 
Pressures, 
Average boiler pressure Ib. 17 82 114 140 
a pressure during | 
admission .. - -| 16 31 | 105 100 
Average back pressure... 4} + Z 
oa vacuum pressure co | - Se 27 in. 
Temperatures. | 
Feedwater .. deg. 93 iP ae 
Uptake gal Wrcoy ear ee St ae 
Top of stack.. oo ope 435 | 650 
Tndicat d Horse-P.wer. | | 
I.H.P., including all pumps 490 810 we 
1.H.P., not including ,, Ss -- =| 665 650 
1.H.P., feed pump .. AT) ae 9 
1.H.P., circulating pump..| .. 3 
1.H.P., bilge pe a 3. 1} 
Total Weights 
Bituminouscoal perhour,Ib) 1,560"; .. | 1,580* 
Percentage of ashes acl 7.87 
Feedwater per hour for all 
purposes .. .. —_..| 13,487 re 14,511 
Feedwater per hour for! 
pumps, &c. mA oe] 2,358 | 
Feedwater per hour for, | 
steering engines.. Ib.) 150 as 150 
Effici2ncy of Boilers, | | 
Evaporation at actual pres-| 
sure and temperature of | 
feed per pound of coal... 8.65 | 9.2 | 8.42 
Evaporation from and at | | 
212 deg. pound of | | 
combustible ae --| 11.00 11.40 
Efficiency of Engine. | 
Water for all purposes per | 
hourperE.H.P...  ..| 27 2%: | 2.8 | 229 
Water, main engines only, | 
per hour perL.H.P. ..| 18.3 
Water, feed, and circu- 
lating pumps, &c., per! | 
hourperLH.P...°..| es 160 | 130 
Theoretical water per hour. condens- | non-con- 
per LEP... a + ing | densing 
Calculated from card | 20 13.2 | 











* These amounts are estimated from the feedwater consumed, 
by use of the figures for evaporation per pound of coal, as de- 
termined from the boiler tests, 


TaBLE 1V.—Summary of Speed Determinations 


























of ‘* Bergen.” 
| 
, | 5 £ Estimated Speeds. 
a| is 3 la}. | 2 
| e 3 | - 
=| Bl a Ge if Ble] 
= R| . 28s] 2 SSsi 8 Plal 2 
Conditions. | 2 | ae) & 32/8 i8la| = 
S&S) 8 iggy] 0 M35) 3, |al2 | * 
sig ip ek #535| <8 Si 
Silo lBog| & 2 Md ee 
s/ $533] exe  s¢ Ba 
3|\ 6 265 & e393 22 I es 
elim of8 get a@ > | ce 
fEPe yp a> 4 5 | 6 7 
2screws in use... 142 662 11.9| 16.4 12.37 | 14.19 | 11.8 
= 2 145| 700. 12.62 12.6/12.60; 14.57 | 13.4 
‘* 9 162 1007, 14.6 | 11.0 | 14.30 | 16.13 16.2 
a : 114 334 10.5 | 10.? | 10.50) 11.27 11.6 
* os 7) 97| 6.4 | 10.2 | 6.00! 7.45 7.8 
1 screw at stern) 145 458, 11.96 18.2/11.96, 125 | 12.7 
- oo 163) 684) 13.42 17.7 | 13.67 14.32 14.4 
99 9 83) 93) 6.93 16.0 | 7.30) 7.36 7.8 
1 screw at bow.. 145, saa ies 22.3%) oo | 11.99 12.0 








TABLE V.—Speed of Paddle- Wheel Boat *‘ Orange.” 
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6. By calculations based upon the accepted relations 
between the slip of the screw and the velocity of a boat, 
it appears that, in order for the double screws to pro- 
duce the same speed as a single screw of the same dia- 
meter at the stern, the slip of the latter must be to the 





former in the ratio of 18 to 114, and therefore the 
cause of the extra power consumed by the two screws, 
as compared to the one screw, is the fact that the slips 
are as 18 to 12.6, instead of as 18 to 114. The details of 
this calculation are given in the body of the paper. 

The coal used in the tests contained about 89 per 
cent. of combustible, and the total heat of combustion 
was about 13,000heat units per pound. Fig. 17, page 192, 
shows average indicatorcards from the Orange in regular 
working on the ferry, whilst Figs. 10 and 11 show 
cards from the Bergen, the first in the 120-mile run 
and the others in the ferry service test. The first are 
shown as a combined card in Fig. 13. 

In order to eciiminate the influence of the tide in 
making tests on the Bergen, using one screw only, a 
tide curve was plotted as shown in Fig. 12. The 
observations were made from two boats anchored at 
the north and south extremities of the two-mile course 
over which the boat was tried. To correct the observed 
speeds of the vessel the mean curves c and d were 
used. The results are shown in Table IV. 

The total feed to the boilers was measured through 
a calibrated meter, and the steam consumption of the 
main engines, in the case of the Bergen, was deter- 
mined by subtracting from this total the estimated 
consumption of the feed bilge and circulating pump 
cards, which are shown in Figs. 14, 15, and 16. The 
first of these is that of the feed pump, which is a 
duplex pump 12in. by 12in. by 44in., running at 
55 revolutions per minute, and indicating 9 horse- 
power. Fig. 15 shows a card from the bilge pump, 
which is also a duplex pump 12 in. by 12 in. by 5 in., 
running at 48 revolutions per minute and indicating 
14 horse-power. ‘The circulating pump is of similar 
type 12in. by 13in. by 14in., running at 22 revolu- 
tions per minute. An allowance was in each case made 
for condensation in the cylinders of these pumps. 

A comparison of the figures given in the Table shows 
that in ferry service the Bergen is 5 per cent. more 
efficient than the Orange, and there can be little doubt 
that a prolonged experience will show a considerable 
balance financially in favour of the Bergen. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 4, 1890. 


THE promoters of large building, railway, and 
general construction enterprises, in which large 
quantities of iron and steel will be used, are halting 
between two opinions. There are many good autho- 
rities in the trade who believe that a general and 
sweeping advance in iron and steel products is immi- 
nent, and that the only safe policy is, to place con- 
tracts now for three to six months’ stocks. Others 
consider this course unjustifiable under the circum- 
stances, and advise further delay. The stocks of crude 
iron in the United States, in view of the heavy con- 
sumption, are trifling. It is the well-established 
policy of our crude ironmakers to secure orders in 
advance, and work closely on orders, permitting only 
such stocks to accumulate as the conditions of the 
market seem to fully warrant. This has been their 
policy for many years, and even now, with consump- 
tion increasing by leaps and bounds, furnace managers 
do not feel disposed to permit stocks to accumulate 
which would possibly remain unsold. The — 
production of 175,000 tons per week is virtually sold 
up until May 1, while in the south, where the furnaces 
in fourteen States are making an aggregate output of 
1,500,000 tons per year, capacity is sold five months 
ahead. Work on new furnaces is being hurried for- 
ward as fast as possible ; several new ones have been 
projected since the opening of the year, and work on 
them will be begun at once. 

The American iron trade has been subjected to so 
many ups and downs during the past thirty years, 





-| through recurring depressions, that capital is some- 


what apprehensive that the present extraordinary 
increase in production may precipitate a reaction. 
The price of Bessemer pig has advanced out of all pro- 
portion to forge and foundry, and is now yielding 
profits of 4 dols. to 5dols. per ton. Ore mining stocks 
are advancing, and new ore properties are being 
developed, especially in the Lake Superior region. 
New bodies of ore are being prospected for, and 
negotiations are pending for Sonaiien properties, 
which will — result in the opening up of exten- 
sive beds of ore. Our latest reports from Cleveland 
show that both Bessemer and non- mer ores are very 
active ; furnacemen everywhere are placing orders for 
summer and fall delivery. No. 1 specular ores are 
quoted at that point at 6.50dols. to 7.50dols., and 
non-Bessemer No. 1 specular at 5.50 dols. to 6dols. 
per ton. 

Pig iron is very strong in all markets, from New 
York to Chattanooga. Hoth makers and buyers admit 
that it would take very little to give prices an upward 
tendency. Neutral grey forge is selling at Pittsburg 
at 18dols. to 18.50dols.; No. 1 foundry, 21 dols. ; 
Bessemer iron, 23.50 dols.; muck bars, 30dols. to 
31 dols. ; manufactured iron, 1.90 cents per 
nails, 2.50 dols. per keg. A great deal of elevated 


und ;| read 





railway work is ea ep and manufacturers of 
structural iron are therefore anticipating a still heavier 
demand before April 1. 

Steelmaking capacity is being enlarged, owing to the 
heavy demand. Several licenses will shortly be issued 
by the Bessemer Steel Company, Limited, for the 
making of steel by the basic process. The patents 
have been controlled by that company, and it is only 
now, after years of inaction, that they have decided to 
issue licenses for the use of the process. 

All the steel rail mills are crowded with work, and 
prices in this market are 35 dols. to 36 dols. ;-Chicago 
makers are quoting 38dols. Steel billets, 37 dols. ; 
old rails, 27.50 dols. ; supplies light. Spiegeleisen is 

uoted at 37.50dols. at tidewater points, ea ship. 
erro-manganese, 95 dols. to 97 dols. 


PHILADELPHIA, February 11, 1890. 


So far this year, 8,000,000 tons of Lake ores have 
been contracted for, for delivery during the season. 
This extraordinary demand has caused an advance not 
only in ore prices, but in vessel freight rates. The 
iron trade throughout the country is in a quiet condi- 
tion, but prices are firm in every branch. Only a 
moderate amount of business is known to have been 
closed in steel rails during the week, on a basis of 
35 dols. to 36 dols. in Pennsylvania mills. A few 
small orders for plate and structural iron have also 
been placed. Structural ironmakers are negotiating 
for exceptionally large lots, to cover the requirements 
of half a dozen schemes for the construction of elevated 
railroads in the eastern cities. There is a scheme, 
backed by the Delaware and Lackawanna Railroad 
Company, for the construction, or rather, completion, 
of another trans-continental line ; when completed, it 
will be 250 miles shorter than any existing line ; it is 
to be established by the construction of a series of 
links in the west. 

Congress is now considering the propriety of chang- 
ing the Inter-State Commerce Law, so far as the 
oy Bh and short clause” is concerned; it is to be 
done in the interest of railway managers who have 
stoutly opposed this feature of the law, ever since its 

assage, 

The Canada Atlantic Railroad steel bridge over the 
St. Lawrence River, near Quebec, was opened for 
traffic on Monday of last week ; it has been under 
construction for ten months past. There are seventeen 
fixed spans of 139 ft., two of 175 ft., ten of 217 ft., and 
four of 223 ft. 

An English company has just secured a contract for 
the construction of the Kansas City, Louisiana, and 
Gulf Railroad, from Kansas City to Vermilion Bay, a 
distance of about 400 miles; 65)b. rails are to be used. 

Two bridges are to be built across the Hudson 
River at New York, one at the foot of West Fourteenth- 
street, to Stevens Point, Hoboken, and the other at 
Fort Washington, across to the Palisades. Two 
bridges are also proposed across the East River at 
New York, oneat Grand Sy., and the other at about 
Seventy-second-street. There is plenty of capital 
ready to prosecute these enterprises. The tunnel 
under the Hudson is being rapidly pushed to comple- 
tion, and will probably be ready for use in about eighteen 
months. Another tunnel under the East River at the 
foot of Wall-street is to be begun at an early day, and 
completed within twelve months. English capital 
is largely interested in some of these enterprises. The 
New York commercial interests are opposed to the 
bridges, and will fight them vigorously. 

A Dominion scheme is under consideration, for the 
deepening of the Ottawa and French Rivers, and the 
construction of canals to enable ocean vessels to reach 
the upper lakes, and do the carrying trade of the entire 
north-west. The amount of capital suggested as 
necessary to carry out this extravagant scheme is about 
70,000,000 dols. 





SwepisH SxHipsurtDinc.—The Swedish shipyards and 
engineering companies continue to very busy, and 
there are no signs of any approaching slackness. Mr. O. 
A. Brodin, in Gefle, has just secured an order for a 1700- 
ton cargo steamer for the Condor Shipping Company, 
Stockholm. She is to be built partly of Martin’s steel, for 
delivery towards the close of the year. The Eriksberg 
Engineering Company has recently contracted for the 
building of four cargo steamers, and is otherwise very 
busy with good orders for boilers and engines. The 
Swedish shipbuilding establishments appear to have se- 
cured a good and steady market in Russia. As is natural, 
the Motala Engineering Company has taken the largest 
share of the Russian pr. See and the satisfaction felt with 
those steamers a'ready delivered leads to fresh orders. 
A Baku firm, which has already received several steamers 
from Motala, has just contracted for another steamer of 
the following dimensions: Length, 155 ft.; breadth, 
28 ft.; and depth loaded, 10 ft. She is to be built of 
Motala plate, to carry 400 tons, and have three- 
cylinder engines of 80 horse-power. The new steamer 
will be ready for delivery in the spring, 1891. The 
Blesk, the largest tank steamer built in Sweden, is just 
ra y for delivery and will shortly start for the Black 
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PORCELAIN MANUFACTURE IN FRANCE. | 
: (Concluded from page 142.) 

Tus week we conclude our notice of the porcelain 
making machinery of which M. P. Faure, of Limoges, has 
a speciality. The machine on the left-hand side of the 
yage is one of the most curious of the series, and is used 
for making oval dishes, the thickness of which varies 
in different parts. The standard carrying the mould 
is mounted on a slide rest, which is free to travel to 
and fro at right angles in guides beneath ; the eccentric 
motion necessary to produce the desired form is 
obtained by this double-slide arrangement, a large 
range for adjustment being allowed for producing 
flatter or fuller ovals. Of course the shape of the 
mould has to correspond with the adjustment of the 
sliding bedplate. In order to vary the thickness of 
the dish in different parts of its surface, the template 
is attached to a curved lever hinged to the frame and 
carrying at its lower end a roller that bearson a 
cam path revolving with the mould; the form of 
this cam path is such as to give increased or di- 
minished thickness to the object where required. A 
great many of these machines are in use in France ; 
their daily output is 100 dishes of medium size. The 
other machine illustrated is, in different sizes, a neces- 
sary one for preparing the discs of clay to be afterwards 
worked into differert forms for various purposes. A 
lump of clay of the size required is # sae on the 
revolving table, and the block is pulled down upon it, 
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spreading it out and reducing it to a disc of uniform | horse-power and eighteen furnaces. The annual con- 
thickness, when it is ready to be placed upon any of | sumption of clay is about 7000 tons, of which that for 
the other machines and converted into cups, basins, | faience comes from Cessoy; and the kaolin is ob- 
or other vessels. tained from Allier, Brittany, and Decize (Niévre). The 

In concluding this notice, we may add a few facts consumption of coal is 8000 tonsa ear, and 2500 tons 
about the porcelain and faience industry of France. | of clay for furnaces, &c., are used. The number of 
The porcelain industry in that country dates from the | workmen is about 1000, and the weekly output is 
end of the last century in Limousin and in Paris, while | 350,000 pieces, or 18,000,000 a year. Until recently 
in Berry it was commenced nearly ninety years ago. the manufacture was devoted to the supply of home 
A great development has taken place since 1840, having | demand, but about four or five years since the comi- 
doubled in Limousin and eontvnaied in Berry nad | sa commenced the extension of their business in 
that date. The growth, however, has been due to the | foreign countries ; the following are the export figures 
extension of existing works rather than to the creation | relating to 1887 and to 1888: Spain 80,000 pieces, 
of new ones, with one important exception—that of | Italy 40,000, Roumania 40,000, Russia, Turkey, and 
Haviland and Co. The material aed up in the Egypt 80,000, the eastern South American States 
Berry factories comes chiefly from the department of 100,000. The sales for last year exceeded 2,500,000 
Allier, and to a very limited extent from Limousin and francs, about three-fifths of which are sold in Paris, 








England ; refractory clays are plentiful in the neigh- 
bourhood. In Limousin such clays do not exist, and 
are brought from considerable distances ; the porcelain 
clays are obtained in the Haut Vienne; raw material 


and coal costs about 25 per cent. more than in Berry. | 


In the latter district about sixty furnaces are kept in 
constant work, and in Limousin there are 100, but of 
smaller dimensions. 


The Faience Works of Choisy le Roi, Seine (MM. ‘an account of the trial trip of a new train, one of a 


Boulenger and Co.), are very important; they were 
established in 1804, and have a capital of about 
3,000,000 francs, Qn the works are engines of 160 


the proportions being as follows: Paris, 1,500,000 
francs ; exportation, 300,000 francs ; French provinces, 
700,000 francs. 





BOGIE CARRIAGES ON THE CALEDONIAN 
RAILWAY. 


On page 514 of our forty-seventh volume we gave 
| number which the Caledonian Railway Company have 


| been building to accommodate their tourist traffic, 
particularly that to Oban, The train consisted of a 
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CARRIAGES FOR THE CALEDONIAN RAILWAY; DETAILS OF BRAKE GEAR. 
CONSTRUCTED FROM THE DESIGNS OF MR. D. DRUMMOND, LOCOMOTIVE SUPERINTENDENT. 
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bogie locomotive with 5 ft. coupled wheels, and three 


bogie carriages. Two of these comprised each six third- 
class compartments, while the other had six first-class 
compartments, two of these being coupés. In our 
present issue we give very full illustrations of these 
carriages, the general views (Figs. 1 to 6) being on our 
two-page plate, the brake gears (Figs. 7 to 13) on the 
present page, the details of the bogies (Figs. 14 to 17), 
on page 198, and the axle-box (Figs. 18 to 21) over leaf. 


The Taane and bogies of both first and third-class | 


carriages are alike. In the former there are six com- 


partments, with the addition of two lavatory compart- | 
ments, which are divided (Fig. 2), so that each serves | 










: 
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for two passenger compartments. ‘The lavatories are 
interposed between the coupés and the first full-sized 
compartments from each end ; one of the centre com- 

rtments is reserved for smokers (Fig. 1). 

The lavatories and smoking compartments are fitted 
with Anderson’s patent ventilators, which, by the 
motion of the train, produee an inward and outward 
current by which the vitiated air and floating dust are 
effectually removed, without causing draught lower 
than 10 in. from the roof, and rendering the atmosphere 
fresh and pure. These ventilators have been in use 
for some time on this line, and have given general 
satisfaction. 


In addition to the Westinghouse automatic air 
brake and Pintsch’s mode of gaslighting, each carriage 
is fitted with Macnee’s system of electric communi- 
cation between passengers, guard, and driver. A 
passenger having occasion to signal, has only to pull a 
small knob, placed over one of the side windows of 
each compartment. This completes an electric circuit, 
and a detent engaging into a small wheel on the alarm 
apparatus in guard’s or brake compartment, is dis- 
oe by an electro-magnet. The detent wheel is 
fitted on the end of a cock communicating with the 
brake pipe and whistle, and by means of a spring coil 
is instantly turned, opening simultaneously the com- 
munications referred to, sounding the whistle, and 
applying the brake. The driver and guard have at 
the same time the power to prevent the train brakes 
from continuing on until the train is under the pro- 
tection of the signals, or of bringing it to a stand, as 
they may think advisable. 

The compartment whence the signal emanated is 
identified by means of a tell-tale disc painted with 
white phosphor paint, so as to be readily discovered 
in the dark, polly fitted on the end of the actuating 
spindle. On this spindle is cut a twisted groove, 
which, simultaneously with the pulling of the knob, 
turns the disc from the horizontal to the vertical 

sition. When once the signal is given the passenger 

as no further control until it is restored by the guard, 
and the mechanism is such as to prevent any reckless 
or unnecessary signalling or tampering with the appa- 
ratus, as sure and speedy detection follows such 
attempts. 

The interiorsof the first-class compartments, including 
the roofs, are finished with polished sycamore panels, 
and selected bird’s-eye maple facings, the angles being 
filled in by gilt mouldings. The cushions, sides, 
| backs, and side quarters, are well stuffed with best. 
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curled horsehair, and covered with blue cloth of the 
best quality, trimmed with rich blue and crimson lace, 
Greek key pattern. The door squabs, arm and elbow 
rests, are similarly stuffed and covered with buffalo 
hide of best quality, of a colour to match the cloth. 

The smoking compartment in the first-class carriage 
is finished and upholstered in a similar manner to the 
others, with the exception that ‘‘buffalo hide” is 
substituted for blue cloth. 

The floors are covered with blue and gold Brussels 
carpet with horsehair rugs of a colour and design to 
harmonise. The floors of the lavatories are covered 
with the usual Caledonian Railway standard pattern 
of oilcloth. The lavatory compartments are finished 
with polished mahogany panels and facings. All the 
metallic fittings in this and the other compartments 
are of wees 4 

Each coupé is fitted with a large mirror and a table, 
and the glazing throughout is of special quality. 

The cushions and backs of the third-class carriages 
are stuffed with best curled hair, and the backs are 
upholstered for a height of 3 ft., and covered with 
carpet. The third-class carriage, illustrated in Fig. 3, 
is not the one which took part in the trial trip noticed 
before, but is a still later pattern containing eight com- 
partments. 

The carriages are painted crimson lake, picked out 
in gold, and fine-lined in red. 

The underframing throughout is of the best Ameri- 
can white oak, as is also the body framing, with the 
exception of the pillars and rails, which are of the 
best Moulmein teak. The side soles (Fig. 5) are plated 
with mild steel bars } in. thick. The headstocks are 
of oak plated with mild steel gin. thick, and the 
intermediate cross-stays are of oak planks with mild 
steel sandwiched between them. The main bogie 
frames (Figs. 14 to 17) are of mild steel ? in. thick, 
and have four Timmiss’ and four laminated steel 
springs. The pivot of the bogie is placed 2 in. nearer 
one axle than Ya other, to the end that one pair of 
wheels may become the guiding medium, and thus do 
away with the sinuous movement incidental to ordi- 
nary bogies. The wheels are of the ordinary Cale- 
donian type, 3 ft. 9in. over the tread, with Bessemer 
steel tyres and Mansel fastenings. The centres (Fig. 
17) are of teak with segments carried into pockets cast 
on the wheel boss. The axles are of the best Siemens 
mild steel, and the wheels are forced on to them by 
an hydraulic pressure of 50 tons. 

The axle-boxes (Figs. 18 to 21) are fitted with 
Macnee’s dust excluder and metallic lubricators 
(Fig. 20). 

Figs. 7 and 8 show the Westinghouse brake arrange- 
ment on the first-class carriage, and Figs. 9 and 10 
that on the third-class carriage. Figs. 11 to 13 show 
the brake levers on the trucks. 





NOTES FROM THE SOUTH-WEST. 

South Wales Coal_and Iron.—The exports of coal from 
the four principal Welsh ports in January were: Foreign 
—Cardiff, 801,320 tons; Newport, 183,003 tons ; Swan- 
sea, 60,759 tons; Llanelly, 9559 tons; total, 1,055,141 
tons. Coastwise—Cardiff, 84,836 tons; Newport, 53,005 
tons; Swansea, 41,880 tons; Llanelly, 4544 tons; total 
184,285 tons. The combined exports of coal, foreign and 
coastwise, from the four ports were yy of 1,239,426 
tons. The exports of iron and steel from the four ports 
in January were: Cardiff, 3657 tons ; Newport, 10,043 
tons ; Swansea, 210 tons ; total, 13,910 tons. The exports 
of coke were: Cardiff, 5505 tons; Newport, 202 tons; 
Swansea, 901 tons; total, 6808 tons. he exports of 
patent fuel were: Cardiff, 19,488 tons ; Newport, 4223 
tons; Swansea, 33,570 tons ; total, 57,281 tons. No ex- 
ports of iron and steel, coke, or patent fuel were made last 
month from Llanelly. 


Rhondda and Swansea Bay Railway.—The directors 
have placed the completion of the works in the hands of 
Messrs. Lucas and Aird, and it is expected that the line 
will be ready for opening throughout early in May. The 
traffic on the portion already in operation is increasing. 


Baglan Bay Tinplate Works.—A tender of Mr. A. 
George, of Neath, has been accepted for the erection of 
these works. 


Cardiff.—Steam coal has continued in brisk demand 
and previous rates have been fully maintained. The best 
qualities have made 15s, to 15s. 6d. per ton, and a= 
dry coal, 14s. 6d. to 14s, 9d. per ton. The demand for 
household coal has also been good. No. 3 Rhondda has 
made 15s. per ton. th patent fuel and iron ore have 
continued in good demand. The local iron and steel 
works are well employed; prices have exhibited little 
change. 

Bristol Tramways.—The half-yearly meeting of this 
company was held at Bristol on Wednesday, Mr. W. 
Butler in the chair. The chairman, in moving the 
adoption of the report, — mentioned that the average 
week day’s labour all round had now been reduced to 
twelve hours per day, said, after allowing for somewhat 
exceptional items of expenditure, there remained a net 
revenue of 6205/., wry J of a dividend upon the 
ordinary share capital at the rate of 5 per cent. per 
annum, free of income tax, and leaving a balance of 
10527. towards meeting an outlay which it would shortly 
be necessary to incur in relaying the St. George’s section. 





AXLE-BOX FOR CARRIAGES; CALEDONIAN RAILWAY. 
Fig 18 
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Bristol Harbour Railway.—On Monday asub-committee — Dew’ ais Iron Company.—This company has made con- 
of the sanitary committee of the Bristol Town Council siderable progress with its new works at Cardiff. The 
visited Cumberland-road with a view to ascertaining how  engine-house has been — ~~ and is being fitted up 
far a proposed extension of the Bristol Harbour Railway to receive its machinery. The building, which is 150 ft. 
would interfere with the highway. The new railway will long by 70ft. high, will contain three powerful vertical blast 
pass under the roadway from the present line near the old | engines besides pumping apparatus. Steam will be supplied 
gaol, and wi'l gradually rise to the level of Cumberland- | from twelve large boilers. ‘Three furnaces, each 75 ft. high, 
road, and pass down it on the south side. There will be four | and 30 ft. in diameter, are practically completed. Twelve 
level crossings to the timber yards, but the trucks passing | large calcining kilns have also been provided. hree 
over thesecrossings will be worked by horse power. Thesub- | hydraulic hoists, about 80 ft. in height, have been erected 
committee were oy see by Mr. Ashmead, who had | in front of the furnaces. The foundations of a number 
plans and a report dealing with the extension, and it was | of Siemens furnaces are also being proceeded with ; the 
agreed to ask the Parliamentary Bills Committee to take | furnaces will be erected on a bed of concrete, 20 ft. in 
steps to protect the highway as much as possible. It is | thickness. 
generally understood that the Bill will be opposed by | Spanish Iron Ore.—La Compania Minerva de Setares 
property owners, and there is a feeling among members has loaded the Spanish steamer Junio, at Salta Cabello, 
of the Sanitary Committee that the line should be carried with upwards of 3500 tons of iron ore for delivery. to the 
along the harbour rather than by Cumberland-road. | Tredegar Iron Company (Limited), Newport. ‘This is 
Newport Harbour Commission.—Mr. Vernon Harcourt | the largest cargo ever shipped from the north coast of 
has been instructed to examine the Usk, with a view to | Spain. 
its general improvement. 


The Bute Docks.—The accounts of this company for the | 
past half-year show that, after providing for fixed charges, | 
the balance available for dividend upon the ordinary | : 
shares is 44,762/. 0s. 11d. Out of this balance a dividend | the warrant market last Thursday forenoon, with more 
has been declared for the past half-year at the rate of 4 per | inclination to do business, but towards the close fears as 
cent. per annum, leaving a reliquat of 8762/. 0s. 11d. to to the settlement on the following day took possession of 
be carried to the credit of the current half-year. | + and sg ca _ pees mgr — anne Pesca gain. 
Swansea.—The Swansea Harbour Trustees are proceed- | run up ale sihes 104d. gory ie oh ne heave ag at 
ing steadily with the improvement of the harbour. They | the close sent prices down Sid. from the top, the closing 
cep seeds Sumppennae Ot detiieg so a eames “Ue ee eee Sea 

- ope - a 8. 5 
seale. They have further laid down some additional | pa My sae 44d. up ; and hematite iron, after being 1s. up, 
sidings for coal traffic. . | closed at 64s, 3d., which was 3d. per ton over Wednesday's 

South Wales Engineering Works.—The sixth annual |close. Friday’s market was fairly active during the fore- 
meeting of this company was held on Friday at Cardiff. | noon, and a good business was done in Scotch and in Cum- 
Mr. J. H. Wilson (the chairman) moved the adoption of | berland hematite warrants, the former advancing 9d. and 
the report. He congratulated the shareholders upon the | the latter 1s. 3d. Pet ton beyond the closing _ of 
substantial increase of the company’s business during 1889, | Thursday. Very little business was done in Cleveland 
and upon the dividend of 10 per cent. recommended | warrants, the price of which was nominally 14d. per ton 
by the directors. The report was adopted. | better. There was a specially heavy settlement in pig 

Avonmouth.—On Friday several members of the Finance | izom franenctions, and ss masters appeared to be going 


‘ : 41. << all right in the forenoon, there was an improvement 

— — ee ne ha 8d rains» Me ‘in the market in consequence. As the uaibeneah, which 
in és Srescbous and the docks pared a at ‘eum, | was one of the heaviest for s long time, was got through 
& ; : ~; all right, warrants were higher in price in the afternoon 
General satisfaction was expressed at the nope which Sooteh being done at 59s. 1d. wo while the price of 
has been made by certain oil companies which are erect-  jematite warrants was also higher. Subsequently, how- 
ing storage tanks, &c., at Avonmouth. ever, both receded to about the figures ruling at the end 
Gas at Cardiff.—As has been already stated, the Cardiff | of the forenoon market. As compared with closing prices 
Town Council has offered to purchase the works of the | of the preceding week, Scotch warrants improved 1s., 
Cardiff Gas Company. The terms upon which the transfer Cleveland 9d., and hematite 2s. per ton—to 52s, 9d., 
is proposed to be carried through are twenty-seven years’ | 52s. 104d., and 65s. 74d. per ton respectively. The firm- 
urchase. The quantity of gas supplied by metre by the | ness in respect of hematite iron warrants was due in 
Cardiff Gas Company to consumers amounted in 1887 to { measure to reports of a probable early curtailment 
400,315,000 cubic feet. In 1888, the total rose to in production in consequence of the fall in prices and 
438,307,700 cubic feet ; and in 1889, to 453,413,100 cubic the continuation of the high rates paid for coke. 
feet. The Town Council proposes to raise the necessary | That matter was brought up for consideration fully a fort- 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
ow Pig-Iron Market.—There was a better tone in 


capital for the purchase of the works by the creation of | night since, but as no practical agreement could be 
eemable stock, bearing interest at the rate of 3 or 3} | arrived at, its further consideration was deferred for a 





per cent. per annum. 


time. If the downward movement is not checked, prices 
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both of makers’ iron and coke will, it is thought, have to 
follow, and the question of curtailment in the output wil 
resolve itself into a ‘survival of the fittest.” It is the 
consumer who fixes the price so long as pruduction keeps 
ahead of consumption. As no local failures were re- 
ported at the opening of the market on Monday 
there was a stronger tone; but it soon came out that 
a firm of Newcastle brokers had failed to meet their 
‘* difference ” due that morning, and that two extensive 
brokers in Glasgow would suffer. As both firms, how- 
ever, were able to bear the loss, there was no sudden drop 
in prices, as was the case on the occasion of the two 
previous failures. The market opened with a good 
demand, and prices met with a large advance in the fore- 
noon. Later in the day it was discovered that the fore- 
noon buying was done largely by the twu brokers who 
were interested in the Newcastle failure, who had been 
covering their unfortunate client’s ‘‘ bear” account. There 
was in consequence an easier feeling in the afternoon, and 
quotations lost a large part of the early gains. hose 
brokers who got excited in the forenoon over the steady 
advances, and went in at the highest prices to cover some 
‘*bear” transactions, were rather annoyed at the fall in 
the afternoon. Scotch iron went up in price 1s. 7d. per 
ton in the forencon, and fell 1s. in the afternoon, still 
closing, however, 7d. per ton over last week’s final quota- 
tion. At one time Cleveland iron was 2s. 3d. per ton 
dearer, but the closing price, 54s. 6d., was 1s. 74d. up on 
the day, and 1s. 3d. per ton dearer than Scotchiron. The 
price of hematite iron touched an advance of 1s. 74d. per 
ton, but closed at 66s. 10}d., being an improvement of 
ls. 14d. on the day. Yesterday’s market was charac- 
terised by a steady tone, and there was a feeling 
that last week had seen the lowest quotations, at 
least as long as coal and coke keep at the same exces- 
sively high quotations, and no serious complications 
take place. Scotch iron rose 8d. per ton yesterday, 
and advances were also made in the prices of Cleveland 
and hematite iron. The closing settlement prices were— 
Scotch iron, 54s. per ton ; Cleveland, 55s. ; hematite iron, 
67s. 74d. per ton. A disposition or determination on the 
part of the miners to go in for more wages and a shorter 
working day seems to have induced the ‘“‘ bears” in the 
iron ring to set about “covering.” Prices in consequence 
of the renewed purchasing of Scotch iron touched 
54s. 104d. per ton cash this forenoon, the close being 
54s. 64d. The price of Cleveland rose to 55s. 104d. 
cash, and of hematite iron to 68s. 104d. per ton 
cash. In the afternoon there was a decline in prices, 
53s. 9d. being sellers’ cash quotation for Scotch 
warrants. For makers’ iron, about the highest price 
now ruling is 75s. 6d. per ton for No. 1. Last week's 
shipments of pig iron from all Scotch ports amounted to 
6732 tons, as compared with 7641 tons in the correspond- 
ing week of last year. They included 100 tons for the 
United States, 225 tons for Australia, 115 tons for France, 
450 tons for italy, 125 tons for Germany, 825 tons for 
Holland, 100 tons for Belgium, smaller quantities for 
other countries, and 4196 tons coastwise. During last 
week two furnaces at Coltness Iron Works were turned 
from ordinary to hematite iron, while four furnaces at 
Carnbroe that were making ordinary iron have been 
damped out, and one has been blown in at Gartsherrie. 
The total now in blast is 87 against 81 at this time last 
year. The stock of pig iron in Messrs. Connal and Co.’s 
public warrant stores stood at 886,277 tons yesterday 
evening, as compared with 892,731 tons a week, 
thus showing for the week a decrease of 6454 tons. 


Shipments of Machinery, &c., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from 
the Clyde, roported last week, included the following: 
Tron barge (in pieces), for Sydney, valued at 1160/. ; 
machinery of the value of 4200/., for Barbadoes, Madras, 
Sydney, Buenos Ayres, and Jamaica; sewing machine 

rts, valued at 2025/., chiefly for the Cape, Colombo, 

atal, Peru, and Rangoon ; blooms, billets plates, bars, 
sheets, and other steel goods, of the value of 
chiefly for Chili ahd Peru, Boston, Sydney, New York 
Halifax, Bombay, and the Cape; 
ings, — sheets, bars, tubes, an 
manufactures, valued at 28,000/. 


The Swedish Coal Contract.—It has just been reported 
that the Swedish coal contract for the year has been 
divided between a Glasgow firm and three firms on the 
Clyde. The amount of coal required is about 80,000 tons. 


East of Scot'and Engineering Association.—The seventh 
meeting of the session of this Association was held 
last . Mr. J. B. Bennett, president, in the 
chair. Mr. William Simpkins, B.Sc., read a paper on 
“* Strength of Materials,” in which he dealt with the 
stress and strain of materials used in structures with 
relation to their ultimate strength. The question was 
discussed in the paper at considerable length with regard 
to Wohler’s experiments on the limiting loads of steel 
and iron used in structures, in which, as in railwa 
bridges, there is great variation in the stresses produced, 
and also with regard to Mr. Claxton Fidler’s dynamic 
theory on the same subject. The paper gave rise to an 
animated discussion. 


Overhead Electric Light Wires in Glasgow.—At yester- 
éay’s meeting of the Town Council of Glasgow, sitting as 
police authorities, there was submitted from jor 
Cardew, R.E., electrical adviser of the Electrical Depart- 
ment of the Board of Trade, an interesting report on the 
overhead wires in this city running from Messrs. Muir, 
Mavor, and Coulson’s central lighting station. A number 
of details were specially referred to, but a strong point in 
it was the statement that the installation is one of the 
best that he has yet seen, and that the insulated wire is 
well up to the Board of ‘Trade standard regulations. 


Freedom of Ayr to Mr. William Arrol.—It has been 


. 


ba ae and other cast- 
miscellaneous iron 


ae by the Town Council of Ayr to confer the freedom 
of that ancient royal burgh on Mr. William Arrol, con- 
tractor for the Tay and Forth Bridges. he ceremony 
will take place on Wednesday, February 26. Mr. Arrol 
has lately acquired a small estate in the suburbs, and has 
erected on it a very fine modern mansion. 

Royal Society of Edinburgh.—At the ordinary meeting 
of this Society held on Monday night, Sir William 
Thomson, President, in the chair, Professor A. Cowen 
Brown submitted from Mr. Tolyer Preston a paper deal- 
ing with ‘‘ Descartes’ View of Space, and Sir William 
Thomson’s Theory of Extended Matter.” It also included 
a notice of Mr. Herbert Spencer’s view of space. 


Heriot-Watt College Engineering and Scientific Society. 
—At a meeting of this Society held on Monday evening, 
Mr. L. M. Waterhouse read a paper on ‘‘ Modern Steam 
and Sailing Vessels,” in the course of which he showed 
that sailing vessels had an advantage over steam vessels 
as regarded cargo space, and also that under certain con- 
ditions steamers could not be used at all. 


Fog Signals at the Bell Rock Lighthouse.—An explosive 
signalling apparatus has just been fitted up at the Bell 
Rock Lighthouse. The lighthouse is supplied, as it has 
been ever since its erection, with two large bells, which 
are rung during foggy weather. The bells are still to be 
used, but it has been thought that a fog signal may also 
be useful, both from the report and the flash of the explo- 
sion. The prominent feature of the apparatus now being 
used is a rod, bent into a Jarge hook at its upper end, 
which rises to a height of 18 ft. above the lantern of the 
lighthouse, and is covered with insulated wire. The rod 
engages with worm gear inside the lantern, and 
when it is desired to charge it the rod is breught 
down by working a flywheel with manual power. The 
hook end of the rod, by the working of the wheel, 
bends over and reaches the balcony, where it is charged 
with tonite, or gun-cotton cartridge, and a detonator, 
and is fired by means of an_ electric spark. The 
fog signal has been fitted up under the direction of the 
engineers to the Commissioners of Northern Lights. Ex- 
periments are now being made with it. It is expected 
that it will be in full operation in the course of a month, 
and that during foggy weather it will be fired every ten 
or fifteen minutes. i is the first explosive signal whic 
has been introduced into the lighthouse service in Scot- 
land. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Coal Crisis.—The determination of the colliers to 
strike for an advance of 10 per cent. is causing great 
excitement in the district, as the masters mean to resist 
the demand to the utmost. Ata meeting of the Miners’ 
Association it was resolved that in case notices have to 
be given and a strike takes place, that the branches be 
recommended to agree not to apply for strike pay from 
the funds of the Association until the third week of the 
strike. The men are handing in their month’s notice 
to-day. 

Large Orders for Armour Plates.—The Admiralty have 
now completed their arrangements for the supply of the 
compound armour for the eight large battle-ships which 
form a feature in the Admiralty programme for strengthen- 
ing the British Navy. The work has been divided 

ually between the two local firms. At the C ae 
Works (Messrs. Charles Cammell and Co., Limited), the 
armour for the following ships will be made: The Hood, 
building at Chatham Dockyard ; the Royal Sovereign, 
building at Portsmouth; the Royal Oak, building by 
Messrs. Laird Brothers, Birkenhead ; and the Ramillies, 
which is placed with Messrs. J. andG. Thomson, Glasgow. 
The Atlas Works (Messrs. John Brown and Co., Limited), 
will supply the armour for the Renown and the Repulse 
building at Pembroke Dockyard, and the Resolution and 
Revenge, which are being constructed by Palmer’s Ship- 
building Company, Jarrow-on-Tyne. The work will 
probably occupy both companies during the next two 
years. 


Brown and Bayley’s Steel Works, Limited.—The directors 
of this company, whose works are at Sheffield, have 
issued their report for the year ending December 31, 1889. 
A net profit of 35,184/. is shown on the year’s working, 
which, added to the balance brought forward from last 
year, 25531., gives a total of 37,7371. There are satisfactory 
contracts on hand, the execution of which will extend 
over some months of the present year. It is prop : 
pay a dividend of 174 per cent., which, with the interim 
dividend of 74 per cent. already paid, amounts to 25 per 
cent. for the year ; to add to the reserve fund 10,000/., and 
tocarry forward to the present year 27371. 


Death of a Leeds Engineer.—The death has taken place 
of Mr. John Clarke, of the firm of Hudswell, Clarke, and 
Co., engineers, Railway Foundry, Hunslet. Though not 
a native of Leeds, Mr. Clarke spent the greater part of his 
life in the town, and saw the great development of the 
local engineering trade. He was born at Allendale, 
Northumberland, in February, 1825, and served his ap- 
prenticeship with Messrs. Hawthorn, engineers, New- 
castle. He went to Leeds in 1847, and was engaged with 
Messrs. Kitson, Thompson, and Hewitson. From 1851 
to 1860 he was manager to that firm, and on relinquishin 
that position he commenced business in partnership wit 
the late Mr. Hudswell. 


A Large Ingot.—An ingot weighing 27 tons was cast on 
Tuesday at the works of Messrs. Jessop and Sons, 
Limited, Sheffield. It is for a shaft to be placed in one 
of the new ships at present being built for the Admiralty. 


Vickers and Co., Limited.—The annual meeting of the 





shareholders of this company was held on Tuesday, when 


h | advancing, Scotch does not improve ver 





dividends were declared of 5 per cent. on the preference 
shares, and 6 per cent. on the ordinary shares. The 
chairman of the company said that during the first six 
months of last year, competition in the specialities of 
Messrs. Vickers was very severe, and many of the con- 
tracts were secured by the reducing of quality, a course 
to which his company would never condescend. Now, 
however, there was plenty of work, and prospects of in- 
creasing prosperity. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Y esterday the weekly iron 
market was very well attended, and though affairs were 
queti, prices were steady. No. 3 g.m.b. Cleveland pig 
iron opened at 55s. for prompt f.o.b. delivery, and at the 
close 55s. 3d. was the quotation ; but, as a matter of fact, 
only a small amount of business was done, neither buyers 
or sellers appearing at all anxious to enter into new 
contracts. Middlesbrough No. 3 warrants opened at 
54s. 103d., and after falling to 54s. 9d., rallied, and 
closed steady at 55s. cash. Flange iron was scarce, and 
buyers were obliged to purchase from makers, as mer- 
chants have really none to dispose of. Makers as a rule 
would not accept less than 57s., although some were re- 
ported to have sold at a trifle under this figure. To-day 
the market was firm and a fairly large amount of business 
was transacted. In the morning a good business was 
done in No. 3 g.m.b. Cleveland pig iron for prompt f.o.b. 
delivery at 56s., but as the day wore on quotations eased 
a little, and at the close of the market 55s. 9d. was the 
figure. Middlesbrough No. 3 warrants opened firm at 
55s. 104d., and after rising to 56s., eased to 55s. 9d. cash, 
which was the closing quotation. For April, May, June 
delivery of makers’ No. 3 g m.b. Cleveland pig there were 
merchants who would do business at 57s. 6d. In the 
early part of the day 68s. 6d. was quoted for hematite 
warrants, but the closing price was 67s. 6d. Producers 
in this district, however, asked 72s. 6d. for early delivery 
of their own make mixed numbers, and were not inclined 
to take anything under that figure. An unfortunate 
circumstance is that, whilst Cleveland pig iron is again 
much. Cleve- 
land is once more 2s. per ton dearer than Scotch, and 
a interested in the iron trade greatly deplore this 
act. 


Manufactured Iron and Steel.—The manufactured iron 
industry is quiet and very little new business is being 
done. Producers, however, continue busy. Prices are 
unaltered, but if quotations for pig iron continue to im- 
prove we may expect to see advanced figures for finished 
iron before long. Common bars are quoted 7/. 10s. per 
ton ; ship-plates, 7/. 10s. ; and ship angles, 7/. 5s. ; all less 
the customary discount for cash. In the steel trade there 
is really no new feature. Heavy sections of rails are still 
6l. 12s. 6d.; and ship-plates are 8/. 10s. per ton. 


Commencement of New Works at Middlesbrough.—To- 
day (Wednesday) the Atlas Steel Hoop and Wire-Rod 
Works, which occupy the site of the old pottery in Com- 
mercial-street, Middlesbrough, commenced operations. 
The company was registered on August 27, 1889, with the 
following gentleman as directors: Mr. C. H. Minchin, 
J.P., Normanby (chairman); Mr. J. P. Fry, J.P., Dar- 
lington; Mr. J. Livingston, Jun., North Ormesby; 
Mr. J. 8S. Thompson, Sunderland; Mr. Linday, 
Bishop Auckland. The plant, which has been laid 
down under the personal supervision of Mr. J. Cooke, 
the general manager of the works, consists of a 
hoop and strip mill of the most modern type for rolling 
hoops and strips from 1 in. by 20 in. gauge to 6 in. 
wide, nut, bolt, and rivet steel, bar, and all kinds of 
special] steel for engineering purposes. 





OunDLE SEWERAGE. —The Commissioners of Oundle held 
a special meeting last Monday toconsider plans submitted 
by Mr. W. H. Radford, C.E., of Nottingham, for the sew- 
age disposal of the town. The engineer explained that he 
proposed to purify the sewage in duplicate precipitation 
and filtration tanks ; the chemicals and filtering medium 
being supplied by the International Sewage Purification 
Company. The sewage mud would be pumped on to air 
drying pits by means of a small circular windmill. The 
whole of the town sewage would be delivered to this site 
by various new pipe sewers, the sewage of one ——a 


to | locality being pumped into a high-level sewer by a sm 


compressed air pump placed under the street and supplied 
with compressed air through a pipe from the new water 
works engine. The Commissioners decided to carry out 
the scheme in its entirety. 





CompounD Locomorives In AMERICA.—From a recent 
article in the Master Mechanic it would appear that the 
building of compound locomotives is taking a consider- 
able development in the United States. The Pennsyl- 
vania Company have not yet made public the results 
obtained with the Webb engine, but nevertheless have a 
compound engine built to their own designs in their 
Altoona shops. The Baltimore and Obio Company are 
trying « four-cylindered compound built by the Baldwin 
Locomotive Works, and the Michigan Central have had a 
Worsdell-Von Bories locomotive built for them at the 
Schenectady works. This engine has a low-pressure 
cylinder 29 in. in diameter, and the starting gear is 
arranged so that steam is automatically admitted to the 
low-pressure cylinder through a reducing valve, when the 
high-pressure cylinder is on a dead centre. Mr. Geo. 8. 
Strong is also working out designs for a compound, and 
> exican Central Railroad are having one built at their 
shops. 
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M. Inst. C.E.—Students’ visit, Wednesday, February 26th, at 2 p.m. 
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THE IRONFOUNDERS’ SOCIETY. 

TuE eightieth annual report of the Friendly 
Society of Ironfounders is a remarkable publication 
in several ways. It is the first to make its appear- 
ance, it deals with a year of exceptional progress, 
and it is marvellous in its fulness and complete- 
ness. The report begins by reminding the members 
that it ‘‘ represents one of the most prosperous 
years in the history of the Society.” The pro- 
sperity is shown by the large accession of new 
members ; by the large increase of funds; by the 
condition of trade and the demand for labour, and 
by the increase in wages and the great improve- 
ments in the sanitary and other conditions sur- 
rounding the workshops in which the men are em- 
ployed. So great are the improvements which 
have taken place, that the report, in reviewing 
the past year, and in looking at the position of the 
Society at the present moment, says: ‘‘ From every 
point of view our organisation is now in a good and 
flourishing condition.” This sentence is especially 
notable at the present time, inasmuch as it repre- 
sents the sentiments of the members of one of the 
oldest and best organised of the trades of the 
country, and of a Society which has passed through 
as many vicissitudes and trying crises, as any trade 
union in the United Kingdom, and always with 
honour and credit. 

In point of numbers the Society has attained a 
numerical strength never before reached, the total 
on December 31, 1889, being 13,805, showing an 
increase in the year of 1603 members. The net 
gain in funds during the year 1889 amounted to 
over 13,795l., the total reaching at the close of the 
year to over 33,888/. Once in its history the total 
available funds of the Society almost touched the 
aggregate of 66,0001. ; this wasin November, 1876, 
from which date the total fell to the insignificant 
sum of 15371. in January, 1880, showing the terrible 
strain upon the resources of the Society, and that 
too notwithstanding the increase of contributions 
and of levies. The total income in 1889 was 
39,8001. 9s. 6d.; the total expenditure was 
26,005/. 4s. Of the latter amount superannuation 
absorbed over 79351., sick pay 64411., funeral allow- 
ance 2117]. 10s., donations 58111. 10s., and strikes 
only 150/. 15s. 4d. 

The valuable comparative Tables given in the 
report enable us to compare the strength and 
financial operations of the Society for a series of 
years, and this method will best illustrate its 
growth, its progress, and its condition. 
Numerical Strength, at Decennial Periods. 





Years. Branches. Total Number of Members. 
1831 44 1,120 
1839 60 3,412 
1849 59 3,958 
1859 75 7,317 
1869 103 8,990 
1879 | 112 | 12,276 
1889 | 114 | 13,805 








The real development of the Society dates from 
the year 1859. The total income and expenditure 
in the same successive years were as follows : 











! 

Income. Expenditure. 
Years. Yearly Yearly 

Total Amount.|Average per Total Amount. Average per 

| Member. Member. 

e's &) 2.8 = a: 6 & £ s. d. 

1831 2,217 17 3 3 F 496 9 0 01611 
1839 5,896 16 9 1147 8,126 12 10 277 
1849 16,105 0 8 414 16,410 16 2 4 211 
1859 | 19,923 12 3 214 6 | 13,988 10 9 118 3 
1869 | 33,513 7 8; 314 7 34,991 4 1 317 10 
1879 43,104 1 4 310 3 80,089 6 8 610 6 
1889 | 39,800 9 6| 217 8 | 26,005 4 0 117 8 


| 


The foregoing figures show enormous fluctuations 
in the income and expenditure of this Society, and 
they correspond mainly with the fluctuations in 
trade in this country, especially in the iron indus- 
tries. The heaviest expenditure was in 1879, in 
which year the total exceeded 80,000/., being an 
average of 61. 10s. 6d. per member in the year, or 
about 2s. 6d. per week per member. But even the 
above figures do not convey quite an adequate idea 
of the enormous expenditure of this Society. In 
1878 the expenditure amounted to nearly 57,0001. ; 
in the years 1867 and again in 1886 to over 52,0001. 
a year, and in four other years to from 41,000/. to 
45,8801. per annum. The largest income was in 
1880, when the total reached 47,0941. 19s. 6d. ; in 
several other years it greatly exceeded 40,0001. a 
year, and in many others approximated to that 
amount. There is not another trade union in the 
country that has made more brave and persistent 
efforts to maintain its position as a great friendly 
and trade society than the Friendly Society of Iron- 
founders. 

As has been often pointed out in the columns 
of ENGINEERING, out-of-work benefit, or, as it is 
generally called, ‘‘donation benefit,” is the one 
large item of expenditure in the annual balance 
sheet of all unions that provide this method of 
relief. It is a modern addition to the provisions 
of trade unions in the shape of benefits. It was 
first tried by the Ironfounders’ Society in 1837, but 
it was abandoned again three years afterwards, as 
not practicable permanently. The system was re- 
introduced in 1847, from which date it has been in 
operation. The mode of relief prior to its adoption, 
and for the seven years 1841 to 1847 inclusive, 
during which it was reverted to, was travelling 
relief ; but the ‘‘tramping system” was found to be 
a bad one, in many respects. The Society also 
granted emigration money to those leaving our 
shores for the colonies, orfor America. The follow- 
ing amounts, under the head of donation benefit, 
include travelling relief : 


| 

" Donations. Total | Yearly Average per 
Years. Amount, | Member. , 

£1 | £8. d. 
1839 3,764 3 0 32.2 
1849 12,821 17 6 349 
1859 6,410 16 1 017 6 
1869 24,886 13 4 215 4 
1879 67,510 18 0 413 8 
1889 5,311 10 078 








The above figures convey no adequate idea of the 
large expenditure under this head, by reason of 
the fact that several of those years are below 
the average. In four other years the amounts 
ranged from over 31,0001. to nearly 39,000/., while 
in five other years the sums so paid amounted to 
from over 21,000l. to 25,3571. Since 1847 the total 
has only been below 10,0001. in twelve years, out 
of the forty-three years covered by the period. In 
the other thirty years the amounts ranged from 
10,0001. to 20,0001. yearly. 

Next as regards sick benefits and funeral allow- 
ances. These two benefits are similar to those of the 
usual Friendly Society provisions in societies esta- 
blished for that specific purpose. Funeral benefit has 
nearly always been provided bytrade unions, but sick 
benefit is a development of recent times, although 
in a few cases such benefits have been included from 
the earlier years of the present century, as in the 
present instance. The strain on the funds is more 
regular in those two benefits than in donations. 
Taking the same years, the payments have been, in- 
cluding members and their wives, as regards funeral 
benefit, as shown in the Table on the next page. 

The average cost of sick benefit is under 23d. 
per week per member, taking the last twenty-tive 
years; while the funeral allowance amounts to 
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under ld. per week—the two benefits being about 
3}d. per week per member. One significant fact 
stands out prominently in connection with this 
trade, a most laborious one, and often very dan- 
gerous, namely, that the average age at death 
stands exceedingly high, showing better conditions 
of health and of employment than formerly. During 
the last six years the average age at death of 
members was nearly fifty-two years, and of their 
wives nearly fifty years of age. Lung disease 
carried off 41.7 per cent., while heart and brain 
disease came next in order respectively. 


Sick Benefit. Funeral Allowance. 


ee 
| 
| 


= “ as es 
Total Amount.|Per Member. Total cin’ Per Member. 





£4.06. 1 2» & £s. d. s. d. 
1831 58010 6 | 10 4 | 224 00 8 9 
1839 | 2050 6 0 12 0 440 14 5 | 2 7 
1849 | 1225 8 8 6 2 482 0 0 | 2 5 
1859 | 226415 7 62 | 68 00 | 1 9 
1869 | 373313 8 | 8 4 1355 0 0 3 0 
1879 | 626017 5 10 2 2160 0 0 Se 
1889 | 6441 7 6 9 4 2117 10 0 31 


Superannuation benefit is the one payment of all 
others which has evoked criticism on the part of 
economists and statisticians. All agree in the great 
value and importance of this provision for old age, 
but many dispute the soundness of the financial 
arrangements for carrying it out. In the report 
before us we see its operation for sixty years, and 
the Society is still sound and flourishing. Benevo- 
lent grants are not a regular and systematic mode 
of relief, but for the last twenty years these grants 
constitute an item in each year’s report, mostly in 
aid of other labour organisations. Baker last year 
501. were granted to the dock labourers from this 
fund. The following figures, for the same years as 
previously, indicate the growing strain on the super- 
annuation funds of the union ; 


{ 


























Yearly | Average per 
Years. |Total Amount. Average per Total Amount. Member 
Member. | per Year. 
| £ad 2 {| &28¢4 oe, 
1839 157 19 0 0 114 nil 
1849 223 1 4 1 1} nil 
1859 1052 13 6 2 10} 340 7 0 1} 
1869 1796 16 6 4 0 nil | 
1879 3727 4 0 6 0} 7010 0 01 
1889 7935 1 7 ll 5} 90 10 0 1 2 


and support, rather than on the basis of a continual 
resort to strikes, the latter being only resorted to 
when other means have failed in their object. 

The management expenses of the Ironfounders’ 
Society have varied very much during the 
last sixty years from 7s. 10d. per member 
per year in 1837, which was the highest, to 33. 
per member per year, the lowest, which was 
in the year following, 1838. In four other in- 
stances it was over 10s. per year per member. But 
on the average it is not now much over half that 
amount, or about 5s. or 5s. 6d. per annum. As 
compared with the total income it is about one- 
twelfth, or, say about 9 per cent. The following are 
the totals in each case at the dates before given : 














Management Expenses. Funds in Hand. 
Years. | 
Per Member | Average per 
Total Amount.) ‘Avévares. pennies Member. 
2 «. 4 s. d. é*4. 1°28. 4 
1839 1394 611 | 8 2 3,834 18 5 126 
1849 1280 9 4 6 5 214 11 6 o> 1.4 
1859 | 2010 6 8 |} 7 ll 7,555 3 7 70 8 
1869 | 298818 2 6 8 650 6 8 oa 5 
1879 4029 6 0 6 7 1,908 14 10 031 
1889 3187 11 5 | 4 5 33,888 7 10 29 8 


The management expenses include the salaries of 
all the officers at all the branches now consisting of 
114, as well as of the general oftice, all the print- 
ing, stationery, books, deputations, law costs, and 
all other items. The balances as above given do 
not quite accurately represent the general financial 
condition of the union, for out of the last forty- 
three years in seventeen only have the funds been 
below 10,000/., while in fourteen other years they 
amounted to over 20,0001., and in two years to over 
63,0001. It appears, therefore, that the Society is 
quite able to sustain all the benefits provided by the 
rules, and to maintain a good working balance on 
the average. 

Taking the whole of the years (59 in number) 
covered by the Tables, the total income has been 
1,839, 8011. ;thetotal expenditure, 1,305,9121. 12s.2d.; 
total balance on January 1 last, 33,888/. 7s. 10d. 
The way in which the funds have been expended is 
summarised thus : 


—— . : 
> We Number of Yearly Average 
How Expended. ance Total Amount. | per Member, 





The total cost of superannuation in 1889 was 
8028]. 10s. 9d., the decrease being due to the 
demand for labour in 1889, when the older men 
were again welcomed as workers in the foundry. 
Benevolent grants have fiuctuated; in 1874, 
11371. 17s. were so granted ; in some dozen other 
years the amounts stood at between 1001. and 2001. 
During the last six years the average number 
entitled to superannuation was 480; of these 425 
received the allowance, while 55 did not apply for it. 

We have next to deal with accident benefit and 
strike pay. Accident benefit was not granted until 
1849. The yearly payments for this benefit vary very 
greatly, amounting in 1871 to 24821, 11s. 9d., or about 
5s. per member ; in 1869 they amounted to only 
32l. 9s. 4d. The yearly average has decreased since 
the passing of the Employers’ Liability Act, in 1880, 
showing that greater precautions are now taken for 
the safety of life and limb. The amounts granted 
are 1001, for total disablement, and 50I. for partial 
incapacity for work. The totals of the two benefits 
for the same years as before are as follows : 


Accident Benefit. | Strike Benefit. 











Years. west { sheen 
early | Yearly 

Total Amount.) 4), erage. |Total Amount. 4), erage. 

&a 4. s. d. | £ g. d. — o. 

1839 oe ee 319 3 6 1 10} 
1849 21115 2 | | 16613 1 0 10 
1859 490 5 1 1 4 18118 2 04 
1869 32 9 4 0 1 187 10 6 0 5 
1379 04318 7 1 6 5386 12 7 97 
18 779 18 0 12 150 15 4 03 





During the last fifty-three years the annual 
amount of dispute allowance has exceeded 1000I. 
only in five instances, namely, in 1844, 1847, 1848, 
1867, and in 1879, the highest in either case, except 
the last, being under 2500/. Donation benefit and 
travelling relief have no doubt reduced the claims 
under the head of strike pay, but the fact as it 
stands is very significant. If this be a fair example 
of what is now termed the older trade unionism, 
then it is based on the safe lines of mutual help 





£ s. d. 2s 4. 
Out of work .. a 59 | 709,560 14 0 | 13 i 
Superannuation .. 54 111,267 13 10 051 
Sick benefit... 59 =|: 208,628 10 7 095 
Funerals on as 58 | 61,541 8 4° 0 210 
Accidents... < 45 | $82,830 4 7 Oo 1% 
Emigration .. .. 12 | 4,712 3 0 009 
Benevolent grants . 23 | 3,639 14 8 002 
Disputes—strike pay 53 | 30,136 18 0 | 014 
Working expenses . 57 143,595 5 1 0 6 6 





It thus appears that exclusive of strike pay and 
of management expenses the Society has disbursed 
in purely friendly benefits 1,132,2801. 9s. 1d., as 
against the total cost of strikes and management 
expenses together, amounting to 173,7321. 3s. 1d. 
Tables are also given of the total number of 
members on the funds in each month of the year 
since 1854. Such a full and accurate record has 
never before been published. 

The wages table, which the secretary has com- 
piled at ot pains and labour, gives the most 
complete bird’s-eye view of working hours, loss of 
time, wages, number of employed and unemployed 
members, and numerous other particulars any- 
where to be found in this country. It is true that 
it relates to one branch of industry alone, but it 
may be taken as approximately representing the 
skilled men in the engineering trades of the country. 
From this table it appears that the net average 
wages from 1831 to 1854 varied from Il. 3s. 1d. to 
1l. 3s, 9d. per week, and the number of working 
hours from 63 in 1831 to 60} in 1854. Since that 
date wages have been tending upwards, until the 
average net earnings were, last year, 1l. 11s. 2d., 
while the working hours were 54 per week. The 
figures given show progress and improvement in 
the conditions of labour. 

This brief outline of a very remarkable report 
would not be complete were we to omit all refer- 
ence to that portion of it which pleads for increased 
education, and urges ‘‘the necessity for self- 
improvement.” It says: ‘‘If each and all of 
them (young members) could only be imbued with 
an earnest desire to improve their education, the 
result would prove a great gain to our Society, and 
of immense advantage to the members themselves. 





Education enables a man to execute any piece of 
work he has to do in a more intelligent manner, 
simply because of the wider knowledge he brings 
t» bear upon it.” It then points out that a know- 
ledge of drawing, chemistry, metallurgy, &c., is 
essential to a moulder, and urges the younger 
members to attend the science and art classes of 
the localities in which they live. 

Altogether this report is most creditable to the 
secretary, Mr. W. H. Hey, to the council who 
indorsed it, and to the Society by whose authority it 
is published. It is a record of self-help, by associa- 
tive effort, extending over a long series of years— 
the most eventful in our history. 





SECONDARY AND TECHNICAL 
EDUCATION. 

On Wednesday evening Professor Silvanus P. 
Thompson read a paper at a meeting of the Society 
of Arts on the above subject. The paper can claim, 
at any rate, the merit of coming opportunely at the 
present time when educational questions are happily 
taking a place in public estimation, and more 
especially that it contains a much-needed criticism 
on the educational scheme of the Charity Commis- 
sioners, which they have propounded in virtue of 
the Act of 1883. By that Act they were required 
to prepare a scheme which was made public towards 
the latter part of last year. ‘‘ A careful reading of 
the scheme,” the paper says, ‘‘shows how com- 
pletely the Charity Commissioners have failed to 
grasp the immense opportunity which lay at their 
feet. The money which might have been used to 
create a real organisation for secondary and tech- 
nical education has been apportioned out in large 
blocks to certain institutions, some of which have 
only a hypothetical existence, most of which are of 
very recent origin, none of which can be said to 
constitute a direct link between the primary schools 
and the higher colleges.” 

The importance of secondary and technical educa- 
tion is a matter of which the importance cannot be 
overlooked, however dry the subject may sound. 
Not only are the children of the working classes 
now being educated in the public elementary and 
secondary schools, but those of the middle classes, 
who formerly sent their sons and daughters to 
small private and more ‘‘ genteel” establishments, 
are now attending the public schools. The change 
is a wholesome one, and we may hope in time it 
will have a beneficial effect, not only from an 
educational point of view, but also in a wider social 
aspect. We have the example of the United States 
before us in this matter, where the mingling of the 
junior members of the community of different classes 
during the years of privilege has done so much to 
remove—or perhaps we should say to render im- 
possible—one of the most objectionable features 
of English—and may we add German ?—speaking 
races. 

It is the common complaint of those whose duty 
it is to impart higher technical education that their 
pupils come to them, in many cases, almost totally 
unprepared to receive the instruction that is offered ; 
and parents, who have sons they wish to make 
engineers, find how often the school education has 
failed to enable the student to pass a simple entrance 
examination where such is required, or to follow 
the lectures, classes, laboratory instruction, &c., 
where no matriculation is insisted upon. 

It is for these reasons principally that secondary 
technical education has become of so great import- 
ance in these days when the stress of competition 
is so keenly felt, and an engineer without scientific 
knowledge finds himself so ruled out of a chance of 
success. 

Returning to the work of the Charity Commis- 
sioners, the paper finds fault with their scheme, 
especially in the distribution of the money at their 
disposal. ‘‘ Only once in a generation,” the author 
says, ‘‘ does it happen that an income approaching 
such a sum as 100,0001. per annum can be suddenly 
available for promoting educational work in a great 
city like London. Sucha chance occurred when, 
by the passing of Professor Bryce’s Act, in 1883, 
the funds of the City of London parochial charities 
were available for redistribution at the hands of the 
Charity Commissioners.” 

The following Table gives the allocation of the 
available funds : 


Per Capital 
Annum. Sum. 
£ £ 


Aldenham Institute ae i) 0 
Bow and Bromley Institute in, 9 
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Working Men’s Collegeand College 

for Menand Women _... Le 0 
Victoria Hall and Morley College 1000 6,000 
Hypothetical Chelsea Ins‘itute ... 1500 unknown 

Re Battersea _,, ... 2500 ve 
Tag Borough-road In- 

stitute Re Se a x 

City of London College 


” 


Birkbeck Institute ... sta ee 
Hypothetical Northampton In- sano 51,100 
stitute ae waa ae re 
People’s Palace Institute ... ..- 9500 6,750 
Regent-street Polytechnic Insti- 
tute... is ae cal .- 90900 11,750 
pepeleaste Foundation ... «. 2% 40,000 
Bishopsgate + asi ... 2000 40,000 


Professor Thompson criticises this distribution 
with some severity. He finds fault with the Com- 
missioners for passing over those day-schools which 
have been carrying on some attempt at secondary 
education, and lavishes immense sums upon insti- 
tutions whose day-classes are either non-existent, 
or are educationally of a feeble order, and whose 
claims appear to be based upon the show they 
make of attendance in the evenings. Moreover, 
the funds are allocated in inverse proportion to the 
wants of the institutions. Those like the Bow 
and Bromley Institute, and the Aldenham In- 
stitute in North St. Pancras, have only 1501. 
a year; whilst those already in possession of 
large sums have thousands lavished on them. 
Furthermore, the scheme does not fall into 
line with the administration of primary education ; 
neither does it provide for any continuity with the 
institutions established for higher education. 

The author has not much faith in the permanent 
good that will be effected by evening classes. ‘‘ Ex- 
cellent as they are,” he says, ‘‘ from a transition 
point of view, they are, at best, a lame expedient. 
Their success has been great, for the time favoured 
them. It may be doubted whether fifty years 
hence there will be either the same demand 
for or the same supply of them.” The lan- 
guage Professor Thompson uses is guarded. In 
the mean time—for the next fifty years—we 
hope they may go on doing the good work even 
the Principal of the Finsbury Technical College 
allows to them. When the ideal state that the 
education, technical or otherwise, of every member 
of the community is perfected before he or she is 
called on to contribute to his or her self-support, 
then the necessity for evening classes will have dis- 
appeared. 

Professor Thompson is very practical—we had 
almost said ‘‘ unprofessional”—in some of his re- 
marks. For instance, in speaking of instruction in 
technique he says: ‘‘ The instructors of the tech- 
nical classes should obviously be craftsmen accom- 
plished in the technique of their respective sub- 
jects and gifted with the power of teaching it and 
the principles that underlie it. The teaching must 
be live teaching, each pupil educating himself by 
working in the laboratory, or workshop, or studio 
under an instructor who has worked in his trade. 
Such teaching is worth more than all lectures by 
the most eloquent of lecturers, worth more than all 
books by the most encyclopzedic of writers.” 

Another point on which the paper falls foul of 
the Commissioners’ scheme is that too much 
encouragement has been given to institutions 
which are recreative rather than educational. 
Gymnasia, swimming baths, and dramatic enter- 
tainments are, the Professor says, excellent things 
in their way, but they are not education ; and he 
exclaims against establishments where amusement 
takes so prominent a position, being styled ‘‘ Poly- 
technics,” and receiving such substantial encourage- 
ment as that afforded by the Commissioners. In 
the matter of local wants the paper is also eminently 
practical, as the following quotation, with which we 
will conclude, will show : 

‘*What does Spitalfields want? A weaving 
sthool, a true technical school, not a feeble imitation 
of the excellent social and recreative club in Regent- 
street. What does Clerkenwell want? A real 
metal-working, horological, and mechanical school, 
not a second-hand People’s Palace. What does 
Battersea require? An engineering school, not a 
place for amateur photography, shorthand, and con- 
certina bands. What does Hoxton want? A cabinet- 
m vkers’ school, not a copy of the Birkbeck Institution. 
What does Bethnal-green want? A feather-trades 
school, and she has got it, though not through the 
scheme of the Charity Commissioners. To each 
district its own appropriate school should be a 
primary consideration. This is not what we shall 
get from the scheme now under consideration. 





We are much more likely to get schools resembling 
that provincial technical college which, in 1888, 
sent up several of its pupils for examination under 
the Science and Art Department to compete in 
seventeen or eighteen separate science subjects, and 
sent up one pupil in no fewer than nineteen sub- 
jects of examination.” 





THE NORTHWICH BOILER 
EXPLOSION. 

In our issue of January 3rd last (vide page 14 ante) 
we referred to the formal investigation then just 
concluded by the Board of Trade with regard to the 
boiler explosion on board a steamer belonging to 
the Salt Union, Limited, this explosion having 
taken place on the River Weaver, near Northwich, 
on October 19, and having resulted in the death of 
the engineman. The official report on this investiga- 
tion has now been published, and from the extracts 
which we give on page 203 of our present issue, it 
will be seen that the conclusions arrived at are of 
special importance to the general public. 

The report states that the explosion was caused, 
a3 we have already informed our readers, by an 
undue pressure of steam, ‘‘ the safety valve having 
been rendered entirely inoperative by a wooden 
wedge which had been inserted between the top 
edge of the lever and the top of the guide bracket.” 
That the insertion of this wedge was the act of the 
engineman in order to increase the pace of the 
vessel, admits of little question, and he was thus 
simply the victim of his own foolhardiness. 

Were this a solitary case we might pass it by with 
perhaps merely an expression of surprise that any 
man possessing but a rudimentary knowledge of 
mechanics or even ordinary common sense, should 
adopt so insane a practice as that of wedging a 
safety valve, and thus practically robbing the boiler 
of that absolutely necessary safeguard. But when 
a trained engineer like the one at Northwich per- 
forms this mad feat, and when we learn, as the 
report adds, that ‘‘ it is a common practice for 
engineers employed on vessels plying on the River 
Weaver to tamper with the safety valves under 
their control,” we are led tc inquire what steps can 
be, or ought to be, taken to prevent such crimi- 
nality, and how such offenders can be most effectually 
restrained, and some other field laid open to them 
for the exercise of their misdirected and surplus 
energy? If only their own lives were at stake we 
might have less reason to utter our protest, but by 
their wilful act they risk the lives of those who 
have no possible connection with the boilers under 
their charge, the safety of which is thus jeopardised, 
and who are, therefore, in danger of being innocent 
sufferers for the wrong doing of others, so that it is 
in the interest of the helpless that some protective 
measures should be instituted. 

These small steamboats, fitted with boilers having 
but a single safety valve, attended in many cases 
by a so-called ‘‘ engineer possessing the dangerous 
tendency to tamper with his valve, are by no means 
limited in their operations to the River Weaver. 
They ply on many seas, rivers, and canals, and 
their name we fear is legion. They call at various 
docks, piers, wharves, and stopping places on their 
way, and all those persons living near or who have 
business in the neighbourhood, have their lives 
imperilled, so long as they remain there. Why 
should the public be at the mercy of a reckless 
engineman and a wedged safety valve? Surely it is 
most important, as the Commissioners remark, 
that such boilers should be fitted with safety valves 
that cannot be tampered with, or at all events not 
easily. The cost of a trustworthy lock-up valve which 
does not admit of the application of the tampering 
art, is so small that no boiler on board a steamer 
should be without one, and if the owners of these 
vessels are not inclined to adopt the simple precau- 
tion voluntarily, we consider, in the words of the 
Board of Trade report, that ‘‘the Legislature 
might interfere to compel them.” Indeed, we 
should be inclined to go further and to say that it 
is the duty of the Government to legislate for the 
protection of life and property in this matter, and 
to safeguard the interests of those at present en- 
dangered. Passenger steamers are surveyed by 
the Board of Trade, and we are of opinion that 
some equally efticient system of inspection should 
be applied in the case of these smaller craft such 
as merchant or trading vessels, tug-boats, fishing 
smacks, &c., so that a repetition of the Northwich 
explosion may be rendered practically impossible. 





ON THE EFFICIENCY OF STEAM 
ENGINES. 


By Professor V. DwetsHauveRs-Dery, of Liége 
University. 

Ir we wish to study the economy of a steam 
engine it is advisable to divide into three factors 
what Professor Thurston* calls the efficiency of 
engine, that is, the proportion the heat equivalent 
to the brake horse-power bears to the total heat the 
water in the boiler has received. This proportion 
we will call f. It is a fraction which, in the most 
economical engines, is always below 15 per cent. 

It is often considered sufficient to divide this 
fraction into two others, the one representing the 
efficiency of fluid f, ; the other the efficiency of 
mechanism f;. The latter represents simply the 
proportion between the brake horse-power and the 


indicated horse-power. We get 
;— BLP. 
oo ’ 
1,H.P. 
and 
f=ffs 


The efficiency of fluid f' is equal to the propor- 
tion the heat equivalent to work done bears to the 
total heat received by the water in the boiler, 
which we will call Q thermal units. 

: I.H.P. thermal units 
f° = ~~ Q thermal units * 


This efficiency of fluid ought to be divided into 
two factors, which we will designate by the letters 
f, and f,, and call them respectively thermodynamic 
efliciency and cylinder efficiency. The latter, f,, 
will be the proportion between the indicated work 
and that which would be obtained from a perfect 
thermic machine (Carnot’s), using the same amount 
of heat Q at the same boiler temperature ¢ ; and at 
the same temperature t' of cold condensation water. 

The work of the latter is known to be repre- 
sented by 

t-a 
460.6 +¢ 
and the heat equivalent to it by 

Q t—-u 


460.620 thermal units. 

The thermodynamic efficiency f, is the pro- 
portion this latter quantity of heat bears to the 
total quantity Q of heat expended. We get there- 
fore 


772 Q foot-pounds, 


= t—w — 

460.6 +¢ 
Summing up these quantities, we have 
t-i 


1 


Thermodynamic efficiency f, = 


460.6+¢ 
Cylinder efficiencyf, = I. aera units 
460.6 +¢ 
: : B.H.P. 
Mechanical efficiency f, = LLP. 


Fluid efficiency f! =f; fy = 1-H-P- thermal umits 
Engine efficiency f= f, fy f,. 

The advantage of this division is to show that 
great differences sometimes exist in the processes 
through which economy in our engines is obtained. 

We cannot say much of f,, efficiency of mecha- 
nism, and will merely remark that in compound 
engines, this coefficient is generally less than in 
single cylinder engines, because their mechanism 
is rather more complicated. The better the engine 
is designed, constructed, and kept in order, the 
smaller will be this coefficient, varying between 
77 and 87 per cent. The lower numbers refer to 
the best made compound engines. The main point 
here is the efficiency f'=f, fa. 

We do not know of any engine where the effi- 
ciency of fluid is as much as 18 per cent., which would 
represent 11.878 lb. of steam per indicated horse- 
power per hour. But the triple-cylinder engine 
of Professor Reynolds, working with very com- 
plete steam jackets, gave 17.4 per cent. efficiency 
of fluid, while under approximately the same con- 
ditions, except that there was no steam in the 


cylinder jackets, it only gave 14.4 per cent., or a 
decrease of mom than 17 per cent. There- 
7 


fore in this engine the economy produced by the 





* See Transactions of the American Society of Me- 
chanical Engineers, 1882. Thurston. ‘‘On the Several 
Etficiencies of the Steam Engine,” and ‘‘On the Condi- 
tions of Maximum Evonomy.” 





| 
{ 





202 


ENGINEERING. 








[Fes. 21, 1890. 








cylinder jackets was 17 per cent. The question is: 

hich of the two factors, f, or f,, caused this 
economy? or if both, to what extent can each of 
them account for it ? 

In the experiments made on November 18 and 
28, 1873, by the late M. Hirn, at Logelbach, the 
first with superheated steam, the second under the 
same conditions but with saturated steam, another 
point arose. The efticiency of fluid was 12.9 per 
cent. the first day, and 9.6 per cent. the second 
day, so that the economy obtained by superheating 

3 


was , or more than 25 per cent. The next 


12.9 
question is: Which factor caused this economy ? 
On the first day f,=0.4331, and f,=0.2978. On 
the second day f,=0.3240, and f,=0.2977. The 
efficiency of the cylinder, therefore, had not 
changed; it was the thermodynamic efficiency 
which had caused the difference. On November 18 
the pressure of the boiler was about five atmo- 
spheres, the steam had been superheated up to 
448 deg. Fahr. 

The temperature of the cold condensation water 
was 55 deg., which will give the cvefticient f, shown 
above. On November 28 the saturated steam was 
299 deg. and the cold water 53deg. The thermo- 
dynamic efficiency was only 0.3240; it had de- 
creased to 

0.4331 — 0.3240 
-0.4331—” 
which shows a diminution of 25 per cent. 

We find a very different state of things when we 
turn to consider the saturated steam, with or with- 
out jackets, in the experiments above alluded to. 

With jackets : 

f,=0.3732 3 yo=0.4665; f1=0.1741. 

Without jackets : 

A, =0.3795 5 fo=0.3802 ; f1=0.1443. 

The economy obtained with cylinder jackets was 
17 per cent., but it was caused this time by the 
efliciency of the cylinder f,, while the thermo- 
dynamic efficiency was 1.6 per cent.—greater, in 
fact, without than with a jacket. 

The two cases are therefore very dissimilar. The 
superheated steam increases the range of tempera- 
ture t—t'(or the available energy), while it is in 
the cylinder itself that the steam jacket causes a 
better use to be made of the thermal units in the 
steam. 

We have purposely chosen a very economical 
case as our first, in order to have the opportunity 
of explaining this great saving. The elisulinder 
engine of Professor Reynolds worked at a high rate 
of speed ; it was very carefully protected from 
external cooling ; and the receivers were provided 
with steam jackets. All this contributed to in- 
crease the efficiency of the cylinder ; but the prin- 
cipal feature was the great boiler pressure, about 
14 atmospheres, giving a very high reading of f{, 
because the range of temperature was very ex- 
tended. 

In fact the temperature of the steam was 381 deg. 
Fahr., and that of the cold water 68 deg., which 
gives f,=0.3732 with the cylinder jackets, and 
almost similar conditions without jackets. If the 
pressure of the steam in the boiler had been only 
6 atmospheres, its temperature would have been 
317 deg.; the range of temperature would have 

t—# 
on from 313 deg. to 249 deg., a peat 
fallen from 313 deg eg., and f, 60.641 
202, or a fall of 9732— 3202 
3732 
or 14 per cent. Probably the efficiency of the 
cylinder would itself have decreased, affording a 
double reason for the diminution of the efficiency 
of fluid f'. 

To judge of the value of the means employed in 
order to increase f', it is better to divide this frac- 
tion, as we have done, into two factors. There are 
two ways of increasing the thermodynamic efti- 
ciency : (1) To superheat the steam, without in- 
creasing its pressure, and (2) to increase the pres- 
sure, and leave the steam saturated. But in the 
latter case, if we forced the temperature of satura- 
tion up to 448 deg., we should have to deal with 
enormous pressures, which, with our present 
methods of construction, would be inadmissible. 
The example we have given above proves that it is 
possible to keep below so high a figure, and yet to 
obtain an efficiency superior to that given by using 
superheated steam, even when working in a single 
cylinder, and at a reduced speed. We should much 


would have been 0.3 


like to.see superheated steam tried at 450 deg., at 





6 atmospheres pressure, in a triple-cylinder engine 
working at full speed, with the receivers, but not 
the cylinders jacketted. Probably this is an experi- 
ment that has not yet been made, but it ought to be 
undertaken, for superheating the steam is a simple 
and easy process. 





NOTES. 
Royat Institution LEcTURES. 

Last Friday evening Professor Fleming gave an 
interesting discourse at the Royal Institution on 
‘Some Points in the Physics of an Electric Lamp.” 
The darkening of the glass envelope was shown to 
be due to a deposit of carbon, the particles being 
electrified and shot off from the incandescent fila- 
ment. As the electrified molecules move in straight 
lines the filament will exert a screening action 
on certain portions of the glass, the result being 
the molecular shadows of the carbon loop so com- 
monly observed in glow lamps. Professor Fleming 
also touched upon the counter electromotive force 
supposed to be observed in the electric arc, and 
upon the higher temperature of the positive carbon 
as well as on its consequent hollowing out into 
crater-like form. He concluded with remarks on 
the ‘‘ Edison effect,” experimentally demonstrating 
its existence, as well in the electric arc itself as in 
glow lamps. On Saturday, 17th inst., Lord Ray- 
leigh began a course of seven weekly lectures at the 
Royal Institution on ‘‘ Electricity and Magnetism.” 
The point chiefly dwelt upon was the seat of sensi- 
tiveness in the case of a nearly vertical water jet 
and the effect of a weak as well as of a strong elec- 
trification in the separating drops. This beautiful 
experiment, due to Lord Rayleigh, is now made in 
every course of experimental electricity. 


New Harsour at CuXHAVEN. 

Plans have been drawn for a new harbour of 
refuge at Cuxhaven, and will be shortly laid before 
the Hamburg Corporation for their sanction. The 
harbour will have a depth of at least 25 ft. under 
lowest water level, and will, in case of need, be 
able to accommodate from eighty to a hundred 
of the largest sea-going vessels and men-of-war. 
The dock will, in the mean time, not be taken 
in hand. It is proposed to complete the harbour 
in the course of three years, and the cost, which is 
comparatively heavy, will be borne by the city of 
Hamburg and not by the German State. The trans- 
formation of the old harbour at Cuxhaven into a 
great naval depot is rapidly progressing, and it will 
be taken into use on April 1. Its position is very 
favourable, quite close to the harbour line of the 
State railway, and also in the immediate proximity 
of the quay, so that the goods can pass straight into 
the warehouses, both from the trucks and the 
steamers. The large court-yard is surrounded by 
three high buildings, on the fourth side there are 
slips for getting the torpedo boats out of the water. 
Along with the above works, the extension of the 
fortifications is being proceeded with, so that they 
will soon be able to vie with most modern fortifica- 
tions. At Fort Kugelbaake a shell-proof cover has 
been erected for four large Krupp guns and a 15- 
centimetre battery, and it will be further armed 
with a number of rapid-firing guns for use against 
hostile torpedo boats. At the interior side wings 
large steel plate protectors are fixed so as to allow 
the officers in command to survey the whole of the 
fortifications through narrow slits in the armour. 
From there they are able to form an opinion as to 
distances, and then can, by pressing on an electric 
button, fire the mines at the proper moment and 
also themselves fire the largest guns. The whole 
of the appliances appear to be very ably arranged. 


THe SrBertan Ratiway. 

Although the special committee appointed by the 
Russian Government to devise a scheme for the 
construction of the Siberian Railway has presented 
its report, it does not follow that the project will 
be rapidly taken in hand. As usual in such cases, 
a number of rival schemes are being advocated, 
and the one adopted, which is the result of a com- 
promise in committee, by no means enjoys the com- 
plete favour of the Russian Government. More- 
over the Minister of Finance has yet to formulate a 
scheme for providing the funds, so that any com- 
mencement of the undertaking for some months to 
come is not to be expected. The route selected 
will be 4375 miles in length, and the cost is esti- 
mated at 250,000,000 roubles, which, at the present 
rate of exchange, is equal to about 27,778,0001. 
Full details of the estimate, and what it actually 
includes, have not been published yet, so that it is 


impossible to criticise the figures ; but there is no 
reason why the Siberian line should not be con- 
structed at an extremely moderate expense. The 
country, almost the entire distance, is flat and 
devoid of wide river crossings. Timber is plentiful 
and the Ural rolling mills ought to supply the rails 
tolerably cheap. It is already settled that the line 
is to be constructed throughout by the Government, 
in accordance with the new policy of placing the 
railway system of Russia under State control. 
With regard to the heavy sum required for the 
undertaking, although the Minister of Finance, 
State Secretary Vishnigradsky, has not officially 
formulated any definite scheme, it is understood 
that the amount will be raised in Russia itself by a 
series of internal loans issued as occasion requires. 
This, however, will not take place until the conver- 
sion of the outer loans is complete. It should be 
added that although the general scheme for the 
Siberian Railway is yet to be accepted and sanc- 
tioned by the Government, the authorities are 
already at work on an initial portion of the under- 
taking-—the line from Ufa to Zlataoust, in cont'nua- 
tion of the railway from Samara, on the Volga, to 
Ufa, at the foot of the Urals, being, in reality, a 
first section of the great Siberian Trunk Railway. 


EpinsurGu Caste TRAMWAYS. 

This week the second section of cable tramways 
in Edinburgh was opened to public traftic, and 
equally with the first portion, brought into opera- 
tion fully two years ago, works steadily and 
smoothly and with comfort to the travellers on the 
cars. Both sections of the tramway line run over 
a configuration of ground practically excluding any 
other mode of traction from the magnitude and 
steepness of the gradients and from the frequent 
sharp curves. The sections are worked by the 
same engine, which, having driven the first 
section for more than two years satisfactorily and 
without hitch, has now been utilised for the 
second section without appearance of over-burden. 
The engines, however, are in duplicate, and 
if the necessity arises, both machines may be 
coupled promptly. This, therefore, insures against 
stoppages of traffic for indefinite periods by 
breakdowns as well as against overstraining. In 
the first section the steepest gradient is 1 in 11, 
and in the second (newly opened) 1 in 13, while 
the curves are as sharp as 80 ft. radius. These 
indicate the difficulties to be overcome, and this 
has been successfully accomplished. Both por- 
tions of the Edinburgh cable tramways have been 
constructed generally from the same design, with 
similar constituent parts and material, with, of 
course, the exceptions of small variations arising 
from local differences. One important speciality. in 
the new section has arisen from the fact that the 
line of its traffic passes at a considerable distance 
from the engine station, through which the cable 
must circulate, and from the depdt to and from 
which the cars must pass to the cable lines. The 
latter movement of cars is effected by a single line 
of rails for traftic both ways, and an auxiliary cable 
attachable by the gripper in either direction through 
the one central slot. This auxiliary cable is actuated 
by the main cable at a considerably reduced speed, 
and is in a simple manner started and stopped by 
the conductors of the cars as they require to move 
the cars to and from the depot. This is a manifest 
improvement on the first section constructed, in 
which case, although the line passes comparatively 
near to the depdt, the cars require to be moved to 
and from it by horses or manual haulage. This 
change is valuable for the specific purpose attained, 
but it is even more so from the method it demon- 
strates of running cable cars from one system of 
main cable to another. The system of cable tram- 
ways now completed by the Edinburgh Northern 
Tramway Company, and which may be held to 
include the latest improvements in this mode of 
traction, was designed by Mr. W. N. Colam, Assoc. 
Memb. Inst. C.E., while its laying down and execu- 
tion was superintended by Mr. James More, Assoc. 
Memb. Inst. C.E., who represents Messrs. Dick, 
Kerr, and Co., London, the contractors for the 
whole work. 





ROYAL METEOROLOGICAL SOCIETY. 

THE usual monthly meeting of this Society was held on 
Wednesday evening, the 19th inst., at the Institution of 
Civil Engineers, 25, Great George-street, Westminster. 
Mr. O. B. Cuviljé, Mr. W. Harpur, M.Inst. C.E., and 
Mr. H, J. Spooner, F.G.S., were elected Fellows of the 
Society. The following papers were read, viz. : 

1. “* Observations on the Motion of Dust, as illustrative of 





the Circulation of the Atmosphere, and of the Development 
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of Certain Cloud Forms,” by the Hon. Ralph Abercromby, 
F.R. Met. Soc. The author has made numerous observa- 
tions on the motion of dust in various parts of the world, 
especially on deserts on the west coast of South America. 
He finds that the wind sometimes blows dust into streaks 
or lines, which are analogous to fibrous or hairy cirrus 
clouds; sometimes into transverse ridges and furrows, 
like solid waves, which are analogous to certain kinds of 
fleecy cirro-cumulus cloud ; sometimes into crescent- 
shaped heaps with their convex side to the wind, which 
are perhaps analogous to a rare cloud form called 
‘*mackerel scales ;” sometimes into whirlwinds, of at 
least two, if not of three varieties, all of which present 
some analogies to atmospheric cyclones ; sometimes into 
simple rising clouds, without any rotation, which are 
analogous to simple cumulous topped — 3 and some- 
times into forms intermediate between the whirlwind and 
simple rising cloud, some of which reproduce in a remark- 
able manner the combination of rounded, flat, and hairy 
clouds that are built up over certain types of squalls and 
showers. Excessive heating of the soil alone does not 
generate whirlwinds ; they require a certain amount of 
wind from other causes to be moving at the time. The 
general conclusion is, that when the air is in more or less 
rapid motion from cyclonic or other causes, small eddies 
of various kinds form themselves, and that they develo 
the _— sorts of gusts, showers, squalls, and whirl- 
winds. 

2. Cloud Nomenclature,” by Captain D. Wilson- 
Barker, F.R. Met. Soc. The author proposes a simple 
division of cloud forms under two heads, viz., cumulus 
and stratus, and recommends that a more elaborate and 
complete division should be made of these two types. A 
number of photographs of clouds were exhibited on the 
screen in support of this proposal. 

3. ‘‘ An Optical Feature of the Lightning Flash,” by E. 
S. Bruce, M.A., F.R. Met. Soc. It has been stated in 
the report of the Thunderstorm Committee of the Royal 
Meteorological Society that there is not the slightest 
evidence in the photographs of lightning flashes of the 
angular zigzag or forked forms commonly seen in pictures. 
The author, however, believes that this is an optical 
reality, as the clouds on which the projection of the flash 
is cast are often of the cumulous type, which afford an 
angular surface. In support of this theory he exhibited 
some lantern slides of lightning playing over clouds. 








THE NORTHWICH BOILER EXPLOSION. 
OrrictiAL Report. 

THE report of the Commissioners (Mr. Howard Smith, 
oarrister-at-law, and Mr. W. C. Lang, consulting engi- 
neer), who held, on December 16 last, a formal investiga- 
tion into the circumstances attending the explosion of a 
boiler on board the s.s. Development, belonging to the 
Salt Union, Limited, which occurred on October 19 in the 
River Weaver, near Northwich, has been issued by 
the Board of Trade After describing the construction 
of the boiler, and giving particulars as to its repairs, and 
the results of the explosion, the Commissioners state : 
‘* The explosion was caused by an undue pressure of steam 
in the boiler. The safety valve was found, on examina- 
tion, to have been rendered entirely inoperative by a 
wooden wedge which had been inserted between the top 
edge of the lever and the top of the guide bracket.” 

On the question of responsibility the Commissioners 
remark: ‘‘The boiler came into the possession of the 
Salt Union Company in December, 1888, and so far as 
we have been able to ascertain, they did not know, and 
in fact they could not have known, the proper working 
pressure of it..... There was no stamp on the valve, 
for it was not one of that sort of valve on which a stamp 
is generally found. There was no mark on the steam 
gauge indicating the pressure which the responsible 
person who had made or repaired the boiler had ascer- 
tained to be a safe working one. Therefore, in our 
opinion, it was the duty of the company to have found 
out by examination what was the safe working pressure 
of the boiler. In our opinion the company have failed in 
their duty, and are to blame. But the matter does not 
rest there. Mr. Stubbs, the superintendent engineer, goes 
on board the vessel and sees the steam blowing off 
at a pressure of 65 lb. or 70 lb. He also finds that 
the weight is at the end of the lever... . . Mr. Stubbs, 
seeing what a high pressure 65 Ib. was for a small boiler 
of this kind, pit to have been on his guard, and to have 
calculated the proper working pressure for it. Further he 
has told us that he knew one of the engine drivers had 
been tampering with one of the safety valves of the boiler 
in his charge, for he saw by marks which he found on the 
lever that the safety valve had been gagged down. Surely 
it was the duty of Mr. Stubbs to have reported that man 
to the directors, and if he had done so the directors would 
have been put on their guard and would have instituted 
inquiries as to this pernicious practice. Edward Dean, 
the boiler cleaner, has told us that about six months 
before the explosion he saw the safety valve of the De- 
velopment plugged, and accused Penny, the engineer, of 
having tampered with it. If, therefore, Stubbs had made 
the report he ought to have made, the directors, on in- 
quiry, in all probability would have discovered the dan- 
gerous practice that this unfortunate man Penny was 
resorting to.” Then follows a reference to the direct per- 
sonal responsibility of the managing director and general 
manager, on which the Commissioners do not express any 
— but they go on to say that ‘‘the company is to 
blame for not having had the boiler —- examined 
to ascertain its safe working pressure, and also because 
we think that there has been a want of general supervi- 
sion over it.” With regard to Mr. Stubbs, the Commis- 
sioners state, ‘‘We think he is very much to blame for 
disregarding the very high pressure at which he saw the 
boiler working, and for not reporting to the company the 





fact that one of their safety valves had been 
down.” The report adds: ‘‘We directed that the t 
Union should pay to the solicitor of the of Trade 
the sum of 40/. towards the costs and expenses of the 
investigation.” 

The point perhaps most deserving attention is the fol- 
lowing statement of the Commissioners: ‘* We ascer- 
tained that it was a common practice for engineers 
employed on vessels plying on the River Weaver to 
tamper with the safety valves under their control... 
Mr. Falk, who was the originator of, and has been in 
the salt-carrying trade on the Weaver for fifty years, told 
us that this practice was a common one, and that he had 
ascertained that even engineers who were in receipt of so 
high a wage as 3/. per week had had recourse to it. The 
above facts, following on the knowledge which we gained 
during the official investigation into the circumstances 
attending an explosion of a boiler on board the smack 
Snaefell, of Yarmouth, on which we had the honour to 
report to the Board of Trade, convince us that boilers on 
small steam craft of this description should be fitted with 
safety valves that cannot be tampered with, or at all 
events cannot easily be tampered with. We under- 
stand that the Salt Union intend to fit the boilers used on 
their vessels with lock-up safety valves. It is to be hoped 
that other owners will do the same. Should they, how- 
ever, not do so, we venture respectfully to suggest that 
the Legislature might interfere to compel them,” 





WATER WORKS IN CHINA AND JAPAN. 
At the twelfth ordinary meeting of the current session 
of the Institution of Civil Engineers on Tuesday, February 
18, the President, Sir John Coode, K.C.M.G., being in 
the chair, three papers were read on water works in China 
and Japan. 


I. “THe SHANGHAI WaTER Works,” by Mr. J. W. 
Hart, M. Inst. C.E. 

The Shanghai Water Works were the first water works 
constructed either in China or in Japan. The city of 
Shanghai, the chief commercial centre of North China, 
consisted of foreign settlements and a native city, the 
pepeetion of the former, English, American, and French, 

ing 170,000 in 1885, and of the latter, by estimation, 
from 100,000 to 150,000. It was situated on the west 
side of the River Hwang-Poo; the country was flat 
and of alluvial formation. The necessity for an 
efficient water service had been recognised for twenty 
years previous to 1880, when the author was invited to 
Investigate the question again, and to prepare plans and 
estimates, which were accepted ; and a concession was 
granted by the municipality to construct the works. To 
secure a constant supply of water, the author constructed, 
in a central position, within the English settlement, a 
water tower, to contain a reserve of 150,000 gallons at an 
elevation of 1034 ft. above the main. To obtain a founda- 
tion on the unstable water-logged soil, the author dis- 
carded the use of piles, and, after trial experiments, par- 
ticulars of which were given, adopted a concrete founda- 
tion 5 ft. thick, and founded upon 24 ft. of rough rubble, 
the area being 684 ft. by 65 ft., and the total weight to be 
pn ag 3725 tons, or 1847 lb. per square foot, bein 
only a little more that 51.25 per cent. of the load appli 
in testing the ground. When the work was completed, 
it was found that the steady, accumulative weight of 
materials used (2735 tons) had caused an even settlement 
of 2}in. The superstructure for supporting the tank was 
exclusively of iron, oc nal in form, 524 ft. in diameter. 
The tank was 50 ft. in diameter by 12} ft. deep, and con- 
tained 670 tons of water. The roof, covered with corru- 
gated galvanised iron, closely resembled the construction 
of an umbrella when open. The centre tube was 6 ft. in 
diameter and 824 ft. long. One 20-in. pumping main had 
been laid between the water tower and the pumping 
station three miles lower down the river, and provision 
had been made fora duplicate main. The mains were 
connected with the tower by a breeches pipe communicat- 
ing with the centre tube. The arrangements for the 
admission and egress of the water by valves were de- 
scribed. The water left the tower through meters, and 
was registered every day at noon, and the quantity com- 


ared with that delivered from the pumping station. In | Pe 


ront of the water tower, a 20-in. by-pass main connected 
the inlet and outlet branches of the pumping and service 
mains, so that the water could be delivered direct 
through the settlements. When the tank had been 
filled with water, the total subsidence of the founda- 
tion was found to be 24in. The total cost of the 
water tower, exclusive of land, was 11,8491. The 
Yang-Tsze-Poo works and pumping station were on the 
banks of the River Heesatve, below the shipping and 
harbour limits, but within the area of the Anglo-American 
settlements. The site had the advantage of being down 
the river, below the native city, foreign settlements, and 
shipping ; and at the intake well the risk of contamina- 
tion of the water from these sources and from the creeks 
was avoided. The sewage from the settlements and 
native city, and the impurities from the shipping and 
from the creeks were carried into the upper reaches of the 
river by the flood tide. The valves of the intake well 
were so placed that when opened they could not admit 
water until one hour after the fl tide had set in; 
therefore the water entered the settling reservoirs nearly 
at the top of flood tide, when it was in its purest 
state ; but the river was always in a turbid condition. 
There were two settling reservoirs, with an exposed water 
surface of 75,000 square feet, collectively ; each reser- 
voir was 250 ft. by 150 ft. by 134 ft. deep, with a total 
capacity of 6,130,312 gallons. The walls were constructed 
of concrete on the foreshore of the river, in one con- 
tinuous slab for the entire circumference. The intake 
well was a cast-iron cylinder, 6 ft. in diameter, and was 
placed in the river 25 ft. beyond low-water mark, The 





inlet valves were bolted inside the cylinder, and had 
strainers outside ; they were 2 ft. above low-water mark. 
The total cost of the settling reservoirs (exclusive of the 
cost of land) was 11,058/., being 1804/. per million gallons 
capacity. The service tank for feeding the filter beds 
was 220 ft. by 92 ft. by 84ft. deep, and contained 996,000 
gallons of water. The walls were of brick ; the floor was 
of concrete 12in. thick, laid on 12in. of rough rubble. The 
tank was divided into three compartments, communicating 
by equalising valves, so that the sediment could be 
flushed out of any one compartment while the others were 
in use. There were four filter beds at present, having a 
total surface of 4266.5 square yards, and each bed was 
designed to filter 30,000 gallons of water per hour. They 
were all 120 ft. by 80 ft. by 94 ft., with ae of tilterin 
materials. The floors were of concrete 12in. thick, lai 
on 12in. of rubble. The only particular in which the 
construction of the beds differed from the oh 
was the application of a special supply valve for in 
the filters with water, so as to insure a uniform head, 
which might be varied at pleasure. The average rate of 
percolation had been 540 gallons of water per square yard 
per twenty-four hours, and the average duty of each filter 
9,000,000 gallons before it required cleaning. The clear 
water covered service reservoir had a capacity of 840,000 
gallons. It was 120 ft. by 80 ft. by 14ft. deep. Provision 
was made for diverting the water from the filter to the 
main pumping well direct, and for shutting off the reser- 
voir should it become necessary to do so. he main 
building was 180 ft. long, 61 ft. wide, and 20ft. high ; it 
contained the engine-house, valve and gauge-room, and an 
office. Under the same roof were the boiler-house, stores, 
and workshop. In consequence of the faulty character 
of the ground, the chimney for the main boilers, which was 
103 ft. high, was built on a foundation block of concrete 
20 ft. by 20 ft. by 4 ft. thick. The total weight on the 
foundation was 571 tons, equal to 3201.5 lb. per square foot. 
There were two sets of horizontal compound pumping 
engines, each designed to deliver into the water tower 
75,000 gallons per hour ; and two sets of duplicate centri- 
fugal pumping engines raised the water from the settling 
reservoirs to the high-level service tank. There was also, 
within a few feet of the settling reservoirs, another inde- 
ndent engine and boiler-house for a second set of centri- 
ugal pumping engines. Here there was a deposit well 
and steam engine for facilitating the clearing of the 
settling reservoirs of sediment. The cost of the Yang- 
Tsze-Poo pumping station, inclusive of culverts, by- 
passes, an valve wells, but exclusive of the cost of 
land, had been: Service tank 1913/., or 1922. 1s. 6d. per 
1000 gallons capacity ; filter s, 6056/., or 11. 88. 6d. 
per square yard of area; service reservoir, 2938/., 
or 349/. 15s. per 1000 gallons capacity; main build- 
ing, 2567/.; and chimney for boilers, 798/. Sluice 
valves were placed on the pumping main between the 
Yang-Tsze-Poo Works and the water tower, at an 
average distance of 500 yards apart. The mains extended 
to all the roads and streets in the settlements and 
suburbs; their size varied from 18in. in diameter, on 
leaving the town, to 5in. in the public roads and streets ; 
in p s, court-yards, and alleys the largest size was 
3in. in diameter, and the smallest 1} in. ; aqueduct mains 
were 204 in. in diameter. Four hundred and fifty hydrant 
posts were placed in the roads and streets, and there 
were numerous private fire valves. All house fittings 
were supplied and laid by the company. ‘Tin-lined 
lead service piping for domestic supply was the only 
class used. one but screw-down draw-taps were 
allowed, and every service pipe was provided with 
a stop valve immediately inside the building it sup- 
lied, while another was placed in the street, at the 
undary of the consumer's property, and was under 
the control of the Water Works Company only. Dupli- 
cate 12-in. meters recorded all the water passing into the 
French settlement. The water supplied to the American 
settlement was registered by a set of 8-in. duplicate 
meters ; and there was a similar set at the boundary of 
the English settlement, where the main crossed the 
Defence Creek for supplying the suburbs. All the main 
pipes, service pipes, and sluice valves were coated with 
r. A. Smith’s preservative solution, applied at a tem- 
rature of 600 deg. Fahr. The cost of laying the pump- 
ing and distributing mains, inclusive of all charges, per 
pipe of 12 ft., varied from 19s. for a main 20 in. in dia- 
meter to 7s. for a pipe of 5 in. diameter. The total length 
of mains and service pipes was nearly 39 miles, and their 
weight 5460 tons. e advantage of the water works 
was the great reduction in fire insurance premiums, the 
direct aggregate annual saving to merchants and property 
owners being not less than 90,000/. to 100,000. Formerly 
a limited supply of filtered water was delivered in carts 
to the houses of customers by a small local company, 
at rates varying from 6s. 6d. to 13s. per 1000 gallons ; 
whereas, from the date of starting to December, 1887, the 
company’s receipts for 2447 million gallons of water, 
delivered to the community on the constant service 
— were at an —- rate of 5.7d. per 1000 gallons. 
he Shanghai Water Works Company was registered 
with a capital of 100,000/., subsequently increased to 
120,000/., and a further augmentation to 145,000/. would 
be necessary. This expenditure would amount to 17s, 
per head, exclusive of the native city and of the popula- 
tion afloat. The works were commenced in August, 
1881, and were inaugurated for public service in July, 


de 


II. “ Tae Tytam Water Works, Hona-Kone,” by 
Mr. Jas. Orange, Assoc. M. Inst. C.E, 


The works described in this paper were originally 
projected in 1873, by Mr. J. M. Price, the surveyor- 
general of the colony, but actual operations were not 
commenced until the beginning of 1883. The works were 
divided under four headings, namely, the formation of a 
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storage reservoir, at Tytam, by the construction of a 
concrete dam together with by-wash, &c. ; the boring an 
completing a conduit tunnel through the Tytam range of 
hills ; the construction of a masonry conduit; and the 
construction of filter beds and a service reservoir. The 
storage reservoir was situated in the Tytam valley, five 
miles from the city of Victoria; the height of the sur- 
face of the water above the sea was about 500 ft., the 
drainage area was about 700 acres, and the area of the 
reservoir 27 acres, which latter contained about 310 
million gallons. The dam was constructed of Portland 
cement concrete, of different proportions. There was an 
inner and an outer facing of granite, and the mass of the 
dam had granite stones embedded in the concrete, the 
water-tightness of the work depending upon the thin skin 
of rich cement concrete next to the inner face. A valve 
well, with five inlets into the reservoir, was con- 
structed, and was divided into wet and dry com- 
partments by a cast-iron midfeather, so that the 
valves, &c., were easily examined. A scour pipe 
was fixed at the bottom of the dam communicating 
with the reservoir, The dam was 120 ft. high, and con- 
tained about 66,000 cubic yards of materials. The by-wash 
was built away from the dam, and led to a separate 
valley ; it had 100 ft. clear water-way, over which a road 
bridge was built. The greatest observed depth of water 
over the by-wash had been 4 ft. The total cost of the 
reservoir works was about 99,000/. The water was con- 
veyed to the tunnel inlet by cast-iron pipes. e tunnel 
was 2428 yards long, and about 7 ft. 6in. square. Almost 
the entire length was through very close and hard granite. 
The boring was effected by 3 in. machine drills, actuated 
by compressed air; the explosive peeves? used being 
dynamite. The work, after a preliminary training by 
European miners, was carried out entirely by Chinese 
labour, and occupied four years. A description was given 
of the method of alignment, which proved successful, the 
two headings meeting to j in., while the difference of level 
was 0.08 ft. Inlets and outlets were built at the re- 
spective ends of the tunnel, and were in finely-worked 
granite with a considerable amount of details in the 
mouldings, &c. The cost of boring the tunnel was 
48,2691., equal to 191. 17s. 7d. per lineal yard. The outside 
works raised the total cost to 53,950/. About 62,000 Ib. 
of dynamite, 16,000 coils of fuze, and 5400 tons of coal were 
used. From the tunnel outlet, the water passed to the 
conduit, which wound, fora distance of over three miles 
along the mountain sides, to the site of the service reser- 
voir above the town of Victoria. The conduit was 3 ft. 
wide and 2 ft. 6 in. high, and was built with a concrete 
bottom, brick sides, and granite cover stones, the sides 
and bottom being rendered with cement. Owing to the 
numerous ravines and gullies, there were about 100 bridges 
and culverts. The principal works were aqueducts of 
twenty-one spans of 20-ft. arches, and double, or 36 ft. 
spans ; there was also one heavy cutting through a hill 
spur 95 ft. in depth. A small service reservoir, contain- 
ing about 1,500,000 gallons, was constructed midway of 
the conduit length. The principal quantities of work 
were about 30,000 cubic yards of excavation, 15,000 cubic 
yards of masonry and walling, and 1200 cubic yards 
of concrete, the total cost being 34,700. The conduit 
delivered the water to the filter beds and service reservoir. 
The site for these latter works was extremely irregular. 
The filter beds were constructed half in cutting and half 
by wall and bank, the cutting being 60 ft. deep, and the 
wall up to 24 ft. in height. There were six beds, each bed 
averaging 541 square yards. The filtering material was 


- gravel and sea sand washed. The service reservoir, which 


contained about 6,000,000 gallons of water, was con- 
structed across a ravine, three sides being in cutting, and 
one side a wall and bank 62 ft. in height; the depth of 
the reservoir was 30 ft. The stream was taken under the 
reservoir in a culvert 16 ft. wide. All the walls were 
made of local lime concrete, a facing of stone being used 
for the sides of the walls exposed. The principal quan- 
tities of this work were about 96,000 cubic yards of ex- 
cavation, 11,000 cubic yards of walling and stonework, 
and 16,000 cubic yards of concrete ; the cost was 22,7611. 
The total cost of the works described was 209,5791., takin; 

an assumed value of the Mexican dollar of 3s. 4d. Al 

local payments were in dollars. The consulting engineer 
for the reservoir and tunnel works was Sir Robert Raw- 
linson, K.C.B., vice-president Inst. C.E.; the engineer- 
in-chief was the surveyor-general of the colony, Mr. John 
Macneil Price; and the author was resident engineer 
and prepared the designs for the conduit, filter beds, and 
service reservoir, and all the working drawings. 


TIL.—*‘ Tue Construction or THE YOKOHAMA WATER 
Works,” by Mr. J. H. T. Turner, B.Sec., Assoc. 
M. Inst. C.E. 

The works for the water supply of Yokohama were 

comple in October, 1887. This was the first under- 

taking of the kind in J apan. Its inception was largely 
due to the recognition by the Japanese Government of the 


close relation subsisting between the use of polluted water | & 


and the development of choleraic epidemics at Yoko- 
hama. The principal original features of the works were 
that they were constructed in a country subject to earth- 
oo. and to meet the peculiar requirements of a 
Japanese population. The source of supply was the 
River Sagami, which was tapped at a point about 28 miles 
distant from Yokohama. The water was raised from the 
river by steam pumps, and was delivered into a deposit- 
ing tank built on the mountain side. It from this 
tank through a gauge-plate into the aqueduct, and flowed 
by gravitation to the town. The upper portion of the 
aqueduct was com of alternate lengths of 18-in. cast- 
iron main pipe and masonry conduit, constructed along 
the precipitous rock wall of the Sagami caiion The 
hydraulic gradient of the first 18 miles of the aqueduct 
was 6ft. per mile, and of the last nine miles’ 14 ft. per 
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mile, the diameter of the main pipe being reduced to 


Lead joints were employed everywhere except at 
the river crossings, where flange joints were adopted. 
The main pipe delivered the water to the filter beds and 
service reservoir, which were situated at Yokohama, 
about one mile from the centre of the town. The 
filter beds were three in number, two being ordi- 
narily in use together; they were built of concrete. 
The filtering material consisted, essentially, of a depth 
of 2ft. 6in. of sharp sand, supported in the usual 
way upon gravel, and underlaid by brick drains. The 
service reservoir was a concrete structure, the walls being 
faced with brickwork. The depth of water was 18 ft. 
Both the reservoir and the filter beds, and all wells and 
tanks, were built upon, and entirely surrounded by, 
puddle up to the water line—a feature of construction to 
which the water-tightness of all these structures was 
doubtless largely due, and which might be regarded as 
almost essential in earthquake countries. A system of 
by- es permitted of the water being delivered direct 
to F aap ndang without passing through either the reservoir 
or the filter beds, if it was necessary to do so at any time. 
The distribution in the town was effected by a ramifica- 
tion of 4-in. and 8-in. pipes branching off an 18-in. main 
pipe from the service reservoir. e service was con- 
stant. Stand-pipes were largely used for the supply of 
the native portion of the town, and lead service pipes 
were introduced into the houses of the foreign settlement. 
Fire hydrants were provided in large numbers through- 
out the town. The entire town was placed under the 
control of the waste-water meter system for preventing 
waste of water. Water was sold by measure to manu- 
factories and shipping, the town being rated for all 
domestic supply. 








THE WIMSHURST INFLUENCE MACHINE. 
To THE EprTor OF ENGINEERING. 

Sir,—In your issue of this week Mr. E. Darke fur- 
nishes us with the results of his experiments, and his 
views of the working theory of the above influence 
machine. He also introduces some portion of my state- 
ment relative to its behaviour, which, left as he puts it, 
might mislead ; therefore, will you allow me to repeat 
that when a machine is about to be started, our present 
knowledge does not enable us to say with certainty 
whether the + or the — electricity will seat itself upon 
the right-hand or the left-hand combs ; to meet this un- 
certainty the terminal balls are made interchangeable ; 
but when the machine is started the polarity of the elec- 
tricity does not change so long as the excitement is con- 
tinued. This fixity of character while excited is one of 
the valuable features of the machine. 





I am not quite able to agree with his views of the 
theory, and would suggest to him that in his further con- 
siderations he should omit the influence of the combs and 
of the terminals, for the machine is complete and works 
at its greatest efficiency without them; connecting the 
brushes to the spindle makes no difference in its working, 
but the spindle forms a convenient means of support for 
the brush holders. 

The only use of the combs and of the terminals is to 
catch some part of the free electricity for the operator’s 
use ; in an outside circuit they retard, rather than assist 
the theoretically perfect working of the instrument. 

The dispositon of the electricity upon the discs is in 
accordance with the diagram. 


February 18, 1890. J. WIMSHURST. 





BEHAVIOUR OF STEAM IN THE CYLINDER 
DURING EXPANSION. 
To THE EprTor OF ENGINEERING. 

Srr,—I have read with much interest Professor Dwels- 
hauver-Déry’s ‘‘ Reminiscences of the Life of the late 
A. Hirn,” in your recent issues, in which I find 
reference to my experimental investigations on the 
thermal action of steam engine cylinder walls. M. Hirn 
has ample laurels testifying to the success of his career, 
without needing that claims to original discovery should 
be made in his behalf, overlapping the prior discoveries 
of others, and I would request the insertion of a few lines 
in my own behalf, 

My earliest experimental evidence and conclusions on 
the action of the material of the cylinder in alternately 
condensing and re-evaporating steam worked expansively, 
were published by me in 1851 and 1852.* This was de- 

* “Expansive Working of Steam in Locomotives,” 
Institution of Mechanical Engineers, Proceedings, 1852, 
pages 63 and 105. Also ‘‘ Railway Machinery,” 1851-55, 
of which the portion dealing with the investigations re- 
ferred to was published in 1851, 





monstrated both in respect of quality and of quantity. I 
refrain meantime from discussing details. It was three 
or four years later, in 1855, that M. Hirn first published re- 
sults of his investigations of the action of the steam jacket.* 
In this paper he does not make any reference to the action 
of the material of the cylinder in alternately condensing 
and re-evaporating steam worked expansively. He simply 
seeks to establish ‘‘ that if the steam does not occupy the 
volume due to its density and pressure, this is due to its 
being partly condensed into water,” and that the steam 
jacket, heating the walls of the cylinder, diminishes the 
pared of such partial condensation. In his next em r 

ated October 29, 1856, published in 1857,+ he publishes 
the results of experimental investigations made by him 
since the reading of his paper in 1855, in which he, for 
the first time, apprehends the fact of the alternate con- 
densation and re-evaporation of steam worked expan- 
sively in the cylinder, and establishes it in his own 
manner. He notes that absorption of heat and re-evapo- 
ration are continued to the end of the stroke, after the 
exhaust is opened to the condenser, when expansion and 
lowering of temperature of the steam in the cylinder are 
continued. This continuation of the re-evaporative 
action, which was a very natural deduction, was the only 
new feature at the time in M. Hirn’s deductions on the 
alternate condensing and re-evaporative process in the 
cylinder. 

M. Hirn defined such reactions with agreater degree of 
precision in 1862.t ‘‘The steam,” he says, having 
assumed, for example, that it is cut off at one-fifth, 
‘flows from the ae to the cylinders during one-fifth 
of the stroke of the —. from each end of the cylinder. 
During this part of the stroke the cylinder cover, the 
face of the piston, and the corresponding portions of the 
walls of the cylinder, are necessarily raised to the tem- 
perature of the steam, and steam is condensed until this 
condition is fulfilled. When the steam is cut off, and 
exhaustion begins, the steam falls in temperature, and 
absorbs heat from the previously heated portion of the 
cylinder. As the piston advances, the steam parts with 
heat to the newly exposed parts of the cylinder, whilst it 
absorbs heat from the previously heated portions. After 
passing the middle of the cylinder, the steam meets with 
the portion towards the other end of the cylinder that 
has been heated during the previous stroke. hen the 
piston has arrived at the end of the stroke, the steam is 
exhausted into the condenser, and during this new expan- 
sion it absorbs heat from the whole of the surface of 
the cylinder exposed to it, varying in quantity accord- 
ing to the rapidity of the exhaust, being greater in 

roportion as the outflow is slower.” Here, as in M. 

irn’s paper of 1856, there is nothing new, in respect of 
the subject of my investigations, except the statement of 
the continued absorption of heat and re-evaporation of 
steam after the exhaust is opened to the condenser. 

The existence, then, of alternate condensation and 
re-evaporation of steam in the cylinder was_experi- 
pede va demonstrated by me many years before M. Hirn 
had even suspected their existence. 

Chief Engineer B, F. Isherwood, of the United States 
Navy, to whom also reference is made, published, in 
1863s, the results of experiments made by him in 1860, in 
which he explains the or of the quantity of water 
as steam cut off, measured by the indicator, to the quan- 
tity of water delivered to the boiler and passed through 
the engine. He does so on the principle of the alternate 
condensation and re-evaporation of steam in the cylinder, 
the evaporation continuing after the exhaust is opened to 
the condenser. This explanation is identical with that 
which had previously been announced, first by the author 
and ened by M. Hirn ; and it was published thirteen 
years after the author had published his own experimental 
conclusions, establishing the same principles of action 
and accounting for the difference of the indicated an 
measured quantities of water consumed in the same way. 

Yours truly 
: . K, Crark. 
8, Buckingham-street, Adelphi, London, Feb. 19, 1890. 





DECORTICATING MACHINES FOR RAMIE. 
To THE Eprtor or ENGINEERING. 

Srr,—The subject of decorticating and ungumming 
vegetable fibres is of such universal importance that you 
are doing a great public service by opening your columns 
to its discussion. 

While agreeing with Captain Doty that, in the treat- 
ment of fibres, such as ramie, hemp, flax, &c., in which 
the fibrous is cemented to the liqueous portion of the stem, 
and the separate fibres cemented to each other, decorticat- 
ing machinery alone is never likely to be other than ‘a 
clumsy expedient,” Iam far from thinking that there is 
no place for machinery in the operation, and that, in the 
nineteenth century, it is necessary to have recourse to the 
crude hand labour methods of our remotest ancestors. 
Rather do I think that the solution of the problem is to 
be found in a combination of mechanical and chemical 
methods. 

Mr. Dezwarte, an eminent French chemist, has dis- 
covered such a process by which he claims to be able to 





* Mémoire sur ]’Utilité des Enveloppes & Vapeur, 
dated April 25, 1855, published in the Bulletin de la 
Société Industrielle de Muthouse, 1855, vol. xxvii., 
page 105. 

+ Mémoire sur la Théorie de la Surchauffe dans les 
Machines & Vapeur, in the Bulletin de la Société Indus- 
trielle de Mulhouse, 1857, vol. xxviii., page 5. 

{ Exposition analytique et expérimentale de la Théorie 
—- de la Chaleur; editions of 1862, 1865, and 

76. 

; Exp2rimantal Researches in Steam Engin2ering 
vol. i., 1863, page 29, 
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decorticate and degum ramie, &c., in any quantity with- 
out injury to the fibre, in about two hours, and he has for- 
warded to me beautiful specimens of various fibres treated 
by his process, and prepared as substitutes for silk, cotton, 
woollen, &c. 

M. Shermant, C.E., Professeur et Chef des Travaux 
Chimiques & 1’Institut Industriel du Nord, has tested this 
process, and certified that the cost of treating 100 kilo- 
grammesof ramie will be from 6to8 francs, and, if treated on 
a large scale, much less ; that the time required for decorti- 
cation is about one hour, and for degumming about the 
same length of time; that the process is not only very 
practical and economical, but must be a t success, and 
that the materials thus eee can _ yoo on flax 
machinery, dry or wet (cold). These certiticates are in my 
possession, and can be seen by any one interested in the 
subject. When results such as these can be obtained by the 
judicious combination of simple bruising machinery and 
cheap chemical baths, it is absurd to suppose that hand 
labour producing per man 2 Ib. of fibre per day (‘“‘ Chis- 
holm’s Handbook of Commercial Geography,” 1889, page 
139), can continue to be employed. 

The ramie tield of the future will undoubtedly resemble 
the sugar-cane field of to-day, light tram lines serving to 
carry the stems to the central depét for treatment in the 
cheapest and most expeditious manner. 

I am, Sir, yours obediently 
JoHN RONALD SHEARER. 
11, Queen Victoria-street, London, E.C. 
February 19, 1890, 








A LARGE LOCOMOTIVE BOILER. 
To THE EpiTor oF ENGINEERING. 

Srr,—We notice a paragraph in last week’s ENGINEER- 
ING describing a locomotive boiler which says you believe 
is the largest of the type in the world, with the exception 
of some made in America and a set constructed some 
years ago in Scotland. 

_Your description says the boiler in question has a mean 

- diameter of barrel of 6 ft. ; internal firebox, 6 ft. 3in. by 

5 ft. 10in. ; 254 tubes 2}in. in diameter; total heating 
surface, 1723 square feet ; and working pressure, 160 Ib. 

It may be of interest if we say that we have made a 
number of locomotive type boilers far largerthan the above, 
namely: Barrels, 7ft. Gin. in diameter; internal fire- 
boxes, 8 ft. 6in. by 8 ft. ; 409 tubes 2}in. in diameter ; 
total heating surface, 2400 square feet ; working pressure, 
1601b. per square inch ; and from each boiler 1600 indi- 
cated horse-power was obtained. 

We are, Sir, yours truly, 


Hick, HARGREAVES, AND Co. 
Soho Iron Works, Bolton, February 17, 1890. 





THE GAMBLE IN PIG IRON. 
To THE EDITOR OF ENGINEERING. 

Sir,—Referring to your article on this subject in your 
issue of the 14th inst., it strikes me you have failed to spot 
the weak point in the pig-iron warrant market. Many 
condemn the whole system, and if its good or bad effect 
upon the iron trade is to determine the question (as I 
think it ought), there can be no doubt they are in the 
right, for the Glasgow warrant market has for years been 
the curse of the trade. 

At bottom it may be dishonest for any one to buy pig 
iron he cannot possibly pay for, trusting to his ability to 
meet the ‘‘ difference ” in price if the market goes against 
him, but if it is so what word can fitly describe the action 
of those who sell pig iron they do not possess, in order 
that they may frighten legitimate but timid holders of 
iron to sell out to them at any price? 

At the moment there is not pig iron in the country, let 
alone in the warrant stores, to meet the sales that have been 
made to depress the market, and if the present owners’ of 
warrants are able to hold on, the result of this gamble 
will be as disastrous to the ‘‘ bears ” as the recent gamble 
in Cleveland warrants. 

I am not interested in the operations of either the 
“bull” or the ‘‘ bear” party, but I am interested in the 
iron trade, and it is because these gambling raids have 
been too long tolerated that I now write you on the subject, 
and to suggest a remedy almost ready to our hand. 

In the case of Bank stock, the Legislature has already 
decreed that before any sale can be made the ‘“‘scrip” 
must be produced, and I venture to think that if this 
‘honest simple plan” was applied to warrant scrip it 
would for long be out of the power of a few gamblers to 
disorganise the whole iron trade. 

This is as much a question for the men employed in the 
iren and coal trades as for the masters, and if the matter 
is fairly put before them I mistake them greatly if they 
do not make it a leading question to every candidate who 
aspires to represent them in Parliament. 

Yours sapetinty, 
ERRUM. 





MANCHESTER STEAM USERS’ 
ASSOCIATION. 
To THE EpiTror oF ENGINEERING. 

S1r,—I was pleased to see the letter of the chief engi- 
neer to the Manchester Steam Users’ Association, 
justifying their inspection of the pange of six boilers, one 
of which exploded, after they had nm insured by the 
Boiler Insurance and Steam Power Vor sag + here 
is a great difference between taking boilers haphazard 
and insuring them without examination, and a system of 
inspection which insists upon a thorough examination 
Seneve rveng a guarantee of safety. It was very much to 
the c 
to give a guarantee in the instance named, and it isa 
great pity that they had not the power not only to object 


" 


it of the Association that they did actually refuse |. 





to giving a guarantee, but likewise to have stopped the 
working of the boilers at once, and so saved the subse- 
quent explosion and loss of life that happened within a 
week or two of the time it was contemplated to have 
stopped that particular boiler for thorough examination. 
With reference to the ‘new and fine range of boilers 
with flue tubes strengthened at each of the ring seams 
and working safely at 75 lb. on the square inch.” Would 
the respected and experienced chief engineer of the Asso- 
tion allow me to ask him, why he should presume that 
‘their guarantee of those boilers should be renewed for at 
least twenty-five years, and in all probability much longer?” 
Unless under very special and particular circumstances 
indeed, such as pure water and very easy firing and more 
skilled attention than is generally the case, twenty-five 
years is surely too long a life for a steam boiler to be 
sacra The very longest-lived boilers that I ever 
new were certainly over thirty years old in their outer 
shell parts, but not in their internal or firing parts. I 
venture to say that no boiler subjected to even half of 
75lb. per square inch ever worked half of twenty-five 
oe without being seriously, if not cage, affected. 
say this from nearly forty years’ experience of the work- 
ing and inspection of boilers under 80]b. per square inch. 
But now that the same construction of boilers—only made 
a little thicker, which does not add strength always—are 
working at about double that pressure, or 150lb. per 
square inch, how long a life would it be thought prudent 
to give to such high-pressure boilers working under 
ordinary circumstances? If your distinguished corre- 
spondent would kindly reply it would be quite consistent 
with the original aim and object of the grand association 
originally established for the ‘‘ prevention of boiler explo- 
sions,” &c., and under which Association I served as sub- 
inspector for a longer period than any other inspector. 
I beg leave to remain, yours ay 
OHN 
55, Stanmore-road, Birmingham, Feb. 18, 1890. 


AMERICAN LOCOMOTIVES AND THE EDIN- 
BURGH INTERNATIONAL EXHIBITION. 
To THE Eprror oF ENGINEERING. 

Srr,—Referring further to my letter of December 31st 
last, the Baldwin Company now express themselves will- 
ing to send a typical American express engine to the 
forthcoming Edinburgh International Exhibition, if all 
expenses from Philadelphia to Edinburgh are guaranteed 
them. In the event of the engine being sold in this 
country—and to help such a sale they are disposed to 
make a specially cheap price for it—these expenses would 
be greatly curtailed. A reduced rate of freight is expected 
from the Allan Line, and the total cost will be ascer- 
tained as soon as possible. In the meanwhile, as time is 
short, engineers and others willing to contribute toward 
the expenses are invited to communicate immediately 
with the undersigned, so that a guarantee fund may be 
started at once. 

In the February number of the Locomotive Engineer, of 
New York, the proposed competition is referred to as 
follows: ‘‘ ENGINEERING, of London, publishes the fol- 
lowing communication.” (Here follows my letter to you 
of December 31.) ‘‘This is putting it pretty strong, and 
we hope some of our builders will take up the matter and 
build a winner, which we think they easily could. 

‘*Of course there is no field open in Europe for the 
sale of American locomotives, but English, Scotch, and 
German locomotives are largely sold in South America 
and other countries in competition with American loco- 
motives, and to beat them on their own roads would be 
— thousands of dollars to the winner in advertising 

one. 

‘*TIn comparison with European locomotives, our build 
are far superior in handiness and accessibility for repairs, 
as well as being cheaper ; but the plain honest fact of the 
matter is that American railroad men have been makin 
lots of fun of English-built engines without any ground, 
except their appearance and our prejudice. Such of their 
machines as es come here, have been, in the main. 
experiments, and failures here as well as at home. Their 
standard locomotives do a good deal of work, and ‘get 
there,’ but whether our locomotives would not do their 
work cheaper or no for a termof years is an open question. 

‘The thing now is that Cousin John has a chip on his 
shoulder, and swelling around daring any Yankee locomo- 
tive builder to knock it off and whip him on his own 
ground. When a man thinks he can’t be licked, the 
easiest way to argue with him is to do the licking. No- 
body afraid of the English engine, is there ?” 

The editor of the Locomotive Engineer is being invited 
to obtain subscriptions towards the fund on his side, a 
task which should not be difficult if his sentiments are 
shared to any appreciable extent by his compatriots. In 
any eventuality the cost of transport is not expected to 
exceed 1000. Yours faithfully. 

GrorcE E. Warson, Secretary. 

27, Frederick-street, Edinburgh, February, 17, 1890. 


WIFT. 











RETROGRESSION IN MARINE ENGI- 
NEERING. 
To THE EpitoR OF ENGINEERING. 

Sir,—In my previous letter on this subject, which you 
kindly published in your issue of the 14th inst., I referred 
to the results attained at the trial more than thirt years 
ago of a steam vessel fitted with ordinary condensing 
engines, 

ith your permission I now pro to refer to the 
results attained at the trial about twenty years later of a 
similar vessel fitted with compound engines, 
The particulars of H.M.S. Iris at trial were: Vezsel— 
Length, 300 ft.; beam, 46 ft. 1 in. ; mean draught, 18 ft. 
1} in. ; displacement, 3300. This vessel was tried with 





four very differently proportioned screw propellers, but I 
think it will be sufficient to compare the results attained 
at the first and fourth trials. 
First trial ILH.P.=7503 Speed =16.6 knots 
Fourth trial I.H.P.=7556 «° MRS Z 
Now as the ratio of power due to the higher velocity on 
the fourth trial is 1.384, it follows that the indicated 
horse-power that would have been required by the first 
propellers to drive the vessel at a speed of 18.5 knots 
would be found thus : 


I.H.P. 7503 x 1.384 = 10,384 L.H.P., 


and the efficiency of the first propellers compared with 
the fourth propellers will be found thus : 
Pasta 
LH.P. 7556 _ 727 
I.H.P. 10,384 
ratio of efficiency of first screws to fourth screws. 

Consequently by the difference made in the proportions 
of the screw propellers fitted to H.M.S. Iris, a saving of 
27.3 per cent. on the indicated horse-power required, was 
effected on the fourth trial. 

This corroborates in a forcible manner the statement I 
made in my previous letter that the excess of indicated 
horse-power now required by steam vessels is due to the 
proportions adopted for the screw propellers. 

hen the r was read before the Institution of 
Naval Architects by Mr. Wright, describing the results 
attained at the fourth trial of H.M.S. Iris, he was con- 
gratulated by one or the members present on the 
: — ” results. 

t will therefore be instructive to compare in a similar 
manner to the above, the results attained at the fourth 
trial of H.M.S. Iris about twelve years ago, with a dis- 
placement of 3300 tons ; and the results attained more 
than thirty years ago by the vessel with a displacement 
of 3440 tons. Supposing the power required by these 
vessels to be equal, the results of the comparison will 
show that the retrogression in marine engineering had 
Pad set in twelve years ago. The comparison is made as 
ollows : 


Tris, I.H.P.=7556 Speed=18.5 knots. 
Example, I.H.P.=1624 z1R15— ,, 
As the ratio of power due to the higher velocity of 
H.M.S. Iris is 2.783, the indicated horse-power required 
by the example for a speed of 18.5 knots will be found 


thus: 
I.H.P. =1624 x 2.783 =4520 I.H.P., 
and the efficiency will be found thus : 


LHP, ©?° — 598 
7556 
ratio of efficiency of fourth screws Iris to example of 
thirty years ago, showing that the results of the fourth 
trial of H.M.S. Iris were still 40.2 per cent. less than 
they might have been ; and that a “glorious” waste of 
3000 indicated horse-power is still going on. 

I therefore consider that the assumption I made in my 
previous letter that 30 per cent. could be saved on the 
indicated horse-power provided by the Navy, to be on the 
average an accurate one ; and to show the importance of 
the subject I will allude to the speech made by Mr. For- 
wood, the Parliamentary Secretary to the Admiralty, on 
the 23rd of last month at Blackpool. In that speech Mr. 
Forwood said: ‘ Within the past six months we have 
placed contracts for ships, engines, and materials to the 
extent of probably 15,000,000/.” Allowing one-seventh 
of this sum, or say 2,000,000/., to be for machinery, a 
saving of 30 per cent. would amount to 600,000/. 

Does not the excessive expenditure of 100,000/. per 
annum for coal, as shown in my previous letter, and the 
excessive expenditure of 600,000/. in six months for machi- 
nery, above the amount that should be required, call for 
an investigation ? 

I am Sir, your obedient servant, 

London, February 17, 1890. Wy. Bury. 
i 

To THE Eprtor or ENGINEERING. 

S1r,—The whole argument of Mr. Bury in ENGINEER- 
1NG of the 14th inst. is based on the assumption that the 
indicated horse-power required to propel a ship varies as 
the cube of the speed. Consequently the fact, now per- 
fectly well known, that this Jaw does not even approxi- 
mately hold good, knocks the bottom entirely out of it. 
Yours truly, . 

Joun H. Stave. 





Greenwich, February 19, 1890. 





FORMULAS FOR MODEL EXPERIMENTS. 
To THE Epitor or ENGINEERING. 

Srr,—Mr. Vogt, in his first letter, laid down the law 
“that ata whe - of 400 ft. per second the resistance com- 
mences to vary with the cube of the speed.” He also 
stated “‘ the said formule apply es ially to plane areas 
of canvas expanded tightly over a frame.” Now any one 
reading the first statement would have given Mr. Vogt 
credit for having obtained this result by direct experi- 
ment, but it now appears that he merely ae the state- 
ment from a book on the motion of projectiles. But who 
would imagine that any one in their senses would apply 
the results obtained by Professor Bashforth and others 
when experimenting with projectiles, to pieces of canvas 
stretched on a frame ? 

Mr. Vogt wishes me to give attention to the resistance 
of flat-headed projectiles. This advice is very amusing 
considering that for the past thirty years it has been my 
business to know something about guns and gunnery. 
But now comes the most absurd statement that Mr. Vogt 
has yet made: ‘‘ When a propeller is required to yield a 
thrust in a fluid then it must take hold upon, or grasp 
upon, the huge ocean of fluid in front of itself, but the 
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only means for doing this is a rarefaction in front of its 
blades, whereas the fluid is drawn towards the propeller.” 
I suppose this drawing of fluid towards the propeller 
is another example of suction, but what in the name 
of common sense is the huge ocean of fluid in front of the 
propeller to do with the thrust? One would 7 
sup} that the propeller would be perfectly satisfied, 
and would do its work as well whether there were 
30 yards or 3000 miles of the huge ocean in front, But 
stop, when I come to think of it, I have noticed that 
ships do sometimes go slower as they approach the land, 
so after all Mr. Vogt may be right, for what with the 
“suction,” the ‘‘ drawing,” the “‘rarefaction,” and last 
but not least, the propeller finding that the huge ocean 
has got somehow behind instead of in front. But 
seriously I should most earnestly advise Mr. Vogt to leave 
mathematical formulas alone until he has made a firm 
foundation by direct experiment. In my opinion it is a 
waste of time to copy mathematical signs and symbols 
when they are obtained from a source which has no con- 
nection with the matter in hand. I may also express an 
opinion that if Mr. Vogt will act upon the advice above 
given, and experiment on screw propulsion, he probably 
will come to the same conclusion that I and many others 
have, viz., that if the blades of a propeller could be made 
infinitely thin, and be made to act in the water the same 
as they would in a solid, i.e., without slip and there- 
fore without rarefaction, it would be very much better for 
all parties concerned. I now beg leave to retire from the 
discussion until Mr. Vogt has driven a ‘‘ ship of 1000 tons 
at a speed of 4 knots by means of two revolving sails 
driven by a little engine.” 
Yours truly, 
Horatio PHiuires, 
Riverside, Long Ditton. 





THE RELATION OF POWER TO SPEED IN 
STEAMSHIPS. 
To THE Eprror oF ENGINEERING. 
Sir,—There is an error in my letter that is probably m 
own, as I seem to remember having detected it and, as 
am ht, corrected it. 
Lad “4 1en 


E 
R = »” 
V 
should read 
** When E » 
R=. 
N 


Although not conclusive to lucidity, it hardly seems to 
need formal correction. 
Thanking you for affording me the opportunity of record- 
ing my protest, Tam, Sir, yours truly, 
F, B, Epmonps, 
72, Portsdown-road, Maida Vale, February 15, 1890. 





THE VENTILATION OF COAL MINES. 
To THE EDITOR OF ENGINEERING. 

Sir,—It would be interesting to know how many of the 
fiery mines of England are ventilated by means of fur- 
naces placed at the bottom of the upcast shaft, or by 
means of fans placed at the top of the shafts. When 
great atmospherical changes take place the coal exudes 
much gas ; a blower proceeds from great quantities of gas 
that may have been Hottled up in cavities for ages, and 
issues forth in dense volumes, when the cavity has been 
tapped by the miner. May we not suppose that the gas 
given off permeates through all the air-courses in the 
mine until it passes up the dumb drift, or passage placed 
above the ventilating furnace? It may happen, however, 
that the space between the dumb drift and the furnace 
may get filled with explosive gas, owing to a sluggish fire 
or other causes. Should the gas come in contact with the 
dying embers, the gas is ignited, and the whole mine, 
being filled with gas, denser at the headings, may we not 
attribute some of those dire calamities which periodically 
take place to the use of the furnace system of ventilation— 
taking into consideration that explosive gas may from some 
cause pass directly through the furnace instead of through 
the dumb drift? In fact, the furnace system of ventila- 
tion is by no means satisfactory, and those in advance of 
bygone ages have adopted the suction-fan principle 
placed above-ground, and as we have stated already it 
would be satisfactory to know if the furnace system was 
in operation at the recent catastrophe. 

Tam, &c., 
Joun G. WINTON. 

Portobele, N.B., February 17, 1890. 








VALVE GEAR FOR THREE-CYLINDER 
ENGINES. 
To THE Eprror OF ENCINEERING. 

Sir,—In your issue of the 24th ult. is illustrated on 
nage 99 Wilson’s valve gear for three-cylinder engines. 
We designed this identical form of valve gear for our 
equilibrium or three-cylinder steam fire-engines in the 
year 1878, and applied it in the first case to an engine for 
Partick, and have since used it on all our three-cylinder 
engines, both large and small. : 

e supplied the Glasgow Corporation with two equi- 
librium engines in 1885 and one in 1887, all fitted with 
this gear, so that Mr. Wilson, who hails from Glasgow, 
will us no difficulty in examining and comparing our 
valve gear with that which he claims. 

It has been said that ‘‘history repeats itself,” and simi- 
larly, as in Mr, Wilson’s case, since 1878 other engineers 
have patented this gear, but have relinquished their 


patents in deference to our prior claim, We think it only 





right and fair to ourselves to maintain the credit of origi- 
nating this design of valve gear. 
We are, yours truly, 
SHanp, Mason, AnD Co. 
Upper Ground-street, Blackfriars-road, London, 8.E., 
February 18, 1890. 








MISCELLANEA. 
Ir is said that the Greathead shield is to be used in 
completing the Hudson Tunnel, and the work will be 
finished by English contractors, 


Canada has now a total railway mileage of 12,163 
miles, which have cost upwards of 145,000,000/. to 
construct, 


Large harbour extensions have been decided upon at 
Stettin ; the Germans are not in the habit of doing things 
by halves, and the cost of the above works is expected to 
amount to some 6,000,000 marks, or 300,000/. 


The Diggers’ News, of Johannesburg, makes the very 
important announcement that a 5-ft. seam of coal has been 
discovered at Heidelburg, in the gold-mining district, at a 
depth of 35 ft. below the surface, 

The quantity of coal brought to London by rail and 
canal during the month of January was 800,627 tons, and 
by sea 424,806 tons. For the same month last year the 
quantities were respectively 729,994 tons and 518,557 
tons. 


The dynamical theory of heat owes much to the labours 
of three men whose loss we have had to chronicle at 
intervals during the last eighteen months, viz., Clausius, 
Joule, and Hirn. These three eminent men mark an 
important epoch in the development of thermodynamics. 


We have received from Mr. G. G. Blackwell, of Irwell 
Chambers, West Fazakerley-street, Liverpool, a specimen 
of the French chalk pencils he is —o for marking 
on iron and steel. These pencils seem well adapted for 
their purpose. 


In reply to Admiral Field in the House of Commons on 
Wednesday last, Mr. Forwood stated that the gun which 
burst on the Ajax last autumn was a muzzle-loader that 
had previously fired 105 rounds. The accident is attributed 
to the bursting of a shell inside the gun. 


During the year 1887-88, 12,000,000 acres were under 
irrigation in India. The works carried out for this pur- 
pose by the Indian Government have cost about 32,000,000/., 
taking the rupee at par value, and at present they yield a 
net return of about 3} per cent. on this outlay. 


The Board of Trade returns for January show that the 
imports for the month amounted to 38,143,850/., being an 
increase of 85,5321. as compared with the same month of 
1889, and that the exports amounted to 21,586,752/., being 
an increase of 1,059,715/, as compared with January, 1889. 


At the ninth ordinary meeting of the Liverpool Engi- 
neering Society, held on February 12, at the Royal 
Institution, Colquitt-street, the adjourned discussion was 
taken on Mr. M. C. Bannister’s paper, entitled ‘‘ Notes 
on Mechanical Refrigeration and Ice-making Machinery, 
and the relative value of the systems now in use.” 

The gross receipts of the 23 principal railways in the 
United Kingdom, for the week ending February 9, 
amounted, on 16,1424 miles, to 1,217,573/., and for the 
a? period of 1889, on 16,030 miles, to 1,163, 435/., 
an increase of 1124 miles, or 0.7 per cent., and an increase 
of 54,138/., or 4.6 per cent. 


The War Department have contracted with Messrs, 
Edwards and Symes to build a steel twin-screw store 
vessel for Portsmouth of the following dimensions : 
Length, 112 ft. ; beam, 21 ft.; and depth, 9 ft. She is 
to be fitted with compound surface-condensing engines 
with all modern improvements. 


At the general meeting of the King’s College Engi- 
neering Society, held February 11, 1890, Mr. Biscoe 
read a ed on ‘‘ Tunnelling,” referring more especially 
to the Blechingly, which is 1324 yards in length, and is 
lined with brickwork 2 ft. 3 in. thick. This tunnel cost 
711, 18s. per lineal yard, and took a little over two years 
to complete. 


On Saturday, the 8th inst., the members of the Junior 
Engineering Society visited the British India mail 
steamship Taroha, through the kindness of Messrs. 
Gray, Davis and Co. The engines of the vessel are of the 
triple-expansion type, and on the following Monday the 
members of the society had the —— of seeing them 
at work, going with the vessel from the Royal Albert 
Docks to Gravesend. 


We are informed that the two torpedo boats which 
are reported in the papers to have called at La Golette, 
in Tunis, in order to repair their broken-down machinery, 
are not boats built by Mr. F. Schichau, of Elbing, but 
were built for the Turkish Government by the Germania 
Shipbuilding egg in Kiel. These ts left Kiel 
in November last, and only arrived after three months 
at Constantinople, having experienced very stormy wea- 
ther on the voyage. 


An International Exhibition of mining and metallurgy 
will be held during the coming summer at the Crystal 
Palace, Sydenham. The list of presidents and vice-pre- 
sidents is exceptionally strong, and under their auspices 
the affair should prove a t success. The honorary 
secretary is Mr, George A. Ferguson, Editor of the Mining 
Journal, 18, Finch-lane, London, E.C., from whom pro- 
— and application forms for space may be ob- 
tamed. 


The seventh annual dinner of the past and _ present 
pupils and apprentices who have received their engi- 





neering training at the Crewe Works, was held on 
Wednesday the 12th inst., in the Grand Hotel, Charing 
Cross. Mr. T. W. Worsdell presided, and at the close of 
the proceedings, a handsome testimonial, in the shape of 
a clock, was presented to the Hon. Sec., Mr. A.H. Hernu 
in recognition of his services in organising these annual 
gatherings. 

An American firm is now introducing belts for machine 
Griving made of woven steel wire. These belts can be 
lengthened or shortened in a few seconds, and the joint 
cannot be distinguished from the rest of the belt. They 
therefore run very smoothly, and are said to be specially 
adapted for driving fast-running machinery, such as 
dynamos, fans, &c. The manufacturers make these belts 
up to 9 ft. in width. The belts are of course very strong, 
and if the — are covered with suitable material, they 
drive without slip. 


At a meeting of the Civil and Mechanical Engineers’ 
Society, held on Wednesday, February 19 (Mr. Henry 
Adams in the chair), a paper was read by Mr. D. Fairlie 
Bruce on “ Italian Water Supply.” The author briefly 
described the works at Turin, Milan, Verona, Florence, 
Leghorn, and Naples, dwelling at greater length on any 
points of interest involved in them; of these the subter- 
ranean reservoirs at Capodimonto seemed most striking. 
They are excavated at a depth of 164 ft. below the sur- 
face in the solid rock, and take the form of egg-shaped gal- 
leries, being connected so as to form separate reservoirs. 


The new torpedo boat Cushing, which has been built by 
the Herreshoffs for the United States Government, has 
recently run atrial, in which she attained 22 miles per 
hour. . The boat in question is 138 ft. long by 10 ft. deep, 
with a beam of 15 ft., and a draught of 4ft.4in. She is 
fitted with quadruple-expansion engines designed to use 
steam at 200 1b. pressure per square inch. The boilers 
are of the Thornycroft type. On the trial, steam pressure 
was kept down to 125 lb., so that a high speed was not 
expected. With the full pressure of 200 1b., however, it 
is thought that aspeed of 25 knots will be reached. 


The directors of the South Metropolitan Gas Company, 
in their report to the shareholders, which has just been 
issued, give a very interesting account of their struggle 
with the Gas Stokers’ Union during the recent strike. 
On their own confession this union was organised for 
fighting pape only, and their defeat is therefore a fit 
subject of congratulation not only to employers, but to 
other unions of a more rational character. First and last 
the fight has cost the company about 50,000/. in direct 
expenses, and about half as much again in indirect ex- 
penses. 


The Lord Mayor of London received a deputation at 
the Mansion House on Tuesday, February 18, to discuss 
the arrangements to be made for the seventh interna- 
tional congress of hygiene and demography to be held in 
London in 1891. The deputation consisted of Sir Douglas 
Galton, K.C.B., Professor Corfield, Dr. E. D. Mapother 
and Messrs. F. D. Mocatta, Shirley F. Murphy, Davi 
Schloss, and E. White Wallis. After hearing the 
members the Lord Mayor finally arranged to hold a 
public meeting at the Mansion House, on Thursday, 
April 24, for the purpose of bringing the matter for- 
ward, at which he consented to preside. 


A petition has been presented to the Dominion Parlia- 
ment on behalf of a number of prominent Canadians, 
asking for their incorporation as the Canada Cable Com- 
pany. Poweris asked toconstruct, equip, work, maintain, 
and operate a submarine electric telegraph line, from a 
point in the United Kingdom, across the Atlantic to a 
— in the Province of Quebec, on the north shore of the 

t. Lawrence, through the straits of Belle Isle, and to con- 
nect the same with the telegraph system of the Dominion. 
It is said that the proposed company has sufficient capital 
promised, both in England and Canada, and that as soon 
as the Incoporation Billis passed the work of construction 
will be begun, 


Mr. Flood Page, ina letter to the’ Times on Monday 
last, gives the following figures showing the fires in Lon- 
don during the past three years caused by various methods 
of illumination : 


1887. 1888. 1889. Total, 
Candl re . 142 118 18 31 
Gas ... Aye . 188 fF “2 


594 
Lamps Le 245 205 257 707 
Electric light = ps 2 3 
Of course electricity is used to a much less extent than 
the other illuminants, but we mont | that few have any 
idea of the great destruction caused by lamp accidents, 
whilst a fire arising from electric lighting is reported in 
every paper in the country. 


Mr. James Laing, of Sunderland, one of the English 
Directors of the Suez Canal Company, has recently given 
the following account of the improvements now being 
carried out in this important waterway. He said that 
the work of enlarging and deepening the canal had been 
carried on since the decision of the International Com- 
mission in 1884. The work of deepening had been done in 
two sections, and the first half-metre had been finished. 
The result would be that whilst the limited draught of 
water through the canal was 24 ft. 7 in., he thought it was 
just possible that the increased depth would be something 
near to, if not quite, 26 ft. With regard to the tonnage 
which through the canal last year it mightbe interest- 
ing to know that in 1888 it was 9,437,957 gross tons, whilst 
in 1889 it was 9,605,745 tons, showing a substantial increase. 
Before the Suez Canal Convention met in 1883 the average 
time occupied in passing through was seventy-four hours. 
At present, by the introduction of the electric light, the 
time in which vessels were passing through in the night 
was only about twenty-two hours and a few minutes. 
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HEAVY MORTISING MACHINE. 


CONSTRUCTED BY MESSRS. J. SAGAR AND CO., ENGINEERS, HALIFAX. 
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TuE illustration on the present page represents a loose pulleys run between the bearings, and a separate 
wer mortising machine corel articularly for pulley is provided for running the boring apparatus, 
alate work in railway carriage ml i wagon works, | so that the machine is entirely self-contained. 4 
shipyards, &. It will make a mortise up to2}in.| The chisels supplied are of a special kind, cutting 
wide, take timber up to 12 in. by 12 in., and will easily and bringing the cores out as they aremade. The 
mortise on either edge without the timber being taken chisel holder moves in planed slides, full stroke, and 
out to be turned round. will hold up to the heaviest work without springing. 
The upright frame is a hollow casting in one piece, The boring apparatus is fitted to the side of the 
and has a base of large area. The table is 3 ft. 6 in. machine, the centre of the spindle being exactly in 
long, and is adjusted vertically by screw and ratchet line with the centre of the chisel. The speed is 
motion. It is fitted with cross-slides worked by rack | 350 revolutions per minute, Messrs. J. Sagar and Co., 
and pinion, so that the timber being operated on can be | of Stone Dam Works, Halifax, are the makers. 
easily moved into the required position under the | 
mortise chisel or boring bit. | 
By means of a novel arrangement of connecting-rods INDUSTRIAL NOTES. 
the stroke of the mortise chisel starts at an almost still, THe report of the Labour Correspondent to the 
point at top throw, and is worked gradually downinto Board of Trade refers to the disturbed state of the 
the mortise with very little jar to the operator’s foot ;| labour market during January of the present year, in 
immediately the foot is removed from the lever the | which month ‘the number of new strikes recorded 
chisel lifts out and returns to its normal position. |reached a high figure.” The total number recorded 
The ends of the connecting-rods have phosphor-| during the last three months has been as follows: 
bronze wearing parts, and can always be kept without |/1889— November, 92; in December, 57; and in 
shake. The top shaft is made of fine steel; the necks | January (1890), 85, some of them being of considerable 
gre phosphor-bronze and extra long. The fast and importance, Of the total, four were in connection 








with the engineering trades, five in shipbuilding indus- 
tries, six in the brass and metal trades, some 6000 or 
7000 men being involved, and 10 in the coal trades. In 
the textile trades there were no fewer than 27 strikes, 
15 in the cotton trades, eight in the woollen trades, and 
four in the linen trades, The dock and wharf labourers 
score among them no fewer than 10. This shows an 
enormous waste of energy and resources in the three 
winter months of the year. Notwithstanding these 
disturbances in the labour market, the total number 
unemployed only reached 3044 out of 211,885 members 
in the 21 societies reported upon. The proportion per 
cent. out of work was only 1.44, while in Seconda it 
was 1.75, and in February, 1889, it was 3.1; in Feb- 
ruary, 1888, it was 7.8. In the shipbuilding trade 
there is not one per cent. out of work, the proportion 
being 9 per 1000. In most of the engineering trades 
the proportion is equally low in nearly all branches. 
In the iron, steel, and coal trades generally trade is 
exceptionally good, and work for all willing hands 
plentiful. In the textile trades the workers are said 
to be only moderately employed, but the number of 
strikes would indicate that it must be improving, or 
surely the workpeople would not risk any partial 
stoppage of work after so long and severe a period of 
depression. 


Within the last few days the London Chamber of 
Commerce have published their proposals for the ad- 
justment of labour disputes, as formulated by the 
Labour Conciliation Committee. If any arguments 
were needed to inforce the conclusions of that Com- 
mittee they are to be found in the preceding abstract 
of the Labour Correspondent’s report, just issued. It is 
there shown that 234 strikés have been recorded 
within three months—November and December, 1889, 
and January, 1890. Some of these may have been 
trivial, but others have been on a tolerably large 
scale. The losses, in the shape of wages, profits, and 
stoppage of work, have amounted to a very consider- 
able sum, and in some cases great suffering has been 
endured by the workpeople and their families. If it 
be possible to avert these losses, and prevent the 
suffering, not only those involved in the disputes, 
but the entire community, will be benefitted. The 
proposals of the Labour Conciliation Committee are 
admirably adapted to this end. They show that the 
Committee appreciate the difficulties, and are pre- 
pared to meet them. The most striking features in 
the final report are the absolute fairness of the sug- 
gestions therein made and the equitable proposals for 
creating the proposed Board. Of course strikes may 
not be altogether averted, even if the Board of Con- 
ciliation be established, but the number will be mini- 
mised, and in all probability the points of difference 
will be reduced. In any case it is a bold and manly 
attempt to grapple with a great social and industrial 
difficulty, and therefore deserves the support of em- 
ployers of workmen, and of the public, for all are in- 
terested in the preservation of peace within our borders 
in trade matters, as well as nationally. 





In the engineering trades generally there is great 
activity in all branches. Throughout Lancashire the 
workmen are so well employed that there is scarcely 
a man, skilled at his branch of work, out of 
employment. In the Steam Engine Makers’ Union 
the total number of unemployed from all causes 
does not exceed one in 200 of their members. In the 
Amalgamated Society of Engineers the number is de- 
creasing nearly to the same vanishing point. Pattern- 
makers are in such demand that they have none out of 
work, except a few aged members. In no important 
industrial centre is there any slackening of activity, or 
decrease of employment ; and, what is more encourag- 
ing still, the work in hand is sufficient to keep all 
going for a considerable time to come. In the 
engineering trades, generally, the men have shown 
moderation in their demands, and few disputes of 
any moment have arisen. In Lancashire this has been 
especially notable. There is now a movement fora 
further increase in wages in many of the large towns, 
the men deeming such a step justifiable and necessary, 
seeing the great advance in wages in the north of 
England, and especially in all the northern ports. No 
formal application appears to have been yet made b 
the workmen, but itis generally thought that they will 
apply for 10 per cent. advance on the present rates, 
whether by the day or piece. This would mean about 
2s. per week increase, in most cases. This probably 
may be the formal demand. 


The annual meeting of the Midland Iron and Steel 
Wages Board was rather a remarkable gathering, and 
will probably exert an influence for a long time to 
come. The report reviewed the work of the Board, 
and stated the advances which had been made in 
wages, corresponding to the advance in prices, from 
October 5, 1888, when the ironworkers’ wages for 

uddling stood at 7s. 3d. per ton, based on Sir Thomas 
Martineau’s award. On January 25, 1889, the rates 
advanced to 7s. 6d. per ton. On October 21 to 8s. per 
ton, and at the present time to 9s. perton, The plus, 
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or premium price in this interval, was raised from 
1s. 3d. to 1s. 9d. per ton. When the latter rate was 
fixed the masters stated that prices would not stand 
more than ls. 6d. premium, but the men were firm 
and the employers assented. The chairman of the 
Board stated at the meeting that the 1s, 9d. was 5 per 
cent. higher than the northern scale, and that the 
Midland masters could not go on paying this advance 
much longer, but he believed that a further advance 
would be made in March next, whatever might be 
done in the north of England. The masters’ section of 
the Board did not propose any reduction in view of 
the 5 per cent. higher rate above the northern scale, 
but it appears that the operatives’ section evinced a 
willingness to reconsider the position, rather than 
cause a direct loss to the employers who had conceded 
the 1s. 9d. premium. This good feeling cannot but be 
roductive of good. It is only a year since that the 
rd was abused by large numbers of the men; it 
now appears to be as popular an institution as ef in 
the land. There is scarcely a meeting held at which 
there is not a kindly thing said or done in connection 
with this Midland Wages Board. 





In the Cleveland district there is no falling off in 
the state of trade, notwithstanding the fluctuations, 
and even actual decrease, in prices. The conditions 
of employment are such that nearly every demand of 
the men is either conceded or a compromise effected, 
so as to avert strikes. The keepers’ helpers at Messrs. 
Bolckow, Vaughan, and Co.’s Middlesbrough furnaces 
have been granted an extra 2d. per day at the request 
of the Blast Furnacemen’s Association, and the manager 
has agreed to pay the back money, or arrears of the 
demand, amounting to 10s. per man. The engineers 
at Messrs. Westgarth, English, and Co.’s engineering 
works at Middlesbrough have been conceded an advance 
of 1s. per week, the question of leaving work at noon 
on Saturdays being still under consideration, The 
blast furnacemen recently accepted 97 per cent. advance 
in lieu of the 15 . cent. requested. This arrange- 
ment caused much dissatisfaction among a large pro- 
portion of the men, and they determined to seek a 
further 5} per cent. to make the advance up to the 15 
per cent. as at first demanded. The matter was then 
referred to the members at their lodges, when they 
resolved by a majority to let the matter stand over 
until the publication of the accountant’s next return 
in April. The cranemen’s strike at the Eston jetty 
of Messrs. Bolckow, Vaughan, and Co.’s works has 
been settled by the men accepting 5} per cent. advance, 
the topmen and fillers being also granted an increased 
rate, and the firm has agreed to a general re-arrange- 
ment of the tonnage rates, with the concession of more 
regular work than heretofore. 





The shipwrights on the Tyne have put in a claim for 
an advance of 3s. per week to take effect from March 
13 next, when the notices of the men expire. 

The shipwrights on the Wear have similarly given 
in their notices for an advance of 3s. per week to 
expire at the same date, March 13. This matter will 
be dealt with by the Conciliation Board of the district, 
which regulates these questions of wages, hours of 
labour, &c. 


In the Sheffield and Rotherham district there is no 
falling off in industrial activity—all hands being fully 
employed. The strike in the stove grate trade is not 
yet settied. The employers have indeed conceded the 
reduction in working hours asked for, but they refuse 
the 10 per cent. advance, alleging that prices will not 
warrant it. The men, on the other hand, allege that 
prices would even justify a larger demand, inasmuch 
as prices have gone up from 30 to 35 per cent. In the 
spring knife-cutlers’ trade at Sheffield about 90 struck 
work for the 10 per cent. asked; but in 34 of the 
larger firms the advance has een conceded. The iron 
and steelworkers of the entire district are taking steps 
to bring about a federation of all the branches of this 
most important and varied png At Messrs. 
Jessops’ works the labourers struck for an advance in 
wages which the firm refused to concede. The firm 
obtained a few non-union men to go on with, but 
unless the strike is arranged and settled the other 
workmen will be thrown idle, and the works be at a 
standstill. 





In the Birmingham district of the Midlands the 
labour market has been somewhat disturbed of late. 
Further strikes have now taken place. The employés 
of Messrs. Bonehill recently demanded an advance of 
25 per cent., a rather large order at one time. The 
firm met the men and offered 10 per cent. advance, 
which the men refused, but they signified their 
willingness to accept 15 per cent. in lieu of the 25 per 
cent. asked. The firm refused to concede 15 per 
cent., alleging that the state of trade and current 
prices would not warrant it. Upon this the men 
struck work. The latter allege that the firm pays 
lower wages than other firms in the district; that 
day workers only get 18s. per week, and piece- 


workers 25s, per week, while at other firms the wages 





range from 36s. to 40s. per week. A strike has also 
taken place at West Bromwich by the hollow ware 
turners, some 250 of whom left their employment. 
The strike of the tin-plate workers at Messrs. Bulpit 
and Sons for 10 per cent. advance was terminated by a 
conference, the demand of the men being conceded. 
The increase is to be given all round. The grinders 
and polishers at several firms have struck for an 
advance of 10 per cent. Some firms have con- 
ceded the amount demanded, but some still refuse ; 
the men therefore remain on strike. The fender 
grinders have determined to seek fora similar advance 


of 10 per cent., but will defer hostile action until they 
have had an interview with the employers in the 
trade. Trade is very busy throughout the district, 


and all kinds of labour are in great demand. 

In North and South Staffordshire trade is unusually 
active, and it has had quite a windfall in the shape of 
large orders for cable iron from the Government, some 

rtion of the aggregate order being given to Chester. 

lenty of orders remain unexecuted in various branches 
of the iron and steel industry, and new specifications 
are said to be coming inapace. There is a good home 
demand for nearly all kinds of bar iron, cable iron, 
galvanised sheets, ordinary sheets, hoops, angles, 
plates, nail-rods, gas strips, and rivet iron. Boiler 
plates, steel sheets, and pig iron are also in demand. 

The ironworkers in Staffordshire and in other dis- 
tricts are again protesting against Monday work, as 
involving work on Sundays. Some of the men express 
themselves favourable to tive days only in the week, 
but after the division of the North of England Board 
of Arbitration and Conciliation a short time since, and 
the consequent withdrawal of the demand for ‘‘no 
Monday work” by the Midland men, it is not likely 
that any turn-out will occur on the question, at least 
not at present. 





The Aberdeen engineers’ strike is not yet settled. 
The iron moulders of the city are now demanding an 
advance of a halfpenny per hour, or 2s. 3d. per week. 
The blacksmiths of the same city are demanding a 
similar advance ; the masters have offered 1s, per week, 
but one employer has conceded the full amount asked 
for. The tok labourers of Dundee have succeeded in 
getting the advance; the wages will now be 8d. per 
hour, The hammermen who struck work at Glasgow 
have resumed work at the old rates. 


The movements in favour of ‘‘ federation” are 
spreading. The coalowners led the van; now the 
engineering and shipbuilding firms are federating on 
a large scale. 
neers, steam engine makers, boilermakers, and iron 
shipbuilders, iron moulders, and others are moving in 
the same direction, and a gigantic federation of 
labourers is growing in the northern towns of Eng- 
land, and to some extent in the Midlands. The 
Miners’ Federation is also actively at work throughout 
Yorkshire, Lancashire, and the Midland coalfields 
districts. What do these movements presage? Are 
we to have a gigantic labour conflict, in which capital 
and labour will be arrayed against each other ina 
death struggle on a large scale? Possibly. But the 
very organisation of these formidable forces may ulti- 
mately lead toa more peaceful solution of differences, 
rather than to strife. It has hitherto been found that 
when very large interests are at stake, the gravity of 
the situation exercises a moderating effect on the dis- 
putants, and renders them ready to listen to concilia- 
tory counsels. 

The first outcome of the Mineowners’ Federation has 
been a determination to resist to the utmost the 
present demand for a further 10 per cent. advance in 
miners’ wages. The miners, on the other hand, state 
that they are determined to obtain the advance. or 
strike. be Durham the men have resolved to strike 
for 15 per cent. advance, and notices to that effect are 
to be given in. In nearly all the mining districts the 
miners are preparing for a struggle for the 10 per cent. 
advance, and in most, except Durham and Northum- 
berland, for decisive action for the Eight Hours’ Bill. 





The agitation for an Eight Hours’ Bill is producing an 
effect upon members of Parliament for the mining 
districts, and upon the candidates who are-preparing 
to oppose the sitting members at the next election. 
The latest convert is the chairman of the Midland 
Wages Board, but Mr. Hingley, M.P., is not quite 
at one with the promoters of the Bill—he favours a 
measure which will insure eight hours’ work in the 
mine for men, and nine hours for boys ! 





The agitation among the railway employés is said to 
be collapsing in Scotland. Some have had concessions 
made to them, and they are satisfied. In some of the 
northern districts the men are getting tired of negotia- 
tion and delays, and urge that some more active 
measures be taken. But the concessions already made, 
in several instances, have moderated the zeal of the 
majority of those participating in the advance. 





The dispute at Hay’s and other wharves, though not 


The great unions, comprising the engi- | 55 





ended, is less and less acute. With the view of keep- 
ing men out, the Dockers’ Union has inc the 
strike pay from 10s. to 13s. per week. The last 
episode in the gas strike is an appeal for 800 families, 
who are said to be in a deplorable and destitute con- 
dition. The compositors have voted 50/., the boot 
and shoemakers 10/., towards relieving the distress. 
In the docks generally matters are more quiet, the chief 
incidents that arise are mainly refusals to work with 
non-union men, : 


COMPOUND LOCOMOTIVES. 


On the Compounding of Locomotives burning Petroleum 
Refuse in Russia.* 
By Mr. Tuomas Urquuart, Locomotive Superintendent, 
Grazi and Tsaritsin Railway, South-East Russia. 

In fulfilment of his promise made in a former discussion 
upon the compounding of locomotives (Proceedings 1886, 
page 391), the author has much pleasure in now com- 
municating to the Institution the results of the expe- 
rience he has thus far acquired in the compounding of 
existing petroleum-burning locomotives on the Grazi and 
Tsaritsin Railway in South-East Russia. 

Amongst the conflicting opinions entertained as to the 
utility of compounding in locomotives, the author, like 
many others, had his doubts on the subject in 1886. In 
order to satisfy himself on the question, he obtained the 
sanction of the Government for altering one locomotive 
b —_s experiment according to his own plans. The 

tered goods engine No. 35 was put to work on Septem- 

ber 1, 1887; and after some modifications in the valve 
Rear, suggested by indicator diagrams taken in_pre- 
Iminary trials, it was finally completed, and the driver 
was allowed over a month’s running to get fully acquainted 
with the handling in regular service. Comparative trials 
were then made of the compound against a non-compound 
with the same weight of train on the same days, the two 
trains being run one after the other with an hour’s inter- 
val between, so as to expose them both to the same cir- 
cumstances in regard to weather. It was proved, without 
doubt, that the compound burnt 22 per cent. less of the 
petroleum refuse used as fuel than the non-compound, 

In consequence of this very favourable result the com- 
pounding of other locomotives was at once proceeded 
with. At the present time (December, 1889) there are 
already in daily use in the regular train service on this line 
twelve compound goods engines with six wheels coupled, 
and three compound passenger engines with four wheels 
coupled, all of which are doing very well indeed ; and in 
the shops, in course of reconstruction, two passenger and 
four goods engines. It is intended to go on altering the 
rest of the locomotives to the compound plan as fast as 
the limited means in the railway works at Borisoglebsk 
will admit of this being done. 

Economy of Compounding—The fuel economy in the 
passenger engines the author believes cannot be less than 
per cent. in the second or third notch, though there 
are not yet data enough for confirming this opinion with 
absolute certainty; it will be greater when the drivers 
manage the engines better. @ mean economy in the 
twelve goods engines is now found to be 18} per cent., 
which is a very result, though less than what was 
got in the actual trial of the first one compounded. In- 
cluding the three ae engines, therefore, the fuel 
economy in the compounded ‘engines may now be safely 
taken at 18} per cent. in comparison with ordinary loco- 
motives. t winter, 1888-89, was exceptionally severe, 
with from 55 deg to 65 deg. Fahr. of frost ; but the com- 
pounds ran equally well with the other engines, giving no 
inconvenience on account of the great cold. 

Dimensions of Engines.—During the progress of these 
alterations and of the author’s observations on the work- 
ing of the altered engines, several difficulties developed 
themselves, for which remedies had to be devised; these 
will no doubt interest all engineers concerned in the 
adoption of compound locomotives. In the engravings on 
page 210, Figs. 1, 2, and 3, are shown a side elevation on 
the high-pressure side, a sectional plan, and a transverse 
section through the smokebox of one of the altered six- 
wheel coupled 36-ton goods engines, of which the follow- 
ing are the main dimensions affecting the compounding. 
Cylinders 184 in. and 25§ in. in diameter, and 24 in. 
stroke ; ratio of areas 1.000 to 1.912. Slide valves, 
maximum travel 4} in.; angle of advance of eccentrics 
20 deg. ; high-pressure valve, outside lap 0.81 in., inside 
clearance 0.08 in. ; low-pressure valve, outside lap 0.67 in., 
inside clearance nil. Stephenson link motion. Receiver, 
capacity 3.28 cubic feet ; surface exposed to smokebox heat 
11.52 square feet. Boiler pressure 9 atmospheres=135 Ib. 
per square inch above atmosphere. Six wheels all coupled 
4 ft. 3in. in diameter. Adhesion weight 36 tons. Tubes, 
number 151, outside diameter 24 in.; length between 
tube-plates 13 ft. 10}in. Heating surface, tubes 1164 
square feet ; firebox 67 square feet ; total 1231 square feet. 
Firegrate area 17 square feet, prior to burning petroleum, 
but no firegrate is now used. 

The diameter of the high-pressure cylinder is - 
and of the low-pressure in., the piston areas being 
consequently 269 and 516 square inches, or in the ratio 
of about one to two. The original stroke of 24 in. is 
retained unaltered, and the boiler pressure is 135 lb. per 
square inch above the atmosphere. On first testing the 
engine with the original eccentrics, giving the valves a 
maximum travel of 4 in., and having an angle of 
advance of 30 deg., it was found from the indicator 
diagrams that very excessive compression took place in 
the high-pressure cylinder, and too early a cut-off in both 
cylinders. The new eccentrics now used for all the com- 
pounded locomotives give the valves an increased travel 

* Paper read before the Institution of Mechanical 
Engineers, 
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Tass I.—Mean Steam Pressures, and Temperatures of 
Steam, in Six-Wheel Coupled 36-Ton Compound Goods 
Locomotive No. 35. High-Pressure Crank Leading in 
Forward Running. 

See Indicator Diagrams, Fig. 17. 


TABLE V.—Mean Steam Pressures, and Temperatures of 
Steam, in Compound Passenger Engine No. 110 with Six 
Wheels, Four Coupled. High-Pressure Crank leading 
in Forward Running. 

See Indicator Diagrams, Fig. 15. 









































| 
} Steam Pressure, Pounds | Temperatures of 
| Cut-off. per Square Inch. ‘eens. 
| | | j Mean | les 
° ow - y = 
Cylinder.| |S | ; |] | , |etective.tiy a a |3 
- |? zB | ad le Je 
S |e) £ | & 3 to le | 188 
aa : ° Esl ie Cy 
igseg] O | & wi [ES le E23 BE 
es $2 2 aig a elo 22 25 
so 5s\ a /38\8| . | x (BRESEaSS 
aA a2] Ss [a la| 6 la etee ses 
| | Yb. | Ib, /Ib. | Ib. | Ib. |deg.\deg. deg. deg. 
F.| F.| F | F. 
High- | 1/ 47 | 132.4] 92 | 63 | 29 | 32 | 356) 293) 63 
| Sag 
pressure, | 2 | 60 | 132.4 |110 | 58 | 52 | 57 | 356 a 45 | 
right | 3 | 72 | 132.4 119 | 55 | 64 | 70 | 356) 324| 32 | 
nd. | 4) 82 | 1824127 57 | 70 77 | 356) 333! 23 
sions, | 1| 49 47.1) 27 | 7.1] 19.9 | 22 | 295 237] 58 119 
ressure, | 2 | 67 | 51.5| 34 | 5.7 | 28.3 | 31 | 208) 257| 41 | 99 
eft hand,| 2 | 79| 529] 41 | 4.3] 36.7 | 40 | 300, 273| 97 | 83 
"| 4 | 86 | 55.9| 48 }2.8) 45.2 | 50 | 302 284) 18 | 72 
} i | 












































Steam Pressures, Pounds | Temperatures of 
Cut-Off. per Square Inch. oo 
. 5 * a 
Ss = Mean a iS 
Cylinder. 3 Ms ¥ = a ele Z » 3 Z 
j/$3} § | 8 jae dice 
Egos 5 \£ 2 | Thesis ree 
gsigel 2 | 3/4 S$ eeiesag ee 
Seics| 2 | S/S) . | x |PSESSa se 
aoe?) > |All] a le eee eS MSS 
Ib. | Ib. | 1b. | Ib. | Ib. |deg.'deg. deg. deg. 
We wet es Oe 
High- 1 | 30 |132.4 57 | 31 | 34 | 356) 286) 70 
pressure,| 2 | 50 |132.4 (110 | 55 | 55 | 60 | 356) 306) 50 
right 3 | 70 |132.4 /125 | 54 71 | 78 356, 329) 27 
hand. 4 | 80 /132.4 (132 53 | 79 | 87 | 356) 342) 14 
5 | 87 182.4 |1553! 52 | 83} | 92 | 356 349) 7 
| ! 
eon 1 | 42 | 55.88) 34 | 7.1) 26.9 | 30 | 302 243) 59 113 
resure, | 2 | 60 | 56.61) 43 | 4.3/ 38.7 | 43 | 303) 257| 46 | 99 
eft hand. 3 | 78 | 57.35) 48 2.0) 46.0 | 51 | 304 273) 31 | 83 
“| 4] 86 | 57.79) 53 | 1.0) 52.0 57 | 305 286, 19 | 70 
5 | 92! 58.19! 56 | 1.0) 55.0 | $0}| 306 292' 14! 64 





* The point of cut-off in percentage of stroke is given as marked 
from the valve setting. 

t The mean effective pressure in column D is the difference 
between the mean forward and backward pressures ; in column 
Dx1.1 it is increased by 10 per cent. to allow for the throttling 
effect of the indicator pipe and connections. 


TABLE II.—Power Developed by Six-Wheel Coupled 36-Ton 
Compound Goods Locomotive No. 35, High-Pressure Crank 
Leading in Forward Running. 
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2 18 | 117 | #468 | 452 | 4.192/11.9=1,, 8.4 
3 17 | «#100 | 400 | 476 | 5.543 15.8=1,, 6.3 
4 | 18 87 | 348 | 475 | 6.195 | 17.8=1,, 5.6 
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TaBLeE III.—Mean Steam Pressures, and Temperatures of 
Steam, in Six-Wheel Coupled 36-Ton Compound Goods 
Locomotive No. 53. Low-Pressure Crank leading in For- 
ward Running. 

See Indicator Diagrams, Fig. 19. 
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* The point of cut-off in percentage of stroke is given as marked 
from the valve setting. 

+ The mean effective pressure in column D is the difference 
between the mean forward and backw: pressure ; in column 
Dx1.1 it is increased by 10 per cent. to allow for the throttling 
effect of the indicator pipe and connections. 


TABLE IV.—Power Developed by Six- Wheel Coupled 36-Ton 
Compound Goods Locomotive No. 53. Low-Pressure 
Crank Leading in forward Running. 
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1 20 131 524 167 | 1.449 | 4.2=1 to 24 
2 18 117 468 | 366 | 3.395 /10.0=1 ,, 10 
3 15 100 400 | 482 | 5,116 |14.7=1 ,, 6.8 
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The high-pressure cylinder in this engine was worn out and had 
a crack in its body, and a liner was therefore put in, whereby the 
clear working diameter was reduced to 460 mm. = 18.11 in. ; 
whereas the first engine compounded, No. 35, with high-pressure 
crank leading, had its cylinder rebored to 470 mm. =18,50 in. 


of 4fin., and have angles of advance of 20deg. The 
indicator di: s, Fig. 17, taken in forward gear since 
these alterations were made, show an improved distri- 
bution of steam, the engine giving out ample power in 
the third and fourth notches for the heaviest trains up 
the steepest gradients on the line, of 1 in 125; in fact, so 
far as the power of the engines is concerned, the com- 
pounds take their regular turns in the service, drawin 

the same number of trucks as the non-compounds, aad 





* The point of cut-off in percentage of stroke is given as marked 
from the valve setting. 

t The mean effective pressure in column D is the difference 
between the mean forward and backward pressures; in column 
Dx 1.1 it is increased by 10 per cent. to allow for the throttling 
effect of the indicator pipe and ti 


TABLE VI.—Power Developed by Compound Passenger 
Engine No. 110 with Six Wheels, Four-Coupled. High- 


Pressure Crank Leading in Forward Running. 
Cylinders 17}in. and 25} in. in diameter, 22 in. stroke. 





Driving 














wheels 5 ft.3 in. in diameter. Adhesion weight 24 tons. Boiler 
__Pressure 135 Ib, per square inch above atmosphere. _ 
5 si1.dé¢ F3 | 
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1 33 176 646 463 | 2.151 | 9.09=1 tol 
2 27 141 518 552 | 3.427 |13.88=1 ,, 7.2 
3 20 1% | 387 | 539 | 4.217 /17.00=1,, 5.8 
4 13 70 | 256 | 475 | 4.746 |19.23=1,, 5.2 
5 10 53 | 194 | 306 | 5.17 |21.54=1,, 4.6 











TaBLE VII.—Power Developed by Compound and Non- 
Compound Passenger Engines with Six Wheels, Four 
Coupled ; with Equal Trains at Equal Speeds of 10 Miles 
per Hour 

Cylinders, compound 17} in. and 25}in. in diameter ; non-com- 
pound 17, in. in diameter; 22in. stroke. Driving ‘wheels 5 ft. 
3in. in diameter. Adhesion weight 24 tons. Boiler pressure 
135 Ib. per square inch above atmosphere. Revolutions 53 per 

















minute. Piston speed 194 ft. per minute. See indicator dia- 
grams, Figs. 15 and 16. 
j 
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* The mean effective pressure in these columns is the difference 
between the mean forward and backward pressures, increased by 
10 per cent. to allow for the throttling effect of the indicator pipe 
and connections, 
keeping punctual time. The trial trains, as well as the 
ordinary trains in summer, consist of thirty loaded trucks 
of 16 tons each, or a total load of 480 tons, exclusive of 
engine and tender. In the indicator dia s 10 per 
cent. has been added to the mean pressure in each cylin- 
der, in order to allow for the effect of the pipe connection 
from the cylinder to the indicator. All the engines have 
screw reversing gear, enabling the driver to use any 
degree of expansion intermediate between the extreme 
limits of mid gear and full gear; and the four and tive 
notches mentioned on the diagrams and in the appended 
Tables I. to VIII. are given merely for comparison with 
the ordinary nomenclature when a reversing lever and a 
sector with four and five notches are used. For the 
driver’s guidance a corresponding notched indicator is 
added, which is shown in Fig. 4 as fitted on the reversing 
gear for the mger engines, 

In Tables V. and VI. are given the particulars of the 
working of the first compounded passenger engine, No. 110; 
and in Fig. 15 are shown the corresponding indicator 
diagrams taken in forward gear, which are seen to be 
vei ; the passenger engine, indeed, seems to work 
rather better than the goods, 





TaBLe VIII.—Power deve by Compound and Non- 
Compound Six- Wheel Coupled 36-Ton Goods Locomotives, 
with Equal Trains at Equal Speeds of 10 Miles per Hour. 

Cylinders, compound, 18} in. and 25§ in. in diameter ; non-com- 

und, 18} in. in diameter ; 24 in. stroke. Wheels, 4 ft. 3 in. in 

iameter. Adhesion weight, 36 tons. Boiler pressure, 135 Ib. 

r square inch above atmosphere. Revolutions, 65 per minute. 

m speed, 260 ft. per minute. See indicator diagrams, 
Figs. 17 and 18. 
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* The mean effective pressure in the columns is the difference 
between the mean forward and backward pressures, increased by 
10 per cent. to allow for the throttling effect of the indicator pipe 
and connections. 


Tractive Power.—An opinion prevails among engineers 
that the compounding of existing locomotives, when 
retaining the original boiler pressures without augmenta- 
tion, and also retaining one of the original cylinders to 
form the high-pressure cylinder in the compound, must 
result in a considerable reduction in the tractive power 
of the compound, as compared with the non-compound 
engine. In order to clear up this point and ascertain fully 
what are the relative tractive powers of compound and 
non-compound locomotives, a series of comparative trials 
were made by the author during the summer of 1889 with 
both passenger and goods engines. A complete trial 
train of equal weight was made up for each passenger 
engine, the gross foad being equal to its full adhesion ; 
and similarly for each goods engine. Indicator diagrams 
were taken at each notch, at the slow speed of only ten 
miles an hour. At the same time a dynamometer was 
placed between the tender and the train, to show the 
actual tractive force exerted upon the train. The trials 
were all made up hill, from Borisoglebsk up to Griba- 
novka, a distance of eleven miles, with the maximum 
incline of 1 in 125 for the greater part of the way, and 
with frequent curves of 2100 ft. (32 chains) radius. In 
Fig. 23 is shown a profile of this portion of the line. The 
boiler pressure was the same in all cases, namely, 9 atmo- 
spheres effective, or 135 lb. per square inch above the 
atmosphere. The results are given in Table VII. and Figs. 
15 and 16 for the passenger engines, compound and non- 
compound, both of which took trains of 3444 tons, 
exclusive of engine; and in Table VIII. and Figs. 17 
and 18 for the goods engines, which took trains of 463 
tons net. 

In the compound passenger locomotive, as shown in 
Fig. 20, the tractive power undergoes the following 
diminution as compared with the non-compound, in the 
five successive notches of the reversing lever from the 
earliest cut-off to full gear : 


1st notch tractive power 42 per cent. less in compound 
2nd ” , ” 28 ” ” ” 
3rd ” ” ” 17 ” %” ” 


4th ” ” ” ‘ ” ” ” 
5th ” (full gear) ” ” 5 ” ” ” 
In the compound goods locomotive, as shown in F ig. 
the diminution of tractive power as compared wit 
non-compound is as follows for the four notches : 


1st notch tractive power 27 per cent. less in compound 
2nd 17 


21, 
the 


” ” ” ” ” ” 


3rd ” ” ” 10 ” ” ” 

4th ” (full gear) ” ” 5 ” %” ” 
Although the compounds thus show in full gear a diminu- 
tion of 5 per cent., this difference from the non-compounds 
— for all practical purposes be neglected. 

n Table VII. are given the indicated horse-power 
developed and also the tractive force exerted by the pas- 
senger engines, compound and non-compound, each having 
an adhesion weight of 24 tons. At the third notch in the 
compound it will be seen there is a tractive force of 4.44 
tons, equal to 18.5 per cent. or 1:5.4 of the adhesion 
weight, which is quite sufficient for all practical purposes. 
The maximum traction in the compound, at the fifth 
notch or full gear, reaches 5.17 tons, equal to 21.7 per 
cent. or 1:4.6, or more than one-fifth of _the adhesion 
weight, which the author noticed was sufficient to slip the 
wheels on a perfectly dry rail. The increased tractive 
power shown in Table VII. over Table VI. is due both to 
the slower speed of only 10 miles an hour, and also to the 
cut-off being a little later owing to wear of the valve gear 
after longer a The object in making these later 
in Tables VII. and VIII. at the slower ree of 10 miles 
an hour, and at the full capacity of the locomotives, was 
to get fuller and clearer indicator diagrams than would 
be ible at higher speeds. . 

n the case of the goods locomotives, Table VIII., 
having 36 tons adhesion weight, at the third notch in the 
compound a tractive power is attained of 5.56 tons, equal 





to 15.6 per cent. or 1; 6.7; while at the fourth notch or 
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full gear the maximum is reached of 6.42 tons, equal to 
18.0 per cent. or 1: 5 6 of the adhesion weight, which is 
quite sufficient for all practical purposes. Having fortu- 
nately been able to ascertain the foregoing facts from his 
own personal observations, the author will be very glad 
if they should be deemed sufficient to set at rest a ques- 
tion A aus which a good deal of conjecture has hitherto 
exis 


In the calculation of the tractive power of the com- 
pound engines, the power of each cylinder is calculated 
separately by means of the formula: Tractive power = 
0.57 x boiler pressure above atm. x (cyl. diam,)* x stroke 
+(2 x diam. of driving wheels), The coefficient 57 per 
cent., which gives the mean effective pressure on the high- 
pressure piston in full gear, has to be replaced by a lower 
figure deduced from indicator diagrams, when working 
more expansively ; and for the low-pressure cylinder a 
still lower coefficient has of course to be taken. 

Economy of Fuel and Repairs.—Table IX. shows the 
consumption of petroleum refuse, and the cost of engine 
and tender repairs, in six compound and six non-com- 
pound locomotives, one of each being a passenger engine 
and the other five goods; the results are those of five 
months’ working in 1889, from April to August inclusive. 
The saving of fuel in the compounds is seen to have been 
4.551b. per mile or 18.22 per cent. in the passenger engine, 
and a mean of 5.31 lb. per mile or 18.96 per cent. in the 
five goods engines, which together made 58,580 miles ; in 
these five engines the saving ranged from a minimum of 
14.75 toa maximum of 25.57 per cent. The saving in repairs 
was 49.2 per cent. in the passenger engine, and a mean of 
28.8 per cent. in the goods. Naturally the whole of the 
saving in repairs must not be put down tothe credit of the 
compounding alone, because all these compounded engines 
had ie passed through the shops and van cng a 
complete overhaul, so that they would reasonably re- 
quire less repairs in running service than the old non 
compound locomotives with which they are compared. 
None the less is the author of opinion, as the result of his 
own observations thus far, that the compounds will at 
times require less repairs than the non-compounds, to the 
extent of probably at least 25 per cent., simply from the 
fact that the initial strains are not so high on the bearings 
and other mechanism in the compounds, and the force 
exerted by the pistons is continued upon the crank-pins 
for a greater distance during each stroke than in the non- 
compounds. Moreover, the friction of the slide valves is 
much less in the compounds, because the back pressure of 
about 60 lb. per square inch under the high-pressure slide 
valve tends to ease it off the face, while the low-pressure 
slide valve is loaded to less than half the boiler pressure. 

In Table X., and graphically in Fig. 22, is shown the 
comparative consumption of petroleum refuse in com- 
pound and non-compound six-wheel coupled 36-ton goods 
engines during equal work on the same section of line 
from January 1 to October 31, 1889. During the first 
three months of severe winter the trains were much 
blocked by snow drifts, causing the traffic to be very 
irregular ; and as the compounds require just the same 
quantity of fuel as the non-compounds for keeping steam 
up while standing, they do not show so advantageously 
under such conditions as in long running service. The 
mean consumption per engine-mile for the ten months is 
seen to be 25.40 lb. in the compounds, and 30.65 lb. in the 
non-compounds, showing a saving of 5.25 lb., or 17.13 per 
cent. inthe compounds. In conjunction with the mean 
saving of 18.96 per cent, shown in Table IX., the general 
average is roundly a saving of 18 per cent. for the whole 
of the ten months’ working. 

Slide-Valves.—The results of observation show that a 
very small difference in lap, outside or inside, amounts to 
a great deal in fuel consumption. The fuel sheets for all 
the compounds are every month carefully scrutinised, in 
order to see which particular engine burns least. Out of 
the twelve compound goods engines now running, No. 40, 
working between Tsaritsin and Archeda, has thus far 
egg the best from the commencement of its service in 
May, 1889, to the end of October; although over the 
shorter period covered by Table IX., No. 43, which 
—— running in June, 1889, between Archeda and 
Filonoff, happens to show a litttle better. A longitu- 
dinal section of the two slide valves of this engine, 
No. 40, is shown in the diagram; and particulars of 
their setting are given in Table XI. The full travel of 
the valves in each case is 4#in., and the exact amounts 
of their lap are as follows : igh-pressure valve, outside 
lap 20 mm.=0.79 in., inside clearance 14 mm. =0.06 in. ; 
low-pressure valve, outside lap 154 mm. =0.61 in., inside 
lap 2mm.=0.08in. A trial, however, is now being made 
of a low-pressure valve with an increased inside lap of 
3 mm,=0.12 in., with a’ view to increasing the compres- 
sion in the low-pressure cylinder in order to take up the 
extra momentum due to the greater weight of the larger 
piston ; and this difference in the inside lap is now being 
watched over a lengthened period of working, for deter- 
mining its importance in accomplishing the desired object. 

Relieved Slide Valves.—For relieving the pressure of the 
slide valves on their faces the autho opted the plan 
shown in Figs. 5, 6, 7, and 8 for the high-pressure valve, 
placing over the back of the valve a fixed table or back- 

late B, against which bear a —— of relieving rings 
fot into annular grooves in the k of the valve, an 
pressed outwards against the plate by the steam getting 


under them through a small hole H made for the purpose. | lead: 


Any steam leaking through past the rings escapes through 
the tube T open to the atmosphere, whereby the valve is 
relieved from the steam pressure over the area inclosed 
within the two rings R. For the low-pressure valve the 
arrangement shown in Figs. 9 and 10 is adopted, con- 
sisting of a piston P in a cylinder of 6 in. diameter, 
exposed to the steam pressure underneath and open to the 
atmosphere above, thus tending to lift the valve off its 
face by means of the connecting link L, This latter plan 





was tried on eight engines and did very well, but hasbeen | in its being accidentally noticed that one of the other 
temporarily abandoned because it made so much noise engines, compounded with the high-pressure crank leac- 
when running without steam. In other respects, how-, ing in forward running, seemed to work better and to be 
ever, the author is so satisfied of its value that he intends , more powerful, developing its full tractive force with an 
to try it once more, and see if the above objection cannot | earlier cut-off and making steam with greater freedom, 



































































































be obviated. It will be seen that in neither of these plans 
for relieving the slide valves are any springs used, 
Sequence of Cranks.—The first four compounded engines 
turned out of the shops had their high-pressure crank 
leading and low-pressure following in forward running ; 
and in Tables I. and II. are given the corresponding mean 
steam pressures, and temperatures of steam and power 
developed. In order to test the effect of the reverse 
sequence of cranks, one goods engine, No. 53, was altered 
to have the low-pressure crank leading and the high- 
ressure crank following in the forward running; and in 
‘ables IIT. and IV. are given the corres eo 
for comparison with Tables I. and II. From the indicator 
diagrams taken in forward gear with the latter arrange- 
ment, shown in Fig. 19, it will be noticed that incon- 
venient and very excessive compression takes place at the 
first notch in the high-pressure cylinder, so much so in- 
deed that this notch is not used ; but in all the other 
notches a geod distribution takes place. In the low- 
pressure cylinder a much better distribution takes place 
at all notches com with engines having the high- 
pressure crank leading ; and this engine with the low- 
pressure crank leading, which has only recently been put 
to work, seems to develop more power and to burn less 
fuel than the others having the high-pressure crank 
ing. This is the first time, so far as the author is 
aware, that the sequence of cranks in compound loco- 
motives has been taken into consideration. e receiver 
capacity is equal to that of the high-pressure cylinder; 
and all the dimensions are the same in both the above 


cases. Four goods —— now have the low-pressure 
crank leading, while al 
hg oe leading. 

e idea of making one engine by way of trial with the 
low-pressure crank leading in forward running originated 


the passenger engines have the 
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when running backwards with its train, in which case of 
course the low-pressure crank became the leading one. 
The line following generally the undulating contour of the 
plains, its profile has very long gradients of 1 in 125, thus 
demanding for long stretches at a time the full power of 
the engine, or say about the third notch out of four. 
The only objection the author now sees to the low-pressure 
crank leading is that it gives too much power in the large 
cylinder and too little in the small, thus putting the 
engine out of equilibrium ; but this irregularity will, in 
a { measure, be obviated by having a receiver about 

f as large again as those now used on all the present 


compounds. 
(To be continued.) 





THE MALLET ARTICULATED CompouND LocoMOTIVE.— 
The Swiss Central Railway bas given an order for six 

werful four-cylinder compound locomotives on Mr. 

allet’s plans to the firm of J. A. Maffei, of Munich. 
The general arrangement of these engines is similar to 
the now famous let compounds of the late Paris 
Exhibition, working the Decauville Railway with so much 
success, and which we illustrated in our number of May 3 
last. ‘The new Swiss tank engines will be carried on 
eight wheels, coupled in two groups, driven each by a 
separate pair of high and low-pressure cylinders, while 
the front or low-pressure group is e to swivel as a 
bogie. The weight of an engine, fully ome will be 
52 tons, or 13 tons per axle. We may add that the Swiss 
Central Railway is known by the Hauenstein Tunnel, 
near Olten, rising for a distance of 2520 metres, or above 
a mile and a half, at the rate of 1 in 35,.and many loco- 
motive engineers will yet remember the trials which there 
took place, nearly thirty years , with some heavy 


mountain locomotives of the Beugniot and Meyer types, 
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PROJECTILES, &c. 


812. R. A. Hadfield and A. G. M, By Sheffield. 
Improvements in the Manufacture of Common and 
other Cast-Steel Shells, [6d. 1 Fig.) yp 8 16, 1889.— 
The improvement consists in casting common cast-steel shells in 
aniron or other suitable metal mould or chill, having a paper or 
other lining, by preference a combustible lining. Both the 
mould and the lining are coated with oil or tar. Before casting 
the shell the mould is ‘‘ reeked” with lighted tar, the car- 
bonaceous fumes arising from which are deposited on the sides 
of the mould in the form of a coating. e mould is fitted 
with a runner box, having a series of ‘apertures through which 
the molten steel flows into the mould. If desired the mould 











may be water-jacketted. A is the mould of suitable shape, 
made in several parts. B is the paper lining, preferably termi- 
pore just above the conical apex of the mould. Disa centering 

late for mom the core spindle E' of the core E in position. 
Ee j is a turned collar on the core ps which fits into the 
centering plate D. Screws E® are employed to adjust the core 
spindle concentrically with the mould, The runner box is lined 
with refractory material. F1 are apertures in the bottom of 
the same, through which the molten steel drops as it is poured in. 
The apertures are so placed as to allow of the molten steel droppin 
into the space between the core and the sides of the mou 
(Sealed Fe ry 4, 1890). 


3599. R. C. Romanel, Ponders End, Middlesex. 
a in Cartridges. [6d. 3 Figs.) Feb 
1889.—In a cartridge, according to this invention, in addition 
Fo the fulminate cap there is a detonating tube that extends longi- 
tudinally through the greater part of the powder chamber of the 
cartridge, and serves to distribute the flame from the fulminate 
cap into the body of the powder charge. By this means the whole 
of the powder charge is ignited within the chamber of the 
gun, and its explosive force is wholly utilised in Vay 
the bullet, instead of part of the aetna charge, being blown from 
the gun and uselessly ignited at the mouth thereof, as is the case 


1g 1 








with penny made in the ordinary manner. Also the powder has 


charge may be reduced as com with that required in ordinary 
cartridges, without decreasing the range of the projectile. 
The length, and consequently the weight, of the cartridge case can 
ne is eee A is the bullet, B the case, C the powder 

e, Cl the wad, D the fulminate cap, D! the detonating tube. 
The fatter is closed at its inner end E, and is pierced with holes or 
slots F to allow the flame to readily reach the powder charge. 
The rear end of the detonating tube is provided with a collar D?, 
around which the cap is fitted, the cap itself being fixed in the 

G of the shell or case in the ordinary manner. (A 
December 31, 1889). 


3614. R. Kidd, Woolwich, Kent. Tmprovemente in 
the Manufacture of Armour-Pi Steel Pro- 
jectiles. rae 1 | Pig. ] March 1, 1889.—This invention relates 
to an improved manner of producing hardened steel projectiles. 
The projectile is first machined to required dimensions, and then 
that portion of the body which is not to be hardened is incased in 
ordinary moulding sand or other suitable bad conductor of heat 
contained in a cast-iron box. If the projectile is a shell, the 
interior is filled with the same material. A is the box, Bthe san 
and C the shell. The projectile incased as described is then pl 

in a muffle furnace of usual construction, preferably hea with 
coke if sufficient draught is available, and left to be heated to ae 
required temperature for dipping—that is, the head part to 
bright red-heat, declining to almost a black- heat at the top of the 
sand. The projectile, after being thus heated, is removed from 
the furnace the sand, and is re grey t by @ suitable holding 
appliance point dow nwards (if a shell, the sand in the interior is 





aliowed to remain) The head and that point of the body required 
to be hardened is then immersed in water of a temperature of 
60 deg. to 80 deg. down to that part of the body which has been 
heated red only, and stirred round in the water. After allowing 
the projectile to remain in the water for from thirty to forty 
seconds, it is slowly raised until the water is at a level with the 
radius line of the head, and the dipping is repeated as before 





until the head is sufficiently cool to admit of the entire projectile 
being immersed in oil. The projectile is suspended in a horizontal 

ition (the sand in the interior having been removed) and entirely 
immersed in oil and allowed to remain until the temperature of 
the whole projectile is reduced to that of the oil, when the process 
of heating, hardening, and tempering is completed. (Sealed 
February 4, 1890). 


HYDRAULIC MACHINERY. 


183. H. D. P m, Kent, and J. W. 
Gendon. Lower -Cinpton, Middlesex. im Improvements 
draulic Rams. [6d. 1 Fig.) January 4, 1889.—This 


eae relates to a in hydraulic engines, such as 
are described in Patent No. 8086 of 1885, granted to the present 
inventor, and relates to the air valve of such machine, (and to 
means for —_— the quantity of air ret: d in the 

(‘‘antechamber”) below the delivery valves. The first improve- 
ment consists in controlling the quantity of air retained in the 
antechamber by making the position of the mouth of the passage 
which permits escape of the air adjustable, so that in one position 
more air can escape than in another position. For instance, this 
passage may be a tube (“di ipping tube”) passing through the 
roof of the antechamber, the depth of its descent being adjust- 
able. When the mouth of the tube does not descend into the 
antechamber, but is flush with its roof, all the air will escape from 








said antechamber, but when the tube is further lowered so as to 
dip into the antechamber all the air in the antechamber cannot 
escape, and some of it will therefore be compressed and forced 
into the air vessel. Instead of a pipe entering the roof of the ante- 
chamber it may enter by the side, and ins' of sliding it may be 
*| hinged. The second improvement consists in placing the float 
which actuates the air valve in the passage or in one of the a 
by which the air escapes, by which arrangement it may be much 
smaller than if pl in the antechamber. The third improve- 
ment consists in using an equilibrium valve, by preference a 
double-beat valve, for said air valve. a is the roof or cover of the 
chamber described in Patent No. 8086 of 1885; b is a tube leading to 
the double-beat air valve c, and sliding in a sleeve d insuch a manner 
that it can be raised or lowered in the chamber ; ¢ is a float con- 
tained in said tube, and attached to the air valve. (Sealed 
February 4, 1890). 


1269, C.D. Abel, London. a M. Rotten, Berlin.) Ime 
proved Valve Apparatus ulic Presses. 
[8d. 8 Figs.) January 23, 1889. th ms Fig. 1, Band C are the accu- 
mulators which —— the water prsssure to the hydraulic press A, 
the accumulator B serving to supply water under low pressure, 
which is used for filling the press cylinder in the first instance or 
for forcing forward the press plunger, while the accumulator C 
serves for supplying the higher working pressure. It is assumed 
that the accumulator B has a pressure of 50 atmospheres, while C 
a pressure of 500 atmospheres. a, b, c are the working 
valves, the valves b and c serving to supply the pressure of water 
of 50 and 500 atmospheres respectively, and the valve a serving to 
discharge the pressure water from the cylinder. The upward 
motion of the press plunger is effected by c.using an annular sur- 
face thereof to remain in communication with one or the other of 
the accumulators. The valves a, b, ¢ are not actuated directly, 
but are operated or ihe, the distributin slide d, which is 
actuated by a lever h opening and closing of the Sener icces | 
valves is effected by the low-pressure water by m 

cylinders, to the pistons of which the valves are attac tached, and 
which communicate with the esata 2 _ through the pipes 
u, v, w, the valves being arranged nst pe 

existing in their respective sup; pply ys disc’ arg ve rn The 
supply of the pressure water to the on a oe ide that serves 
for working the valves is effected through the p ree and the dis- 
charge through the pipe q. The distributing slide d has two 
cavities whic! can eit ler be side by side or one behind the other. 
Three es, “50,” “500,” and ‘‘ return motion” opening into 
the slide face, communicate with the space m above the piston of 
the ba aoe working valve cylinders. For — the press it 
is requisite that each of the three valves shall be eS of being 
opened at will, while the other two remain closed, three 
valves must be — of remaining closed when the press Seemane 
is to remain stationary in the position into which it has been 
moved. Such closure of the valves will take place when pressure 
water of 50 atmospheres is admitted to the space m above the 
valve pistons, and this will be effected whenever the correspond- 
ing passage of the slide face is uncovered by the slide; on the 





other hand the valve is opened whose corresponding passage is 
made to communicate with the discharge passage q by means of 
the slide cavity. Thus in the position I of the slide ‘the return 
motion valve is opened, while the two preesure supply valves are 
kept closed. If the slide be shifted to the left of this position, so 
that its left-hand cavity connects the “50 ge with q, leaving 
the discharge and ‘‘ 500” passages =A. as at II, the valve 
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b will be opened, and the other two will remain closed. If the 

— be moved still further to the left as at III, the valve ¢ will 

pe aye and the other twoclosed. At any intermediate position 

of the slide all three valves will remain closed. The anaial the 

oor yp plunger is therefore constant with a constant resistance, 

ut may be increased at will by a special device. ( U) 
February 4, 1890). 


MACHINE TOOLS. 


W. T. Rowden, Lenzie, Dumbarton. Im- 
provements. in Machine Tools.’ (8d. 3 Figs.) January 
18, 1889.—This invention has for its object to obtain an improved 
motion in machine tools for surfacing, slotting, or otherwise 
cutting metal, &c., in which the cutting is effected by a recipro- 
cating motion derived from a motion of rotation by means of 4 
revolving crank disc with an eccentric pin and a connecting-rod 
jointed at oneend to the pin of the revolving crank or disc, and at 
the other either directly or indirectly to the reciprocating part. 
The improvement consists in an improved combination of me- 
— whereby a fairly uniform velocity is obtained for the 

iprocating part of the machine during the cutting stroke, as 
well asa = return stroke. The slide S carrying the cutter is 
reciprocated by reason of the rotation of the crank disc A, with its 
pin made adjustable to give different lengths of cut. "The dise 
A is attached to an axle C ——— by a bracket K! forming 
of the saddle carrying the s 8S. Attached to the axle C is a 
second crank disc D carrying the pin E. G is another crank disc 
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having a pin F!, and supported by the axle H, which is carried by 
another bracket as before. The axles H and © are not in the same 
line. The crank disc G is in this case a toothed wheel, and is 
driven with uniform rotation by the pinion K which slides along 
the shaft L that is driven by suitable means. By this combination 
the crank disc A receives a variable motion of rotation. By 
adjusting the relative dimensions of the crank lengths, length of 
connecting link E F, and distance between the centre lines of the 
axles, and the relative positions of these two centre lines, the de- 
sired motion of the reciprocating part is obtained. Thus if the 
radii C E and H F and the length of the link E F be made equal, 
and the distance between the centre lines of the axles C and H 
about one-half of these lengths, the axle of the driving wheel G 
being nearly vertical over the centre line of the axle C, and the 
direction of rotation as shown by the arrow, the cutting stroke 
will be performed with a fairly uniform velocity of the cutter, 
and the return stroke will be performed in about one-half the time 
taken by the cutting stroke. (Sealed February 4, 1890). 


1254. W. Mow, London. vaud Polishing Machines 
for Grin d Polishing Stony and 
other Ma’ oF January 23, 1889,— im- 
ean machine pe oe ot a lower casting C of iron ss 
ve crank spindles S, in the horizontal part-of which are fixed the 
pins P, which are capable of ry easily lubricated. Upon 
the central spindle $ is a large bevel-wheel W gear- 
ing with another coniier bevel-wheel w, keyed upon the main 
central shaft A. This shaft is supported by bearings b, b!, and 
carries at its outer end a loose and a fast BAe L and F respec- 
tively. The five pins P are free to revolve within recesses r, 
formed in the under surface of the top and grinding plate G of 
the machine. These recesses are lined with gun-metal or 
phosphor-bronze. A device D is provided for shifting the 
vriving belt from one pulley on to the other. The arrange- 
ment of the machine can in the case of stones of large 
dimensions be easily inverted so that the grinding plate G 
may operate on the tn of the stone, in which case the lower cast- 
ing C would have to be suppo' ported by suitable standards. The 
grinding plate G is provided at two pes pameat snating with cutters g, 
through which the sand and water for purposes may 
be collected and carried away after they have pate fora suffi- 
ciently long time. In consequence of the motion im- 
by the crank spindles to the nding surface the 
tendency is to cause the grinding material to be evenly distri- 
buted all over this surface and to be retained in such position. 
The lower casting C carries four brackets B, upon which are fixed 
four standards O, supporting in bearings two cross-shafts E, El, 
Upon the outer extremities of each of these shafts are mounted 
two sprocket wheels F!, over which travel the endless chains H, H}, 
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lis the stone placed for treatment upon the grinding surface G and 
is held by two slotted crossbars c, each fixed by a headed pin and 
a nut to one of the links of the chains H, H!. Longitudinal bars 
d are also used for holding and guiding the stone I, and are fixed 
to the bars ¢ so as to form a frame therewith. When the stone I 












































arrives at either end of the guiding surface G, the motion is re- 
versed by means of the loose and fast pulleys K keyed on the shaft 
Hi carried by the standards O and actuated by a straight anda 
crossbelt by means of three bevel wheels. (Sealed February 4, 
1890). 


SMALL TOOLS. 


11,123. V.J. McDonnell, Philadelphia, Pa., U.S.A. 
improvements in Wrenches. (6d. 5 Figs.) December 
13, 1888. (Date claimed under the Convention.)—A is the main 
body of the wrench, A! is the adjustable section secured on the 
plane-sided shank B by the loops b, b. The shank B has on its 
upper surface a screw-threaded semicircular groove a extending 
from the handle to within a short distance of the hammer end. E 
is a short tube provided on the lower half of its circumference 
with a screw thread corresponding to that of the groove a. The 
tube E can be adjusted to the movable section A! by means of a 
screw d. The portion of d projecting beyond the section A!, has 
a reverse screw thread to that of the groove a. The tube E is 
screwed upon this screw-threaded projection d., When it is de- 
sired to set the wrench to fit a particular nut, the lever e¢ is pressed 
in, and the pawl e' thereby disengaged from the teeth ¢, and the 
projection g of the lever e engages at the same time with the 





notch n and holds it in that position. The handle D is then 
thrown into the position shown in the dotted lines to the left in 
Fig. 3. The — c of the lever e, extending beyond the surface of 
the lever D, strikes upon the upper edge of the shank B, and being 
thus slightly jarred back, releases the projection g from the notch 
n. The spring s then acting forces the pawl e! forward and en; 

it in the teeth ¢t. The screw threads of the tube E when in this 
position are disengaged from the screw-threaded groove a, and 
the tube E is freely slidden along the ve a, by means of the 
handle D, into the desired position for turning the nut. The 
handle D is then turned up into the position shown in Fig. 1, and 
then down to that shown in dotted lines to the right in Fig. 3, the 
pawl el clicking over the teeth ¢ and securing the tube E in that 
position. As the trend of the screw thread of the groove a is 
towards the handle end, this turn of the tube E tends slightly to 
tighten the movable section A! on the nut, this action being 
assisted by the trend of the screw d. (Sealed February 4, 1890). 


TREATING LIQUIDS. 

840. S. B. Boul T. B, Hayw and H, E. 
poaen London, oak =e or 0} ra Chariton, 
EKen' rovem pparatus for Mixing, 
Incorporating, or Effecting the Circulation of 
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Liquids and Vessels. [Sd. 10 Figs. 


Semi-Liquids in 
January 16, 1889.—A is a conical shell having internal ribs A! an 
mounted on a shaft B by which it is suspended within the vessel C 


containing the liquid to be acted upon. The shaft B is carried at 
its upperend by a bracket D and guided by a bush or stuffing-box 
E onthe cover of the vessel C. The vessel C being ch wit 
liquid to the level shown, and the shell A being rotated by gearin 
F, the body of liquid within the shell will be carried round wit 
the same by means of the ribs Al, and the centrifugal force will 
cause the liquid to rise along the inclined inner surface of ‘the 
shell and to be ejected into the surrounding liquid when arriving 
at the upper edge of the same, while at the same time the pressure 
of the surrounding column of liquid in the vessel C will cause 
fresh quantities of liquid to enter the lower end of the shell A to 
replace that disc at thetop. Thus a continuous circulation 
and consequent mixing of the liquid will be effected as indicated 
by the arrows. To prevent the carrying round of the body of 
liquid in the vessel C by its frictional contact with the outer 
surface of the shell A, the vessel may be provided with projecting 
ribs Cl as shown. The circulation of the liquid may also be made 
to take place in the contrary direction to that described, by in- 
verting the position of the shell A, so that the centrifugal action 
will cause the liquid within it to travel in a downward direction. 
(Sealed February 4, 1890). 


MISCELLANEOUS, 


167. J. Kerr, Liv: 1, Improved Apparatus for 
Lubricating Piston-Hods, Slide Valve and the 
like, (8d. 7 Figs] January 4, 1889.—Fig. 1 shows the general 
arrangement of this invention as applied to a three-cylinder 
marine screw engine having three piston-rods and three valve 
spindles. Figs. 2 and 3 illustrate the pump and the arrangement 
for directing the flow of the lubricant on to the rod desired. 1 is 
one of the piston-rods to be lubricated, 2 is the gland, and 3 the 
stuffing-box. A tubular hoop 4, having holes 5 at its inside upper 
edge, is clasped at 6 and is permanently attached to the tube 7, 
which is secured by the union 8 to the screwed tube 9. The tube9 
screws into the bracket 10, and can be so raised or lowered to 
adjust the height of the hoop 4. When this is done the tube is 
secured by a yee my | screw. 12is a spring-loaded valve. The 
upper end of the pipe 9 is connected either toa pump, an elevated 
containing vessel, or to a closed vessel containing lubricant under 
pressure. When, as in the arrangement shown, there are more 
rods than one to be lubricated, each rod is fitted with a hoop, 
and the upper end of each of the pipes 9 is connected by a 



































pipe to one of the outlet branches of the multiple way hollow 
plug cock 13. The inlet branch of the cock 13 leads to the centre 
of the hollow plug which has a single port 25, which, by turning 
the plug, may be put into communication with any one of the 
several outlet branches, The plug of the cock 13 is connected to 
the pipe 14, which is prevented from turning relatively to the pli 
by a projecting pin 15. The lower end of the pipe 14 is connec 

to the delivery pipe 16 of the pump by means of a gland and 
stuffing-box 18, which permit of the pipe 14 turning relatively to 
the delivery pipe 16. Integral with the stuffing-box 18, which is 
secured to the pipe 14, is a handle 19 carrying a pointer which 
moves over an index plate carried by the pump. e handle 19 
is rigidly connected to the plug of the cock 13, the index plate 
being marked so that the position of the pointer in relation thereto 
determines which outlet branch of the cock 13 is in communica- 
tion with the port 25 in the plug; in this way any particular rod 
may be lubricated. The pump 22 is of ordinary construction and 
is carried by a bracket, which also serves to support the tank 24 
from which the ups receives the supply of lubricant. (Sealed 


February 4, 1890. 
10,569. W. A. Dieseldo: Forest Hill, Surrey. 
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berries and Po) em, (8d. 8 Figs.) June 29, 
1889. —1 is a hulling chamber having a discharge Soong 2 at its 
bottom, and a conical hopper 3 at its top. This hulling chamber 
is in the form of two hollow truncated cones placed base to base 
and is with its hopper 3 made in two bolted together, and 
supported by a frame la. A rotary stirrer 4 is arranged centrall 
in the hulling chamber with which it corresponds in shape. Thi is 
stirrer is fixed on a vertical driving shaft 5 working in bearings 
6and 7. The hulling chamber 1 is provided on its inner surface 
with a series of projections 11 arranged in horizontal annular 
rows, as shown in the developed view, Fig. 2. These projections 
are each placed at right angles to the inner surface of the hulling 
chamber and extend in a horizontal direction. The rotary stirrer 
4 is also provided with horizontal annular rows of projections 12, 
with on projection arranged at t angles to the surface of 
the stirrer, but with a downward inclination, as shown in the 
developed view, Fig. 3. These projections 12 are equally inclined 
so that when the stirrer is rotated in the direction of the arrow, 
Fig. 3, the coffee-berries within the hulling chamber will be sub- 
peed to pressure that will be equal all around the stirrer and 
ulling chamber. The inclined projections 12 are at such a dis- 
tance apart vertically as to permit of the free passage between 
them of the horizontal projections 11 without damaging the coffee- 
berries. A vertically movable bottom 13 of conoidal form is 
adapted to close the closure 2 at the bottom of the hulling 
chamber, but which, when opened, permits of the continuous dis- 
charge of hulled berries and husk all around the bottom of the 
hulling chamber. The closure 13 is connected to and guided 





gu 
vertically when moved, by a sleeve 14 capable of sliding on the 





shaft 5. To the sleeve is jointed a lever 15, which is con- 
nected at one end to a fixed support 16, and at the other end 


h | by a link 17 to one end of a bent lever 18, the other end of 


which carries an adjustable weight 19. When the rotary 
stirrer 4 is rotated, the coffee-berries to be treated are com- 

ressed by the inclined projections 12 and are caused to move 
in contact with one another with sufficient friction to effect the 
hulling and polhing of the berries in a rapid and effective manner. 
The horizontal projections 11 serve to prevent the berries from 
being carried bodily round the hulling chamber by the projec- 

















tions 12. The coffee-berries, whilst being hulled, are constantly 
pressed downward by the inclined projections 12 on the stirrer 4, 
the hulled berries and husk pressing on the movable closure 13 
with sufficient force to open it in an automatic manner against 
the action of the weighted lever 18, and allow of the continuous 
circumferential discharge of the berries with all the refuse pro- 
duced through the bottom of the hulling chamber into a shoot 20. 
When the machine comes to rest, the closure 13 rises and prevents 
further escape of berries from the hulling chamber. The hulling 
chamber 1 and rotary stirrer 4, may also be of cylindrical form. 
(Accepted December 25, 1889). 


17,121. L. B. Kennedy, St. Louis, Mo., U.S.A. Im- 
rovements in and relating to Brick and Tile 
es. (6d. 2 Figs.) October 29, 1889.—Fig. 1 shows the 

ition of the working ts of the improved brick and tile mak- 
ing machine when the plungers are exerting their greatest pres- 
sure on the clay in the mould. Fig. 2 shows the levers a 
and the plungers out of pressing contact with the clay. is the 
side frame of the machine in the front end of which is the frame B 
supporting the mould boxes. A bell-crank lever C is pivotted at a 
in the hare part of the frame A, and a bell-crank lever D is 
pivotted in the lower part of the frame at b. These levers serve to 
operate the upper and lower plungers E and F, and are connected 
to the crossheads G and H which support the plungers, by means 
of links I. The crossheads work in guides formed on the inside 
of the frame A, so that they will move vertically, and always 
register with the mould boxes. The outer ends of the levers C and 
D, are connected directly to toggle levers K. The knuckles of the 
toggles are connected to the shaft L by means of a slotted pitman 
M, which is provided with an extension » on which is secured a 
friction wheel 0. A double camplate R is mounted on the shaft 
Land is adapted to operate on the pitman M. One side of the 


























plate R has a cam surface S which is flanged and diverges from a 
int near the shaft on which the camplate is mounted, to a point 
where it terminates. The other side of the camplate R is formed 
with a cam surface T which commences at or near the point 
where the cam S terminates and converges towards the shaft L, 
terminating at the point g near the said shaft. As the shaft L re- 
volves in the direction of the arrow, the cam S my against 
the front edge of the friction wheel O, and draws the pitman M 
backward, through the slot V. By this means the outer ends of 
the bell-crank levers are , and the plungers E and F are 
brought towards each other, to exert sae ga wl pressure on the 
clay to form a solid brick. The continued rotary motion of the 
shaft L brings the ends of the pitman, ie., the near face of 
the friction wheel, against the flanged portion h of the cam T, 
which owing to its converging towards the axis of the shaft L, 
pushes the pitman M forward, bending the toggles (Fig. 2), thus 
moving the plunger E upward, and the crosshead H of the lower 
plunger downwards. The lower plunger in the mean time is forced 
4 rf the levers All which is operated by the cam Bl! on the 
Ww ~ Cll to eject the newly formed brick from the mould. (Ac- 





cepted December 4, 1889). 
UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United of America from 1847 to the t time, and 


reports of trials of patent law cases in the United States, may be 
consulted, gratis, atthe cfloes of ENOUTERRING, 85 and 86, Bedford- 





_ Fire rrom Execrric Licutinc.—One early morning 
in the beginning of February a fire was discovered in the 
Crown Prince’s wing of the Castle of Stockholm. An 
alarm was immediately raised and the fire was promptly 
subdued without causing any serious damage. It has 
now been ascertained that the fire had arisen from the 
wire to one of the electric lamps. Some fresh arc lam 
brackets were being fixed, and the electric cable h 
somehow got into contact with the ironwork of one of 
them. It was very fortunate that the fire was discovered 
ats ae oy gs early period, or the magnificent 
residence with its wealth of paintings, antique furniture, 
Gobelins, &c., might have been added to the long list of 
burnt-down castles, 
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THE. FORTE BRIDGE. 


HIsTORICAL. 

Ir has at all times been a subject for contro- 
versy and a matter of difficulty to fix the precise 
boundary line between the river and the sea, that 
is to say exactly where the sea ends and the 
river commences. With regard to the Forth and 
its estuary, the same discussion has been carried 
on in Parliament and elsewhere with considerable 
warmth, but does not appear at the present moment 
to have got any nearer to settlement than in 1882. 
Taking, however, a point, say Anstruther, in Fife- 
shire, and another, say Dunbar, in Haddington- 
shire, and drawing a line across which, roughly 
speaking, passes near the May Island and the Bass 
Rock, we may call it the Forth within and the sea 
without this imaginary boundary line. Starting 
westward from it we have 32 miles to Queensferry 
and 30 miles further to Stirling. On both sides of 
this great watershed are situated hundreds of square 
miles of some of the most fertile and best cultivated 
land in the three kingdoms. There are great coal- 
fields, there is mineral wealth and, besides, an im- 
mense supply of food and other commodities which 
the inhabitants of these districts would wish to ex- 
change or barter. But a serious barrier stood in 
the way, and stands even to this day, for the only 
means of intercommunication and of transport. be- 
tween the two shores is afforded by steam ferries or 
by sailing craft. Of the former there are three ; 
the most seaward is that from Granton to Burnt- 
island, five miles long, and 24 miles up the Forth ; 
the next is that between South and North Queens- 
ferry, 32 miles from the boundary line ; and the 
third at Kincardine, about 15 miles west of Queens- 
ferry. The first bridge for railway traffic is at Alloa, 
20 miles from Queensferry, and the next at Stirling. 
The Granton-Burntisland passage (see map on the 
next page) is seriously affected by the weather in the 
winter months, is often impassable during strong 
gales, and atthe best of timesthe disembarkation from 
train to boat and from boat to train is a source of con- 
siderable discomfort to passengers, and what is worse 
a great waste of time. The same holds good, though 
in a minor degree, at Queensferry and at Kincardine, 
and the traveller who requires to go from Dunbar 
to Anstruther, to put an extreme case, and who 
objects to either of the sea passages, has no choice 
left him but to go round by Alloa or Stirling, and 
to pass over about 150 miles of railroad, when the 
distance between the two towns mentioned is, as 
the crow flies, less than 18 miles. That under such 
conditions the commercial and agricultural inter- 
course and traffic between the eastern counties of 
Scotland suffered a serious check, and became 
reduced to a minimum, was but to be expected. 

The same disadvantages existed in the case of 
all those travellers, bent on business or on pleasure, 
from north to south or vice versd, who desired to 
pass through Edinburgh on their way, and who had 
either to cross by one of the ferries or make the 
long detour by Stirling, being in either case 
compelled to submit to a loss of valuable time. 
Finally, the principal railway companies whose 
systems are situated in the eastern and midland 
counties of England and the south of Scotland, 
could get no access to the northern parts of 
Scotland except by passing over the lines of a 
company whose interests were hostile and in 
opposition to their own. This brought about a 
most intolerable state of things, and is an easy 





By W. WESTHOFEN. 


explanation of the many struggles and attempts 
made by the East Coast lines to obtain a separate 
access to the counties north of the Forth. How 
great the necessity was of having means of com- 
munication between the two shores, and how largely 
even the inadequate provisions made hitherto were 
taken advantage of, is proved by the fact that in 
1805—before a steamboat existed or a railroad was 
thought of—the right of running ferryboats between 
South and North Queensferry was let at a yearly 
rental of 2000/., and it is stated in the Parliamentary 
evidence then taken that the revenue derived by 
outsiders who run goods and passengers across in 
yawls and small boats amounted to fully 50001. per 
annum in addition. 

It must be admitted that the Forth Bridge crosses 
the river at a point which leaves the eastern counties 
still somewhat in the same difficulty, but it reduces 
many of the local distances to be traversed 
by more than one-half, and the gain in time is con- 
siderable. Going by the Forth Bridge and its 
connecting lines the traveller will now be carried 
to and safely landed at Perth, Dundee, or Aberdeen, 
as the case may be, in a comparatively short time 
after leaving Edinburgh—in one and a quarter 
hours, one and three-quarter hours, and four hours 
respectively — independent of wind or tide and 
without difficulty and discomfort. In speaking of 
the new lines in connection with the bridge this 
matter will be further referred to. 

The justification for the construction of so great 
a work must, however, be sought in the desire to 
serve larger interests than those of local traffic 
merely. In these days of high pressure, of living 
and working and eating and drinking at top speed, 
the saving of an hour or two for thousands of 
struggling men every day is a point of the greatest 
importance, and every delay, however excusable 
and unavoidable, is fatal to enterprise. Nor must 
the bridge be looked upon as a thing standing by 
itself, but rather as a portion—certainly a some- 
what expensive portion—of a gigantic system of 
railway lines converging from all directions upon 
the capital of Scotland, affording means not only of 
more speedy and morecomfortable travelling, butalso 
giving facilities for the provision of a larger number 
of those through trains which are constantly be- 
coming more necessary by the yearly addition of 
many miles of both main lines and branch lines. 
Altogether those concerned in this great undertak- 
ing are sanguine that within a very few months the 
courage, the foresight, and the wisdom of the 
directors of the Forth Bridge Railway Company, 
and of the other interested railway systems, will be 
fully proved by results which it is impossible to 
estimate even approximately just now. 

When and with whom the idea of bridging the 
Forth first originated is now a matter of pure con- 
jecture. The Roman leader bent on exploration 
and conquest, probably conjured up in his mind’s 
eye the faint outlines of a bridge as he trudged the 
weary miles along the south shore and found neither 
boats to carry him across nor ford to traverse—so 
must often have the sainted Margaret, the wife of 
Malcolm Caen-Mohr, on her frequent pious pilgri- 
mages between Edinburgh, Linlithgow, and Dun- 
fermline about the time of the Norman Conquest, 
and so probably her son Alexander the First of 
Scotland, who in attempting to cross from South to 
North Queensferry was overtaken by a gale and 





beaten down the Firth, and had finally to land on 
the island of Inchcolm, five miles away. He founded 
a priory on that island as a thanksoffering to 
Providence for a very narrow escape and in view 
of a warmer reception and more substantial enter- 
tainment should a similar misfortune again befall 
him. So must also many of the poor wayfarers who 
got drenched to the skin and suffered the horrors 
of sea-sickness during the crossing, and so must 
finally—if there was time for them to do so—the 
unfortunate party of people who were driven down 
the Hawes Brae at so rapid a pace that horses, 
carriage, and passengers went right off the pier 
into the water and none of them came out alive. 

The idea thus floated through many minds until 
about 150 years ago, when a bridge was first spoken 
of, but particulars as to design, site, or probable 
cost do not seem obtainable. 

In November, 1805, a proposal was made to con- 
struct a double tunnel—15 ft. wide and about the 
same in height—quaintly described as one for 
comers and one for goers—under the bed of the 
Forth, at some point to the west of Queensferry. 
The project was evidently seriously entertained, for 
in July, 1806, a prospectus was issued by ‘‘a number 
of noblemen and gentlemen of the first respecta- 
bility and scientific character,” inviting the public 
to subscribe—the shares being fixed at 1001. each. 
Further, in 1807, a pamphlet of about 120 pages 
was published in Edinburgh, entitled ‘‘ Observations 
on the Advantages and Practicability of making 
Tunnels under Navigable Rivers—applicable to the 
proposed Tunnel under the Forth. Llustrated with 
a section and map.” Nothing, however, seems to 
have come of the project, whether owing to difti- 
culties of construction or of financing is not known 
—most probably both. 

Within eleven years another effort was made, and 
we come upon a pamphlet entitled ‘‘ Report relative 
to a Design for a Chain Bridge thrown over the 
Firth of Forth at Queensferry. ... . By James 
Anderson, civil engineer and surveyor, Edinburgh, 
1818.” There were three elevations, differing as to 
height and length of clear span, but all equally bold 
and equally primitive; we give on the next page but 
one a reproduction on a smaller scale of the diagrams 
accompanying this report. The site was to have 
been nearly the same as that of the present bridge, 
starting from the same point at North Queensferry, 
passing very nearly over the centre of Inchgarvie, and 
terminating on the south shore about one-third of a 
mile east of the Hawes Pier, joining the Edinburgh 
Road just under Mons Hill. The clear height above 
high water was to have been either 90 ft. or 110 ft., 
the main spans 1500 or 2000 ft., the width for 
carriage road and footpath 33 ft., and the cost 
175,0001. or 205,000/. The time required for com- 
pletion was stated to be four years. A revenue of 
10 per cent. on the capital expended was considered 
a very moderate estimate, which proves thatthe art 
of writing a highly coloured prospectus is of older 
date than most people would have thought. To 
judge by the estimate the designer can hardly have 
intended to put more than from 2000 to 2500 tons 
of iron into the bridge, and this quantity distributed 
over the length would have given the structure a 
very light and slender appearance, so light indeed 
that on a dull day it would hardly have been visible, 
and after a heavy gale probably no longer to be seen 
on a clear day either. 
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This scheme also proved abortive, and for forty | dredgers to keep a channel clear, although the ferry 
years more thetravelling public putup with what they | steamer draws little more than 4} ft. of water. 
could get, but at last in 1860 the North British | These conditions are a source of much discomfort to 
Railway fixed upon a site about six miles to the | the passengers by this route—for the light draught 


west of South Queensferry as suitable for the con- | steamer can hardly hold its own against a gale of 


struction of a railway bridge. The bridge was to| wind broadside on, and many people become sea- 
have consisted of a number of large spans of 500 ft. | sick during a passage lasting at the worst of times | 
each in the centre, with approaches in shorter spans | barely twenty minutes. 


at either end. The exact centre line was to have 


In 1873 the Forth Bridge Company was formed 


side. The piers at Queensferry and on Fife were 
very nearly in the same position as those of the 
present bridge, and there were two approach 
viaducts to reach the high ground upon either side. 
The bridge was to have been constructed entirely 
of steel. 

Offices and workshops—which are now standing 
| —were built at Queensferry, and extensive brick- 
works near Inverkeithing laid out and started. A 


been from a point near Blackness Castle on the | for the purpose of carrying out the design by Sir brick pier—one of eight, which were to form the 
south shore to Charleston on the north shore, and |Thomas Bouch of a suspension bridge with two base of the great Inchgarvie tower—was built at 
connecting lines from near Linlithgow, on the |large spans of 1600 ft. each. The capital was 


‘the extreme north-west corner, after a foundation 
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Edinburgh and Glasgow line on the one side, and’ 
from Charleston to Dunfermline on the other side, 

would no doubt have established a very good through 

line to the north. Borings were taken and other 
investigations made. A design had been drawn out 

by Sir Thomas (then Mr.) Bouch, and Parliamentary 

powers for the construction of the bridge were 
obtained by an Act in 1865. The river here is about 
24 miles wide, and the greatest depth of water about 
60 ft.—but the bottom is loose and uncertain, and 
it was decided to build up and sink an experimental 
pier before proceeding further. But troubles inter- 
vened, and during the re-arrangement of the North 
British Railway Company in 1866-1867, the project 
was abandoned through various causes. For it were 
substituted improvements in the Queensferry 
vassage by the construction of the railway slips at 
North Queensferry and Port Edgar. It was at first 
intended to have swinging landing-stages at each 
end, rising and falling with the tide—the trains by 
means of these to be run on and off the ferry 
steamers. The latter portion of the scheme was not 
carried out however, owing to the insufficient depth 
of water and the gradual silting up near the piers, 


which necessitates the periodical assistance of. 


raised by the four principal railway companies 
interested in the East Coast traffic—namely, the 
Great Northern, the North-Eastern, the Midland, 
and the North-British, and the companies came to 
an understanding among themselves that they 
would between them send so much traffic across 
the bridge as would suffice to pay a dividend of 
6 per cent. per annum on the contract sum. The 
Act authorising the construction of the bridge was 
passed in the same year, 1873, and a contract signed 
with Messrs. W. Arrol and Co., of Glasgow. Anillus- 
tration showing elevation and plan of Sir Thomas 
Bouch’s design is shown in Fig. 2. The central 
towers from which the main chains are suspended 
were to have been 550 ft. above high water, while 
the rail level would be at such height as to leave a 
clear head-room of 150 ft. above high water between 
the piers. The central tower on Inchgarvie was over 
500 ft. long, which brought the foundations upon 
the sloping rock down to a depth of over 110 ft. 


below high water. There were two lines of rails 


| stone had been laid with great ceremony. But the 


collapse of the ill-fated Tay Bridge in December, 
1879, stopped the further progress of the work, 
and the investigations into the causes of that 
disaster, and the disclosures made, shook the 
public confidence in Sir Thomas Bouch’s design, 
and rendered a thorough reconsideration of the 
whole subject necessary. As a first result of this, 
the suspension bridge was abandoned, and the four 
railway companies above named instructed their 
consulting engineers—Messrs. Barlow, Harrison, 
and Fowler—to meet and consider the feasibility 
of building a bridge for railway purposes across the 
Forth, and assuming the feasibility to be proved, 
to decide what description of bridge it would be 
most desirable to adopt. It was fairly well known 
how many types of bridge there were to select 
from for such a site ; these were (1) Mr. Bouch’s 
original design (Fig. 2); (2) three forms of sus- 
pension bridges with stiffening guides and braced 
chains (Fig. 3) ; and (3) a cantilever bridge (Fig. 4). 














carried at a distance of 100 ft. from each other, | The inquiry was most comprehensive. It embraced 
each line being supported on a pair of strong | not only bridges as set forth, but also tunnels, and 
lattice girders, and these were laterally stiffened | both of these for different sites. 

by single diagonal bracings reaching from side to| With regard to tunnels, it was considered that 
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the great depth of water in the two main channels | expedient to construct a bridge with shorter spans | finally adopted, and Messrs. Fowler and Baker were 
—above 200 ft.—and the high ground upon both | than those which are indicated by the natural con- | appointed engineers to carry it into execution. 

shores, would necessitate very steep gradients and | figuration of the ground. | InJuly, 1882, an Act of Parliament was obtained, 
long approaches—making the tunnel many miles} The original design for a continuous girder bridge , authorising the construction of the bridge, and sane- 
long, irrespective of the uncertainty of the nature (see Fig. 4)—on the cantilever and central girder tioning the new financial arrangement by which the 
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of the ground through which the tunnel would have principle which had been submitted by Messrs. | capital of the Forth Bridge Company was guaranteed 
‘ to be cut. | Fowler and Baker—was in some particulars modified | with interest at 4 per cent. per annum, each of the 
: All things considered, the most suitable site for | to suit the conflicting views of the other consulting | four contracting railway companies undertaking to 
a bridge was held to be that at Queensferry ; and, engineers, and was then submitted to the directors | find its share of the capital expenditure and pay its 
owing to the great depth of water and the nature in May, 1881. After consultation with the officers | share of the interest. It is also agreed that the North 
of the bottom of the estuary, it was not considered | of the Board of Trade, this design (see Fig. 5) was| British Railway Company will maintain the per- 
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Bridges” (ENGINEERING, vol. iii.) which went 
through three editions in this country, were 
republished at Philadelphia, and translated into 
German and Dutch, and published in the Trans- 
actions of the Austrian and Dutch engineers re- 
spectively. 

In 1871 Mr. Fowler and Mr. Baker made designs 
and estimates for a bridge across the Severn, com- 
prising two girder spans of 800 ft. each, and in 
1873 Mr. Baker, at the request of the Corporation 
of Middlesbrough, designed the superstructure for 
a eropere ferry bridge across the Tees, which 
included a 650 ft. span on the same system 
(ENGINEERING, vol. xvi., page 60). 

In 1876 nine competitive designs were submitted 
for the proposed New York and Long Island 
Bridge, comprising one span of 734 ft. and one of 
618 ft., and of these three designs, two were on 
the aforesaid system (Figs. 13 and 14). The first 
was that of the Delaware Bridge Company, and 
the second of Colonel Flad, the very able engineer 
who, under Captain Eads, carried out the great 
St. Louis steel arch bridge. 

In the same year was built the first, and, so far 
as we know, the only railway bridge of the type 
under discussion (Fig. 15.) This is a bridge of 
148 ft. span across the Warthe, near Posen. It 
might appear strange at first that the application 
to railway purposes of so well-known a system 
should have been deferred until 1876, but the 
explanation is that there are thousands of bridges 
in existence on the continuous girder, or in other 
words cantilever and central girder principle, but 
engineers as a rule have elected not to sever the 
bridge at the point of contrary flexure, or to make 
the girders of varying depth. 

A glance at the annexed illustrations and descrip- 
tion will satisfy our readers that there is nothing 
novel or untried in the principle of the structure 
designed for the Forth crossing. Thereasons dictat- 
ing the design in the case of the Forth Bridge are 
those which probably influenced the Red Indians in 
making the structure illustrated by Fig. 8—economy 
of material and facility of erection. It must be 
conceded, however, that except as regards prin- 
ciple the design is essentially novel, but the 
novelties are dictated by the unexampled size 
of the structure, and are due simply to the 
perfect adaptation of the principle of the com- 
tinuous girder and the general laws regarding the 
strength of materials to the special conditions 
of the case. Thus it will be observed that the 
structure is a continuous girder of varying depth on 
plan as well as elevation, the central girder portion 

eing of the ordinary width required for a double 
line of rails, and the cantilevers spreading out to 
an extreme width of 120 ft. at the piers. By this 
means the stresses on the horizontal bracing from 
wind pressure are much reduced, and lightness and 
compactness areattained. To further the same ends 
the whole of the vertical members are made of two 
struts inclined towards each other from base to 
summit and bracedtogether. To reduce the extreme 
height of the structure, and bring the centre of 
gravity as low down as possible, the bottom members 
of the continuous girder are curved, springing from 
solid masonry piers at a height of 18 ft. only above 
high water, whereas in the design for the suspension 
bridge the main chains, carrying of course all the 
weight, were supported at a height of 550 ft. 
above the same point! The main compression 
members are steel tubes ranging up to 12 ft. in dia- 
meter, the tubular form being adopted for two 
reasons, firstly, because experiments have shown 
that inch for inch the tubular form is stronger than 
any other, and, secondly, because the amount of 
stiffening and secondary bracing is thereby reduced 
to the lowest percentage. It might be thought that 
columns 350 ft. in length were an untried novelty, 
but this is not so, as we have the precedent of the 
Saltash Bridge oval tubes 16 ft. 9 in. by 12 ft. 3 in. 
in diameter and 460 ft. in length, the strain upon 
which under the test load was higher per square inch 
than will be that on the steel columns of the Forth 
Bridge. The central girder portion is simply an 
ordinary double-line railway bridge of 350 ft. span 
with girders of a type intermediate between the 
girder of parallel depth and the bowstring. This is 
an economical type, and many Continental bridges 
have been so constructed. 

When lecturing some years ago, Mr. Baker, with 
a view of presenting in a form easily understood 
and popularly remembered, a simple diagram of the 
manner in which the principal stresses of a canti- 
lever bridge are distributed, devised the following 





arrangement of a human cantilever, or a living 
model of the Forth Bridge. (See Fig. 15a.) 

Two men sitting on chairs extend their arms, 
and support the same by grasping sticks which are 
butted against the chairs. There are thus two 
complete piers, as represented in the outline draw- 
ing above their heads. The central girder is repre- 


sented by a stick suspended or slung from the two_ 


inner hands of the men, while the anchorage pro- 
vided by the counterpoise in the cantilever end 
piers is represented here by a pile of bricks at each 
end. When a load is put on the central girder by 
a person sitting on it, the men’s arms and the 


anchorage ropes come into tension, and the men’s | 


bodies from the shoulders downwards and the 
sticks come into compression. The chairs are 


representative of the circular granite piers. Imagine 
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; 8, That no untried material be used in its construc- 
| tion, or in other words that no steel be employed 
which would not comply with the requirements 
of the Admiralty, Lloyd’s, and the Underwriters’ 
Registry, as determined by the experience gained in 
the use of many thousands of tons of steel plates, 
bars, and angles for shipbuilding purposes. 

4. That the maximum economy be attained 
‘consistent with the fulfilment of the preceding con- 
‘ditions. We think it will be apparent to most 
engineers and bridge builders that the original sus- 
pension-bridge design complied with none of these 
conditions, whilst the girder design complies with all. 

Of the present design it may be truly said that all 
anticipations have been most brilliantly realised, 
and its merits can now, in the light of practical ex- 
perience, and of actual facts, be more easily pointed 

















Fie. 15. 





Fic. 9. 
TYPES OF CANTILEVER BRIDGES. 


the chairs one-third of a mile apart and the men’s 
heads as high as the cross of St. Paul’s, their arms 
represented by huge lattice steel girders and the 
sticks by tubes 12 ft. in diameter at the base, and 
a very good notion of the structure is obtained. 

The chief desiderata in the Forth Bridge, which 
is the largest railway bridge ever yet built, were 
clearly as follow: . 

1. The maximum attainable amount of rigidity, 
both vertically under the rolling load and laterally 
under wind pressure, sothatthe work when completed 
may by its freedom from vibration gain the confi- 
dence of the public, and enjoy the reputation of 
being not only the biggest and strongest, but also 
the stiffest bridge in the world. 

2. Facility and security of ereetion, so that at any 
stage of erection the incomplete structure may be 
as secure against a hurricane as the finished bridge. 


‘out. In the first instance the distribution of weight 
not only offers the advantage of having the greatest 
| proportion, nearly one-fourth of it, immediately 
over the main supports, where it is most easily 
‘erected, but it offers in those places where the wind 
sressure would act with the greatest amount of 
everage, the least amount of surface to act upon. 
‘Thus, while in the central tower of the Inchgarvie 
pier, the most exposed to storms, the weight per 
foot run is 23 tons, and in the first bay of canti- 
levers 21 tons, in the central girders of 350 ft. 
length it is only a little over 2 tons per foot. Ina 
similar manner the structure decreases rapidly in 
height and breadth of girders, as it extends from 
the massive central towers towards the extremities of 
the cantilevers. Again, for purposes of erectionevery 
portion of the structure, as put in position, offered 
itself as a staging for carrying operations further 
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ahead, or afforded every means of suspending tempo- 
rary staging from it. The greater portion of the 
work as erected could be securely fixed at once and 
rivetted up, and this close up to places where new 
parts were in course of erection. Great rigidity was 
thereby insured, and less temporary work required 
than in any other mode of construction, while it 
gave confidence to the workmen engaged, and 
offered every facility in providing for their safety, 
and for that of the structure itself. 

Great stability is obtained by straddling the sides 
of the structure, as viewed in cross-section—that is, 
making it considerably wider at the base than at 
the top. In the central towers, the width at the 
base is somewhat more than one-third of the height, 
and a uniform batter is maintained throughout the 
structure. This feature conveys a sense of great 
security against the action of violent gales tend- 
ing to overturn the bridge. Finally, the arrange- 
ment of cantilevers and central girders admits of 
the simplest and most effective form of expansion- 
joint, and this — is solved here in the happiest 
manner, as will appear from the detailed descrip- 
tion given later on. 

On December 21, 1882, the contract for the con- 
struction of the Forth Bridge was let to the firm 
of Tancred, Arrol and Co. Both the contract sum 
and the time specified, have been exceeded, for 
reasons which will be fully apparent to the reader 
who follows attentively the development of this 
work, and who gives intelligent consideration to the 
conditions under which it had to be carried out. 


Srre or BripGE AND PROFILE ON CENTRE LINE. 
SuRROUNDING CouNTRY. 

The site which was finally fixed upon as the 
most suitable in all respects for carrying the bridg 
across, is in its natural features singularly wel 
adapted for that purpose. The general level of 
the country on both sides of the Firth lies at about 
the height at which it was required to carry the 
rails in order to afford sufficient headroom for 
the largest vessels in the Navy or merchant 
service. Should the project of making a ship 
canal between the Forth and Clyde—lately brought 
to the notice of the public—ever be carried 
into execution, and should the Forth thus become 
an international highway, as well as one of the 
finest natural harbours of refuge in the world, the 
largest vessel yet built would have to do no more 
than strike its topmasts should it happen to pass at 
the hour of high water of an extra high spring tide. 

The river bottom, in all places where the foun- 
dations of piers had to be laid, consists of either 
the hard whinstone rock or of hard boulder clay, 
both of great soundness and solidity. At no point 
where foundations had to be placed is there a 
greater depth of water than that well within the 
capabilities of sinking caissons by pneumatic pro- 
cess. The only contraction in nearly 50 miles of 
river is to be found here, and it reduces the width, 
elsewhere never less than fully two miles to one mile 
and about 150 yards. (See Fig. 16.) On the North or 
Fife shore, a rocky promontory, somewhat triangular 
in shape, projects southwards for fully a mile and a 
quarter into the river, and affords not only sound 
building material in its bedrock, but also sheltered 
corners for discharging vessels and anchorages for a 
small fleet of barges and launches connected with the 
works. From the apex of this promontory, nearly 
due south, the small island of Inchgarvie lies 
distant exactly one-third of a mile, and between 
the two runs the Main or North Channel with a 
depth of over 200 ft. This is the channel almost 
exclusively used by shipping, because it is safer 
and easier to navigate than the South Channel, and 
also because it is the shorter road of the two. 
Inchgarvie is a peak of basaltic trap-rock or whin- 
stone, and lies to the east side of the centre line of 
the bridge. It rises abruptly from the bed of the 
Firth except at its western extremity, where it 
widens into a broad toe with a tolerably regular 
slope to S.W. of about lin 7. On the south side 
of Inchgarvie lies the South Channel, which is of 
about the same depth and width as the North 
Channel. Its southern edge, however, lies still 
about 30 ft. under water, and from it to the South 
or Queensferry shore there is a distance of 2000 ft., 
one-fourth of which becomes uncovered at low 
water. 

In the South Channel the whinstone rock dis- 
appears about the centre, being from that point 
forward overlaid by a bed of very hard boulder clay 
of great thickness, this being in turn overlaid by 
about 40 ft. of a softer clay, gravel, silt, and soft 





mud. The ground rises from the edge of the deep 
water channel towards the shore with a gentle 
slope, the clay disappearing about half-way up, and 
giving place to ledges of freestone rock. It will 
thus be seen that the natural configuration of the 
ground on the centre line of the bridge, offers points 
for three main supports, of which the two outer 
ones are about equidistant from the central one, 
thus indicating two large spans of equal length, 
while the remaining spaces to be traversed on both 
shores, offer every facility for the construction of 
satisfactory foundations. As a matter of fact there 
has been no single instance of the ground on which 
the foundations were placed being uncertain or in 
any way doubtful, ae no anxiety need be felt in 
regard to this part of the Forth Bridge. 

Indications of the nature of the ground on the 
centre line of bridge are given in Fig. 2 on Plate III. 
A general view across the river is shown in Plate V., 
from a photograph taken on September 11, 1883. 
The latter view shows the Hawes Inn and garden 
in immediate foreground, also the Hawes Pier, the 
Queensferry jetty, with the half tide cofferdam of 
No. 6 pier, and the commencement of the large 
cofferdam for the South cantilever end pier. It 
also shows the commencement of staging on Inch- 
garvie, and the same on Fife, with the new coast- 
guard houses on the first elevation to the right. 

The country immediately surrounding the site upon 
which the bridge now stands is strikingly beautiful. 
Whatever opinion may be held in regard to the 
lines of the bridge itself, it must be conceded that 
this bridge or any other bridge must be a discordant 
feature in a pastoral landscape. Standing on Mons 
Hill in Dalmeny Park, and looking down over its 
thickly wooded slopes into the broad expanse of the 
Forth, with the island of Inchgarvie and its old 
castle breasting the swift current and cutting it into 
two arms, which below it, unite again in a whirl- 
pool glittering in all the colours of the rainbow, the 
whole backed by the Fifeshire Hills, the Ochills, 
and the great peaks in Dumbarton, Stirling, and 
Perthshire, is a view hard to be excelled in any 
part of the world. Hardly less fine and perhaps 
more grand still is the view down the estuary 
into the limitless ocean, from the grounds round 
Hopetoun House. 

In the last case the horizon falls in with the line 
of the rails of the internal viaduct, and thus shuts 
out all view most completely, while the lines of the 
bridge itself in geometrical repetition—with severe 
regularity—of triangles and squares, cannot be made 
to harmonise in the least degree with the soft and 
undulating lines of the adjoining landscape. Thus 
the best view of the landscape is from the bridge, 
because the disturbing element is left out, while by 
far the best view of the bridge is obtained from the 
river, whether above or below, at a distance of a 
mile or so, the structure rearing itself to a great 
height, and being backed only by the sky. Thus 
viewed, its simple lines, its well-proportioned parts, 
its impressive air of strength and solidity and yet 
of lightness and grace, never fail to strike the mind 
of the beholder. Four-square to the wind and 
immovable it stands ! 

The view from the summit of the central tower 
on a clear day is magnificent. The broad river 
itself, with craft of all sorts and sizes, in steam or 
under sail, running before the wind, cutting across 
the current on the tack, or lazily drifting with the 
tide, is always a most impressive spectacle upon 
which one can gaze for hours with an admiring and 
untiring eye. And such it is, whether viewed in the 
glory of sunrise or sunset, in broad daylight with 
the cloud shadows flying over the surface, and a 
thousand ripples reflecting the sun’s rays in every 
conceivable shade of colour, or in the soft haze of a 
moonlight night. The sunsets in summer are 
always magnificent, whether due to Krakatoan 
voleanic dust or to the vapours of the distant 
Atlantic, but there have also en many sunrises in 
early autumn when a hungry man could forget the 
hour of breakfast, and one could not find the heart 
to chide the worker who would lay down his tools to 
gaze into the bewildering masses of colour sur- 
rounding the rising light of day. An unbounded 
view more than 50 miles up and down river! Far 
away to east the May Island, often so clearly 
defined, though 35 miles distant, that the sun- 
lit cliffs are clearly visible, the Bass Rock and 
North Berwick Law, and the coast line of Hadding- 
tonshire with the Lammermuir range fading into 
the sky, nearer Inchkeith with the white walls of 
the coastguard station and the lighthouse, Inch- 


mickry and Cramond Island, the long jetties of! 





Leith Harbour and the shorter of Granton and 
Newhaven, the roads full of shipping, the masses of 
houses in the marine suburbs of Edinburgh, 
Arthur’s Seat and Corstophine Tower just peeping 
over Mons Hill and the woods of Dalmeny Park. 
To the south, the fertile districts of the Lothians 
gradually rising to the imposing range of the Pent- 
land Hills, and to south-west Dundas Hill and 
Castle, Hopetoun House, and the old palace and 
church of Linlithgow, the harbours of Bo’ness and 
Grangemouth and the Campsie Hills closing in the 
upper Firth, still many miles wide with beautifully 
wooded shores, and many towns and villages upon 
its banks. Nearly 60 miles to the west, as the 
crow flies, stands the massive cone of Ben Lomond, 
and behind it a formidable array of hills and moun- 
tains, clothed in the summer-time in the tenderest 
shades of purple and blue, in the winter showing 
forth boldly in a coat of purest snow. In the north- 
west appear the Ochills, in the north and north-east 
the Fife Lomonds and the beautiful coast of Fife 
running down into the horizon, where, glancing over 
the old priory on Inchcolm, the eye catches the May 
Island again. 

At night too a sight is presented not easily for- 
otten ; the flashing lights of the May and of Inch- 
eith, and many others stationary, such as the 

harbour lights of Granton, Leith, Newhaven, and 
Burntisland combine to form a beautiful picture. 
At times of continued east wind, when large and 
small craft run for shelter in the Firth, it is not 
unusual to see from 150 to 200 vessels anchored in 
the roads, and the long straggling lines of their 
masthead lights give the appearance of a busy town of 
many streets having suddenly risen from the waters. 

On Jubilee night (21st June, 1887), although the 

atmosphere was somewhat thick, 68 bonfires could 
be counted at one time on the surrounding hills 
and isolated points, while the great masses of the 
central towers of the bridge lighted up by hundreds 
of electric arc lights—Lucigen and other lamps—at 
various heights where work was carried on, formed, 
with their long-drawn reflections in the waters of 
the Firth, three pillars of fire, and afforded a truly 
wonderful and unique spectacle. 


TipEs, Winp, WIND PRESSURES, AND GAUGES. 
CLIMATE GENERALLY. 


The tidal rise at Queensferry, that is, the dif- 
ference between high water and low water during 
ordinary spring tides, is 18 ft., rising occasionally to 
21 ft. and even 22 ft. Owing to the contraction in 
the river, already spoken of, the velocity of the 
tide flow is considerable, more especially so in the 
North Channel. The strong currents running to 
each side of Inchgarvie have given a good deal of 
trouble, both during the erection of the extensive 
iron girder staging between the four main supports, 
and between them and the rock, and during the 
founding of the piers. Still more was this diffi- 
culty felt during the erection of the Inchgarvie 
north cantilever, when it was necessary to lift all 
material out of steam barges up to the structure 
direct, and when the combined influences of tide 
flow, set of current and wind, made it next to im- 
possible to keep the barges in place for a sufficient 
time to allow the lifting tackle to be attached even 
with a most skilful and experienced skipper at the 
helm. 

The only other drawback due to tidal action, was 
due also to the want of proper pier accommodation 
upon all three points. Until the timber stages and 
jetties were built, none of the landing places could 
be approached at low water except by small boats, 
and there was consequently a grievous waste of 
time from that cause in the early days. 

The prevailing winds are from the 8S.W. and the 
highest pressures recorded upon the wind gauges 
have invariably proceeded from that A mee ; next 
in point of frequency occurs an E.N.E. wind, which 
brings up heavy seas from the German Ocean, and 
which is as unpleasant to the senses and as trying 
to the temper as the proverbial east wind in 
London. From the N.W. come occasional blasts 
which have the effect of completely clearing the 
atmosphere, so that the most distant mountains show 
with considerable distinctness their every form and 
detail. S.E. winds bring rain and dirty weather 
invariably, and are fortunately not of frequent 
occurrence. It is a curious fact that while in spring 
and summer the east wind brings with it an icy 
chill, while the west winds are warm and genial, 
the latter in the winter time bring whatever frosty 
weather comes to pass, which is immediately broken 
up into thaw by a change in the wind to east. 
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East winds are prevalent generally in April, The variations in temperature are not excessive, 
May, and June, but sometimes continue right and may be said to range between 20 deg. Fahr. and 
through the summer, but for the remainder of the 85 deg. Fahr. minimum and maximum in the shade 
year, often for many weeks without change, the respectively. a 
south-west wind keeps in possession. Far greater than storms to the sailing craft pass- 





drift about helplessly in the powerful currents. At 
such times the barges and launches belonging to the 
works were on the look-out to run to the assistance 
of any shipping becalmed and tow them into mid- 
channel. To ward off all craft from the iron staging 


























Fig. 154. Livinc MODEL ILLUSTRATING PRINCIPLE OF THE FORTH BRIDGE, 








On three or four days during the year gales blow | , IWVeéE R\K ® 

with such violence as to stop even large paddle - Hilton ' 
boats from attempting the passage. On many Pe Vee 
other days the smaller barges and launches have to @ 


keep within shelter. During such times all outside Nw NS 
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work was necessarily stopped owing to the impos- Wek Ae UES 
sibility of handling material by the derrick cranes, gee! ae te >~ 4 
or of getting about on the exposed stagings. From SSS Rasy “Go” 
twenty-two to twenty-three full working days in a 
the month must be considered very satisfactory in cys eT 


this climate ; on many days only an hour or two 
need have been lost but for heavy rains in the 
early hours, which drenched the men and sent them 
to their homes. When such happened no power of 
persuasion was great enough to bring them back to 
work again, even if the weather turned fine and con- 
tinued so for the rest of the day—a curious fact 
not easy of explanation. 

Of snow there was but little during the seven 
winters, and but few days were lost through its 
covering the ground, but the frost caused much 
stoppage in a work where hydraulic appliances were 
so largely used, and where, owing to the enormous 
extent to which pipe leads had to be carried, it was 
impossible to effectively protect: them all. It was thus 
the practice to break a number of joints and allow 
all pipes to drain dry after work stopped at night. 
Some of these joints were on deck, others on the very 
top of the structure, and a fire which occurred one 
night, February 13, 1889, on Inchgarvie spread to an or 
alarming extent, and might have had most serious Men 
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danger was all the greater that a furious gale was 
blowing from the south-west, which made it a matter 
of some danger to get to the island at all, or when ing the bridge is the danger from sudden calms 
there to ascend to the top of the superstructure to which frequently occur during spring tides when a 
find the broken joints. strong ebb is running, and which cause them to 
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on Inchgarvie, where they would certainly have come 
to grief, but where they also might have done con- 
siderable injury to the structure in the early days 
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of erection, three timber booms, each boom consist- | as to register for any direction of wind. There 


ing of three heavy Oregon pine legs, were moored 
to the west of Inchgarvie. The logs were octagon 
section, from 2 ft. to 2 ft. 6 im. across, and about 
100 ft. long, and were strongly bound together by 
three heavy iron belts to each boom. Mooring 
blocks weighing nearly 40 tons each were laid down 
in the bed of the Firth, some 120 yards west to the 
booms. On the side of the island heavy iron stakes | 
were fixed in the rock, and to these or else to some of 
the iron columns, 1} in. cable chains were attached. 
The other ends of these chains were shackled to the 
pointed ends of large floating buoys, and the same 
shackles received similar chains coming from the large 
mooring blocks. On the tops of the buoys were large 
rings, and to these were attached the chain bridles 
from the ends of the floating booms, orratherfrom the 





Large wind board.inchgarvie 
Area 300 Sq. Ff 


_ A and B independently registering gauges. 


iron belts near the ends. Suflicient slack was allowed | 
in all chains for rise and fall of tide. These timber 
booms have been the means of saving many small 
boats and sailing schooners from certain shipwreck. | 

With the calm weather in winter and early 
spring the sea fogs or eastern haars occur with 
tolerable frequency, and have caused much anxiety 
on account of the necessity of having to carry 
large numbers of workmen—many hundreds every 
morning and night—from either shore to their 
destinations. These fogs come up the Firth like a 
solid wall of dazzlingly white cloud, sometimes 
leaving the tops of the towers standing out clearly 
in the sunshine, at other times hanging some 50 ft. 
to 100 ft. up in the air, and leaving the lower por- 
tions quite clear. The effect is well shown in the 
illustration from a photograph given on Plate XIII. 


was no provision made for registering intermediate 
pressures, nor particulars as to direction of wind 
or times of occurrence, except in so far as the 
records were taken generally at 9 a.m. every day. 
The principal gauge (Fig. 17) is a large board— 
20 ft. long by 15 ft. high, or 300 square feet area— 
set vertically with its faces east and west. Theweight 
of this board is carried by two rods suspended 
from a framework surrounding the board, and so 
arranged as to offer as little resistance as possible 
to the passage of the wind, in order not to create 
eddies near the edge of the board. In the hori- 
zontal central axis of the board there are fixed two 
pins, which fit into the lower eyes of the suspen- 
sion-rods, the object being to balance the board as 
nearly as possible. Each of the four corners of the 
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WIND GAUGES ON INCHGARVIE. 


order to ascertain, to some extent, how far great 
gusts of wind are quite local in their action, and 
exert great pressure only upon a very limited area, 
two circular spaces—one in the exact centre, and 
one in the right-hand top corner—about 18 in. in 
diameter, were cut out of the board, and circular 
plates inserted which could register independently 
the force of the wind upon them. 

By the side of this large square board, at a dis- 
tance of about 8 ft., another gauge-—a circular plate 
of 14 square feet area, facing east and west—was 
fixed up with separate registration. This was in- 
tended as a check upon the records given by the 
large board. 

Another gauge of the same dimensions as the 
last, but with the disc attached to the short arm of 
_a double vane, so that it should face the wind from 
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TABLE No. I.—Recorps oF Winp GAUGES ON INCHGARVIE DURING VIOLENT GALEs. 


Pressure in Pounds per Square Foot. 











Winp PREssURE AND WIND GAUGES. 
The wind pressure to be provided for in the caleu- 


lations for bridges in exposed positions is 56 Ib. per) 1.888 

square foot, according to the Board of Trade regula-| 4 gg9 

tions, and this twice over the whole area of the girder | 1890 
| 


surface exposed, the resistance to such pressure to 
be by deadweight in the structure alone. | 

The most violent gales which have occurred | 
during the construction of the Forth Bridge are | 
given with the pressures recorded on the wind | 
gauges in the annexed Table, No. I. 

It is worthy of observation that only one gale, 


' 


Right- | Direction 
You. Month and Day. Revolv- | Small | Large InCentre ond | of Wind. 
ing Fixed | Fixed of Large Top of 
Gauge. | Gauge. | Gauge. Gauge. Large 
Gauge. 
1883 | December 11 Kes tas wes 33 39 22 _- _— S.W.* 
1884 January 26 ads a Mai 65 41 35 —- S.W.* 
1884 | October 27 me wes be 29 23 | 18 — - S.W. 
1884 os 28 be sigh a 26 29 | 19 — — S.W. 
we | Madiee a ee 6 | 7 - = W. 
1885 | December 4 ee Bes in 25 27 | #19 — W. 
1886 | March 31 ... Per ee pa 26 31 6 6|)«= («19 - - S.W. 
1887 February 4 ad re ea 26 41 | 15 - -- S.W. 
1888 January 5... Pes ree ae 27 16 7 - -~ S.E. 
November 17 Be neh ane 35 ae 6 Ce . — W. 
Pa 2 ae aes ape 27 34 | «#12 - — S.W. 
January 19 a sas ser 27 28 | 16 — : S.W. 
1890 a 21 aes ne Res 26 38 |) 15 — W. 
1890 a3 25 bee iets ca 27 24 | 18 234 22 S.W.byW. 


| 
\ 


* These data are unreliable, owing to faulty registration by the indicator needle, as will presently be explained 
They were altered after this date. The barometer fell to 27.5 in. on that occasion—over # in. within an hour. 


from easterly direction is recorded—January 5, | board is held between two spiral springs, all care- 
1888—but there have been a number of gales from | fully and evenly adjusted so that any pressure 
that quarter registering between 15]b. and 16]b. | exerted on either face will push it evenly in the 


and up to 20 1b. per square foot, and, of course, 
the same from other directions. 

The pressure gauges which were put up in the 
summer of 1882 on the top of the old castle on 
Inchgarvie, and from which daily records have been 
taken throughout, were of very simple construction. 
As the object was to ascertain only the maximum 
pressures which the structure would eventually 
have to resist, the maxima only were taken. The 
most unfavourable direction from which the wind 
pressure can strike the bridge is at right angles to 
the longitudinal axis, or nearly due east and west, 
and two out of the three gauges were fixed to face 
these directions, while a third was so arranged 


|opposite direction; but on such pressure being 
|removed, the compressed springs will force the 
| board back to its normal position. To the four 
{corners four wires are attached, uniting in pyra- 
|midal formation in one point, whence a single wire 
asses over a pulley to the registering apparatus 
elow. This in the original arrangement consisted 
of two levers at right angles to one another, the 
shorter one—about* one-third of the other—being 
acted on by the wire from the windboard, the 
longer one with an index pointer registering the 
amount upon prepared paper slips. The indication 
by the pointer was thus about three times the 
amount of travel of the wire up and down. In 





whatever direction it might come, was set up (see 
Fig. 18). This also had a separate registering appa- 
ratus arranged in the same manner as the two first 
described. 

Fig. 17 gives two views of the large wind-board 
with the two independent gauges at A and B, Fig. 
18 shows the revolving wind gauge, consisting of a 
circular dise hung in four bent springs, and rods 
which centre in the point M. Here a horizontal 
crossbar connects the two opposite springs, and to 
this bar, immediately opposite the centre of the 
hollow vertical spindle P, a small chain is attached, 
which passes through a slot in P over the pulley N, 
and right down the centre to the registering appa- 
ratus below. The double vane is fixed upon P, 

| which revolves in the socket column R. The small 
fixed gauge is of the same construction and area, 
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the only difference being that the vane is absent, 
and P is a fixturein R and cannot turn. The 
circular dise of course faces west. 

It is needless to say that these gauges were not 
expected to give very accurate records of the wind 
pressures which occurred since they were put up, 
but they give a sufficiently approximate idea of 
what the structure will hereafter have to encounter 
in the way of wind. 

Upon one occasion the small fixed board appeared 
to register 65 lb. to the square foot, a registration 
which caused no little alarm and anxiety. Mr. 
Baker, however, declined to accept the figures re- 
corded, and on investigation found that, with the 
lever multiplication-pointer, it was not difficult to 
obtain high figures, owing to the lever acquiring 
momentum from a suddenly applied force such as a 
strong gust of wind would produce, thereby over- 
shooting the mark. Thus a blow of about 20 lb. 
applied smartly to the gauge would register 65 lb., 
and would probably have registered more but that 
the pointer could go no further. This occurred in 
January, 1884, and since then the recording appa- 
ratus has been altered, the horizontal lever being 
done away with, and a vertical bar—suspended 
directly from the wire of the gauge—being substi- 
tuted. 

Since then the highest pressures recorded ‘have 
only been 35 lb., 41 lb., and 27 lb. respectively. 

A gale on March 31, 1886, gave the following 
results :— 


Upon the small fixed gauge 


31 Ib. to the sq. ft. 
revolving _,, 26 


In the centre of the large board 284 es = 
Fe a corner is 22 os 
All over the large board | s 


These figures seem to indicate that the higher 
wind pressures come more in gusts and sudden 
squalls than in a steady and even pressure extend- 
ing over a large area. 

After the central towers had been carried up to 
the full height, two additional revolving gauges—one 
at the north-east and one at the south-west corner 
of each tower—were put up and records taken and 
compared with those given by the other gauges. 
The records confirm most distinctly the results of 
the smaller gauges inserted upon the large board— 
for the pressures recorded vary as much as 10 lb. 
and 12 lb. between the different piers—sometimes 
the one, sometimes the other, showing the higher 
registration. 


EXPERIMENTS ON WIND STRESSES. 

The scanty information existing on the very 
important subject of the action of wind pressure 
on the surfaces of structures, whether flat or 
curved, induced Mr. Baker to make a series of 
experiments, upon the results of which it would be 
possible to form some definite conclusions. These 
experiments are so interesting, and the appli- 
ances by which they were obtained were so inge- 
nious, that no apology is needed for their repeti- 
tion here. Realising the difticulty of working 
with models in actual wind, which is never, so to 
speak, of the same intensity or direction for two 
consecutive moments, and labouring under the 
disadvantage of not having an instrument which 
would reliably indicate the actual pressure at any 
time, Mr. Baker simply reversed the order of 
things by making the wind stationary and the 
apparatus movable. The latter then consisted of a 
light wooden rod, suspended in the middle, so as 
to balance correctly, by a string from the ceiling. 
At one end of the rod was attached a cardboard 
model of the surface the resistance of which was to 
be tested, be it a portion of a round tube, a flat- 
tened strut, a piece of top member, or of the 
internal viaduct, or even of a whole cantilever. 
On the opposite end of the rod was placed a sheet 
of cardboard facing the same way as the model, 
so arranged that by means of another and adjust- 
able sheet, which could slide in and out of the 
first, the surface at that end could be increased or 
decreased at the will of the operator. 

The mode of working this contrivance is fora 
person to pull it from its perpendicular position 
towards himself, and then gently release it, being 
careful to allow both ends to go together. If this 
is properly done, it is evident that the rod will 
in swinging retain a position parallel to its original 
position, supposing that the model at one end and 
the cardboard frame at the other end are balanced 
as to weight, and that the two surfaces exposed to 
the air pressure coming against it in swinging are 
exactly alike. Should one area be greater than the 





other, the model or the cardboard sheet, whichever 
it may be, will be lagging behind, and twist the 
string. By now increasing or diminishing the area 
of the cardboard sheet and repeating the experi- 
ment over and over again, a point will be reached 
when the whole mass will swing without twisting 
being produced. The area of the cardboard will 
then represent the exact area of the model which 
is affected by wind pressure. 

The experiments carried on in various ways by 
different people and at different times are generally 
in agreement with each other, and not very dif- 
ferent from those arrived at by scientists with most 
complicated apparatus, and by laborious and pains- 
taking processes. 

The points on which reliable information was 
more particularly wanted were in respect of surfaces 
more or less sheltered by those immediately in 
front of them. In the case of any box lattice 
girder, for instance, assuming that the wind was 
blowing fully square at it, it might also be assumed 
that the side nearest the wind would cover the side 
of the girder lying behind; but if the wind blows 
at an angle to the girder, it is certain that the 
second surface receives its proportion of full pres- 
sure of the wind; and in cases where two lattice box 
girders are close together—as, for instance, in the 
top member—all four surfaces will receive a pro- 
portionate amount of wind pressure. 

It may easily be understood that the distance 
from each other of these surfaces has a great deal 
to do with the amount of wind stress they receive, 
and it was with a view of obtaining some useful 
data with regard to this question that Mr. Baker’s 
experiments were carried out. 

Information exists about flat surfaces and curved 
surfaces, and also about cubes—that is, two or 
more sides of any rectangular box or girder upon 
which the wind acts in a more or less diagonal 
direction. In all these Mr. Baker’s experiments 
agreed with those of other observers, and obtained 
with different apparatus; but in the case of shel- 
tered surfaces the results were somewhat different. 
On the whole, however, Mr. Baker satisfied him- 
self that in no case was the area affected by the 
wind in any girder which had two or more surfaces 
exposed more than 1.8 times the area of the sur- 
face directly fronting the wind. As the calcula- 
tions have been made for twice this area, the 
stresses which the structure will receive from this 
cause will be in all cases less than those provided 
for. 

Mr. Baker also tested models of girders built 
of metal, both in air and in water, and although 
some slight differences with the former result were 
found, yet on the whole they fully contirmed the 
general conclusions arrived at. 

The observations now made on the completed 
structure will no doubt help to throw further light 
on this subject of great importance to engineers, 
since in large structures the wind stresses are of 
considerably greater moment than the train loads, 
and should therefore, for economical considerations, 
be reduced to the narrowest limits compatible with 
absolute safety. 

GENERAL DESCRIPTION OF THE STRUCTURE. 
(See Plate III., Figs. 1 to 29). 

From the general view of the bridge in profile 
it will be seen that it consists of two approach 
viaducts and of the cantilever bridge proper. The 
viaducts only differ in extent; the height above 

yater and the lengths of the spans being the same. 

It will also be seen that a similar viaduct which 
forms the railroad or permanent way is carried 
through the cantilevers and central towers at one 
uniform level. 

Commencing at the south end there are four 
granite masonry arches which terminate in the 
abutment for the South Approach Viaduct. Here 
the girder-spans commence—10 in number—the 
end of the last being supported in the south 
cantilever end pier. On the north shore there are 
three similar masonry arches, terminating in an 
abutment, and five girder-spans to the north 
cantilever end pier. 

The bridge proper consists of three double 
cantilevers and two central connecting girders. 
Each double cantilever consists of a central tower 
supported on four circular masonry piers—a canti- 
lever projecting from each side of it. The two 





outside piers—the Fife and Queensferry—have, in 
addition to the four supports of their central 
towers, a further support, inasmuch as their outer 
cantilevers rest in the cantilever .end piers. No 





such additional support was available in the case 
of the Inchgarvie pier, and the length of the base 
has here been nearly doubled. The reasons for 
this are given further on. 

The length of the cantilever bridge is 5,330 ft., 
consisting of the central tower on Inchgarvie, 
260 ft.; the Fife and Queensferry central towers, 
145 ft. each; the two central connecting girders, 
350 ft. each; and six cantilevers of 680 ft. each. 
The cantilever end piers are apart 5,349 ft. 6 in. 
from centre to centre. The South Approach 
Viaduct is 1,978 ft. long from centre of cantilever 
end pier to end of arches, consisting of ten spans 
of 168 feet each; four arches of 66 ft. each centre 
to centre, and 34 ft. made up by abutments. 
The North Approach Viaduct is 968 ft. 34 in. long 
to end of arches, consisting of five spans of 168 ft. 
long; three arches of 37 ft., 31 ft., and 46 ft. 
centre to centre respectively, and 14 ft. 34 in. 
made up by abutments. The total length of the 
structure is therefore 8,295 ft. 94 in. The two 
main spans are 1,710 ft. from centre to centre of 
vertical columns, made up of two cantilevers of 
680 ft. each, and one central girder 350 ft. 

The waterway to be crossed is about 5,700 ft., 
extending from the south circular piers on Fife to 
Viaduct Pier No. 3 at Queensferry. The rail level 
has been fixed at 157 ft. above high water, which 
leaves for a total length of 500 ft. in the centre of 
each channel a clear headway of 151 ft., no train 
load being on the bridge. The ordinary load of 
two trains is not expected to diminish this head- 
way by more than about 34 in. 

The Fife and Queensferry Piers are alike and 
identical in every respect, and only reversed with 
regard to their outer cantilevers. All six canti- 
levers are the same in length—namely, 680 ft. from 
centre of vertical columns to centre of endpost— 
and are also of the same height and width, namely, 
330 ft. high at the central towers, by 120 ft. wide 
at bottom, and 33 ft. wide at top, and 34 ft. high at 
the endposts, with a width of 32 ft. at bottom 
and 22 ft. at top. The only difference in the can- 
tilevers lies in the arrangements of the endposts, 
and further in the fact that the two outside or fixed 
cantilevers of Fife and Queensferry are somewhat 
heavier in construction than the others. Each can- 
tilever consists of a bottom member, or compres- 
sion member, and a top member, or tension 
member—these being braced together vertically by 
six pairs of cross-bracings on each side, and being 
closed at one end by the vertical columns, at the 
other end by endposts. The space occupied by 
each pair of side-bracings is termed a bay, of which 
there are six in each cantilever. The bottom mem- 
bers are connected together by twelve sets of hori- 
zontal diagonal bracings intersecting in centre line, 
and further by the trestles and cross-girders, which 
carry the internal viaduct. The side bracings 
connecting top and bottom members consist each 
of a strut or compression member and a tie or 
tension member intersecting one another, and 
being connected at the intersections by strong 
gusset-plates and other stiffening. Each pair of 
opposite struts is connected by diagonal wind- 
bracings both above and below the internal viaduct, 
and by a cross-girder at top between the top mem- 
bers. From the intersection of struts and ties in 
the sides of the cantilevers, lattice girders, called 
vertical ties, are carried downwards and attached to 
the bottom members, relieving the latter of deflec- 
tion between the junctions. Cross-sections of the 
cantilevers at each pair of struts and each yair of 
vertical ties are given in Plate III., Figs. 11 to 29. 

Each central tower is formed of four columns, 
each column resting on a circular granite pier. 
Transversely all these piers are 120 ft. from centre 
to centre, or 60 ft. on each side of the centre line 
of the bridge. Longitudinally these piers are 
155 ft. apart from centre to centre in the Fife and 
Queensferry Piers, and 270 ft. in the Inchgarvie 
Pier. It follows that the central tower on Inch- 
garvie is much heavier in construction and different 
in several features from the other two. 

All the circular granite piers are carried to a 
height of 18 ft. above high water, and the height 
between the centres of bottom members and top 
members is 330 ft., measured vertically, which 
gives an extreme height of the central towers above 
high water of 361 ft. 

The vertical columns—so called for distinction— 
are vertical only in one sense; that is, when look- 
ing broadside on. In the other sense, looking 
along the centre line of the bridge, they have an 
inclination of about 1 in 73, being apart, centre to 
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centre, 120 ft. at bottom and 33 ft. at top. This 
batter of the vertical columns is maintained through- 
out the cantilever bridge. It had been intended 
to so arrange the sides of the cantilevers that the 
batter of 1 in 7$ in the central towers should 
gradually decrease until a vertical position was 
attained in the endposts and the central girders; 
but this plan would have led to considerable com- 
plications in the junctions both in top and bottom 
members, and in the intersection of struts and ties, 
and would have produced a twisted top member. 

There can be no doubt that the arrangement of 
a uniform batter throughout the structure adds 
materially to its appearance, by giving it harmo- 
nious and simple lines, and heightens the impres- 
sion of stability and resistance to lateral wind 
pressure. 

The investigations and experiments made by 
Mr. Baker, and extending over several years, have 
led to the decision that all members under compres- 
sive stress should be of tubular form—circular by 
preference where admissible—this form being the 
strongest, weight for weight. This rule is, for 
structural reasons, only departed from in the struts 
of Bay 6 of the cantilevers and in the struts and 
top member of the central girders. All members 
under tensile stress are open lattice girders. 

Thus the bottom members—the vertical columns 
and the struts in cantilevers are always under com- 
pression and are tubular in form, while the top 
members, the inclined ties in cantilevers and 
vertical ties are invariably in tension, and are 
of open lattice-girder form. The diagonal struts 
in the central towers again, although always in com- 
pression from dead load or wind pressure, receive 
an alternate tensile or compressive stress, and vice 
versd, according to the direction from which the live 
load or train load enters on the pier. In a similar 
way the diagonal wind bracings between bottom 
members, the vertical columns and inclined struts in 
cantilevers, are exposed to varying stresses according 
to the direction of the wind, and they are likewise 
affected to some degree by the position of the sun. 

In order to preserve balance so far as dead 
load is concerned, it became necessary to load 
the ends of the outer or fixed cantilevers to the 
extent of half the weight of a central girder. To 
this end the endposts of these cantilevers are 
formed in a large box built of plates and filled with 
dead weight to the required extent. Thus far then 
the conditions would be alike for all six cantilevers 
in the state of rest, and in the absence of wind 
pressure and train load. Any introduction of the 
latter would at once disturb the balance, and, 
therefore, additional weight was placed in the 
ends of the fixed cantilevers large enough to 
counterbalance any possible train load which is 
likely to pass over the opposite end and leave 
a couple of hundred tons to the good. Under 
these circumstances the ends of the free cantilevers 
in the Fife and Queensferry Piers cannot deflect 
except in so far as deflection is due to the elasticity 
of the steel. On the other hand the fixed end will 
receive a downward pressure of, in the case of the 
maximum, the weight of the counterpoise, plus the 
maximum train load, and in the case of the mini- 
mum, the weight of the counterpoise minus the 
maximum train load, and of course any number of 
loads varying between the two. It will thus be seen 
how changeable are the conditions of load in the 
cantilevers, and the stresses upon the different 
members. 

In the central or Inchgarvie Pier the conditions 
are different. There the weight of half a central 
girder is carried at each end, and so far as dead load 
is concerned the balance is absolute. But every ton 
of train load introduced from either end will upset 
this balance at once, and it was therefore essential 
to provide for every contingency. The worst con- 
dition that can be assumed would be for two trains 
to meet in the central girder at one end. The 
tendency would then be to form a fulcrum of the 
two nearest circular granite piers and lift the struc- 
ture off the two furthest piers. As it was not 
intended that the anchorage in these piers, that is 
the holding-down bolts, should ever be brought into 
play except under the most improbable conditions 
of hurricane pressure, it was necessary to make the 
base of the central towers so great that the con- 
tingency stated above could not possibly arise. It 
is for these reasons that the central tower of the 
Inchgarvie pier has so much longer a base than 
either the Fife or Queensferry. 

The four vertical columns are combined together 
and are braced in various ways. Longitudinally 





they are connected at bottom by the horizontal 
portions of the bottom members, and at top by 
those of the top members, both of these being 
carried through in unbroken section. The four 
corners of the rectangle thus formed are connected 
by a pair of diagonal struts intersecting each other 
at the centre. 

In order to facilitate the intersection these struts 
—and for similar reasons the struts in the canti- 
levers—are flattened throughout on both sides, and 
at the points of intersection are considerably 
stiffened and almost doubled in the plates. At 
this point a horizontal bracing girder is carried 
across and attached to the vertical columns on 
either side. In the case of the central tower on 
Inchgarvie, owing to the greater distance between 
the piers, the top and bottom members cannot be 
carried for the whole distance without deflection, 
and a vertical tie is therefore brought down from 
the intersection of the diagonal struts and attached 
to the bottom member, while a vertical supporting 
column is carried up from the same point to take 
up the deflection in the top member. 

In the lateral sense at the base of the columns 
there are two horizontal bracing girders and one 
pair (in the case of Inchgarvie two pairs) of hori- 
zontal diagonal bracing girders of great strength 
and stiffness, thus forming with the horizontal 
bottom members a very rigid framework imme- 
diately over the circular masonry piers. A similar 
double set of cross-bracings—though of much 
lighter section—is placed at the level of the inter- 
section of the diagonal struts, thus bringing these 
points into direct connection with the four vertical 
columns half way up the towers. Between the 
vertical columns are placed four sets of vertical 
cross-bracings, the lowest of which also assist in 
carrying the internal viaduct at these points, and 
horizontal bracings at top between the top members. 
A similar bracing is placed between top members 
at the top of the central supporting columns and 
the vertical central ties on Inchgarvie above 
described. 

All these members combjned together form a 
tower of immense strength and weight, well able 
to take up and resist the enormous stresses resulting 
from the combined influences of dead load, live 
load, and wind pressure upon the tower itself and 
upon the cantilevers projecting from it. All these 
stresses, however, must ultimately resolve them- 
selves in those portions immediately resting on the 
circular masonry piers, which are called the skew- 
backs or main junctions. These junctions are the 
gathering points of five tubular and five latticed 
girders, and as their construction will be described 
in detail further on, it is only necessary to mention 
here that they terminate at foot in a flat plate 
called the upper bedplate, which is so arranged 
that it rests on, and, in some cases, can slide or 
move on another bedplate, the lower bedplate, 
which is fixed to the masonry pier. 

The functions of these bedplates in resisting 
and yet partially yielding to the wind-pressure and 
in taking up the expansions and contractions in the 
central towers are of so important a nature that 
they have received a very large amount of care and 
thought on the part of the engineers. The diffi- 
culties were avoided in the original design of 
Messrs. Fowler and Baker, and were consequent 
upon the modifications introduced by the other 
consulting engineers. 

It had been the intention originally to make the 
skewbacks an absolute fixture upon the piers, after 
having given an initial compressive stress to the 
horizontal tubes between the piers, also to clothe 
these tubes inside and outside with some non-con- 
ducting material which would practically neutralise 
the effects of heat or cold upon them. On re- 
consideration, however, it was decided to only fix 
one skewback out of the four comprised in each 
pier, and to allow the other three to yield to a limited 
and well-defined degree to the influences of tem- 
perature, and to the lateral deflections produced 
in the cantilevers by wind pressure, and to some 
degree also by the heat of the sun. 

It suffices for the moment to say that, for various 
reasons, the south-east pier on Fife, the north-east 
pier on Inchgarvie, and the north-east pier on 
Queensferry, were chosen as the fixed points. The 
arrangements of the bedplates, and the reasons for 
these arrangements, will be stated further on in 
connection with the provisions made for expansion 
and contraction in the main spans, and for distor- 
tions produced by wind pressures. 

It will be noticed that the bottom member in the 


cantilevers is not arched or curved, but polygonal 
in form, each portion from junction to junction 
being a straight line and passing into the next 
portion with a nick or kink. Apart from the fact 
that a piece of straight tube is stronger than a bent 
one, some consideration was given to the manufac- 
ture of the plates for these tubes. Had they been 
curved, nearly every plate on the circumference 
would have had to be shaped in a different die—a 
difficulty still more increased by the decreasing 
diameter of the tube from 12 ft. at the skewback 
to 64 ft. at the end of the fourth bay, after which 
the member becomes gradually rectangular in form. 

The top member, being always in tension, is 
straight from the top of the vertical columns to the 
top of the endpost which closes the cantilever. 
It is carried uninterruptedly through all the junc- 
tions with struts and ties, though its cross section 
gg gradually towards the point of the canti- 
ever. 

The central connecting girder consists of a top 
compression member, polygonal in form, and a 
straight bottom or tension member, with eight sets 
of vertical cross-bracings to each side, consisting of 
struts and ties, the struts being, as in the canti- 
levers, provided with diagonal wind-bracings. The 
top members are also connected by sixteen sets of 
diagonal horizontal wind-bracings. From the points 
of intersection of struts and ties a vertical lattice 
tie is brought down to carry the bottom member 
midway between junctions. The bottom members 
are connected by solid plate girders going right 
across—these carrying the rail troughs; and they 
are further stiffened by diagonal T bracings and by 
the solid floor of buckle plates. 

The internal viaduct which carries the permanent 
way of a double line of rails and a footpath on each 
side, consists in the main of two lattice girders, set 
16 ft. apart, centre to centre, and of varying depth, 
according to the length of span. Both top and 
bottom booms are trough-shaped, the top booms 
receiving the longitudinal sleeper and rails. A 
cross-bearing girder occurs about every 11 ft., and 
upon this are laid the two inner rail-troughs, leaving 
the 6-ft. way between them. 

The main girders differ in their construction from 
those in the approach viaducts, in so far as they 
have vertical struts and diagonal ties. They are 
also continuous and without break from the end of 
one cantilever through the central tower to the end 
of the other cantilever. 

A footpath about 4 ft. 6 in. wide on the outside 
of each outer rail-trough is carried on brackets 
attached to gussets both to the top and bottom 
booms of the main girders. The footpaths are 
formed by buckle plates, and buckle plates are also 
fixed between the rail-troughs and in the 6-ft. 
way, thus making up a very stiff flooring. The 
bottom booms of the main girders are connected by 
horizontal cross-bracings. 

It may be as well to mention that the footpaths 
are to be used only by the railway officials. The 
trains are intended to be run over the bridge at full 
speed, and it would be neither convenient nor safe 
to admit the general public. 

The girders of the internal viaduct are carried 
between the vertical columns (and in the case of the 
Inchgarvie pier between the centrai vertical ties) by 
a plate-girder reaching right across, and by vertical 
supports carried upwards from the intersection of 
the first pair of vertical wind-bracings between 
columns. The same mode of supporting the 
viaduct is adopted at the centres of the first and 
second bays in cantilevers, while at the ends of the 
first, second, and third bays, as also at the centre of 
the third bay, trestles, supported by the bottom 
members, are arranged. At the centre of the fourth 
bay a cross-girder carries the viaduct girders, and 
after this, the bottom member closely approaching 
the line of the viaduct, similar cross girders are used 
with short vertical supports. In bays five and six 
the girders are absent, and the rail troughs, stiffer in 
section, are there carried by cross-girders and by 
the diagonal wind-bracings alternately. 

In the central connecting girders the rail troughs, 
as already mentioned, are carried by solid plate- 
girders about every 22 ft. 

To each side of the internal viaduct a wind fence 
4 ft. 6 in. high, and of lattice construction, is carried 
from end to end of the bridge, and on the approach 
viaducts. 

The viaduct girders and rail troughs are rigidly 
fixed to the cantilevers, and form an essential part 
of the latter, adding considerably to the stiffness 





laterally of the bottom members. The only breaks 
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occur at the junctions of cantilevers with the central 
girders. The viaduct must therefore expand and 
contract and move in every way with the cantilevers, 
and these movements will be considered presently. 

It remains to mention the various influences to 
which the structure or portions of it are likely to 
be exposed. 

1. Expansion and contraction by changes of 
temperature, acting in the direction of the longitu- 
dinal axis of the bridge, and to some extent also 
transversely upon the circular masonry piers. 

2. Influence of the sun’s rays to one side or the 
other of the structure. 

3. Wind pressure, acting at right angles or nearly 
so to the centre line of the bridge. 

Provisions for the first are made in the sliding as 
distinguished from the fixed bedplates, in the 
joints between the ends of cantilevers on Inchgarvie 
Pier, and in the cantilever end piers at Fife and 
Queensferry. 

Provisions for the second and third are made in 
the sliding bedplates of the two outer or fixed 
cantilevers, and in all the joints between ends of 
free cantilevers and central girders. All these 
movements are horizontal and are controlled and 
confined within specified limits. 

The arrangements to meet these will be described 
in detail further on. 

The vertical deflections due to dead load, live 
load, and wind pressure, whether acting singly or 
in combination, have already to some extent been 
described, and will be further considered later. 

Expansion joints are also provided in the ap- 
proach viaduct girders upon every second pier, two 
spans being made continuous, the intermediate 
fixed joints being, however, placed on sliding bed- 
plates identical with the movable ones. 

In the two large spans of the cantilever bridge, 
Jongitudinal movements are only possible at the 
Inchgarvie ends of the central girders, the Fife and 
Queensferry ends of the girders being fixed so far 
as this movement is concerned. These ends there- 
fore move with, and in the same direction as, the 
cantilevers upon which they are resting. 

It has already been stated that the south-east 
circular pier of Fife, the north-east on Inchgarvie, 
and the north-east on Queensferry, are the fixed 
hers of the structure. The movements due to 
ongitudinal expansion or contraction are controlled 
and limited by these fixed points, and extend from 
them as pivots to the various extremities of the 
cantilevers and central girders. The lengths 
affected are as follows. (See Fig. 19.) 

1. The Fife central tower, 146 ft., plus outer or 
fixed cantilever, 680 ft., total, 825 ft. in length, the 
expansion of which must be provided for in the 
north cantilever end pier. 

2. Fife south or free cantilever 680 ft., plus 
length of north central girder 350 ft., total 1030 ft., 
the expansion of which will go towards Inchgarvie, 
while the expansion of the Inchgarvie north canti- 
lever, 680 ft., will go towards Fife. The total 
amount of movement to be provided for at the 
Inchgarvie end of the north central girder where 
the two movements overlap, will be that due to the 
expansion of 1710 ft. of girders. 

3. Inchgarvie central tower, 260 ft., plus Inch- 
garvie south cantilever, 680 ft., total 940 ft., the 
expansion of which will go towards Queensferry, 
while the south central gircer 350 ft., and the 
Queensferry north cantilever 680 ft., make up a 
total length of 1030 ft., the expansion of which will 
go towards Inchgarvie. The total movement at the 
Inchgarvie end of the south central girder where 
the two expansions overlap, is that due to a total 


length of 940 + 1030 = 1970 ft. 


4. The movement between the north piers on | 
Queensferry and the south cantilever end pier is | 


due to the same length as on Fife namely 825 ft. 
So far as observations up to this time have gone 
it would appear that the expansien or contraction. 
amounts to about z}oth of an inch for each degree 
of temperature for every 100 ft. of girder length. 
The changes in temperature have, however, been so 
slight, and so near mean temperature that the 
figures cannot probably be accepted as quite 
correct, 
Assuming for the moment their correctness, the 
movements would be, for 70 deg. of full range : 
1. 3.61 in. 
2. 7.6 in. 
3. 8.62 in. 
4. 3.61 in. 


These figures only give about 70 per cent. of the 











estimated amounts, and the provision made at the | possible, the correctness of the distances apart of 
four points mentioned for longitudinal movement the three principal stations on the centre line of 


is more than double that given above. 


COMMENCEMENT OF WORK. 


Soon after the contract was signed in December, 


the bridge, which had been obtained by calculation 


|based upon the triangulation, a measurement of 
‘the north span of 1700 ft. from the centre of the 


north circular piers on Inchgarvie to the south 
circular piers on Fife was made in the summer of 


1882, a start was made with the preparatory and | 1884. 


temporary work. 


In a straight portion of the North British Rail- 


Offices and stores as well as a workshop, hereafter way a distance of 1700 ft. had been carefully 


known as No. 1 shed, had been erected by Mr. 
Arrol in connection with Sir Thomas Bouch’s 
suspension bridge, and these were taken possession 
of and considerably added to from time to time. 
To enable the contractors to make an early start 
with the permanent work, that is, the building of 
the masonry piers, it was necessary that the posi- 
tions of these should be fixed without delay. A 





_tremities. 


‘measured and marked and transferred to high 
' posts at the side of the cutting. 


Upon these posts 
notched knife-edges were placed at the two ex- 
A fine steel wire about ,4, in. in thick- 
ness was laid along the span and drawn over the 
knife-edges with a certain amount of stress put 
upon it, previously agreed upon. Thus drawn up 
the wire left a certain amount of sag in the centre, 
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Fic. 20. TEMPORARY STAGING ON INCHGARVIE. 


base line about 4000 ft. in length was laid down 
along the high ground on the south shore, starting 
from a point in the centre line of the bridge, pass- 
ing along the North British Railway for some dis- 
tance and terminating opposite the east breakwater 
at Port Edgar. Along the breakwater a timber 
gangway was erected, and near the far end of it, at 
a distance of about 3000 ft. from the base line, an 
observatory was built. Three points on the centre 
line of the bridge, one on the Queensferry shore, 
one on Inchgarvie, and one on the Fife shore were 
marked down, and their distances stated by the 
Ordnance Survey of Great Britain. 
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which was carefully measured by level and noted. 
Two narrow copper tags were then soldered on, to 
mark the end points. The wire was then coiled up 
and kept ready for use. The temperature also 
was noted. 

On the two shores immediately under the piers 
which marked the stations, places had been pre- 
pared for levels, by means of which the amount of 
sag in the wire could be fixed. On a calm, cloudy 
day, with the temperature about the same, the 
wire was taken across the north channel and laid 
down upon the prepared knife-edges on the piers, 


Various other | and with the same amount of stress put upon it, 


stations, about twenty in number, were laid down | and with the same amount of sag allowed, the two 
as required, and by means of these a most careful | copper tags soldered on should have coincided with 
triangulation was made and the centres of the three | the notches in the knife-edges, provided the dis- 


main piers finally fixed. 


In order to verify, if! tance was correct. 
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It was, however, found about 15 in. short, and, 
although carefully tried several times over, the 
result did not vary. 

Since the span has been completed the measure- 
ments made along the girders have reduced the 
error to about 9 in., which, to nearly the same 
amount, exists in the south span also, both being 
shorter than intended. The work of triangulation 
was carried vut by Mr. R. E. Middleton, M.I.C.E., 
anda full record of his labours is given in a pamphlet 
published by E. and F, N. Spon, London, about 
two years ago. 

For several reasons the positions of the four 
circular granite piers on Fife were first fixed, and 
soon the work there wasin fullswing. The greater 
portion of the old coastguard station, which was 
situated on the site now occupied by the north-east 
pier, had to be removed, and an entirely new station 
built on the rock further to the north, and about 
40 ft. higher. The rock extending over the site of 
the pier had to be levelled down to about 7 ft. above 
high water in order to obtain ground for laying 
down plant, machinery, and materials. The old 
battery slip, the ancient landing-place for the ferry 
boats which slopes down from above high water to 
a few feet above low water, was covered over with 
an extensive and substantial timber staging, on 
which cranes were erected for unloading and moving 
material, and which also served for landing the 
workmen and for mooring barges and steamboats. 
(See Plates IX., XI., XII., and XIII.) Further 
inland, in convenient situations, wooden huts for 
the accommodation of the workmen and their 
families were erected, to which were added, later on, 
a canteen, stores, and dining and reading-rooms. 

At South Queensferry the preparatory work was 
of a much more extensive character. The ground 
hererisesrapidly from the shore at agradient of about 
1 in 2 until it reaches an elevation of about 100 ft. 
above the sea, and thence continues to rise with a 
gentle slope in a southerly direction. As a great 
deal of level ground was required here for work- 
shops, drill roads, and spaces for temporarily fitting 
together portions of the steel-work, it became neces- 
sary to level the ground in terraces. Thus the 
general level of No. 1 Shed is about 12 ft. below the 
oftices, while No. 2 Shed is about 6 ft. above these, 
the drill roads another 5 ft. higher, and so on. 
No. 1 Shed was considerably enlarged, and No. 2 
Shed at once commenced, as were also the drill 
roads on which the tubular members had to be put 
together and drilled. Further to the south still 
some forty wooden huts were erected, together with 
stores for the sale of food and clothing, boots, and 
groceries, and a canteen with dining and reading- 
rooms. 

To these were presently added sixteen houses 
substantially built in bricks for the accommodation 
of foremen and members of the staff, and about 
sixty tenements at Queensferry for leading hands 
and gangers. 

Next to the drill roads a carpenter’s and joiner’s 
shop was erected with a saw-bench and a pattern 
shop, and a large drawing loft, 200 ft. long by 60 ft. 
wide, with blackened floor upon which full-sized 
drawings were prepared and full-sized templates 
made for drilling, planing, bending, &c., of portions 
of the superstructure. Telephonic communication 
between offices, stores, workshops, and the Queens- 
ferry, Inchgarvie, and Fife centres, was established 
by means of a cable laid across the Forth. 

On the west side, the ground was bounded by the 
North British Railway to Queensferry, which here 
runs in a deep cutting. Two temporary bridges— 
girders of the ill-fated Tay Bridge—were thrown 
across at a distance of about 200 yards apart, and 
as the progress of the work required further exten- 
sions, ground was taken on the other side of the 
lines, until finally between 50 and 60 acres were 
occupied by the works on both sides of the line and 
right up to the Edinburgh-road. All this ground 
during the busy years of 1886 to 1889 was covered 
with girder-work under construction, and presented 
a striking scene both day and night. 

Down by the shore to the east of the central line 
of the bridge a sawmill was erected, and later on a 
large cement store. The Queensferry jetty was 
commenced early in 1883, and completed in the 
spring of 1884, shortly before the first caisson was 
launched. It is a little over 2100 ft. long, by 50 ft. 
wide. It runs parallel with the centre line of the 
bridge at a distance from it of 60 ft. to about 
100 ft. beyond the cantilever end pier, whence it 

sses by a gentle § curve right into the centre 
ine, and terminates in a strong crosshead which 





embraces the four masonry supports of the Queens- 
ferry Pier. Extensions of this jetty were made 
during the building of the foundations and lower 
portions of the approach viaduct piers, but were 
removed again after the girders had been completed. 
A similar extension with landing stage for steam- 
boats, and storage ground for building material was 
made round the cantilever end pier, and remained 
during the whole time. 

The jetty is built on piles driven in the silt and 
soft clay down to the boulder clay. Where rock 
occurs, the uprights are secured on level points by 
being bolted to stout iron pins which are sunk in 
holes drilled for the purpose. There are six piles 
mostly 12 in. by 12 in. baulks, set in a row trans- 
versely, three on either side being bound together 
by half-timber cross bracings on opposite sides and 
the whole connected by a full timber crownhead set 
on top. These trestles are set about 20 ft. apart, 
and are held together by raking struts passing from 
the top of one trestle to about low-water mark of the 
next. Passing from trestle to trestle are 12 in. by 
6 in. rolled joists about 25 ft. long, weighing 56 lb. 
to the lineal foot; these are set from 4 ft. to 5 ft. 
apart, according to position, and transversely on 
these the planking 3 in. or 4 in. thick, asthe case 
may be, is laid, which forms the flooring. The 
level of the top of the planking is about 8 ft. above 
high water. The jetty was erected by means of an 
ordinary traveller carrying an overhanging pile- 
driver, which set out the piles 20 ft. in advance 
and drove them in. The uprights were then cut to 
level, the crownhead set on, the diagonal bracings 
and raking struts fixed, and the traveller moved 
forward on double longitudinals. The joists were 
laid down behind the traveller and the flooring 
made up. As this mode of working did not pro- 
gress as quickly as desired, a pile-driving barge 
was placed near the far end and worked towards 
the shore. In the position of the jetty forming 
the TT head, the piles required to be very long, as 
the average depth at high water was about 32 ft. 
and the depth of soft mud or silt, some 24 ft., re- 
quiring piles of from 65 ft. to 70 ft. in length, 
spliced in the ordinary way. Pointed pile shoes 
made of malleable iron were fixed to the lower ends. 

The shore end of the jetty was connected with the 
under works by an inclined road laid on timber 
trestles, the gradient being about 1 in 63, with an 
iron girder bridge of about 65 ft. span across the 
Edinburgh-road. There was a single line of rails 
and a footpath to one side with a covered box run- 
ning alongside for carrying the hydraulic pressure 
pipes, and also a supply of water down the jetty to 
Queensferry Pier. The incline was worked by a 
wire rope, 1} in. in diameter, drawn by a winding 
engine on the top. Down this incline all material 
was sent which arrived by North British Railway, 
whether fuel, oil, or other stores or plant and ma- 
chinery, or, finally, steel-work which had been pre- 
pared in the shops and yards. Upon the jetty itself 
a number of service lines were laid down with sufti- 
cient room between, to store immense quantities of 
building material. Along the east side two lines 
were laid down which conveyed all the material 
coming down the incline to three or four heavy 
steam cranes, by which it was lowered into the 
the barges and conveyed to the landing stages on 
Inchgarvie or Fife. While the jetty was in course 
of construction, launching ways were laid down in 
a sheltered bay about a hundred yards to the east 
below, and in front of, the sawmill. They consisted 
of parallel rows of timbers, of sufficient width to take 
two caissons of 70 ft. diameter side by side. They 
were laid to the natural slope of the ground, which 
is here part rock, part shingle, and has an easy 
gradient of about lin11l. The launching ways will 
be further referred to in connection with the build- 
ing of the caissons. 

Machinery and plant of every kind and descrip- 
tion commenced now to arrive on the ground. A 
siding had been laid down from the works to South 
Queensferry station, about half a mile distant, and 
another siding in the cutting alongside the shops. 
Cranes were set up in all convenient positions, and 
thus a large amount of material arriving by train 
could be unloaded close to, and distributed among 
the different shops. By this arrangement the 
various sections of raw steel—whether plates, bars, 
angles, tees, or others—could at once be delivered 
near the heating furnaces or drilling or planing ma- 
chines where they required to be dealt with. 

From this time forward for fully five years, the 
plant kept on increasing at an astounding rate, 
most of it being of a special character, and purposely 





designed for these works. The list of the plant on 
the works towards the end of 1888 is a voluminous 
document, and is represented in the accounts by a 
very large sum, not far short of half a million 
sterling 

Inchgarvie.—The island of Inchgarvie, which Pro- 
vidence has so kindly placed in the middle of the 
Firth, is a peak of whinstone rock, about 850 ft. 
long at high, and 1500 ft. at low tide, and on 
an average not more than 60 ft. wide above 
water. The castle stands on the highest part of 
the rock about 40 ft. above high water, and the 
square keep is about 30 ft. high; on the top of 
this the wind gauges are fixed. The distance from 
Inchgarvie to the Fife shore is about 1600 ft., while 
to the Queensferry shore it is rather more than 
double. Although owned by the Dundas family, 
whose seat is in Linlithgowshire, the authorities on 
the north shore claim it as belonging to the County 
of Fife. 

The castle was built some time subsequent to 
1490, on the 20th of March of which year, King 
James IV. of Scotland granted a license to John 
Dundas of Dundas to erect a fortress on the island 
of Inchgarde, since corrupted to Inchgarvie. The 
object was to afford protection to all shipping seek- 
ing refuge from the pirates with which the North 
Sea seems to have been infested in those days, and 
for giving such protection, Dundas was authorised 
to levy a toll of 6d. per ton. One of those persons 
without belief in the good old days has suggested 
that the Laird of Dundas not only kept a garrison 
on Inchgarvie for the protection of the shipping, 
but that he also provided the pirates in the North 
Sea for chasing them up the Firth ; though with 
regard to this both history and charter are silent. 

The four circular piers are situated at the western 
extremity, wholly submerged at high water, although 
a broad ledge of reck is uncovered by the tide at 
low water. This portion of the island is called Craig 
Spurry, and upon its north-western point stands a 
brick pier, about 33 ft. square, and about 7 ft. 
above high water, the only piece of permanent work 
built in connection with Sir Thomas Bouch’s gigantic 
suspension bridge. Upon it was erected, some three 
years ago, a lighthouse with a revolving light giving 
flashes about every five seconds, visible for many 
miles both up and down the Firth. 

A spring of fresh water was said to have existed 
on the island, and some 40 yards east of the castle, 
a square well, partly cut out of the solid rock, 
partly formed by a brick wall, was found. It was 
pumped out and carefully examined, but no bore- 
hole or other inlet could be discovered, and it 
proved to be simply a storage tank in which the 
rainwater from the overlying portions of the rock 
collected. 

On Inchgarvie the first work in connection with 
the cantilever bridge was carried out in the 
erection, during the summer of 1882, of the wind 
gauges on the top of the castle, and already de- 
scribed. 

About the middle of April, 1883, the construction 
of a landing stage was commenced, of iron girders 
and iron columns pinned to the rock. At the same 
time the square keep of the castle, some out- 
buildings, and the whole of the battlements, were 
roofed in to afford space for the most necessary 
shops, ottices, and stores, to which was added later 
on, a substantial cottage and a kitchen, and sleeping 
accommodation for ninety foreign workmen occu- 
pied in the sinking of the pneumatic caissons. 

All over the west end of the island, the rock 
was cut down to the general stage-level of 7 ft. 
above high water, and as much ground was made 
up as could be obtained, by filling up with the 
débris of excavation and of removal of rock 
Some 100 yards of sea-wall had to be built as a 
protection against the heavy breakers rolling in 
from the east, and every square foot of space thus 
gained was of great value thereafter, when an 
immense amount of material required to be stored. 

In the Act of Parliament authorising the erection 
of the bridge, the whole of the island had been 
included in the Parliamentary limits, but at first 
only the area within the four circular masonry 
piers, and a reasonable amount of ground for work- 
ing purposes was acquired. It was soon found that 
this was quite insufficient for the requirements of 
the works, and notice of compulsory purchase by the 
Forth Bridge Company, was given to the proprietor. 
The matter came to arbitration and was settled in 
1884. A sum of 1500/. had been paid to the pro- 
prietor for the right of placing four masonry supports 
on the island, and in terms of the arbitration a 
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further sum of 28001. was paid. The island is now, 
therefore, the property of the Forth Bridge Rail- 
way Company. 

It having been considered advisable to cover the 
whole area between the piers with staging, a com- 
mencement was made without delay. Owing to 
the nature of the bottom, which was all solid rock, 
it was found more expedient and safer in view of 
the exposed position, to make this staging of iron, 
and not of timber. The area of this staging ulti- 
mately amounted to more than 10,000 square yards, 
and the weight of iron used in its construction was 
between 1100 and 1200 tons. In view of this large 
expenditure for temporary purposes, it was deemed 
right to proceed on some system in the laying out 
the main line of girders. As the horizontal 
tubes, the horizontal girders between skewbacks, 
and the double cross of diagonal horizontal wind- 
bracing, required to be carried by the staging before 
they could be connected with the skewbacks and 
rivetted up, the main lines of the iron girders of 
the staging followed the centre lines of these 


-members, the remaining spaces being filled in 


sufficiently strong to carry any weight which was 
likely to be put upon them during the erection of 
the superstructure. As this staging stood well the 
very severe tests to which it was subjected from 
various causes, and only yielded to a slight extent 
in places where it had been absurdly overloaded, 
it may not be amiss to give a few particulars as to 
its construction, shown in Fig. 20. 

The upright columns or supports consisted of 
four angle-bars 4 in. by 4 in. by $in., braced together 
on all four sides by double crossbars of flat section, 
3in. by $in., the column being 2 ft. square. A 
cast-iron shoe, to which the four corner angles were 
bolted, formed the foot of the column, and it had a 
large boss in the centre with a 4 in. round hole 
through which a pin was passed going into the rock 
to a depth of about 3 ft. 

The longitudinal main girders were 5 ft. in depth, 
and consisted of four angles 6 in. by 4 in. by $ in., 
two in the bottom boom and two in the top boom, 
with gussets inserted between every 5 ft. apart for 
attaching the diagonal bracings, which were angles 
6in. by 3in. by 4 in. placed alternately on one 
side or the other. The girders were carried by, and 
bolted to, cross-angles attached to the supporting 
columns. The girders carried safely a distributed 
load of about 6 cwt. to 7 ewt. per square foot up to 
30 ft. clear span between supports. The columns 
were arranged in clusters of four, forming a square, 
the sides of which were 14 ft. taken at the centres of 
columns, and such clusters were placed immediately 
under the points of intersection in the girders of the 
structure overhead, or in fact in any place where 
much weight had to be carried. The four columns so 
placed were braced to each other by crosses of flat 
bars of heavy section 3$ in. wide by 1 in. thick, the 
centre of the cross being formed by a heavy ring, 
the flat bars terminating at that point in 14 in. 
round with a thread cut upon them which passed into 
the ring. By a nut on either side of the ring the 
flat ba:—the other end of which was bolted across 
the column—could be tightened or slackened as 
desired. Two or three sets of these bracings, 
according to the length of column, were bolted to 
each of the four sides of the cluster, the lower ones 
reaching in most cases to within a foot or two of the 
bottom of the column having to be put on by divers. 
Generally speaking these clusters were placed about 
every 45 ft., centre to centre, and for intermediate 
supports, where necessary, single columns under 
each girder were considered sufficient, and these 
would receive transversely a pair of angle-iron cross- 
bracings between high-water and low-water mark. 

The longitudinal girders run through the uprights, 
spaced 14 ft. apart, and they were braced laterally 
about every 25 ft. by a pair of cross-angle bracings 
carried from top boom on one side to bottom boom 
on the other side and vice versd. 

All the girders were made in regular lengths of 
bars, breaking joint at 5 ft.; they were marked by 
template and punched, and all parts except those for 
closing lengths were interchangeable. All holes were 
punched for {-in. bolts. The girders weighed just 
1} ewt. per foot lineal, including all bracings, the 
columns about 64 lb. per foot lineal, including bolts. 

The whole staging was erected by overhang with 
derrick cranes in the following way : Starting from a 
cluster, the next columns forward would be lowered 
till they nearly touched the ground, the diver 
would then descend and examine the bottom, select- 
ing a nearly level bit, or otherwise dressing the rock 
roughly. A few bags of concrete were then lowered 





to him, with which he made the bed into which the 
column was lowered. It was then strutted by one 
or two light battens to the already fixed work, a 
4-in. jumper lowered in the centre of the column, 
and a hole jumped by means of a spring pole some 
25 ft. long. The jumper was lowered through a tube 
44 in. indiameter, which fitted into a socket left in the 
cast-ironshoe at the bottom, and acted as guide. The 
hole was jumped about 3 ft. to 3 ft. 6in. deep ; the 
jumper was then withdrawn, and a wrought-iron pin, 
4 in. in diameter and 5 ft. long was dropped down 
the tube. The latter was then lifted up, and the 
diver descended to ascertain whether the pin had 
well entered into the rock. When the columns 
were fast, a length of girder was laid upon them on 
each side, and the crane advanced another section. 

Across the longitudinal girders, 12-in. rolled joists 
weighing 56 lb. to the lineal foot were laid, being 
21 ft. to 25 ft. in length, and therefore overhanging 
the girders from 3 ft. to 5 ft. The joists were 
bolted to the girders by hook bolts and ordinary 
draw-washers, and were spaced 5 ft. apart. The 
decking consisted of 3 in. by 9 in. planking, bolted 
to the top flanges of the rolled joists by bolts and 
draw-washers from underneath. 

The staging, as first projected, was commenced in 
the autumn of 1883 and finished before the end of 
1884, but additions became necessary from time to 
time to accommodate the immense quantities of 
material, and at times the 10,000 square yards of 
staging were found quite inadequate to meet the 
demands upon it. 

All portions of the staging which had to be used as 
landing places for materials—and of such there were 
a good many—had the iron columns strengthened 
by bolting on heavy timbers, with half-timber 
fendering upon that for wear and tear. Horizontal 
timber struts were also set up against the backs of 
those columns to guard them against bending in 
by the action of the boats and barges upon them in 
rough weather. 

By the time the staging was up round the north 
piers on Inchgarvie—these were already well for- 
ward—arrangements had to be made for the re- 
ception of the two heavy caissons for the south 
piers. Facing the south, therefore, two semi- 
circular openings were left about 73 ft. in diameter, 
an extra number of columns were placed in the 
half-circle and well braced with the others next 
behind, and the whole row of columns between the 
north and south piers, on either side, were joined 
together at about low-water mark by a continuous 
line of double angles to take the thrust from and 
give resistance to any possible bumping of the 
heavy caissons during the time they required to 
remain afloat. 

Meanwhile plant and machinery were sent here 
as to the other centres, a number of offices, large 
workshops, stores and shelters for the men were 
built ; also engine-houses for pumping engines, 
air compressors, hydraulic accumulators, electric 
light machinery, and much more. 


TRANSPORT AND DISTRIBUTION OF MATERIAL. 

The supply, the transport, and the distribution of 
the materialsnecessary for the building of foundations 
and piers containing some 140,000 yards of masonry 
and also of some 55,000 tons of steel, and a more 
than equal amount of temporary appliances, was no 
mean task, and required the exercise of much 
energy and skill as well as tact and patience, for 
the work was equally pressing on all points, and no 
one liked to be left behind in that great race for 
supremacy. 

Of the building materials, granite, Arbroath 
rubble, and sand were brought by water, and could, 
therefore, be unloaded at the various centres where 
required ; so also could rafts of timber in baulks 
and planks or battens in barges, and in some 
instances cargoes of coal or coke, but all the other 
material had to come down the incline, and for 
these the jetty at Queensferry was the main centre 
of collecting and storing, as well as of distributing 
to the other jetties. 

The steel for erection, after it had passed through 
the shops and had received a coating of boiled oil, 
and its distinguishing markings both in typing and 
stencilling, was passed down the incline on trollies 
and charged into steam barges for general distri- 
bution. 

For the service of carrying materials were pro- 
vided, four steam launches for the light work, and 
eight large steam barges, with a number of ordinary 
barges or lighters, which were towed by one of the 
launches or barges. 





For the general service of conveying the workmen 
from or to, or between, the different main centres, 
a paddle steamer was hired for some time, which 
was afterwards replaced by one specially built for 
these works, and capable of carrying 450 men at a 
time. The steam barges, which were decked over, 
and the steam launches, were also used for the same 
purpose, as well as for the service of the engineers 
and other officials belonging to the staff. A large 
number of ordinary rowing boats were also kept in 
use, one of them, manned by two expert watermen, 
being attached to each cantilever for the purpose 
of saving life, should any man be unfortunate 
enough to fall from the erection. As a matter of 
fact these boats saved at least eight lives, and they 
saved fully 8000 caps and other garments which 
the wind had blown off the bridge. 

Soon after the works had got into full swing it 
was seen that the accommodation at South Queens- 
ferry and North Queensferry and the adjoining 
villages, was totally inadequate for the number of 
workmen employed, and arrangements were made 
with the North British Railway Company to run 
trains between the works on the south side and 
Edinburgh, and between the north side and Inver- 
keithing and Dunfermline. These were all special 
workmen’s trains and were run at merely nominal 
fares, the price for an Edinburgh weekly ticket being 
2s., or 2d. for a run of over 13 miles. The Dun- 
fermline tickets were about half that amount. 

Two trains were run in the morning, closely 
following one another, and two trains at night, each 
train bringing a number of men going on their 
shift, and taking back those who had worked their 
shift. Some time later the train service was 
extended as far as Leith. It is worthy of remark 
that the men living at Leith, and there were several 
hundreds, had to leave their homes at 4 A.M., in 
order to be at their work at 6, and they would not 
on their return in the evening, reach home again 
before 7 o'clock, yet they preferred this to the 
other alternative of living in the overcrowded 
rookeries of the neighbourhood. 

In the summer time a steamboat service was also 
arranged between the South Queensferry Jetty 
and Leith, vid the Firth of Forth, calling both ways 
on Inchgarvie, and so long as the weather was 
favourable, this was a most enjoyable, and certainly 
healthy trip for the tired workmen. 

On wet and stormy days, when the men had to 
leave work owing to the weather, these trains were 
often telegraphed for, to enable them to return to 
their homes, instead of keeping them till nightfall 
and leaving them to the tender mercies of the public- 
houses, of which there were in this place, as in 
many others, far too many. 

Asit was not possible to so arrange that the work- 
men living on the south side or north side of the 
Firth respectively, should be working on the same 
side, and as the Inchgarvie men also belonged to 
both sides, it required quite a fleet of steam- 
boats and barges to convey the men to the 
points whence their trains started, the more so 
as this had to be done within a very short time 
after work had ceased. In bad weather, or 
during fogs, and on dark mornings and nights, 
the transport of many hundreds of men—some nine 
hundred working on Inchgarvie alone at one time — 
was a subject of unceasing care and anxiety to those 
in charge, for in addition to the dangers provided by 
the elements, there was always a number of unruly 
and reckless men whose conduct brought mishap 
and injury on others as often as on themselves. 


LicHTING. 

The efficient lighting of so large a working 
area, changing every day almost, having not only 
to be carried forward with the work, but also 
upward and in all directions, was a task of con- 
siderable magnitude, and of the greatest influence 
upon the rate of progress. It is not so much the 
lighting of the actual spot where work is proceeding, 
but that of the approaches to these points, and of 
the accessory places, such as stores, engine-houses, 
workshops, jetties, and landing-places, which runs 
away with so large a proportion of the total illumi- 
nating power. 

As regards the nature of the lights it was to be 
expected that a keen rivalry would spring up be- 
tween the various systems of lighting. South 
Queensferry has only a small supply of gas, and that 
at the ruinous rate of 8s. 4d. per 1000 cubic feet ; 
this mode of lighting was therefore out of the 
race. Electricity was at once resolved upon —arc 
lamps for the shops, and outdoor work, and incan- 
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descent lamps for offices, stores, fitting-shops, and 
such like. The latter were also used in the caissons 
and by divers under water, and proved of immense | 
value in such work. The incandescent lamps were 
generally of 15 candle-power, but within the last 
few years, lamps with power up to 500 candles were 
used for particular purposes. 

The are lights were of 1500 to 2000 candle-power, 
and though every care was used to obtain the best 
carbons in the market and to keep the machinery 
going with the utmost regularity, these lights were 
always unsatisfactory owing to the changes in the 
colour of the are and the illuminating power, the 
glare and flicker and the black and impenetrable 
shadows thrown by their own framework or by any 
intervening object. Generally they were arranged 
in circuit of six or more, and sometimes as many as 
twenty-one, and the sudden extinction of so many 
lights caused by the comparatively trivial fact of a 
belt slipping or a journal heating, was a source of 
inconvenience and much danger to the men working 
out on the erection, for while standing one moment 
in the dazzling glare of these lights they were 
sometimes suddenly called upon to use their eyes 
in absolute darkness or sit still. 

Where the electric light came in as a great and 
lasting boon was in the lighting of the interior of 
the air chambers and air shafts of the large pneu- 
matic caissons while in the process of sinking. The 
absence of all smoke or filth due to oil lamps of 
whatever description, the facility with which they 


excellent light to work by, but if covered witha 
fine wire guard or a second globe the power of the 
light is seriously impaired, and if left unprotected, 
the smallest chip of metal, or even of wood, thrown 
against it, suffices to cause fracture to the globe and 
extinction of the light. 

Except in special cases, where the work is con- 
fined to a comparatively small area, the writer has 
no hesitation in saying that, in the work of outside 
erection, under the best conditions of lighting, and 
with every care taken to give the men confidence 
in getting about their job, the amount of work done 
at night will not exceed 50 per cent. of that done 
in daylight. As a consequence of the lighting of 
the piers at various points and heights, and changing 
these almost nightly, according to circumstances, 
there arose a great deal of confusion to the shipping 
going down or coming up the Firth, and it must be 
conceded that on a dark night, when, for some 
reason or other, work was not carried on upon 
one of the main piers, it was difficult at the first 
glance to know the exact position of all the piers. 
On such a night, with a slight mist on, the captain 
of a tug-boat, coming down river with a barque in 
tow, mistook the lights on the Fife erection for 
those of Inchgarvie, and steered his ship straight 
for the hamlet of North Queensferry, which was 
hidden in the mist. He perceived his error in time 
to back his boat out and slip the tow-rope, but the 
barque continued its course and did considerable 
damage to itself and to the landing jetty. It is 
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could be moved, changed, put up or taken down, 
was of incalculable advantage in places where 
breathing even the purest air was a task of some 
discomfort and difficulty, and here, therefore, the 
electric light reigned supreme. 

From the drawbacks mentioned above which 
attached to the electric are lights, the Lucigen 
lamps, which were also introduced at an early 
period, were entirely free, though their short- 
comings cannot be overlooked. There can be no 
doubt that for general work of erection they are 
the best for light, the simplest to keep in order, 
and the easiest to attend to. The disadvantages 
are that they are difficult to keep clean, as a good 
deal of the oil escapes unconsumed, especially in 
high winds, and covers girders and staging with a 
thick coat of slimy oil, making them slippery 
and unsafe. It is also difficult to get the creosote 
oil pure and free from sand, grit, and water, which 
impurities cause the small passages for the oil to 
choke, while the last frequently extinguishes the 
light. On the other hand, it is as easily shifted as 
an are lamp, and is not nearly so fragile or apt to 
be broken. 

Large incandescent lamps give a steady and most 


true that a glance at his compass would have shown 
him that a northerly course instead of an easterly 
could not be right; but it was in consequence of 
this mishap that it was decided to erect a light- 
house at the north-west corner of Inchgarvie with 
a revolving light giving five-second flashes. This 
light is at an elevation of about 30 ft. above high 
water, and can easily be seen for twelve miles up 
and down river. 

As regards the cost of lighting, it was not easy 
under the peculiar circumstances of carrying on the 
work at the bridge to make comparative trials 
of the lights. At first the balance was much in 
favour of the Lucigens—the oil costing only $d. to 
8d. per gallon, but as the demand rose so did 
the cost of the oil, and ultimately it was difficult 
to obtain it at four times the original price. 

Electric light installations, consisting of steam- 
engines and dynamos, as well as air compressors for 
the Lucigen lights, were put up on the Fife shore, 
at Inchgarvie, on the Queensferry Jetty, and at the 
workshops above, the latter being, of course, by 
far the most important. 

During the busiest years the lighting arrange- 


ments required a separate department, and a large 








number of hands were kept going to attend to the 
lamps, the dynamo machines, the cables, and other 
connections. The conductors varied in size from 7 
strands of No. 18 gauge wire to 19 strands of No. 
16 gauge ; they were supplied by Messrs. W. T. 
Glover and Co., of Salford, 


MATERIALS OF CONSTRUCTION FOR THE Masonry 
Prers. 


It was laid down in the specification to the con- 
tract, that all piers, abutments, and arches were to 
be constructed of masonry consisting of a granite 
facing, the hearting being of concrete or of rubble 
masonry. The stipulations as to the quality of the 
stone, the amount of facing and dressing, and the 
quality of cement and sand, were of the usual 
description in contracts of this kind. 

Granite.—All the granite for facing—whether 
rock-faced or dressed—was obtained from Aberdeen, 
with the exception of the large coping-stones, which 
weighed between 6 tons and 8} tons each, and the 
necking courses immediately below the coping. 
These were of Cornish granite and were dressed. 

The granite is grey in colour generally, and of 
very handsome appearance, with some slight veins 
of red granite running through, which, however, 
rather add than detract from its appearance. 

The granite was brought, roughly dressed and 
squared, in specified courses ranging from 21 in. in 
thickness down to 16 in., and also specified as 
headers and stretchers, so as to form proper bond 
with the hearting of rubble masonry or concrete. 
Coming by water, the stone could, of course, 
be delivered at the respective centres at once. 
The granite coping-stones were 4ft. 6in.. in 
depth, not less than 3 ft. in width, and set out 
alternately as headers and stretchers. The capping 
—that is, the slightly-curved crown of the piers— 
was set out after the coping had been built, and 
the correct measure of every stone was sent to the 
quarry near Aberdeen, each stone being numbered 
and marked. 

Rubble Work.—For this a very hard flat-bedded 
and easily-split freestone—in colour from reddish 
ochre to purple grey—was brought from Arbroath. 
It was brought in large blocks up to 4 tons each, 
and in thickness from 3ft. downwards, but it could be 
split with ease into slabs not more than an inch thick. 

Whinstone blocks, roughly levelled on two sides, 
were also used in rubble work. These were ob- 
tained either by quarrying in the open or by the 
excavations for the piers. 

For bond courses in all the viaduct and the canti- 
lever end piers, a hard freestone from quarries in 
the neighbourhood or extra large whinstone blocks 
were used. 

All the rubble could be obtained at a cheap rate, 
owing to the inexpensive mode of transport in ships 
and the facilities of unloading close to the piers. 

Conerete.—For making concrete the whinstone 
found both on Inchgarvie and at North Queens- 
ferry was exclusively used. A number of stone- 
breakers were set up in the last-named locality, 
where a large quantity of quarry chips were avail- 
able and close at hand, and the crushers were 
placed in convenient positions for charging the 
broken stone into barges or iron skips for transport 
to the other centres. 

The broken metal was passed over screens to 
obtain the required size for different purposes. 

The concrete was mixed dry first, and again after 
the addition of water, either by hand, or, if re- 
quired in very large quantities, by a very effective 
mixer of simple construction. 

The concrete used in open foundations, in the 
caissons and as hearting behind the granite facing, 
differed somewhat in its composition according to 
position; but generally speaking the proportion of 
cement to broken stone was not less than 44 cubic 
feet to the yard of stone, nor more than 6§ cubic 
feet to the yard, an equal amount of sand, or a 
slight excess over and above, being added. These 
quantities were considered as making up one yard 
of concrete. Such concrete had a resistance to 
crushing of 50 tons per square foot, and it weighed 
about 37 ewt. to the cubic yard. 

Sand.—Some difficulty was experienced in ob- 
taining good sharp sand. It was found in large 
quantities on both shores of the. Firth within half a 
mile, but objections to its removal being raised by 
the proprietors of the foreshores, it became neces- 
sary to send steam barges down the Firth to 
Kinghorn and Pettycur, a distance of ten to eleven 
miles, where the tide lay some banks dry at low 
water. Owing to the barge having to be grounded 
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Fig. 24. Section AB & Plan 


over a tide, a good deal of time was lost, but there 
was no charge for the sand. 


WATER. 

Fife.—On the Fife shore the water required was 
drawn from the mains of the Dunfermline, Aber- 
dour, and Burntisland water supply; but this sup- 
ply becoming scarce, the contractors were obliged 
to construct a storage tank above North Queens- 
ferry. 

Inchgarvie.—As already stated, no water was 
found on Inchgarvie, and, after some trials with 
condensers and filters, it was decided to use the 
lower 5 ft. of the holds of two of the steam 
barges as water-tanks. A large water-tank was set 
up on Inchgarvie, and the water was forced from 
the holds of the steam barges into the tank by 
means of pulsometers, the latter being worked by 
the steam of the barges’ boilers. The water was 
taken from either the North Queensferry or South 
Queensferry supply, and this work was generally 
performed during the night by one or two barges, 
there being thus a steamboat available all night in 
case of emergencies, 





Habetos 


i i 
l 


a] 


IATA GE 
indie! oF 
Mitts titi 


j 
ry 













k 
= 


| 








=i 








Hus {" 


at 
> 


oes 


Drinking water was supplied to the people on 
Inchgarvie in iron boxes encased in wood, holding 
about a cubic yard—the water being always taken 
from the Dunfermline mains for this purpose, 
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South Queensferry.—On the south shore the 
water was drawn from the pits of the Dalmeny 
Shale Works for boilers and other general pur- 
poses; but it proved too dirty, and some rough 
tilter-beds of gravel had to be constructed to pass 
it through. Thence it was forced by pumps to an 
overhead tank set about 60 ft. above the level of 
the works and shops. This water was conducted 
in pipes down the incline to the jetty, and, in 
various leads, all over the works. For drinking 
purposes another supply pumped from the sand- 
stone was available; but it proved very inter- 
mittent, and at times failed altogether. In the 
summers of 1886 and 1887 a water famine occurred 
at South Queensferry, and this was met by the 
contractors placing large iron tanks at the town 
harbour and sending a steam barge down the Firth 
to a place called Starleyburn, seven miles away, 
where a plentiful supply of water could be got. 
This was forced into the tanks, and could be drawn 
upon by all free of charge. In 1887 the united 
parishes of Kirkliston, Dalmeny, and South 
Queensferry arranged for a supply of water from 
the Pentland Hills, and this new supply is both 
plentiful and of first-rate quality, and has been 
running since the summer of 1888. 


CEMENT. 
The cement used exclusively was Portland 
cement manufactured on the Medway. This 


also came by water, but required to be stored for a 


through a sieve of 400 meshes but retained upon 
one of 900 meshes to the square inch (20 divisions 
and 30 divisions to the lineal inch). About 10 
per cent. of water had to be added, and briquettes 
made, which were to be put into water after twenty- 
four hours and remain in water twenty-five days, 
when they had to bear a stress of not less than 
170 lb. without breaking. For briquettes of neat 
cement the breaking stress after four days had to 
be not less than 300 Ib., and after seven days to 
be not less than 400 lb. per square inch. 

A few tons of quick-setting or Roman cement 
were used in making good the joints of the circular 
iron cofferdams or caissons for the Inchgarvie 
north piers. This cement is not very strong, but 
if the joints are well packed with bags of clay 
puddle and loaded with stones they answer the 
purpose of keeping the water out for a while. If 
all preparations are made beforehand, Roman 
cement can be used in a plastic state, and is thus 
very useful to divers working under water; but all 
the werk requires to be done very quickly. 

Mortar.—The mortar used in the masonry was in 
the proportion of one of cement and one of sand in 
the foundations, where rubble-work was used, and 
one of cement to two of sand in the piers. The 
pointing in the joints of the granite blocks was done 


in pure cement. | 


Of the other materials used, except the steel, it 
may be as well to state here that timber in baulk 
was brought from Grangemouth, ten miles up river, 
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specified number of days before it could be used. 
The contractors purchased an old hulk—called 
while in its prime the Hougomont—in which ten 
to twelve hundred tons could be readily stored. 
It was moored off Queensferry, and the ships 
bringing cement from the south were moored 
alongside and discharged. From this ship the 
cement was brought ashore and stored in such 
quantities as might be required at any time. 

Subsequently the Hougomont was moored close 
to the west side of the South Queensferry jetty, 
and thus a more direct and speedy communication 
established. While the caissons were being sunk 
at Queensferry a large number of foreign workmen 
were lodged on board this hulk, and when, shortly 
after new year, 1886, an epidemic of small-pox 
broke out at Queensferry, the ship was towed round 
into Port Edgar, and moored in an isolated position, 
and converted into a small-pox hospital. As such 
it proved of signal service in speedily stamping out 
the disease. 

Cement Tests.—The cement is described in the 
specification to the contract as having to be of the 
best quality and ground so fine that the residue on 
a sieve containing 50 divisions on the inch, equal 
to 2500 meshes per square inch, should not exceed 
5 per cent. by weight. It had to be kept in a dry 
store, and was not to be used until a certain 
number of samples out of every cargo had been 
tested. Neat cement was not to be set within less 
than one hour. The weight had to be between 
112 Ib. and 116 1b, per bushel. 

For tests, the cement to be mixed with three 
times its weight of sand which has been passed 
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where it was rafted and towed to the works 
wherever required. 

Planks, battens, and boards were brought from 
the same place in lighters. 

Hardwood, such as oak, beech, and ash, used for 
packings andother temporary purposes, was got in 
the neighbourhood and dealt with at the saw-mills. 

Coal and coke for the three main piers were 
brought in barges—mostly from Charleston, close 
by; but for the shops and yards they were brought 
by rail. 

Creosote oil for the Lucigen lamps, and rivet and 
other furnaces, came in specially constructed tanks 
by rail. 


COMMENCEMENT OF THE PERMANENT Work. 
The positions of the four main piers on Fife being 
fixed at an early date, a beginning was made with the 
excavation of the rock upon the site of the two 
north piers. The natural bedrock of whinstone rose 


hillside was commenced somewhat later at level 92 ft. 
above high water. All the piers on the Fife side 
are founded on the solid whinstone rock, with the 
exception of piers 12 and 13, these being partly on 
whinstone, partly on freestone. All the viaduct 
piers being on land no cutwaters were built. The 
rock after being cleaned and examined, and worked 
roughly into steps where necessary, was levelied up 
with concrete and a bed of concrete laid on from 4 ft. 
to 11 ft. in thickness—this bed projecting all round 
the granite masonry some 2 ft. Upon this con- 
crete foundation the first course of granite was set, 
the form of the piers being rectangular and the 
curved batter of the pier starting from the bed. 
(See Plate VIII.) Piers 10, 11, 12 and 13 were 
built to level 37 ft. above high water, and left, 
pending the construction of the girders. 


GENERALLY ABOUT COFFERDAMS. 


In the description of the pier foundations, 
frequent use is made of the terms caisson and 
cofferdam, and to those not conversant with 
foundation work in water a short explanation 
may be acceptable. A cofferdam or caisson may 
be described as an enclosure in water for the pur- 
pose of laying dry the space enclosed, or, at any 
rate, of preventing a flow of water through it. In 
soft ground this is done by driving a double row of 
piles at a distance of from 2 ft. to 4 ft. from each 
other, and by continuing to drive piles between those 
already placed until a double timber wall exists all 





round. Sluice doors or valves are placed so as to 
allow the tide to flow inand out. The single timber 
piles are held together by longitudinal timbers being 
placed on each side and bolted through, and stays or 
struts are placed between the walls and across the 
inner space in all directions to give stiffness and 
resistance to the water pressure from without. The 
space between the double walls is now cleaned out 
as well as can be done, and clay puddle is filled into 
this space and trodden down hard or pressed down 
by other means, and this is carried on until the 
whole space is filled up to and beyond half tide or 
full tide as the case may be. The sluices can then 
be closed and the water pumped out from the 
enclosure, and the bottom upon which the founda- 
tion is to be placed can be examined, and all 
necessary excavation made. It depends partly upon 
the hold the piles have taken of the ground, partly 
upon the external forces acting upon the timber- 
walls—namely wind and waves—whether or not the 
construction of a whole tide dam is advisable. In 





here to a level of from 10 ft. to 20 ft. above high water, 
and excavation had to be made to the level at which 


a whole tide dam, if tight at bottom, when once the 


the foundation or holding-down bolts started— | water has been pumped out, the work of excavation 


namely, at 7 ft. below high water. The rock was 
then levelled with rubble masonry and the building 
of the granite courses commenced. 

Excavation was also started upon the site of the 
north cantilever pier at a level of about 21 ft. above 
high water, and upon viaduct piers, 10 and 11, at 
25 ft. and 22 ft. above high water respectively. 
These three piers stand on high ground, while piers 
12 and 13 were placed at the bottom of the ancient 
quarry, and were founded at level 7 ft. below high 
water, The foundations of the abutment upon the 


—of laying the foundation and building a pier or 
| wail—can be carried on without interruption to the 
jend. In the case of a half-tide dam, the space 
enclosed can only be pumped dry after the tide out- 
| side has fallen below the level of the clay puddle 

wall, and the water requires to be admitted so soon 
| as the tide has turned and is rising again up to that 
\level. Work in a half-tide dam is termed tidal 
work. When working on rock this mode of forming 
an enclosed space by driving piles is not admissible, 


| other means must be found to keep the water 


and 
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out, one of which will be described below. In some 
cases, whether working upon soft ground or rock, it 
is not absolutely necessary to lay the bottom dry in 
order to excavate or to inspect the ground—the latter 
being done by means of divers and the former 
by dredging or otherwise. The object of sucha dam 
is to arrest the flow of any current through the 
caisson while the foundation is being laid, and to 
deposit the material of which the foundation is to 
consist—most generally concrete—by lowering it 
through the water in boxes or skips, the bottoms of 
which are provided with hinged doors. 

Finally, if instead of a caisson open at top, the 
caisson is covered in like a bell or gasholder, and the 
water is forced out by forcing air in, thereby allow- 
ing the workmen to enter and excavate in the dry, 
it is called a caisson worked by the pneumatic pro- 
cess. In this manner the deep-water foundations of 
the circular piers were executed, as will hereafter be 
described, in the case of the two south piers, Inch- 
garvie, and the four Queensferry circular piers. 


IncuGaRvIE NortH CrrcutaR PIers. 

On Inchgarvie the site of the two north or 
shallow piers being wholly submerged at high 
water, and about one-half in the case of the 
north-east, and three-fourths in the case of the 
north-west pier, submerged also at low water, 
the preliminary work was tidal, and between 
spring tides no work could be carried on at all at 
this place. When it is considered how exposed 
the position was there—the work having to be 
carried on upon a narrow ledge of rock attacked 
by wind and waves from all sides—it will be 
understood that the progress could not be very 
rapid. The conditions of the contract here required 
that the rock should be excavated in steps, and 
that the rubble masonry comprising the foundation 
of the circular granite piers should be bound by an 
iron belt 60 ft. in diameter and 3 ft. deep; the 
highest portion of the rock upon which this belt 
rested to be 2 ft. below low water; the belt, or at 
any rate a part of it, to be brought down to form a 
protection for the foundation rubble masonry upon 
the lower steps. 

It was therefore decided to cut a chase 8 ft. wide 
(3 ft. to the inside and 5 ft. to the outside of the 
60-ft. circle) out of the rock where it was higher 
than 2 ft. below low water, to make the 60-ft. belt 
of three thicknesses of 4-in. plate, and to carry the 
centre plate downwards, after it had been cut, in 
such manner as to fit as nearly as possible the 
natural contour of the rock. (Fig. 21.) A light 
staging was, therefore, erected above high water, 
the correct centre of the pier placed upon it, and by 
means of a trammel-rod 30 ft. in length, from the 
end of which a pointed sounding-rod was suspended, 
a correct reading was taken every 6 in. on the cir- 
cumference of the 60-ft. circle, after a diver had 
been round to clear out any loose stones lying in 
the line, or picking off any sharp points projecting. 
These readings were plotted and the centre plates 
cut to it. In the mean time work had been done 
upon the chase, and, when nearly cut down to 
the right level, the belt was put together on the 
staging exactly above the site of the pier. The 
plates projecting downward, and forming the shield, 
were stiffened by T bars vertically over the butts, 
and, where required to be carried down to a con- 
siderable depth, as in the case of the north-west 
pier, they were further stiffened by horizontal 
circular girders and stayed to the rock by bars of 
angle-iron. The whole belt was now rivetted up, 
and, when ready, received two coats of red-lead 
paint, and was lowered down by means of hydraulic 
jacks into position. (Fig. 22.) 

The top edge of the 3-ft. belt was then levelled 
all round, and corrected where necessary. A heavy 
angle iron, 6 in. by 6in. by {in., ran round the 
inside of the 3-ft. belt, and upon this was now set a 
single tier of temporary caisson, 10 ft. in height, and 
consisting of fourteen segments of about 30 ewt. each 
in weight. This helped to keep the belt down to the 
rock, and a number of heavy blocks of stone were 
placed on the top of the caisson for the same pur- 
pose. A sluice door in the lower part of the 
caisson was kept open to admit of the tide flowing 
in and out. 

Steps were now taken to make good the joint 
between the 3 ft. belt and the shield and 
the bedrock. This was done in the following 
manner: A number of concrete bags, about 14 in. 
by 30 in., and 8 in. to 9 in. thick, were prepared 
and passed down to a diver, who laid them round 
the outside of the belt at a distance of about 4 in. 





A second row was next laid round the outside of 
the first row, and tolerably close up, the space 
between the two being made up by clay puddle 
well stamped down. Any split, or hole, or crevice 
in the rock was also filled with clay. Upon these 
two lower rows, other bags were now laid crosswise; 
upon these, two rows lengthwise, and a fourth row 
crosswise on the top, which was laid close up to the 
belt. This was done in sections of about 15 ft. to 16 ft. 
length allalong the shield, but round the outside of 
the treble belt only two bags deep were laid. On the 
inside also a single row of clay bags, backed by a 
row of concrete bags and loaded with stones, was 
laid round the complete circle. Cement grout, 
without intermixture with sand, was now prepared 
and passed down to the diver—but only at slack 
tide, high water, or low water—who lifted off one 
or more of the top bags and poured the grout into 
the narrow space left, until it overflowed. He then 
replaced the bag and proceeded to the next division 
until all was done. Forty-eight hours were allowed ! 





TABLE No. II.—Proaress or 


caused by the action of heavy waves running up to 
the temporary caisson at low water with great 
violence, and shaking the whole fabric. 

The whole of the north-east pier was built in a 
half-tide caisson, as the work was not pressing; 
but in the case of the north-west pier, so soon as 
the rubble masonry inside had been brought up to 
low-water level, a second tier of temporary caisson 
was added, and the work could then be carried on 
at all states of the tide. While tidal work was 
carried on in these two cofferdams, the amount 
of water which had to be pumped out every tide 
was 250,000 gallons in the one case, and 340,000 in 
the other. The time occupied was 50 to 55 minutes, 
but work was, of course, commenced so soon as the 
higher parts were laid dry. For pumping out 
smaller quantities of water collected through leaks, 
pulsometers or small centrifugal pumps were used. 
The temporary caisson is shown in Plate VIT. 

A statement of the time occupied in building the 
foundations of these two piers is given in Table No, IT, 


Work ON INCHGARVIE PIERs. 





Rock excavation commenced 

Lowest point of foundations ee ae 
Caisson and shield ready for lowering ae 
Joint between caisson and rock made good ... 
Caisson pumped out first time... — oe 
Rubble masonry in foundation commenced... 

Foundation finished to low water 

First granite laid 

Pier completed 


| 
| North-East Caisson. North-West Caisson. 
| 


| June 22, 1883 January 13, 1884 
26 ft. below high water | 33 ft. below high water 
February 29, 1884 September 10, 1884 
April 2, 1884 October 17, 1884 
April 5, 1884 | October 20, 1884 
April 16, 1884 October 24, 1814 
June 1, 1884 December 20, 1884 
| June 2, 1884 December 23, 1884 
| November, 17 1884 March 18, 1885 





to elapse for the setting of the cement; the sluice 
valve was then closed, and the caisson pumped 
out gradually. When leaks were discovered, the 
diver descended to examine the outside, and, where 
necessary, cut out some of the grouting and replaced 
it by new. 

As it was not considered that this cement joint 
would be able to stand the full pressure of the | 
tide rise, the caisson or cofferdam was worked as 
a half-tide one, it having to be pumped out every 
tide as soon as the water had fallen below the top 
edge of the temporary caisson. In addition to the 
hydrostatic water pressure, the caisson had to stand 
the heavy seas thrown against it, whether coming 
from west or east. Under these circumstances, it , 
was often considered advisable not to pump out the 
cofferdam, but leave the sluices open and allow the 
tidal flow free access. Under such conditions, it 
will be easy to see that, during a season of bad 
weather, much delay could not be avoided, and 
though the work of excavation had been commenced 
in the summer of 1883, it was not till the middle | 
of April of the following year that the first rubble 
masonry could be laid in this pier. In working the 
excavation, no blasting was done within 1} ft. of 
the iron belt, but the rock was quarried up to 
within 6 in. and rubble then built in at once. Any 
steps cut in the deeper portion were invariably at 
least twice as broad as they were deep. The deepest 
point to which excavation had to be carried in this 
pier was at 8 ft. below low water. 

The cofferdam or caisson for the north-west pier, 
Inchgarvie, was done in the same way precisely as 
described for the north-east, only that, owing to 
the experience gained by the divers and other men 
engaged upon the work, the progress was much 
more rapid. 

In the north-west pier the depth of the shield 
was 15 ft. below low water, and extended to nearly 
one-half of the circumference. There were, there- 
fore, in addition to the vertical T bars which 
covered the butt-joints of the shield-plates, three 
horizontal circular girders, carried at a distance of 
4 ft. 6 in. from each other, and from these a 
number of horizontal tie-bars with cross-bars at 
the ends were carried radially and level to the 
rock opposite and pinned to it, and afterwards 
built into the solid rubble masonry. (See Fig. 22.) 

This mode of making the joint between the rock 
and the iron belt was simple and quite effective. 
Most of the leaks were due to natural crevices in 
the rock, running from the inside to the outside at 
a considerable depth. These were circumvented by 


building small clay dams round, and leading the 
water by a shoot to a pump. 


Leaks were also 


, caissons, but with one important difference. 


Fire Sourn Crrcurar Piers. 


As the two south piers on Fife were also situated 
on the sloping face of the rock, and required excava- 
tion at different depths, a somewhat similar course 
was followed in the construction of the cofferdams or 
In the 
case of Inchgarvie the caissons were set on the rock, 
and secured to it, as far as possible, by weight- 
ing them, and the joint was made good previous to 
any blasting of rock near the 60-ft. circle being 
done, except so far as the excavation of the circular 
chase was concerned; while in the case of the Fife 
south piers, diamond-drilling plant under a sub- 
contract was employed to drill all over the area of 
the pier and blast the rock before any cofferdam 
or caisson had been put down. For this work an 
iron girder staging was erected over the piers, on 
which a traveller with running gear from end to 
end was placed. The depths to which the different 
steps in the excavation had to be carried was given, 
and holes drilled to these depths. When a number 
of holes were ready, they were charged with explo- 
sive and fired; but the rock was not removed at the 
time, and lay there in great shattered masses. 

The consequence was that when it was attempted 
to place caissons with projecting shields to fit the 
contour of the rock, the leaks were of such a nature 
as to defy any pumping power then at hand. 

The Fife south-west pier, in which the deepest 
part was 7 ft. below low water, and in which only 
a very small portion lay below the level of the 
circular chase 2 ft. below low water, could be 
managed with some little difficulty; but in the 
south-east pier, where the shield had to be carried 
to 19 ft. below low water, it became necessary to 
construct a puddle clay dam round the outside of 
the caisson with piles heavily shod and driven into 
the débris of broken rock. Even then the difficulty 
could only be overcome by collecting together the 
water from a number of leaks, and by means of 
powerful pumping machinery to get the upper hand 
of it. Rubble masonry was then built in all places 
where running water could be kept off, and the 
leaks were thus gradually hemmed in, and finally 
stopped by pouring cement grout into these places 
at slack water and with the sluices open, in order 
that no water might be forced through the grouting 
before it had set. 

A large diving bell, with air-lock and the neces- 
sary machinery to move the bell all over the area of 
these piers, had been constructed, as it had been 
intended to form the foundations of concrete depo- 
sited through the water by hopper-bottomed skips ; 
but as it was subsequently decided to have the 
foundations of rubble masonry instead, it became 
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necessary to lay the bottom dry, and the diving 
bell was never made use of. 

The north piers on Inchgarvie and the south 
piers on Fife are founded on the solid whinstone 
rock. 

Table III., given below, shows the time occu- 
pied in building the foundations of the four circular 
piers on Fife, the depth to which the foundations 
were carried, and other particulars. 





strength, for the base upon which this great 
masonry pier had to be raised was not less than 
115 ft. long by 60 ft. wide. It was at first divided 
into halves by a double row of piles with 
puddle clay filling; but, after a good portion of 
the concrete base had been laid all round the sides 
of the dam, this partition was cut down, the piles 
being sawn off flush with the bottom and the con- 
crete base carried right across. In this pier the 


TABLE No. III.—Procress or WorkK ON THE Four Crrcutar Fire PIers. 





Excavation commenced aR ... | August, 1883. 
Lowest point of foundations ... ... |7 ft. below h.w. 
Rubble masonry in foundation com- | 

menced a ba = | Nov., 1883 
Foundation finished to low water... | Nov., 1883 
First granite laid be .. | Dee., 1883 


Pier completed ... roe Sept., 1884 


North-West. | 


Fire Crrcutar GRANITE PIERs. 


South-West. | South-East. 


| 
North-East, 


Feb., 1884. 
i ft. below h.w. 


August, 1883. | Nov., 1883. 
25 ft. belowh.w. 37 ft. belowh. w. 





| March, 1884 
| April, 1884 
| April, 1884 June, 1884 June, 1885 

| Sept., 1884 Jan., 1885 August, 1885 


| | 


June, 1884 
June, 1884 


March, 1885 
May, 1885 





Sourn ApproacH Vriapuct PIERs. 

On the South Queensferry shore the founda- 
tions of piers 3, 4, and 5 were first started, as 
they were all dry at low water. These three 
piers are founded on the freestone rock prevalent 
in ridges all along this shore. Tidal work had 
to be resorted to without any protection by 
cofferdam or caisson, and all that was required 
was to remove the soft or rotten portions of | 
the rock and cut flat steps into any sloping 
faces met with. The hollows were then levelled 
up with concrete, and upon this a concrete base 
was laid enclosed by planking. When this had 
properly set the granite masonry was at once 
begun. The concrete base was 61 ft. long by 31 ft. 
wide, and was the same for all viaduct piers from 
3 to 9. The thickness of this concrete foundation | 
varied according to position, from 4 ft, in the shore 


| sions. 


cement carried up to the top. 


| boulder clay at bottom was found nearly dry and 


extremely tough to handle, and it gave an indica- 
tion of the ground into which the large caissons 
would have to be sunk. 

Table IV., given below, shows the levels at which 
the foundations were started of all the viaduct piers 


‘from 1 to 9, of the south cantilever pier, the north 


cantilever pier, and the abutment, as also the nature 
of the ground under foundations. 

Figs. 23 to 28 show views of the cantilever end 
pier and the viaduct piers, with the principal dimen- 
The cutwaters with a coping of dressed 
granite reach to the same height above high water 
as the circular piers, namely 18 ft., and up to this 
level all the piers from 3 to 9 were built with a 
hearting of concrete; above this level the granite 
was backed by masonry of Arbroath rubble in 
The hearting in piers 


TABLE No. IV.—Particunars of Founpations FoR VIADUCT AND CANTILEVER PYIERs, 


AND NATURE 


For General View of Piers see Plate IIT., Figs. 1 and 2. 


South abutment 
Approach viaduct pier 


doe: 


9 
” 
” 
” 
” 


‘9 


COmT SO Ste 


bh) 

99 ” 9 
Cantilever end pier, south 

oe “ north 
Approach viaduct pier 10 


” ” 


S 12 
; 13 


9 


9 , 
North abutment 


piers to 11 ft. in No. 9 pier. Piers 2 and 1, as 
also the abutment, were situated on the hillside. 
The first was founded on the freestone rock ; 
but the other two were placed on a stiff blue clay 
of sufficient solidity. Pier 6 required the con- 
struction of a cofferdam, the bottom being rock 
with a thin layer of gravel and clay. Owing to 
this the cofferdam could not be carried to more 
than half-tide, the difficulty being to get the piles | 
to hold. A great deal of trouble was experienced 
with this foundation through the want of a tight 
joint at bottom; but it was, of course, only a 
matter of patience and perseverance. The founda- 
tion of pier 7 also caused some trouble owing to the 
same difficulty at bottom, and a half-tide cofferdam 
had to be used ; but in the foundations of piers 8 
and 9 the layer of clay at bottom was of sufficient 
thickness to allow good piling to be done, and 
whole-tide cofferdams could be constructed. Pier 
7 is founded on the rock, but piers 8 and 9 are 
founded on the hard clay. 

The south cantilever pier required a cofferdam 
of abnormally large proportions and of great 


OF GROUND. 


Level of Foundations 


referred to High Water. Nature of Ground. 


109 ft. 
32 ft. 
7 ft. 
13 ft. 
14 ft. 
17 ft. 
22 ft. 
30 ft. 
32 ft. 
38 ft. 
33 ft. 
21 ft. 
25 ft. 
22 ft. 
7 ft. 

i |e 
92 feet above 


al ove 


Blue clay 

” 9 

99 Freestone rock 

6 in. below * 
” ” 

” ” 


”? 


Hard clay 
Boulder clay 


6 in. 


6 in. e 
above Whinstone rock 


99 ” 


’° 
Part whinstone 
Part freestone 
Whinstone rock 


99 
below 


1 and 2 was of concrete up to the level at which the 
viaduct girders were erected—namely, at about 
47 ft. above high water, from this level to top they 
were, like the other viaduct piers, built with a 
hearting of Arbroath rubble. 

To facilitate the building of these piers, staging 
was erected alongside and connected with the 
jetty, and cranes were set up to lift the granite 
blocks from the jetty adjoining and deposit them in 
their places. All materials were brought along the 
jetty, where also the mortar was prepared and the 
concrete mixed. Two courses of granite were 
generally laid, and the hearting of concrete filled in. 
The mortar used consisted of one part cement and 
two parts sand. 

The concrete consisted of 27 cubic feet, or 
1 cubic yard of broken whinstone, 5} cubic feet of 
cement, and 5} cubic feet of sand, mixed dry by 
hand and then charged into a concrete mixer where 
the water was added. From the mixer it was 
delivered into barrows and tipped where required. 

All the south viaduct piers from 3 to 9, and the 
south cantilever end pier, were built up to a level of 





18 ft. above high water, and further work upon them 
had to be delayed until the girders had been erected 
and rivetted up, and were ready for lifting. The dates 
relating to the building of the piers, the raising of 
the girders and the quantities of materials used, are 
given in a summary on another page. 

Piers 1 and 2 were carried up to level 47 ft. above 
high water, and the girders built at that level. The 
south abutment was raised to 119 ft. above high 
water, and the girder erected at that level on staging 
reaching close up to No. 1 pier. 


PRELIMINARY WorK IN CONNECTION WITH THE 
INcHGARVIE SoutH Piers. 

It has already been mentioned in the descrip- 
tion of the Inchgarvie staging, that places were 
prepared for the reception of the two south caissons 
presently to be brought across from the Queens- 
ferry jetty. 

In order to obtain at an early date a correct 
idea of the contour of the rock upon the sites to 
be occupied by the two south piers on Inchgarvie, 
a circular raft was constructed of timber balks 
decked for about 10 ft. round the outer cirewn- 
ference, with 3 in. planking. The raft is shown in 
Fig. 31. It was made sutticiently strong to resist 
the action of the waves in an ordinary breeze of 
wind, or to bear, if necessary, the strain of being 
beached on shore in case stormy weather should set 
in. It was alittle under 70 ft. in diameter, and the 
surface of the planked space was 6 in. above water. 
Large mooring blocks were laid at some distance on 
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Fic. 32. CurrinG EDGE OF CAISSON. 


three sides, the fourth being attached by cable 
chains to some of the iron columns of the staging. 
Upon the raft four crab winches were placed, by 
means of which either of the mooring chains could 
be hauled in or slackened. The raft could thus be 
easily placed in any desired position within tolerably 
wide limits. A central staff was fixed upon the 
raft, and about a foot from the outer edge a ring of 
gas-pipe was laid down upon which the grooved 
wheels of a carriage ran true to the centre of the 
raft. A drum was placed upon the carriage, some- 
what overhanging the edge of the raft, and upon 
this drum the sounding line was coiled. This con- 
sisted of a fine steel wire and a long weight weigh- 
ing about 60 lb., with a point at bottom, feet and 
inches being marked upon the wire by copper tags 
attached. P 

Two theodolites—one in the centre line of the 
piers longitudinally on the iron staging, the other 
on a masonry pier at right angles to the centre line, 
but in line with the centres of the two south piers 
—were stationed to check the position of the centre 
of the raft every few minutes, while alterations in 
the tide level were observed on two tide gauges, and 
recorded. Owing to the heavy current running at 
this point—both during ebb and flood—the raft 
could not be held in position with any degree of 
accuracy, nor could the sounding line be kept 
plumb in spite of the heavy weight attached. 
Soundings were therefore only taken during slack 
water—that is, for about an hour before and an 
hour after high water or low water. 

After the actual contour of the rock, on and 
within the two 70-ft. circles, had been taken, the 
raft was shifted about in various directions and 
further soundings recorded, the exact position of 
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the centre being always fixed by the two theodolites 
reading angles from fixed stations. The whole area 
for about 40 ft. or 50 ft. round the two caissons was 
thus sounded, and a very fair idea of the contour of 
the bottom obtained. About 3000 soundings were 
thus taken, representing a large amount of work and 
trouble with the sounding gear, the mooring chains, 
the winches, and last, though not least, with 
rough weather, and distortions thereby produced 
in the raft itself. 

The raft was also used for fixing the guide piles 
or columns against which the caissons would come 
to lie, and, as a precautionary measure, the centre 
was set 1 ft. up the slope of the rock, as it was 
tolerably certain that during the sinking operations 
the caisson would slide away from the newly cut 
face. 

As soon as the soundings had been taken, and the 
guide columns fixed for the reception of the caissons, 
heavy mooring blocks were laid down to the south- 


east, south, and south-west, with heavy cable chains 


attached, the ends of which were temporarily secured 


to the staging. Two stout wire hawsers were also, 


prepared to pass round the caissons as soon as they 
would be placed in position. 

To hold the caissons with some amount of security 
when once they would take the ground, and give 
them a good bearing all round the edge, it had 
been decided to place a large number of sandbags 
upon the rock, and bring these up to the same level 
—and somewhat above even—as the highest point 
of rock the cutting edge of the caisson would be 
likely to touch. In order to still more securely fixthis 
bed of sandbags, two rectangular piers were built up 
first of bags filled with concrete, and these were 
placed (cee Figs. 29 & 30) opposite the highest point 
of the rock on the circumference of the 70-ft. circle. 
The concrete was of good strength, there being 27 
cubic feet of stone to 44 cubic feet of cement and 


4$ cubic feet of sand. It was mixed dry, slightly 


"wetted, and at once filled into bags. About twenty- 
six of these went to a yard, and they were put into 
boxes with hinged bottom and lowered down by a 
steam crane and emptied. They were put together 
by a diver, and, when a couple of feet of pier had 
been built, a number of sandbags of much larger 
size were put all round it to keep it in place and 
prevent the tide from washing out the cement. 
When the concrete piers had been completed, 
the remaining space under the cutting edge was 
laid with sandbags, except in two or three places 
where channels were left through which the air 
could escape, and through which also the sand- 
bags and other débris could be pushed down the 
rock during the sinking of the caissons. In two 
places well within the air-chamber, and near where 
the centre of the caisson would come to be, two 
piers of sandbags were built up upon which the 
ceiling of the air-chamber would be supported. 

It remained now to lay down the pipes for the 
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supply of air and water, and the electric light cular piers, and to some extent outside and round ; quadruple piles were placed on three sides of the 
cables for immediate connection with the caissons it, a number of soundings were taken to ascer- | Space left. As the tide currents are not nearly so 
as soon as they should be moored in place. tain the depth of water, of mud, of silt, of soft! strong here as on Inchgarvie, and as the caissons 
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- another place. The F head of the jetty, which had | during low water, the danger of their getting awa 
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L 
b 
[ 











$3 
i 
l 


{: 
= 


34 





ENGINEERING. [Frx. 28, 1890. 











the caissons, and stout ropes and wire hawsers to 
pass round them, were kept in readiness. 

Air compressors, electric light machinery, over- 
head water tanks, pumps to supply the same, 
steam cranes, and other plant, were got ready, and 
large quantities of broken stone, cement, and sand 
were stored close by for use. Water pressure at 
1000 Ib. per square inch was brought down the 
incline from the accwnulator on the top, and con- 
ducted to the end of the jetty. 

The Preumatic Caissous.—The six caissons which 
were sunk by the pneumatic process were mainly 
built of wrought iron, and were in the first instance 
constructed and put together by Messrs. Arrol 
Brothers, of Glasgow—namesakes, but otherwise 
in no way connected with Messrs. W. Arrol and Co., 
of Dalmarnock Iron Works, Glasgow. These 
caissons were taken to pieces again and sent to 
Queensferry to be built up and rivetted, as_here- 
after described. 

Description of the Caissons.—The four caissons of 
the Queensferry group are all of one design, differ- 
ing only in height. There are two shells, carried 
up at distances varying from 7 ft. at bottom to 
4 ft. 6 in. at top from each other. (See Figs. 32, 
33, 34, 35.) 

The two Inchgarvie caissons, although externally 
the same in appearance, differ in so far as the inner 
shell is only carried up as far as the top of the 
cylindrical portion, being replaced above that by 
a backing of Staffordshire blue bricks built in 
cement, which was carried up in proportion as the 
caisson was sunk below low water. (See Fig. 36.) 

Generally speaking, the caissons are made up of 
two parts—the cylindrical and the taper part. The 
cylindrical portion is of varying height, with a slight 
taper upwards to facilitate the sinking. This por- 
tion is 70 ft. in diameter, and above it is the taper 
part, which is 24 ft. high in all cases, and terminates 
with a diameter of 60 ft. at top. 

The lower, or so-called cutting edge of the 
caisson, is stiffened by a stout double angle and by 
a broad steel belt, 18 in. wide, and 1 in. in 
thickness. 

At a height of 7 ft. above the cutting edge an 
air-tight floor is formed which extended over the 
whole area up to the outer skin or shell. From 
this floor upwards, started the inner shell of the 
caisson, about 56 ft. in diameter; and here also, 
but downwards, started the sloping plates, which 
terminated at the cutting edge, and which were 
backed and held by a number of triangular brackets 
set against the floor to one side and against the 
outer shell to the other. A circular space of tri- 
angular section was thereby formed, access to which 
was had by manholes cut into the floor between 
every two brackets. Under the floor a space was 
thus left of the form of a truncated cone 70 ft. at 
bottom, 56 ft. at top, and 7 ft. in height, which was 
called the air-chamber or working chamber. Its 
function was to act as a diving-bell for the purpose 
of gaining access to the bottom of the river and 
carrying on the necessary excavation over the area 
thus made accessible. The triangular space sur- 
rounding the air-chamber was called the shoe, of 
which the lowest part, as already said, formed the 
cutting edge. 

The roof of the air-chamber was supported by 
four strong lattice girders 18 ft. in height, and 
reaching from side to side of the inner shell, but 
being carried through to the outer shell by means 
of bulkheads or plate diaphragms set between the 
two shells, and rivetted through with the end posts 
of the large girders. At right angles to these latter 
were carried plate girders 3 ft. deep, and spaced 
4 ft. apart, centre to centre, all over the ceiling of 
the air-chamber. The floor plates were so arranged 
that their joints, where it could be done, were butted 
immediately under the centres of these girders, the 
bottom flanges of which acted as covers on one side, 
while there were covering flats «n the other side. 

Between the shells, the stiffening was obtained by 
circular lattice girders, which consisted of angle 
rings attached to both the inner and outer shell at 
every plate joint, and of angle bars set radially and 
attached to the angle rings by gusset plates, and 
also by inclined angle struts which passed from the 
angle ring attached to the inner shell to the next 
higher ring attached to the outer shell. The top of 
the caisson was formed of a horizontal circular 
plate girder upon which the temporary caisson was 
set and bolted down, the joint being made by india- 
rubber cording about 1 in. in diameter. 

As already stated, the inner shell in the Inch- 
garvie caissuns was not carried up to the top, but 


terminated with the cylindrical portion. To make bottom, forming the flanges. Two of these shafts 
up for the loss of strength a circular plate girder were used for the removal of the débris of excava- 
about 2 ft. 8 in. deep is carried right round at this tion, the other for the ingress and egress of the 
place, similar girders being placed at the second workmen. In the Queensferry caissons the shafts 
plate joint below, and at every second plate joint were pretty evenly distributed over the area of the 
above, all these circular girders being combined by working chamber, the reason being that in these 
vertical angles about every 6 ft. on the circum- caissons, as soon as they touched ground, work 
ference. (See Fig. 36.) could be carried on all over the area at once. In 
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Fic. 37. CatssoN AND CRADLE ON LAUNCHING WAYS. 


_ Three holes about 3 ft. 7 in. in diameter were cut the case of the Inchgarvie caissons, only two shafts 
into the ceiling of the air-chamber at convenient —one for men and one for material—were used, and 
distances, and here were inserted three air-shafts, these shafts were close together at one side, because 
the lower edge projecting into the air-chamber| most of the work there had, owing to the sloping 
about 6 in. They were made up of lengths of face of the rock, to be carried on near the point 





8 ft. each, with an angle hoop rivetted on at top and. where the cutting edge first touched the rock. In 
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addition to the air-shafts, a number of cast-iron 
pipes were fixed, reaching from the air-chamber 
ceiling to various parts of the outer shell, and these 
were used for the removal of silt and soft material, 
all of which, in combination with water, were 
ejected by means of a small quantity of compressed 
air being allowed to escape. 

In the air-chamber itself, the main difference be- 
tween the Queensferry and Inchgarvie caissons con- 
sisted in a different arrangement of the shoe. 

In the former, the sloping plates were carried 
right down to the cutting edge, while in the latter 
they only went half-way down the slope, being then 
bent in a horizontal direction, and brought to the 
outside shell and then rivetted on. For the sup- 
port of the lower remaining portion of the outer 
shell, strong brackets were fixed about 3 ft. 6in. 
apart on the circumference, and these terminated 
at the lowest angle, which, with the 18-in. steel 
belt, formed the cutting edge of the caisson. This 
was done in order to allow the sinkers the fullest 
access to the rock immediately under the cutting 
edge, it being of the greatest importance that it 
should be undercut to the extent of at least 6 in. 
all round. The section of the Inchgarvie shoe is 
shown in Fig. 52. 

It has already been stated that launching ways 
were laid down on the south shore to the east of the 
jetty. These timbers (Fig. 37) were laid on the 
natural slope of the ground, holes being dug at 
intervals which were filled up with concrete, and 
thus provided strong piers to carry the weight of the 
saissons. At the higher end of the timbers several 
trestles were set transversely, of such height as to 
keep the work out of the reach of the water. The 
tops of the trestles formed the platform upon 
which the construction of the caisson was com- 
menced and carried on until about 25 ft. or 30 ft. 
of it, counting from the lower edge upwards, had 
been built. The weight was then about 300 
tons. By means of hydraulic jacks the caisson was 
then slightly raised and packed, and the trestles 
withdrawn. It was then lowered down to within 
half a foot of the top of the launching cradle. This 
was made up of transverse girders laid on longi- 
tudinal timbers, which in. their turn were laid on 
the timbers forming the launching ways. The top 
of the cradle was, of course, horizontal, and it was 
essential to support on it as large a portion of the 
ceiling of the air-chamber as could be reached, and 
also as much as possible of the lower or cutting 
edge of the caisson, which latter was also supported 
for the time being by a number of timber blocks 
placed on the ground. 


BUILDING OF THE CAISSONS. 

In the building of the caissons, the general prac- 
tice was to commence by laying down the bottom 
booms of the large lattice girders upon the timber 
trestles at the head of the launching ways, to bolt 
the 3-ft. cross-girders between them, and fix to 
both the floor-plates. Outside the trestles, any 
projecting parts of the caissons were supported from 
the ground by timbers. The plates forming the 
inner shell were next put on, and also the sloping 
plates forming the shoe, the two forming one joint 
with the floor-plates. All joints were rivetted up 
as far as possible by ordinary hydraulic rivetters, 
and meanwhile the bracings of the big girders were 
put on and the top booms laid on these, and more 
plates were added to the inner and outer shells. 
Upon the girders the first platform was laid down, 
and a hand crane set up as well as forges, concrete 
mixer, and other gear. By the time the caisson 
was about 25 ft. high—much of the lower work 
being then done—it was got ready for lowering, as 
already described. It was even then still accessible 
in the lowest portions soon after half-tide for 
further work and for making preparations for 
launching. Previous to this, all joints in the piates 
forming the ceiling—the sloping face of the shoe 
and the outside shell of the caisson—were carefully 
caulked to make a good water-tight job. 

Tn all cases, previous to launching a caisson, the 
shoe and the whole space over the ceiling of the 
air-chamber were filled up with concrete, the latter 
generally to a depth of from 4 ft. to 6 ft. This not 
only acted as ballast, but it gave much stiffness to 
all the lower portion of the caisson, and produced 
a draught of from 9 ft. to 10} ft. after it floated. 

When finally the caisson had been built to the 
required height and weight, all the points of con- 
tact between cradle and caisson were carefully 
adjusted, and all the weight allowed to rest on 
the cradle, it being then ready to be launched. The 





cradle was loaded with pieces of iron to hold it 
down to the launching ways when the water lifted 
the caisson off its bearings and floated it away. 
The slope of the launching ways being about 1 in 
11, it required a push from a 12-in. hydraulic 
jack, placed horizontally, to set the mass in motion, 
and this it did most effectually on all occasions. 

The launching of these caissons took place 
generally at or near to the time of high water of 
spring tides, owing mainly to the shallowness of 
the shore in front of the launching ways—the 
caissons drawing from 9 ft. 6 in. to 10 ft. 6 in. of 
water at the time. As soon as afloat a tug-boat 
was attached and the floating monster at once 
towed to its final resting-place, or else to the end 
of the jetty, where conveniences existed for 
charging concrete into it and placing all the neces- 
sary machinery on board, as also the temporary 
caisson on top. Should any tide not rise as much 
as was expected, it was the practice to hermetically 
seal the air-shafts and other outlets from the 
working chamber and force air into the latter, in 
order to increase the buoyancy. 

The first caisson—that for the south-west pier, 
Queensferry—was launched on May 26, 1884, the 
ceremony being performed by the Countess of Aber- 
deen, the Earl being at the time Lord High 
Commissioner to the General Assembly in Edin- 
burgh. The last caisson was launched on May 29, 
1885—the south-west Inchgarvie. 
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AIR-LOCKS. 


The Temporary Caissons.—The temporary cais- 
sons, placed on the top of the permanent ones for 
the purpose of keeping the water out while the 
circular granite pier was being built, were of the 
same construction as already described in connec- 
tion with the Inchgarvie north piers. (See Figs. 32 
and 51.) The lower tier of caisson segments, in 
addition to the large number of small bolts which 
made the water-tight joint, had two long 2-in. bolts 
to each section of caisson, or twenty-eight bolts on 
the circumference. These bolts terminated at top 
ina screw thread with nuts, and at bottom ina long 
shackle, which grasped a lug rivetted to the out- 
side of the permanent caisson. The temporary cais- 
son was made large enough to allow space round 
the completed pier for the masons pointing the 
joints in the granite blocks. Two tiers of caisson— 
total height, 20 ft.—were generally held sufficient to 
keep out the water; but in places where rough seas 
and much spray were likely to occur, a third tier, or 
at any rate a portion of it, was put on. The south- 
east caisson on Inchgarvie had a special temporary 
caisson constructed for it, consisting of plates 22 ft. 
in length. (See Figs. 36 and 53.) 

The four Queensferry caissons, after being 
launched, were at once towed out and placed in 
their proper positions, being secured to the jetty 
in such a manner as toallow their rising and falling 
freely with the tide. The Inchgarvie caissons, on 
the contrary, were merely placed in a temporary 





berth near the end of the jetty, and they were! 





put on and all necessary machinery placed inside, 
before they were removed to their permanent places. 
This was done, not only because it was essential that 
these caissons should touch ground as soon as pos- 
sible after their arrival in their berths, but also 
because a large proportion of the machinery inside 
and of the temporary caissons, was taken from the 
Queensferry piers, then already built up to above 
high water, and put on board, and the transport 
and double handling thus saved. It may not be 
amiss to state, as an instance, that the last caisson 
—No. 6, or south-west Inchgarvie—was launched 
on May 29, 1885, weighing a little over 500 tons, 
with a draught of 10 ft. 3 in., was towed to Inch- 
garvie on July 16, drawing 31 ft. of water, and 
weighing 2877 tons, which was made up as fol- 
lows: 


Tons. 
Permanent caisson... _— ve 457 
Temporary caisson (two tiers)... , 65 


Two air-locks, air-shafts, concrete mixer, 


boiler, steam crane, &c. aa 35 
Timber floors and staging... 50 
Concrete 1418 
Brickwork 852 

Total 2877 


Before entering upon the description of the mode 
of sinking the caissons, some account is needed to 
be given of the apparatus and machinery in con- 
nection with that part of the work. 

Ark COMPRESSORS. 

There was nothing in these different from any 
ordinary type of compressors. They consisted of a 
pair of horizontal engines coupled, and directly 
acting upon a pair of double-acting air-compressing 
cylinders. There were two pairs of 16}-in. cylinders 
with 2-ft. stroke, and three pairs of 12-in. cylinders 
with 2-ft. stroke, all working at 60 lb. steam pressure. 
They were run up to any speed required to produce 
the necessary maximum pressure, which in the case of 
Inchgarvie on one occasion amounted to 37 lb. per 
square inch in the air-chamber of the south-west 
caisson. The air-compressing cylinders were water- 
jacketted, with a continuous current of cold water 
passing through. For the service of the rock drills 
inside the working chamber, a separate engine was 
used, which forced air down by a separate pipe lead 
at 70 lb. per square inch—the rock drills receiving, 
of course, the benefit of the difference between that 
pressure and the prevailing one in the air-chamber 
only, as they had to discharge into the general 
pressure of the working chamber. 

On the top of the men’s air-lock a whistle was set 
which worked by air pressure and which could be 
regulated from below; by means of this a constant 
communication was kept up, and more or less air 
pressure put on in accordance with requirements. 

The pipes supplying the air were laid from the 
compressors straight to the caisson side, but the 
joint to the pipes inside the caissons had to be made 
by a long piece of flexible tube, the end of which 
was attached to a check valve placed upon the air- 
lock for the admission of the men. The air was 
forced down this shaft into the working chamber, 
thus preventing the ascent of any foul air in these 
parts. 

A supply of water for flushing purposes was also 
laid on, being taken from an overhead tank set 
about 40 ft. above the level of the staging. 

Of great importance both for the safety and con- 
venience of the men, and for the progress of the 
work, were the air-locks. Those by which access 
was got to, and exit from, the air-chamber, consisted 
of an inner portion, 3 ft. 6 in. in diameter, in con- 
tinuation of the ascending shaft, and a circular space 
all round it about 21 in. wide and 6 ft. high. (See 
Figs. 38 and 39.) The outer chamber was divided by 
two partitions into two equal spaces. Each of these 
spaces was provided with a square door giving com- 
munication on the one side to the air-shaft, and on the 
other side tothe outeratmosphere. All doors opened 
tothe inside. To gain admission to the air-chamber 
it was necessary to enter one of the outer spaces, to 
close the door (which was pressed against an india- 
rubber joint), and by turning a small cock to 
gradually admit compressed air. As soon as the 
pressure on both sides of the door leading inte the 
air-shaft was equal, this latter fell open and the air- 
chamber could be reached by an iron ladder fixed 
in the shaft. To return from the air-chamber to 
the outside was the reverse of this, the pressure 
from the outer chamber being exhausted by opening 


completed there, and had the temporary caissons | @ small cock communicating with the atmosphere. 
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AIR-LOCK AND HOISTING GEAR FOR CAISSONS. 


















































































































































+ rae z 
ST : \|T 
: ' \ 
HEL: 
Se |i ] 
_ = 
; Indicator 
:\ Whistle 
6 
Sfocag ps \ ms B 
i?) 
Ny Liy 
( P| 
= O 
°| roy ~~ 
cs? Pa 
T T 
Aw int | 
Vale 





























| set up near the lock so as to centre the air-shaft with 
| its heaving chain ; the top door of the lock was then 
| drawn back and the skip or bucket, about 3 ft. in 
diameter and 4 ft. high, holding about 1 cubic yard, 

was lowered down into the lock and the shackle of 
<== | the inside winding chain attached to it. The upper 
|door was now closed, and a slight turn of the 
| engines tightened the chain and lifted the bucket 

just clear of the lower door. A cock, or valve, 
| which communicated with the compressed air in 

the working chamber, was now opened and pressure 

thus admitted to the lock. The sliding doors were 
| provided with india-rubber joints, and small thumbs 
| or tappets, actuated by a lever, were used to force 


—_ ‘the door hard up against the india-rubber, in 
HTN addition to which the gradually increasing air 
; ‘pressure helped to close the joint. When the 
ot upper door was thus secured, a turn of the inter- 
ie locking wheels set the lower door free ; this was 
now drawn back, and the bucket was lowered right 
to the under side of the upper door and sliding out | The mode of working these locks was as follows: A down to the bottom of the working chamber, and 
and in with it, thus bringing the point of sus- |3-ton steam crane with fixed jib (see Figs. 36 and 51), there filled with the spoil of the excavation, or else 
pension immediately into the centre of the shaft. | but provided with quick-moving slewing gear, was the chain was taken off and attached to one already 
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filled. A signal was then given, the bucket was 
drawn up into the empty lock, the lower door 
closed, the compressed air let out of the lock, the 
upper door drawn back, the winding chain taken 
off, and crane chain attached, the bucket drawn 
up and discharged on a shoot over the side of the 
caisson, and the same process repeated as before 
described. In the drawing shown (Fig. 41) it 
will be noticed that the bucket in its ascent in 
the lock touched a lever, and gave indication of its 
whereabouts by a steam whistle ; but, as an addi- 
tional precaution, small wheel gear was placed in 
connection with the winding drum-shaft, and, by 
means of a dial and pointer, indicated the position 
of the bucket at all points of its course. 

The lever K acted upon the long rod L, which 
was so arranged thatone of its ends was always within 
a hole drilled in the frames of the sliding doors, and 
that thereby either one door or the other was made 
absolutely immovable. 

The two valves admitting water to the rams 
working the sliding doors are seen at DD close 
together; each carried a handwheel, out of which 
a segment is cut, and into this the rim of the 
other wheel fitted. In the position here shown 
the upper valve is closed, and its handwheel cannot 
be turned unless the handwheel of the lower is 
turned round to bring the cut-out segment exactly 
opposite. In that position, however, the lower 
valve would be closed, and it is, therefore, easy to 
perceive that, so long as the handwheels remained 
attached to the valves, it was impossible to open both 
simultaneously. 

Since no workmen passed through these locks, it 
was not necessary to admit or discharge the air 
pressure by degrees; the inlet and outlet cocks 
were, therefore, large, and acted expeditiously to 
reduce the loss of time. 


AcciENt To No. 4, OR QUEENSFERRY NortTH- 
West CaIsson. 


This caisson was built and launched in the usual 
way and towed into position at the north-west 
corner of the Queensferry jetty in December, 1885. 
It was secured to the staging in the usual way, 
allowing it to rise and fall with the tide pending 
the putting on and rivetting of the remaining 
courses of plates at top, and the otherwise com- 
pleting it for the sinking process. Owing to the 
inconsiderable depth of water, the cutting edge 
touched the mud soon after half ebb, and embedded 
itself at low water. On New Year’s Day, 1885, an 
ne,“ se high tide occurred, followed by an 
equally exceptional low ebb, and the caisson sank 
deeply into the mud, assuming, no doubt, some- 
what of a list or dip in accordance with the natural 
slope of the mud. The cutting edge entered so 
deeply into the more solid portion of the mud or 
silt that, on the flood tide returning, the water 
could not get underneath, and the caisson failed to 
rise with the tide. Not being built high enough, 
the water soon flowed in, and filled it completely ; 
and on ebbing, as the lower sluice valves could not 
be got at, the caisson became top-heavy, and tilted 
still more over towards the low side. At last, it 
began to slide in the same direction, and moved 
thus for about 20 ft., when it stopped. In this 
position the lowest portion of the top plates re- 
mained fully 6 ft. under low water, and it became 
necessary to arrange to add to its height before 
pumping could be resorted to. A number of divers 
were employed to bolt on two or three tiers of 
plates. 

Arrangements were made to stiffen the caisson 
internally by timber struts on top, and to keep on 
stiffening in the same manner as the pumps suc- 
ceeded in reducing the water level inside the 
caisson. Unfortunately, the pumping was carried 
on at too great a rate for the carpenters who were 
to put in the strutting, and the thin plating could 
not support the pressure o, the water from 
outside. The plates gave way, and a great rent, 
right across the lower side of the caisson, some 
25 ft. to 30 ft. long, was the result. After dis- 
cussing many plans si aa for getting out of 
this difticulty, it was resolved to construct a sheath 
or barrel of 12-in. timber balks all round the 
caisson, to bolt as many of these balks as could 
be got at firmly through the iron skin, and to make 
the best joint that could be got either by puddle 
clay or cement grouting, or a combination of both. 
All this work below had to be done by divers, and 
therefore required a considerable time in doing. 
In the first instance, a heavy circular timber frame 
was placed inside the caisson near the top and 


strutted in all directions. A number of balks 
were first placed all round, and, where necessary, | 
driven down into the soil as far as required. | 
Strong iron hoops or belts were laid round all these, | 
and then the filling between these guide timbers 
carried on, all of them being Y grooved on the one 
side, and the other side Y shaped to fit the groove. 
Finally, wedge piles or closing piles were driven 


in between the other balks, and as many as could | one in five. 


be got at were bolted tight up to the skin of the 
caisson where it was sound. Nearly ten months had 
elapsed since the accident occurred before the tim- 
ber barrel was in such a condition that pumping 
out could be proceeded with (see Fig. 46). The 
ground under the high side was now dredged away, 
and both air and water were forced down the air- 
shafts into the chamber to wash or force out as much 
as possible from underneath. Pumping was then 
commenced, all leaks as they showed being dealt 
with in any suitable manner, further stiffening 
inside resorted to where necessary, and thus, step 
by step, the lost ground fought for. Weight was 
also added on the high side by commencing to 
build a brick casing against the outer shell. 
Patiently this work was persevered with, and at 
last, one Sunday morning, October 19, 1885, some- 








piers on Inchgarvie and the four piers at Queens- 
ferry. The two former are founded on the solid 
rock, sloping here at an angle of about one in five 
to the south-west ; while the four piers at Queens- 
ferry are placed on the boulder clay which is found 
there in a very hard and solid state at a minimum 
depth of 48 ft. below high water. The boulder 
clay here is sloping to north-north-east, also about 
These caissons were all sunk by means 
of the pneumatic process at considerable depth 
|under water, under some difficulty, and under 
| great pressure of air. To manipulate these cylinders 
| of immense size, weight, and height, in the face of 
| the uncertain conditions of wind and weather, and 
‘under the influence of a strong tidal current ; to 
|put them—weighing between 3000 and 4000 
tons-——into their places, and to hold them there 
and pass them down through material ranging 
from soft mud to hard rock, was certainly a 
most formidable task. Yet, with one excep- 
tion, just above mentioned, namely, the tilting 
of the Queensferry north-west caisson, these huge 
cylinders caused proportionately less trouble and 
‘anxiety than the shallow cofferdams of the other 
foundations. This was, no doubt, owing in a great 
measure to the practical knowledge and expe- 


Fic. 46. Tintep CAISSON AT SOUTH QUEENSFERRY. 


what unexpectedly, the caisson raised itself out of 
its muddy bed and floated once more. It was at 
once drawn into position, and no time was lost in 
commencing the sinking process. As it was im- 
possible to place a new shell in the place where it 
was rent, it was decided to leave this alone, and not 
to proceed with the building of the inner shell either, 
but to substitute for both a stout lining of clinker 
bricks built in cement. The shape of this and its 
strength are shown in Fig. 47. 

The three other Queensferry and the two south 
Inchgarvie caissons had in the mean time been sunk 
to their full depth, and in fact had nearly dis- 
appeared out of sight, and all machinery and 
apparatus were available for dealing with this the 
last. 

Before the middle of February, 1886, this 
prodigal among caissons had joined his brethren far 
down in the prehistoric clay, and there is no reason 
to think that the masonary pile which stands on it 
is less able to carry its due share of the enormous 
load laid on them than either of the others. 

The foundations of the four circular piers on 
Fife, and of the two circular north piers on Inch- 
garvie, have been fully dealt with, and it remains 





to describe the mode of founding the two south 


rience of the men in charge of this portion of 
the work. The sinking of these six caissons 
was let as a sub-contract to M. Coiseau, of 
Paris and Antwerp, whose large staff of men 
had been engaged for several years in the con- 
struction of the great quays and harbour walls 
and docks at the latter place by the pneumatic 
process. It would be as well to take this oppor- 
tunity of dispelling the notion which has somehow 
gained credence, that the foreign workmen—1mostly 
North Italians, with a sprinkling of French, 
' Belgians, Austrians, and Germans—were better 
able to work in and resist the high atmospheric 
pressures necessary to this kind of work, than the 
British workmen. That this is not so is proved by 
_the fact that large numbers of the Forth Bridge 
men—carpenters, fitters, and ordinary labourers— 
were frequently employed below, and many of 
their number for the first time, when the pressure 
was already considerable, without experiencing any 
great inconvenience or harm. It is, in the first 
instance, a matter of habit, although it certainly 
requires good health, freedom from pulmonary or 
gastric weakness, and abstemiousness, or, any rate, 
moderation in taking strong spirituous liquors. 
Some of the most experienced hands of M. 
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Coiseau suffered when they had been making too Various researches were made by members of the 
free with the whisky overnight, and a good deal medical staff in the endeavour to give relief or 
of the disorders that ensued were traceable to the obtain a cure, but, so far, not with any degree of 
same source ; though, on the other hand, wet feet, success. 














or incautious and sudden change from a heated 
atmosphere into a cold and biting east wind, in- 
sufficiency of clothing, and want of proper nourish- 
ment, had their influence in causing illness among | 
the workers. Although these six caissons were 
founded at depths varying from 63 ft. to 89 ft. 

below high water, with an average time of seventy- | 
eight days for each, not one death can be properly 

and justly attributed to working in high pressure. 

Two men died during the time, but both were 

already consumptive when they commenced working | 
here, and the rigour of a Scotch winter had, at any | 
rate, as much to do with their death as the air 
pressure. Another man became insane, and had to 
be sent back to his own country. 


SINKING OF THE CalIssons. 

The operation of sinking a caisson through mud, 
silt, or clay differs somewhat from that pursued in 
sinking through solid rock, at any rate in the mode 
of attack. 

In the Queensferry caissons the first thing to be 
done was to fix pipes in the air-shaft, one for the 


mud diluted with water. 
matter will be described further on, it need only be 


mentioned that by degrees the shaft first, and nexta | 


space underneath it in the air-chamber, was cleared, 
and access had to the latter. 


As soon as the | 
!ejector pipes described above could be reached, | 


lost here from this cause, which in other works had 
proved fatal to so many. 

In using the ejectors the following mode of 
working was employed. (See Fig. 48.) A_ sort 
of sump or hollow in the ground was formed, 
and into this the water from an overhead tank 
was allowed to flow in any quantity desired, 
and mixed with the more solid material exca- 
vated. A man who held the end of the flexible hose 
attached to the ejector manipulated the same in such 
a manner that a certain amount of the air inside the 


'chamber was allowed to enter into the ejector pipe 
admission of water, the other for the removal of 
As this process of ejecting | 


with the mixture inthe sump. This air in escaping 
carried with it a certain amount of liquid, and forced 
it out at one of the openings in the caissons above 
water level. The operation is shown in the cut 
figured here. It is somewhat puzzling at first 
to understand why the air pressure, which is only 
just equal, or only slightly exceeding that which is 


The principal bad effect produced by the air pres- flexible hose was attached to them, and a larger) due to the head of water outside, should lift and 
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Fic. 48. SINKING THE QUEENSFERRY CAISSONS. 


sure appears to be that of severe pains in the joints 
and muscles of the arms and legs. As these have 
been, in most cases, traced to hard work and con- 
sequent copious perspiration, and also to too long a 
stay under pressure, it has been suggested as a pro- 
bable cause that small globules of air make their way 
through the skin, or between the skins, where they 
remain, and on the workman returning to ordinary 
atmospheric pressure, expand, and thereby cause the 
most agonising pains in the joints, the elbows, 
shoulders, knee-caps, and other places. In seeming 
confirmation of this, the sufferers got instant relief 
on returning into the high pressure. Thus it 
happened that many of those afflicted with this 
disorder spent the greater part of Saturday after- | 
noon and Sunday under air pressure, and only | 
came out when absolutely obliged to do so. 


number of men employed to clear the caisson 
of the semi-flud mud. Great care was required 
during this early stage of the work, and the weight 
of the caisson regulated to a nicety, for there was 
nothing but its buoyancy to prevent it from suddenly 
descending and smothering the men below. Atlow 
water was naturally the most dangerous time, there 
being the least displacement in action then, while 
the weight was greatest, and moreover the cutting 
edge resting upon a treacherous ground. The men 
were generally withdrawn at this time, and the air 
pressure diminished, allowing the caisson to descend 
as far as it would go. On one of these occasions 


the caisson suddenly descended some 7 ft., and not | 
only the air-chamber but part of the ascending shaft | 


became filled again with mud and silt. It is satis- 
factory to be able to say that not a single life was 


Fig. 49. 
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HYDRAULIC SPADE, 


discharge a quantity of semi-solid material at a level 
above the water; the explanation will, however, be 
found in the fact that the velocity of the air due to 
this pressure is very much higher than that of water 
flowing under the same head, and that it carried 
mechanically along with it as much of the fluid as it 
could convey. Of course the man who manipulated 
the end of the hose in the sump had to feel his way 
into the solution of this problem, and had to vary 
the quantities or proportions of air and liquid 
according to the requirements of the moment. 
Outside the caisson the flow from this ejector was 
not continuous, but in gulps, like that from a single 
plunger pump, now in a large mass, now in a thin 
stream, and at times nothing at all. 

As soon as all the soft material had been re- 
moved, and a bed of stiffer clay reached, the ejector 
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could be used only for removing the superfluous 
water, and picks and heavy spades had to be resorted 
to and the material charged into the buckets and 
hoisted out by the locks. Lines of narrow-gauge rail- 
way were laid down to run small bogies, on which 
the skips were carried in all directions within the 
chamber. Presently the hard boulder clay was 
reached, which was nearly dry, and which proved 
tougher and harder than anything the existing 
tools could work in. Various means were tried, 
and even blasting by powder or dynamite resorted 
to, but with little result. The rate of progress 
became exceedingly slow, and the men’s energies 
became quite exhausted. Here Mr. Arrol’s inge- 
nuity fortunately came to the rescue, and he 
devised a most simple, yet a most efticient, tool to 
grapple with this decay —snsaily, a hydraulic 
spade shown in Figs. 49 and 50. It consisted 
in the main of a ram, to which a spade is attached, 
the ram fitting into a cylinder, which represents the 
handle of the spade. On the top of the cylinder was 
fitted a head-piece, which could be set against a 
niece of batten or any other convenient object. 

he ceiling of the air-chamber furnished the resist- 
ance, and the projecting rivet heads were useful in 
preventing side slip of the head-piece. The spade 
was lifted by two men, a third attending to the 
fixing of the head and the turning of the cock 
admitting water pressure. This was of the ordinary 
amount, namely, 1000 lb. per square inch, less the 
amount of air pressure inside the caisson. 

The spade was set on the ground, the pressure 
turned on, and as soon as the head-piece had been 
firmly set against the ceiling the full pressure was 

iven, and the spade forced down into the clay. 

he water was then exhausted and the spade 
brought forward, thereby detaching a slab of clay 
from 16 in. to 18 in. deep, and from 2 in. to 4 in. 
thick. The spade was then set up again, and the 
clay thus cut away in long ridges all over the area. 
Many of these slabs of clay had to be cut to allow 
them to be charged into the skips. Any boulders 
too large to pass through the air-shaft were either 
drilled and blasted, or left in the chamber to be 
hereafter incorporated with the concrete filling. 
The water Rechenned by the spades had to be 
collected in a sump and discharged through an 
ejector. 

In digging or undercutting the edge of the cais- 
son all round, the spades had to be worked at an 
angle varying from 30 deg. to 60 deg., the rivet- 
heads coming in usefully here to provide a good 
hold for the headpiece of the spade. 

In undercutting round the sides, portions were 
left. standing to carry the weight of the caisson 
while excavation was still going on, and these por- 
tions were by degrees removed until the bearing 
surface became too small to sustain the weight, and 
the caisson settled down into them. In proportion 
as the caisson descended, more weight was added 
on the top; but this was also required to be done 
with care, for fear of displacements taking place. 
After entering into the hard clay, the caisson edge 
was nearly sealed by the pressure of the water 
upon the clay outside, and instead of the pressure 
of air corresponding to the head of water outside, a 
few pounds sufticed to keep the caisson dry. 

Thus, in the case of the Queensferry north-east 
caisson, founded at 89 ft. below high water, the out- 
side head is equal to fully 42 lb. of air pressure 
inside, but it was actually worked and finished with 
a pressure of from 15 lb, to 18 lb. per square inch, 
after once the hard clay had been entered. This 
made it, of course, much easier for the men to work 
in, apart from a considerable saving of wear and 
tear of the machinery. 

It will be readily understood that it was of para- 
mount importance that the caissons, when sunk to 
their final depth, should be in the correct positions 
laid down for them; yet it is equally easy to under- 
stand that in sinking such a mass ‘t would not take 
a “hay deal to cause a displacement in one way or 
other, since there is nothing to hold it in its proper 
centre. , 

The position of each caisson was therefore 
checked nearly every day, and if it deviated in any 
way from its right course, steps were at once taken 
to remedy this. To do this it was only necessary to 
undercut the caisson edge on the side to which it 
had moved, and to gradually tilt it to a small degree 
in the direction of that side. When this had been 
done the caisson was sunk further down for a 
distance with this tilt on it, and was then righted by 
undercutting on the high side. This was repeated 
until the centre of the caisson had got back to its 





The slight upward taper in the’ 


proper position. 


cylindrical portion of the caisson added some little 
help in that direction, and the writer thinks that a | 
little more taper than that given to the Forth 
Bridge caissons would be found very advantageous 
in future works of this kind. Another plan is to 
set up inside the air-chamber and against the top of 
the sloping plates of the shoe, a number of strong 
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Fic. 51. SkEctTION OF CAISSONS WITH 


South-West. 


May 26, 1884 





Launched and towed to berth ... 


Commenced sinking aE : Sept. 1, 1884 


Level of cutting edge at com- 


mencement below high water . 33 ft. 
In final position ... eye .. Dec. 6, 1884 
Level of cutting edge below high 

water ne ae ea 71 ft. 
Commenced concreting of air 

chamber ... até ete ane Dec. 8, 1884 
Finished concreting of airchamber | Dec. 17, 1884 
Concrete up to granite level Feb., 1885 
Pier completed July, 1885 


timber struts at an angle to the perpendicular, and | 
well secured against some timber or stone in the | 
solid ground. This should be done previous to the 
caisson being allowed to descend. When it does so 
all these struts have a tendency in descending to | 
become longer and to force thereby the caisson over | 


| go. 





in the direction in which it is intended that it should 
This should also be done at high tide, when the 


buoyancy of the caisson is largest. As in all things, 


so here, prevention is better than cure, and it is 


best to keep a sharp eye upon the workmen in the 


' chamber, to insist that the edge be undercut on the 


outside to the extent of 6 in. to 8 in. all round 
before it is allowed to descend, and to have the posi- 


SATA ANH YG 


at 1 


AIR-LOCKS AND WORKING CHAMBER. 





TABLE No. V.—Procress oF Work WITH CAISSONS AND PIERS. 





South-East. North-East. North-West. 
— Aug, 24, 1884 Nov. 24, 1884 Dec. 3, 1884, 
Submerged 


| | Jan. 1, 1885. 
Floated again 


| | Oct. 19, 1885 
| Nov. 24, 1884 | Jan. 28, 1885 | Nov. 25, 1885 
| o.oo 
Feb. 4, 1885 April 10, 1885 Feb. 4, 1886 
73 ft. soft. | 86 ft. 
Feb. 7, 1885 April 14, 1885 | Feb. 5, 1886 
Feb. 18, 1885 April 25, 1885 | Feb. 10, 1886 
April, 1885 June, 1885 | March, 1886 
Sept., 1885 Sept., 1885 June, 1886 


tion checkedas frequently as possible, in order to find 
out a movement to any side at once, and not allow 
it to become too great to be remedied. In working 
on a sloping face, whether of rock, silt, or clay, it is 
good practice to keep the caisson tilted very slightly 
to the lower side, which has the effect of forc- 
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mud and silt had been removed previous to its 
being raised ; hence the greater depth at commence- 
ment of sinking. 

When working in the hard boulder clay, for 
twenty-four hours with the full complement of 
twenty-seven men below in the air-chamber, and 


with four hydraulic spades going, a bucket was sent 
up every five minutes, or 288 buckets in the twenty- | 


TABLE No. VI.—Natvure AnD DeptH oF STRATA THROUGH WHICH CAISSONS WERE SUNK. 


Allbelow Level of mud or silt 


Higl », Clay and boulder clay 
Water », cutting edge at finish 


Depth through hard ground ... 
Total excavation in cubic yards as 


four hours, which was equal to a little over 5 cubic | 


yards per man per twelve-hour shift. The total 
amount of excavation over the full area was equal 
to 145 cubic yards for each footin depth. Even this 
rate of progress was frequently exceeded under 


- favourable circumstances, but was of course largely 


above the average daily work. 
The different strata through which the caissons 


passed, were — water, deposited mud, stiff mud, | 


silt, a layer of pebbles and stones, soft clay and 
boulder clay. In the last strata were found large 


rocks well rounded off, of granite, limestone, free- | 


stone and other kinds, many of which showed upon 
their flat faces, the distinct grooving or scoring due 
to glacier action. Amethysts and pebbles of all 
sorts, and large round boulders of conglomerate were 
also found, but no traces of fossils or of animal life, 
not even a live toad. 

The excavation finished, the chamber was cleared 
of all material used during sinking, and preparations 


made for filling the whole space with concrete. The_ 


bottom ends of the air-shafts were closed by plates 
previously prepared, to which was attached a 
hinged door opening downwards. The large air 
locks were then removed from the tops of the shafts, 
and small tubes 18 in. in diameter fixed inside and 
carried up some distance to a platform, where the 
concrete mixer was stationed. A valve or small air- 
lock was set on the top of the 18 in. tube. Outside 
the latter was of course ordinary atmospheric 
pressure. Similar arrangements were made for 
the other small shafts placed in the caissons from 
the beginning. Concrete was now deposited close 
to the lock, a signal was given, and the lower 
door in the air-chamber was hermetically sealed, the 
air let out of the shaft and the upper valve opened. 
Concrete was shovelled in till the pipe was nearly 
filled, the door then closed, and a signal given. 
Those below then opened a small valve to let com- 
pressed air into the shaft, the lower hinged door was 
opened and the mass of concrete fell on the floor 
and was taken up into barrows and carried all round 
the edge. There it was firmly rammed in and 
pounded with wooden rammers into every hole and 
corner, and thus gradually laid up the sloping face 
of the shoe. Against the ceiling also the concrete 
was carefully rammed, and thus by degrees the whole 
chamber built in, leaving only passages between the 
places where the concrete was passed down. These 
also were by degrees filled up, and the last of the 
concrete had to be passed through the men’s lock and 
down the air-shaft in buckets until this also had to be 
filled. The air pressure was of course kept on during 
all this time to keep the water from washing in and 
out. Finally, all the shafts were filled up, and cement 
grout was run into these until it stood up to the 
level of the water outside, the pressure being kept 
on these shafts for about thirty-six hours longer. 
The remaining space of the caisson above the air- 
chamber was now filled up with concrete to the low- 
water level at which the granite courses commenced. 

The concrete in the air-chamber was of the follow- 
ing proportions : Round the cutting edge and under 
the shoe, and for about 4 ft. all round within this 
space, 27 cubic feet of stone, 64 cubic feet of cement, 
and 6$ cubic feet of sand. Inside this space and 
inside the caisson above the air-chamber, the propor- 
tions were 27 cubic feet of stone to 44 cubic feet of 
cement, and 4} cubic feet of sand. The grout used 
was pure cement and water. 


INCHGARVIE CAISSONS. 


With regard to the Inchgarvie south caissons, 
the mode of working varied somewhat owing to the 
nature of the rock bottom. The preparations which 
had been made for the reception of these caissons, 
and the levelling by means of concrete piers and 
sandbags, has already been described. Previous to 
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launching the two Inchgarvie caissons, a strong | pressors were worked at somewhat greater speed 
timber shoe was fixed in each of the two places | to increase the pressure, and the chamber was soon 
which would come to lie immediately upon the two clear again. The firing was done as often as 
piers (Figs. 30 and 31), built up of concrete bags on possible at the end of a shift to cause the least 
the opposite side to where the caisson was likely delay and loss of time. The firing of the blocks of 
to first touch the rock. The timber frame was rock upon which the caisson rested, was generally 
brought down flush with the cutting edge, so as to done at low water, the caisson crushing into the 
give the caisson a solid base to rest on. | débris with irresistible force. A number of men 

‘then descended and cleared away the débris, which 

'was sent up in the skips, passed through the 
— lock, and discharged over the side as described in 


= “4 at = | 4 m4 a oq the case of the Queensferry piers. Another y of 
71 ft. 73 ft. 89 ft. 85 ft, men cleared away some of the sandbags and cut 
23 ft. | 20} ft 14 ft 93 ft, , under the edge into the concrete piers, while the 
6372 6651. 6827 6271 ‘remainder, were at once set to to drill fresh holes 


_ | where isolated points remained standing. 

When floated across from the Queensferry jetty As mentioned in connection with the. Queens- 
the caissons were at once attached to the mooring ferry caissons, careful examination was daily made, 
chains provided for them, and, in addition, had or evenoftener, as to the position of the centre of the 
stout wire ropes passed round them, the other ends caisson, and if it had shifted it was at once tilted 
of which were passed round the north piers already to one side and speedily brought back to its place. 
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| ——_ —s- 
STRUTS AND WEDGES IN AIR-CHAMBER. pa 

| built. Careful watch was kept day and night to guard ! | = SE 
against accidents, and further loading with concrete. a SS 
was at once proceeded with, while the remaining ote <i 
|machinery, air-locks, &c., were placed inside, and l diss S 
the flexible tubes for the supply of compressed air —— + 
and water, attached. As soon as the caisson com-, | —_—= 
menced to touch ground at low water, the loading | — 
Was suspended, and a descent made into the air- | —s- 
chamber to examine the points where the cutting) | =F 
‘edge was touching, and to put in any further 5 


t| 


support that might be considered advisable. In 
, this way two piers of sandbags were built up to the 
ceiling as an additional safeguard against slipping, 
and these piers were near the centre of the caisson, | | 
| but rather on the side of the concrete piers. Work 
| was now commenced in short shifts, both before 
and after low water, in order to remove as much 
rock as possible under the cutting edge on the high 
side, as it was deemed advisable that at least one- 
fourth to one-fifth of the circumference should rest 
on the solid rock and in a sort of chase before the 
caisson was loaded to such an extent as to prevent, 
its floating even at high water. It was thus fully 
'a fortnight after the caisson was moored in its 
place before it was allowed to settle down, and to 
‘rise no more, Excavation then commenced in 
earnest, although the rate of progress was slow at 
first owing to the comparatively small area which 
could then be attacked. The mode of working was 
'very simple. A number of holes were drilled at 
first by ordinary hand jumpers, one man holding th === 
drill and two striking ; later on, by the pneumatic (3;--***+-" 
rock drills driven by compressed air at 70 lb. to the = 
ra ica inch. ia holes were drilled under, and ..*# ee ae i «3 ca 
some 12 in. beyond or outside the cutting edge, 2am waletice TPO oe ters 
and when carried to their full depth were cheana sade SENN vs ee 
and others proceeded with, until a sufticient Fic. 53. P ? : 
number were done. They were then charged with oe ee a ee 
explosive and the charges fired. In these caissons, In these caissons, of course, the air pressure became 
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‘also, blocks of rock were left standing for the 
cutting edge to rest upon, while between them the 
rock was removed. The rock-drills were also worked 
within the area of the chamber so far as the bottom 
was uncovered by water, and where possible 
ordinary quarrying with crowbars and heavy 
hammers was carried on. At first the charges 
were fired by time-fuzes, but, as the number of | 
holes increased, insulated wires were laid to the 
boreholes, the ends being gathered together and, 
brought up into the air-shaft, where they were 
fired by an electric battery simultaneously. A 
wooden trap-door was provided to close the bottom 
of the air-shaft and prevent the fumes from passing 
upwards, all the men being withdrawn during that 
time. After the charges were fired the air com-| 


greater with every descent; for the water had full 
access to them at all times. On the other hand, 
the atmosphere was singularly sweet and fresh, as 
a large quantity of air was forced past the cutting 
edge, and ascended in a mass of bubbles by the 
side of the caisson, looking exactly as if it were 
boiling all round. The effect of this is shown on 
Plate VI., where the south-east caisson is nearly 
down to its final depth, while the south-west is 
floating still. The caissons were lighted by arc 
lamps and incandescent lamps, and so large was the 
air-chamber that it required five or six lights of 
2000 candle-power each, to give a tolerable light ; 
it took much care and trouble to protect the lamps 
and cables against the effects of blasting. 

The rock-drills were of an ordinary type, mounted 
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on three-legged stools or stands for vertical or good working order, they drilled a large number of |rock, as shown in the sketch, Fig. 52, and their 
steep-inclined drilling, and on timber frames for | holes in the course of a day. action upon the caisson will be readily understood. 
horizontal or slightly-inclined working. The ar-| In these two caissons the tendency to godown| The actual blasting of the rock under the cutting 
rangement through which they were made to dis- | hill manifested itself strongly, and powerful timber | edge does not ——— have injured the steel edge 

in any way ; but large chips of rock lodging between 
the outside face and the iron plating caused some 
accidents, which were not, however, of any conse- 















04. 
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saws For quence. 
Coping course On several occasions photographs were taken in 
Necking course the air-chamber, some of them requiring an ex- 


posure of fifteen to twenty minutes; but they were 
not very successful, owing to the changes in the 
atmosphere and the uncertain light of the are 
lamps. Whenever the air pressure increased to a 
slight extent the atmosphere became quite clear 
and transparent; then the air would rush out at 
some point under the caisson edge with a noise like 
distant thunder, and a great wave of cold water 
came rushing back. This caused a dense white fog 
to suddenly rise in the air-chamber, which obscured 
everything for a few moments and then gradually 
disappeared again. 

Through the gaps left in the heaps of sandbags 
a number of strange visitors used to make their 
appearance, attracted, no doubt by the glare of the 
lighted chamber, which at night could be distinctly 
seen from above—such as salmon, dogfish, octopus, 
many other fish, crabs, and a large number of 
lobsters. One of the latter—a large specimen— 
got very excited in the chase after him, and leaped 
up nearly the full height of the chamber in his 
frantic endeavours to escape—finally jumping into 
an empty skip, whence he was promptly transferred 
to the boiling-pot. 

With regard to the working hours of the men 
employed after the caisson had once settled down 
on the rock, work was carried on day and night, 
the only stoppage being from 6 p.m. on Saturday 
till midnight on Sunday; but the air compressors 
had to be kept going all the time, and the full 
pressure of air maintained. Watchmen were also 
kept constantly on duty in the chamber when 
work was not carried on. At first the men worked 
in eight-hour shifts, with eight hours off, later on 
six-hour shifts with six hours off, and finally, in 
the higher pressures, with four-hour shifts and 
eight hours off. 

The total excavation for the four piers on Inch- 
garvie, and the four piers on Queensferry, and the 
four piers on Fife, are given in a tabular statement 
further down, together with other quantities. 

The total of the wages paid by the sub-contractors 
to their employés, including managers’, engineers’, 
and time-keepers’ salaries, amounted to 1/. 15s. per 
cubic yard of rock excavated in the Inchgarvie 
south-east caisson, and to 2/. per cubic yard in the 
C1. Knee piece Inchgarvie south-west pier. 

Neither of the Inchgarvie caissons was carried 
down to the full depth contemplated (see Fig. 53), 
as it was found that only a very small area remained 
to be filled up when the caissons had got to the depth 
where they were left. These places were carefully 
levelled and stepped, and iron plates were fitted in 
to close the gap between the caisson edge and the 
rock, and the spaces were then carefully built u 
with concrete bags and the whole grouted with 
cement at slack water. Upon this foundation con- 
creting was commenced, and the whole chamber 
gradually filled with concrete in the manner de- 


-- 18 0 


. Total height d6'o- cmesisoanee 
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MODE OF FIXING UNDER BEDPLATES ON PIERS. scribed for the Queensferry caissons. 
In Table No. VII. are a few data of interest in 
ae ; : : 
TABLE No. VII.—Proaress or Work ON INCHGARVIE CAISSONS. _ é connection with these two caissons. 
South-East Caisson. South-West Caisson. THe CrrcuLaR GRANITE PreRs. 


foe : ie ee The foundations below low-water level of ten out 
of the twelve circular piers, vary both in size and 


Launched li ae Mas “a8 outa nae March 30, 1885 May 29, 1885 considerably in depth, ut above that level they are 
Towed to its berth, Inchgarvie ae ee a May 15, 1885 July 16, 1885 exactly alike. The two exceptions are the two 
Touched ground at low water nt ne .. | May 25, 1885 July 29, 1885 north piers on Fife already described. Their foun- 
First descent to chamber __... aaa we as May 26, 1885 August 5, 1885 dations start at 7 ft. below high water, and they 
Commencement of sinking... aaa ae 5m May 27, 1885 August 6, 1885 are only 45 ft. in diameter under the necking 
Level below high water at commencement ... ae 51 ft. 64 ft. course. In all other respects they do not differ 
In final position nee rae ty aes ue August 15, 1885 October 1, 1885 from the remaining ten piers. In all these the 
Level of same below high water... se i 63 ft. 9 in. 72 ft. 1 in. granite masonry starts at low-water level, or 18 ft. 
Commenced concreting chamber __... ae ie August 19, 1885 October 2, 1885 below high-water level, with a diameter of 55 ft. ; 
Finished concreting chamber... ie re ee September 1, 1885 October 10, 1885 rises with a regular straight batter of 1 in. in 10} in. 
Caisson filled to granite level... ft, nag a September 15, 1885 | October 30, 1885 to a height of 12 ft. 8 in. above high water, where 
First granite laid xe sia ad aa me September 19, 1885 October 30, 1885 the diameter is 49 ft., and terminates in a necking 
Pier completed ... a si as om a November 20, 1885 February 22, 1886 and a coping course with a somewhat rounded top 


____ | at exactly 18 ft. above high water. The courses of 

granite, of which there are nineteen, are rock-faced, 
charge the compressed air by which they were/|struts and hardwood wedges covered with steel| while necking and coping are of dressed granite, 
driven into the general atmosphere, did great ser-| plates had to be employed to keep the caisson | vary in thickness from 21 in. in the lower to 16 in. 
vice in keeping the air pure just in the places|in its position, or to force it back when it had |in the upper courses, while above these the necking 
where most of the men congregated, and when in| moved. These were set on prepared faces on the |is 19 in. and the coping about 3 ft. 6 in. thickness, 
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TABLE No. VIII.—CIRCULAR GRANITE PIERS.--TABULAR STATEMENT OF QUANTITIES, 


Att ExcavaTION—Concretr, Rupsie, AND Brickwork In Cupic YARDs. 





Tons, Cwrs. AND Qrs. 





GRANITE IN Cubic Feet. STEEL, Iron, and Cast TRON IN 














Pj | In Foundations below Low Water. | In Circular Pier. | Steel. Tron, 
iers. | | | 
—|- —— —— Cast-Iron 
Excava- | ; 

Q.—Queensferry. “eg | | Cuateine Eidos | | Anchor 

4 : 3 © a ing Edge ee ee : etek. 
a - ea al | Concrete. — Rubble. | Rubble. | Granite. cag of —- &e., a “aaa Caissors. | Pe'ts. Plates 

teak | : a L | : 
Tons ewts, Tons ewt. qrs.| Tons ewt. | Tons ewt. | Tons ewt. 
Q. N.E.) © # 6827 | 9601 Nil Nil 2376 =: 13,621 ee 9 6 3 399 0 99 | 1212 
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The latter two courses are of Cornish granite, the 
others of Aberdeen granite, both light grey in 
colour. The blocks of rock-faced granite have the 
edges dressed to the batter of the pier, and to 
horizontal and vertical joints. The courses are 
alternately headers and stretchers, with a bond of 
not less than 9 in. The joints are not more than 
} in. wide, and are pointed from the outside with 
pure cement. 

The hearting is principally of flat bedded Arbroath 
rubble, but a large number of whinstone blocks 
roughly squared were also built in. In building the 
pier the rubble masonry closely followed the setting 
of the granite, and both vertical and horizontal bond 
was strictly observed. Between the concrete in the 
foundation and the rubble masonry in the piers bond 
was also established by large blocks of whinstone 
squared to obtain proper bedding. (See Figs. 54 
and 55.) At this point a wrought-iron belt 56 ft. 
6 in. in diameter, 18 in. in depth and } in. thick, 
made in sections and rivetted together, was placed 
and built in. A second belt of similar strength, but 
only 43 ft. in diameter, was built in about 2 ft. 
below high water, and a third belt of double 
strength, or 14 in. thick and_.39 ft. in diameter, was 
built in just behind the coping course. All these 
are shown in Fig. 54. 

When the level 7 ft. below high water was reached 
a temporary timber stage was erected and carried to 
the level of the underside of the fixed bedplate 
about 17 ft. 6 in. above high water. Upon this a 
templet of the bedplates made of light angles and 


}-in. a in four sections bolted together, which | 


had all the holes for the holding-down bolts in it, 
was laid, correctly centred and screwed down. The 
bolts with anchor plates supported by nuts were 
then carefully set up and built into the rubble 
masonry, a space of a few inches being left round 
each bolt to admit of subsequent adjustment. This 
is very distinctly seen in Plate VIT.—Inchgarvie 
north-east pier. The building of the pier was now 
continued, the position of templet and holding-down 
bolts being frequently checked to insure correctness. 

From the plan it will be seen that the coping 
course consists of alternate headers and stretchers. 

The top or crown of the pier is slightly spherical, 
and is built up of blocks of dressed Aberdeen 
granite from 17 in. to 18 in. in thickness. The 
blocks fitting into and adjoining the coping course 
were all cut to wooden templets sent, the remainder 
being arranged in straight courses. The blocks pro- 
ject from 6 in. to 12 in. under the bedplate, a recéss 
veing cut out to receive the latter. The remaining 
space under the — is made up with Arbroath 
rubble masonry, and in one case with a tolerably 
thick layer of Staffordshire blue bricks built in 
cement. 

The mortar used in buildingthe piers was through- 
out of one part cement and two parts of sand, and 
was mixed in a pugmill close by. At first hand 
cranes only were used in the building, but steam 
cranes were substituted as being more handy and 
expeditious. Both granite blocks and rubble were 
handled and set by means of pointed chain-clips, 
holes being picked for the purpose. 

The holding-down bolts in each pier were forty- 


|eight in number, in four rows of twelve each. 
They are set at 2 ft. 9 in. and 7 ft. respectively to 
each side of the centre line, and are longitudinally 
about 3 ft. apart. Owing to the inward set of the 
bottom members in cantilevers, rather more than 
half of the bolts are set in a line parallel to the 
centre line of the bridge, the remainder following 
the deviation of the bottom member. In order to 
bring the largest possible mass of masonry into 
play, the four centre-bolts of each outside row 
are bent outwards, as shown in Fig. 54, and to 
prevent any tearing action upon the masonry 
which would be produced by the bolts being drawn 
tight at top, cast-iron shoes are inserted at the 
point of kinking, and these are held together by a 
pair of angle-bars to each pair of bolts. (Figs. 
56, 57, 58, and 59.) The holding-down bolts are 
of a special steel. They are 23 in. in diameter, 
with an enlargement to 3 in. at both ends, where a 
screw thread is cut upon them. They are about 
5 ft. long. The anchor plates are 2 ft. square 
with a long boss, stiffened by four diagonal ribs, 
and are held by an ordinary nut. The bolts received 
several coats of tar before being built in. 

When the masonry had been carried to within 
about 8 ft. of the top the templet had to be re- 
moved to allow the rubble to be placed in position, 
but it was replaced from time to time, and the 
position of the bolts frequently checked. As the 
heads of these bolts fitted in the lower bedplate 
without any play whatever, it was necessary that 
| their position should be absolutely correct. 

When the masonry had got up close to the 
| under side of the bedplate the bolts were again set 
| with the greatest care, and the spaces left round 
\them were filled up with cement grout to within 
|about 4 ft. of the top. 

| Immediately underlying the bedplate, and with 
|a view of making a perfectly level bed for the 
|same, cast-iron blocks, 12 in. square and 4 in. 
ithick, with a hole which only just admitted the 
head of the bolt, were placed, carefully levelled by 
instrument and set in cement, the spaces all round 
and between these being levelled to the thickness 
of 1 in. with cement. In addition to the round 
hole in each block, a slot was cut and a taper 
wedge driven hard into this and against the screw 
thread. This was. done to prevent torsion in the 
bolts when the large upper nuts required to be 
| drawn tight. On the bed thus prepared the lower 
| bedplate was laid in the manner hereafter de- 
scribed. The heads of the holding-down bolts, as 
|well as square washers, nuts, &c., are shown 
| further on in connection with the bedplates. 








RaIsinG OF THE APPROACH VriaDUCT GIRDERS AND 
UNDERBUILDING OF THE PIERS. 

The height to which the piers of the approach 
| viaducts had to be carried was 130 ft. 6 in. above 
| high water, and the question how best to deal with 
| both the erection of the girders and the building of 
|the piers was ultimately settled by deciding to put 
|the girders together at any convenient level, and 
imake the lifting of these and the building of the 
/masonry a simultaneous operation. 

The fifteen spans of 168 ft. each, of a total 





weight of slightly over 3000 tons, or, roughly, 
200 tons per span, were built under a sub-contract 
by Messrs. P. and W. McLellan, of Glasgow, the 
contract including their being put together and 
rivetted up on the staging provided at the Forth 
Bridge. 

The girders are of the ordinary double-lattice 
girder type, consisting of two parallel girders at 
16 ft. centres, having trough-shaped top and 
bottom booms and side bracings consisting of inter 
secting diagonal struts and ties. The trains run 
on the top, the troughs of the two outside rails 
forming the top booms of the girders. Each span 
is divided into eight bays of 21 ft. each, which is 
also the height of the girders, and at the inter- 
section of struts and ties a vertical support is 
carried upwards to the top boom. A cross-bearer 
occurs every 7 ft., or three to each bay, and carries 
not only the two troughs for the inside rails, but also 
projects beyond the two outside troughs for a dis- 
tance sufficient to form a 4-ft. path on each side, 
and to support the brackets of the wind fence. 
The floor is made up of buckle plates. The bottom 
booms of the girders are braced laterally by lattice 
girders intersecting at centre, and there are also 
vertical cross-bracings of double angles at suitable 
distances. 

Two spans are made continuous, and expansion 
joints are provided over every second pier. The 
ends of all the girders rest on sliding bedplates, 
no rollers being used. The details of these girders 
call for no special remark. They were originally 
intended to be built of wrought iron, but, in view 
of the cheapness and excellent quality of steel, the 
latter material was ultimately adopted. 

Various circumstances combined to fix the 
height of the staging on which these girders were 
put together, 

On the Fife shore the high ground upon which 
the cantilever end pier and piers 10 and 11 were 
founded necessitated the putting up of staging to a 
height of 41 ft. above high water; the four piers 
10 to 13 having by September 30, 1883, been 
brought up to 37 ft. above high water. 

On this staging the girders were erected and 
rivetted up, the last length next to the north canti- 
lever end pier and nearly half the length of the 
span between pier 13 and the abutment being left 
out, however, for the time being. The cantilever 
end pier had been built up to a considerable height, 
and between pier 13 and the abutment a public 
road passed at a considerable height above the then 
level of the staging. 

As the mode of raising the girders will be more 
fully described in connection with the south 
approach viaduct, it will be sufficient to state 
here that, in order to raise the end of the girders 
nearest the cantilever end pier, a set of strong 
columns were built up and lengthened by degrees 
as the lifting proceeded; and upon these the 
hydraulic cylinders were placed. The mode of 
raising was similar to that employed for the large 
platforms of the central towers, and fully described 
there. Upon piers 10, 11, 12, and 13 the lifting 
proceeded in the usual way, but, not far from the 
abutment, a set of columns similar to those at the 
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TABLE No. IX.—Vuapuct Prers anD CANTILEVER Enp Prers.—TasuLar StaTeMENt oF Quantities. TABLE No. X.—Showing Quantities of Masowry 


Foundations. 


___ All Figures for Concrete and Rubble in Cubic Yards—for Granite in Cubic Feet. __ 


ace 


Granite Masonry Piers. 





Concrete. | Rubble. 


South Viaduct. 


Pier No. 1 246 nil 
oe 176 nil 
a 3 151 nil 
‘7 4 Te nil 
» oS 72 nil 
a» 6 80 nil 
a 228 nil 
a 320 nil 
s 9 hes — 706 nil 
South Cantilever End Pier 2167 295 
North Viaduet. 
North Cantilever End Pier 205 nil 
Pier No. 10 69 nil 
a 52 nil 
—_— 273 nil 
Ree iS 340 nil 
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Piers, Arches, and 


Abutments certified for up to 
November 30, 1889. 








—— Cubic Yards. Cubic Feet. 
Concrete 64,315 
Rubble ate ae 48,356 
Rock-faced granite ... age 494,642 
| Dressed granite 140,756 
Bond courses... 105,120 
Totals 112,671 740,578 





Freestone 
Concrete. Rubble. Granite. Bond 
Courses. 
42 314 5526 ~— not: stated 
322 318 5591 1793 
413 607 10002 3425 
540 607 10002 3392 
622 607 10002 3513 
685 607 10002 5912 
936 607 10002 5993 
973 607 10002 5946 
973 607 10002 5987 
1753 3420 43984 39078 162 of 
blue brick 
774 2320 32944 17305 7 of 
| blue brick 
90 598 11610 | notstated 
130 611 11814 | a 
304 508 | 11756 1954 
419 610 11789 1019 
Fy _ 69 
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other end were used. When the girders had been 


raised to a point above the cantilever pier and the 
abutment (as far as these had by then been built) 
the two ends were joined on, and the completed 
irders raised up to their final position. 
ift of these girders was made about the middle of 
October, 1885, to level 42 ft. above high water, 
and the last lift to level 130 ft. 6 in. above high 
water on February 15, 1887. 

The connections of the permanent way on this 
viaduct with that on the cantilever at one end and 
with that on the masonry arches at the other end 
are made by means of expansion joints, identical 
with those used at the fixed ends of the Fife and 
Queensferry central connecting girders, and fully 
described in connection with the latter. 

On the Queensferry shore, owing to the rising 
ground between pier 3 and the south abutment, 
the girders had also to be built at different levels, 
and were only joined when the various portions 
had arrived at the same level. The seven spans 
from pier 3 to south cantilever end pier were all 
built on staging erected between the piers, and 
rising to a few feet above the masonry, in order to 
allow the lifting rams and lifting girders to be 
placed between piers and viaduct girders. 

Piers 3 to 5 had been brought up to level 18 ft. 
above high water early in January, 1884, pier 6 in 
March, 1884, pier 7 in October, 1884, pier 8 and 
cantilever pier in February, 1885, and pier 9 in 
June, 1885. The delays which occurred were due to 
difficulties and to a larger amount of work in connec- 
tion with the construction of the cofferdams and the 


building of foundations and lower portions of these | 


The first ' 
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piers; but so soon as any of them were completed, 
the staging between was built, and a start made 


with the erection and rivetting of the viaduct 


girders. Thus it was possible to have everything 
ready and to commence lifting early in the month 
of May, 1886. 

Piers 2 and1 had in the mean time had their 
foundations laid and their masonry raised to about 
43 ft. above high water, while the abutment on top 
of the hill was raised to 115 feet above high water. 

For the purpose of raising the viaduct a box 
girder of great strength, about 22 in. deep, 2 ft. 
6 in. wide, and some 24 ft. in length, was placed 
directly under the girder end-posts—that is, along 
the centre of the piers. During the raising of the 
girders temporary connections had been made be- 
tween girders at those places where expansion and 
contraction could take place. Immediately under 
each main girder a hydraulic ram, 14 in. in diameter 
and 16 in. stroke, was inserted in the box girder, 
and was made a fixture in it. 
length of girder of about 3 ft. outside each cylinder 
for packing. All the cylinders were connected with 
force-pumps, which could produce a pressure of 
35 cwt. per square inch, the pumps being placed 
within the bottom booms of the viaduct girders, 
which were completely decked over and used as a 
road, being fenced on each side, and having two 
narrow-gauge lines laid down on it, during the time 
of lifting. Round each pier a timber platform was 
suspended from the girders, so arranged that its 
planking could be brought up close to the masonry 
as the piers diminished in size with the ascent. 


On this platform-—which is clearly shown in Plate. 


There was thus a 





Grand total, 140, 100 cubic yards, 


Note.—The quantities of masonry, &c., for abutments 
and arches are not given in the detail statement above, 
but they are included in the totals here stated. Some 
7500 cubic feet of granite for completion of the cantilever 
end piers have to be added. 


VIII.—were also stowed the hardwood packings 
and other necessaries for the lifting work. All 
these things put a great deal of extra weight on the 
girders, but as neither buckle-plates nor wind- 


!fence had been put on as yet, the weight did not 
| greatly exceed that of the finished girders. 


The mode of procedure was as follows:—Hard- 


wood packing in of slabs varying thickness, from 


- 
[! 


Fig6l 


SECTION 












































(a C A 
A G 
A g CG 

















; 1 in. up to 12 in., was placed under the girders in 
two or three places, and by means of long wedges, 
one worked from each side, every lift was closely 
followed up to prevent sudden drops, should the 
hydraulic presses give way. When a lift of 1 ft. had 
thus been made, the girder was packed and the ram 
was fleeted—that is, drawn back into the cylinder— 
and a hardwood block with a strong steel plate on 
top was underlaid and a further lift made. 

At first it was attempted to raise the whole 
mass of over 1400 tons at once on all points, but 
this was not found to work very well, and it was 
then arranged to work 3 in. at the time only, and 
lift on each pier in succession. No accumulator 
was used, but the pumps were just kept going 
until the girders were up. Asa rule the lifts were 
of 3 ft. 6 in. at the time for two courses of masonry, 
but at times a foot more or so was done, according 
to requirements. 

With the last lift on each occasion the packing 
was so arranged as to occupy the least room upon 
the masonry last done, and the masons then at 
once proceeded to set the granite facing and build 
the rubble backing in every place that they could 
get at, taking good care to leave the work so as to 
make sufficient bond with the remainder. After 
allowing forty-eight hours for the setting of the 
new work, the weight of the girders was shifted on 
to packings laid on the new work, and the remain- 
ing portions of the two or three courses, as the 
case might be, were then built in. After due 
allowance for the setting of this work also— 
another forty-eight hours generally—a fresh lift 
was made, 
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All materials for building were raised to the girder | clusively, as it was feared that the concrete could removed from under it, and was transferred a span 
level by means of two hoists stationed at either end, | not set sufficiently hard in the time allowed between further forward. 
and the materials so raised were run on trollies by | the lifts, while the Arbroath rubble masonry set 


boys or drawn by Shetland ponies to the places | firmly and solidly in about thirty hours. 


Fig. 62 
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where they were required. Thus granite blocks, 
Arbroath rubble, and mortar, were all prepared on 
the jetty below and lifted up. 

To assist the masons in their work of laying 
granite and rubble an overhead traveller was placed 
to each side of every pier. All these travellers 
were worked by friction gear and clutches, both 
for hoisting and lowering, or for travelling, an 
endless wire rope being run along the girders from 
end to end, driven by the same engines which drove 
the pumps during lifting. 

When the seven spans had thus been raised to 
47 ft. above high water, the next two spans from 
pier 3 to pier 1—which in the meantime had been 
erected on staging passing over the Edinburgh-road 
—were joined on, and the further lifting proceeded 
with in the same manner as before. The last span 
from abutment to pier 1 had meanwhile been erected 
on staging at level 119 ft. anove high water, and was 
joined on when the other girders reached that level, 
the complete viaduct being then raised through the 
remaining 11 ft. 

The first lift at South Queensferry was made from 
level 23 ft. above high water in May, 1886, 

Level 47 ft. above high water was reached 
August 10, 1886. 

Level 91 ft. above high water was reached Feb- 
ruary 15, 1887. 

Level 119 ft. above high water was reached 
June 14, 1887. 

Level 130 ft. 6 in. or top was reached August 7, 
1887. 

No mishap of any kind occurred in the course of 
this work, and in no case did the granite facing or 
rubble backing show the least sign of giving way 
during the underbuilding of the piers under this 
considerable load. 

After the girders had reached the tops of the piers 
the cross girders and hydraulic rams were removed 
and the bedplates substituted. 

In all cases the thirteen viaduct piers had the 
hearting constructed of concrete up to the level at 
which the girders were built, but from the time 
lifting was done Arbroath rubble was. used ex- 
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After the piers were in position the temporary 


connections at the joints where provision had been 


63 


HALF SECTION 



























BENDING PRESS FOR PLATES AND MACHINE FOR PLANING ENDS OF CURVED PLATES. 


MDOCOROOAUONOOO 































































































— = = _ 


Very little staging was used in this mode of erect- 
ing, most of the timber being used over and over 
again, for as soon as a girder was rivetted up and 
could carry itself across the span the staging was 
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Fia. 66. MAcHINE FOR PLANING EDGES OF CURVED PLATES. 


made for expansion and contraction were removed, 
and the remaining buckle-plates on the top and the 
wind-fence on both sides were put on. 

After several coats of paint had been put on the 
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girders they were left until the time when the per- 
manent way was required to be laid down. One 
of the views on Plate VIII. shows the girders 
at full height. 
THE STEEL. 
With the exception of a few hundred tons of 
cast-iron washers and anchor-plates in the piers, 


_ject of much anxious thought and reflection to the 


engineers. But, in whatever way the decision was 
arrived at, there can be no two opinions that the 
choice was a happy one. From _ beginning—and 
probably a long time before the beginning of this 
work—to the end, this steel was subjected to every 
conceivable test, both in a properly scientific 
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Fic. 67. PLAN OF DRILL ROADS. 
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result being one single corkscrew shaving, about 
one yard in length, started from the very moment the 


| drill touched the steel and attached yet by the end 


to the piece of scrap out of which it was bored. It 
would not, probably, be straining a fact to assume 
|that this behaviour of the steel under severe tests 
lhad a great deal to do with the confidence with 
which the workmen regarded every portion of the 
structure, and with their belief that no possible load 
they could pile on the temporary platforms could 
by any chance bring about a collapse. It is true 
that, in the early days of plate-bending, some thick 
plates broke near the edges in a seemingly mys- 
terious manner, but the investigations made and 
the reasons adduced in connection with these frac- 
tures were sufticiently convincing to allay any feeling 
of distrust. 

The Board of Trade stipulations in regard to steel 
for structures, do not go further than to lay down 
the rule that the maximum working stress should 
not exceed one-fourth of the ultimate breaking 
strain of the steel. No difference is made between 
the tensile and compressive stresses, nor is any re- 
gard paid to the differences between stresses due to 
dead load or live load—alone or in combination—nor 
to the circumstances arising from changes, occurring 
frequently or rarely, in the nature of the stresses. 

The engineers therefore laid down, after consul- 
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and about 2000 tons of deadweight consisting of 
cast-iron bricks laid in asphalt—which are placed 
in the ends of the two fixed cantilevers terminating 
in the cantilever end piers—the whole superstruc- 
ture, from holding-down bolts to the ventilators on 
the extreme top of the vertical columns, and from 
the granite arches at one end to those at the other 
end, is built of steel. 

The choice of a material for constructing a bridge 
of novel design, of extraordinary magnitude, and 
exposed during erection to the effects of powerful 
atmospheric disturbances, must have been the sub- 





BOTTOM MEMBER ON DRILL ROAD, 


manner for purposes of research or investigation, 
and in an entirely unscientific manner by workmen, 
whose only excuse can be that they did not know 
better. But in all cases the steel stood the test, 
and a more uniform, a more homogeneous, and 
more satisfactory material could not be wished for. 
To only quote one instance, the writer has in his 
possession several pieces of scrap from the shearing- 
machine, picked up promiscuously and placed under 


an ordinary diamond-headed drill about 1 in. in| 


diameter. A hole was drilled about ? in deep, and 
the machine stopped while yet the feed was on, the 


tation with the Board of Trade and with their 
‘approval, certain rules in regard to the stresses 
admissible under varying circumstances. 

For tension members the steel was to have an 
ultimate resistance of not less than 30 nor more than 
33 tons per square inch, with an elongation in 8 in. 
of at least 20 per cent. For compression members 
a resistance not less than 34 tons nor more than 
37 tons per square inch, with 17 per cent. elongation. 

With regard to varying stresses for a load varying 
between nil and a maximum, 20 tons per square 
inch of section to be assumed as the ultimate 
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strength if the change occurs frequently, and 224 
| tons if occurring rarely. 

For stresses alternately tensile and compressive, 
‘the ultimate stress to be 10 tons if frequent and 

15 tons if seldom, one-third of the ultimate strength 
to, be considered the working stress, 

Rivet-steel to have an ultimate strength of 27 tons 
| per [square inch, with 30 per cent. of elongation, 
| and, shearing resistance to be from 22 tons to 24 
| tons per square inch. 

Cast steel to have an ultimate tensile strength of 
30 tons, with 8 to 10 per cent. elongation. 

For tension members the sectional area of the 
rivets in the joints to be 14 times the useful section 
| of the boom. 
| For compression members the area of rivets in 
butt-joints to be half the useful section of the 
member. 

The original estimate gave the quantity of steel 
required for the Cantilever Bridge (not including 
approach viaduct spans) as 42,000 tons. Of this 
| quantity the Landore Works near Swansea in South 
Wales, of Messrs. Siemens, supplied 12,000 tons, 
and the Steel Company of Scotland, from their 
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Blochairn and Newton Works near Glasgow, the 
remaining 30,000 tons. For the alterations made 
subsequently in the design, and the increase of 
section in various parts, a further quantity of about 
16,000 tons was required, about one-half of which 
was supplied by the Steel Company of Scotland, 
and the other half by Dalzell’s Iron and Steel 
Works at Motherwell, near Glasgow. The steel 
for the viaduct spans, about 3200 tons, is not 
included in the figures given above. The Clyde 


of 1}in. thickness with the ends of the test-piece 
closed. As regards the steel supplied by the Steel 
Company of Scotland, all plates were rolled at the | 
Blochairn Works, and all bars at the Newton Works. | 

Failures of the steel under test were of the 
rarest occurrence. 

All steel was manufactured by the Siemens- | 
Martin open-hearth process, and all plates, bars, | 
tees, angles, and other pieces, were cut to length and | 
shape as ordered and thus delivered at the works, | 


engineers previous to being passed into the work- 
shops. If necessary, full-size drawings were made 
on the blackened floor of the large drawing loft, 
and from these all templates were made in wood. 
The templates were carefully cut to size, all holes 
drilled in them, and all necessary information 
and description branded upon the template in clear 
type. In certain cases, such as bracing bars, which 
recur several hundred times over, some of the bars 
themselves were used as templates. For the eree- 
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TUBE DRILLING MACHINE AND TRAVELLING CRANE ON DRILL ROAD. 
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Rivet Company, Glasgow, supplied about 4200 tons 
of rivets. 

With regard to tests, one plate out of every fifty, 
picked out promiscuously, had a strip cut out of 
it which was planed on all four sides and tested for 
tensile stress in a 50-ton testing machine. The 
same proportion was observed in the case of bars. 

For transverse or bending tests a piece was cut 
off every plate and every bar, about 24 in. wide, 





and tested by being bent under the press to a radius | 


Fic. 76. Pian or No. 1 DRILL SHED. 


About 6 per cent. of the total steel delivered was | 
returned as scrap, or between 3000 tons and 4000 
tons. <A certain proportion of the steel delivered 
was used for temporary purposes only, and this will 
account for the difference between the total quantity 
delivered and that erected. 


DRAWINGS. 


All detail drawings were made at the drawing 
offices attached to the works and submitted to the 
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tion of the superstructure the tracings were trans- 
ferred to sheets prepared by the ferro-prussiate 
process, by which the only part of the paper 
remaining white is that which underlies the full or 
dotted lines of the tracings. The drawing is, 
therefore, of white lines upon a deep blue ground. 


WoRKSHOPS. 


Two principal divisions were made in regard to 
the construction, namely, between the tubular 





250 


ENGINEERING. 





[FEB. 28, 1890. 








members and the latticed girders. The former | Fig. 74.) The beams were now bolted with their|spindles were thereby placed at right angles 
were done in the upper or No. 2 shed and on the|inner ends to the angle-iron rings of the dia- | instead of radially. 


drill-roads adjoining it ; the latter, in the lower or | phragms; and on the beams again, the inside, and | 


Besides the machines here described there were 


No. 1 shed. Considering that as much of the work | later the outside, plates were fixed by means of a number of others, all for special purposes, each 


as could possibly be done was to be drilled with all 


| ordinary clamps and by draw-washers. The under- 


|of which carried out its appointed work in a most 


parts put together, it will be at once understood side of the tube was also supported by timber efficient manner. Many different types of hydraulic 


that not only did the drilling form a most important 
part of the work, but also that a great deal of 
special plant designed for each particular purpose 
would be required. As a broad rule, therefore, all 
tubular members were put together and drilled 


through the various thicknesses at once, the only | 


parts done separately being the portions of beams 


blocks built from the ground. The centre of the 
mandrel was now checked by means of a theodolite, 
and, if necessary, corrected. All was now ready 


for drilling, except, perhaps, that all holes in the | 


'lap-joints of the plates and those for the circular 
girders required to be marked. The drilling 
machine, specially designed for this work, was now 


presses for the shaping of bars or corner plates for 
‘the square-ended struts were used, and had con- 
_stantly to be altered as circumstances required. 

Drilling machines, similar only in respect of the 
fact that they drilled holes, and that they moved 
alongside the work which was made a fixture, were 
/in use in the lower or No. 1 shed. (See Fig. 76.) 


and diaphragms not in contact with the outer shell. | brought forward. (Figs. 72, 73, and 75.) It con-|These machines had at times ten boring spindles 
In the lattice-girders the booms were drilled sists of a wrought-iron carriage A running on a going at one and the same time, and there were 


singly, on specially prepared beds, made up of 
timber blocks; or, if worth while, on cast-iron 
frames. The lattice-bars were drilled by other 
machines. 


In the building of the tubular members the first | 


work to be done was to bend the plates to the 
required curve. For this purpose the plates were 


put into a gas furnace (see Figs. 60 and 61), | 


Fig. 7? 





double line of rails on each side of the tube, and 
| to it are fixed in the centre line of the tube two 
/circular frames C C! about 10 ft. apart, and com- 


| pletely embracing the tube with about 6 in. of 


on several of the machines as many as thirteen 

spindles available for use. These multiple drilling 

machines are shown in Figs. 77, 78, 79, and 80. 
Here also an ingenious tool was in operation 





play all round. Upon the frames are placed five which cut the 3-in. round holes out of the lower 
cross-girders DD, so arranged that by means of | bedplates, and which also cut the larger round holes 
‘circular rack and worm B B they can work right 7 in. in diameter, and the oblong holes 11 in. by 
round the tube, each girder carrying two spindles |7 in., with rounded corners (see Fig. 96), out of the 
















































































heated up to a bright red heat, and then passed 
into a hydraulic press, where, between two dies 
or saddles, they received the necessary curvatures. 
(See Figs. 62 and 63.) The plates were then 
placed aside in piles, covered with ashes, and 
gradually cooled down. However carefully this is 
done, some alteration takes place in the shape of 
the plates; and to remedy this the plates, when 
quite cold, were put into the hydraulic press once 
more and received a final setting. They were then 
placed into a planing machine (see Fig. 66), 
where the two long side edges were planed down 
to the required dimensions; while in another 
machine of simple construction the end edges were 
dealt with in the same manner. (See Figs. 64 and 
65.) They were now ready to be built up into 
tubes on the drill-roads, (See Fig. 67.) Here a 
long cylinder, or mandrel with wings attached, was 
supported on a number of trestles, and round this 


MULTIPLE DRILLING MACHINE; No. 1 SHED. 


HH, which can run from end to end. On one side 
|of the carriage is placed an engine E E and boiler, 
and the driving of the spindles is accomplished by 
an endless cotton rope. 
spindles point radially to the centre of the tube, no 
matter where placed. This machine was now 
pushed forward to the tube, timber packings being 
‘removed in front and replaced behind as_ the 
|machine advanced, and drilling was carried on 
‘until all holes (about 100 per foot run) in the 8 ft. 
section were drilled. The machine was then moved 

forward to the next section. On the side to which 
the machine was moving new beams and plates were 
jalways added, while on the other side they were 
removed and taken to the stack-yard. 
being removed, however, every plate, every beam, 
|angle, cover or strap was typed with distinguishing 
iletters, which made it possible, at a moment’s 
/notice, to fix its position in the structure. In 





ces 


Thus arranged, the ten | 


Before | 


mandrel the tube was built up, the diaphragms | tubular members other than circular, the side 
being bolted to the wings of the mandrel. (Figs. | frames in which the cross-girders which carried the 


63, 69, 70, and 71.) Meanwhile, the beams had been | boring spindles moved, instead of being circular, ' 

> . : g 8} g 
prepared and drilled with the angles attached by | were of the same shape as the members them- | 
ordinary radial driliing machinesin the shop. (See' selves; and on flat surfaces, for instance, the | 






Fig. 78 















Radiat 


removed 


upper bedplates. Thismachine consisted of a vertical 


| spindle turned by worm and wheel, and upon this 


spindle was a saddle in which could move forward 
and backward a horizontal slide which carried a roller 
|on top, and a cutting tool at bottom. The roller 
,at top moved between two frames, which could be 
removed at will, and which had the same shape 
which it was desired the hole below cut by the tool 
should have. It followed therefore that whatever 
shape these frames had, the tool was obliged 
to follow and cut a hole the same shape. By 
placing the tool at different distances from the 
revolving centre while leaving the roller at the same 
| distance, the size of the hole could be diminished 
or increased to any desired scale. A machine for 
‘planing the very long plates required in the lattice 
girders is shown in Figs. 81, 82, and 83. It will 
‘be noticed that it has an end saddle and tool as well, 
' thus allowing two edges of the plate to be planed at 
one time. A further feature of the machine is the 
use of hydraulic rams for holding down the plate in 
lieu of the usual screws. 

Here all the tension members, wind-bracing 
girders, bedplates, and the top junctions with flat 
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sides were put together and drilled, as also a mass 
of small detail work, and all the temporary girders 
used in the erection and in the stagings. 

Outside these workshops and the drill-roads, many 
acres of ground were taken up with the building up 
and fitting together of the various girders, of which 
the single booms had been drilled in No. 1 shed. 
Thus a great portion of the internal viaduct was 





(see Fig. 75), some with curved jibs 40 ft. high, were 
used, and these could move about all over the drill- 
roads, being shifted from one line of rails to another 
by means of traversers. Ordinary derrick cranes 
— by steam or by hand were also largely 
used. 

In the shops, however, most of this work was 
done by hydraulic cranes of very simple construc- 





put together and a number of bracings which had | tion, yet eminently adapted for their work. (See 
to be templated in the first instance in situ, were | Figs. 84 and 85.) In many places they were so dis- 
done and multiplied. These portions of the internal | posed that material could be lifted and swung round 


Fig. 79. 





MULTIPLE DRILLING MACHINE ; No. 1 sHEp. 


viaduct were erected for one pair only, however, and from one to the other so as to traverse the whole 
in the others it was simply repeated. | length and breadth of the shop. (See Fig. 76.) 
The bottom junctions, or junctions between| A large amount of rivetting was done in the yards 
bottom members, struts and ties and wind-bracings | and the field in the case of such portions of the 
in cantilevers, were laid down and finished on the | girders as the booms of the tension members, and 
drill-roads, while those of the top members with | later on, whole portions of the rectangular wind- 
struts and ties were laid down and built in the/ bracing girders, of which then the joints only 
field. required rivetting up after they were erected. 
For the handling of the plates, beams, and other | Much rivetting was also done upon the longi- 


parts of the tubular members and the skewbacks | tudinal beams and the diaphragms in the tubular 


machines, and could be finished at an extremely 
cheap rate. 

The work in both No. 1 and No. 2 sheds, and on 
the drill-roads, was carried on day and night, though 
the number of men was much greater during the 
day-time. The working hours were from 6 a.m. till 
5.15 p.m., and from 5.45 p.m. until 5.45 a.m. for 
night shift. _Nodeduction was made for meal hours 
during the night, the full twelve hours being paid 
for. When necessary the work in the field was also 
carried on during the night. 

The total output of work from all these places 
has amounted to as much as 1800 tons in a month, 
which is a very large quantity when it is considered 
through how many hands every piece was required to 
pass before it could be called finished. 


BEDPLATES. 

The lower or fixed bedplates, in size about 37 ft. 
long by 17 ft. wide, are built up of five layers of 
plates, the lowest 3? in. in thickness, the second 
1} in., and the third and fourth 1 in., alternately 
laid longitudinally and transversely, to obtain dis- 
tribution of fibre in all directions, The fifth layer 
consists simply of a band, 11 in. wide and }$ in. 
thick, laid round the edges of the bedplate, partly 
as a stiffener, partly as a means of retaining the 
lubricating medium between the lower and upper 
bedplates. Immediately under the vertical column 
a recess is formed by cutting out of the two upper 
l-in. plates a space varying in form, but in all 
cases for the purpose of admitting a keyplate of 
similar form, a portion of which is rivetted to and 
forms part of the upper bedplate. 

The bedplate as above described was put together 
on a carefully-prepared bed in No. 1 shed, clamped 
and fastened down securely, and a traveller with 
several boring spindles passed over the whole 
of the plate, drilling all holes through the various 
thicknesses at once. 

All holes were 1} in. in diameter, and countersunk 
both top and bottom. The forty-eight holes 3 in. 
in diameter for the holding-down bolts were drilled 
in the same place, but by a —— constructed 
tool described above, and the plate was then taken 
to pieces and stowed away until wanted. 

As soon as the granite piers were ready for the 
reception of the bedplates they were put together 
at a height of about 4 ft. above the masonry, and 
supported for the time being on short pieces of 
bolts, coupled to the foundation bolts by long nuts 
and in other places by pieces of cast-iron piping of 
equal length. The rivetting machine was then 
placed at one end, and the rivetting commenced. 
(See Figs. 86 and 87.) The machine consisted of 
two strong box-plate girders, carried on two side- 
frames moving on wheels, and kept apart vertically 
a sufticient distance to admit the bedplate, with 
a rivetting cylinder attached to the upper and 
another to the lower girder. The cylinders could 
by screw movement be moved from one end of the 
girders to the other, and thus commanded the 
whole width of the bedplate, while for forward or 
backward movement the side-wheels had to be 
pinched. The two cylinders were turned on simul- 
taneously by one valve. The cylinders were 12 in. 
in diameter, and the water pressure 1000 lb. per 
square inch. The pressure upon the rivet and the 
plates was, therefore, about 40 tons from each 
cylinder. The rivets had a countersunk head at 
one end, and flat snaps were used on both cylin- 
ders. The rivets were heated in an ordinary brick 
furnace placed on the pier, and brought to a full 
yellow heat. There were 3778 rivets in each of 
these bedplates, which gives for the area of 654 
square feet about six rivets per square foot. 

As soon as the machine had moved away a yard 
or so from the end of the plate, chippers were set 
to work to pare down the projecting piece on each 
rivet-head on the under side of the bedplate, in 
order to have this perfectly even and flush. 

After the men got into the way of properly using 
the rivetting machine, these bedplates were 
rivetted up in twenty-eight hours, or 135 rivets 
struck per hour, which is very creditable work, con- 
sidering the size of the rivets and that so much 
shifting of the machine and of the supports for the 
bedplate had to be done. : 

After all the rivet-heads had been chipped, the 
bedplate was lowered into its place by hydraulic 
rams. Two thicknesses of canvas, one laid in the 
length, the other in the breadth of the plate, both 
being well soaked in and painted over with red 
lead, were interposed between the cement bed 





and bottom junctions, powerful travelling cranes,members. All this rivetting was done by hydraulic 


described above (see granite piers) and the plate to 
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are precisely the same as those on Inchgarvie, while 
in the Queensferry south-east and south-west, and 
the Fife north-east and north-west, both longitu- 
dinal and lateral movements are provided for. The 
former is for expansion and contraction between 
the fixed circular piers and the cantilever end piers, 
the latter for any lateral deflection in the same 
length due to wind-pressure acting at right angles, 
or nearly so, In the cantilever end piers lateral 





centre. The central part, or oblong key-plate, is | layers of plates of varying thicknesses, according to 


2? in. in thickness, and enters therefore to the 
extent of jin. into the upper bedplate, to which 
it is rivetted. This, however, is somewhat different 


in the three fixed piers, for here both the two | ever shape it may he. 


segments and the rectangular centre-plate are all 
alike 2? in. in thickness, and the whole key-plate, 
12 ft. in diameter, enters into the upper key-plate. 
The central piece is the only one attached by rivet- 


Fig. 84 
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ARRANGEMENT OF BEDPLATES ON GRANITE PIERS. 


movement is prevented, but longitudinal movement 
provided for. 

It will be noticed that the key-plates, with the 
exception of those belonging to the fixed cantilevers, 
are shown in three parts, an oblong centre-piece 
and two segments of a circle. Of these, the two 
segments are only 2 in. in thickness, and therefore 
simply fill up the recess in the lower bedplate, 
while yet, however, they admit and facilitate, as 
well as control, a circular movement round the 





ting, the wings simply are laid loose into the 
recesses. 

The square key-plates in the bedplates of the 
fixed cantilevers are fixed to the upper bedplate, 
and enter the lower bedplate to the extent of 1 in. 
only, the whole bedplate being much lighter than 
in the case of the free cantilevers. 

The upper bedplates form the under part or foot 
of the main junctions or skewbacks. These plates 
are, like the lower bedplates, built up of several 








position. The lowest course of plates, placed longi- 
tudinally, is 3 in. in thickness, and in this is cut 
the recess which receives the key-plate of what- 
The next course is laid 
transversely—1} in. in thickness—and extends, like 
the first, over the whole area. The third course, 
laid longitudinally, again is } in. in thickness, but 
extends only for about two-thirds of the area on 
the side next to the horizontal connecting bottom 
member. This plate also takes the attachments for 
the bottom booms of the horizontal cross bracing 
and the horizontal diagonal bracing. (See Fig. 91.) 
A further thickness of plates, as a fourth course, 
occurs in the case of the fixed piers, to make up 
for the enlarged recess in these, and this course is 
formed under the base of the vertical columns only. 

These plates are stiffened by twelve girders of 


| I section—about 11 in. deep, and running longi- 
' tudinally-—consisting of web-plates and four angles. 


The third and fifth girders on each side are omitted, 
the main webplates of the skewback taking their 
places. (See Fig. 90.) Transversely these girders 
are combined and stiffened by cell-plates, flanged 
on all four sides in adie. There are eleven rows 
of these, and upon them are set the main dia- 
phragms, which reach from the bedplates to the 
crown of the skewbacks. The remaining spaces on 
each side of the inner webplates, and between these 
and the outer web-plates, are filled by similar dia- 
phragms, and at the same distances apart. 

The sections and plans shown in Figs. 89 to 94 will 
fully explain these parts, which are of the utmost 
importance, because through them all the stresses 
thrown upon or against the structure, must pass on 
to the supports. The lower half of the skewback 
is square in form, the upper half for about two- 
thirds is rounded, the remainder being squared in 
order to receive the attachments of the top booms of 
bracing girders mentioned above. The inner main 
websare { in. thick on Fife and Queensferry and 1 in. 





thick on Inchgarvie, and these are carried through 


Fig 87 
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from end to end of the skewback at a distance of 
3 ft. 6 in. to each side of the centre line. These 
plates form the main points of attachment for the 
diagonal struts and for the bottom members, both 
within the central towers and in the cantilevers. 
The outer webplates, 1 in. thick on Fife and 
Queensferry and 1} in. thick on Inchgarvie, 
receive the main thrust of the vertical columns, 
and are carried on each side into the bottom 
members by a change from the rectangular into 
the circular form. (See Figs. 92 and 93.) They are 


considerably stiffened in these parts by horizontal 


diaphragms and by doubling plates of great 
strength, and the skeleton work to which they are 
attached is gradually merged into the main beams 
of the regular section of the bottom members. 

The attachments of the five lattice wind-bracing 
girders, although most ingeniously contrived, does 
not call for any special remark. 

It will be noticed in connection with the skew- 
backs that the centre of the vertical columns does 
not coincide with the centre of the circular granite 
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bearing all round ; and after these were found to | 
be satisfactory, the rectangular portion of the key- | 
plate was raised up and rivetted to the upper bed- 
plate. This was then lowered down into its place 
to see how it fitted, and whether all parts of the 
key were in proper contact. After thus lowering 
and raising it several times (a weight of about 57 
tons), the surfaces were carefully cleaned and 
thick brown vil of a special character was poured 
into the key recess and on the whole area of the 
lower bedplate, and the upper bedplate lowered 
down upon it for the last time. Nothing else but 
oil was placed as lubricating medium between the 
two surfaces. 

The movements described in connection with the 
keyplates require that a certain amount of play be 
given in the holes of the upper bedplates through 
which the holding-down bolts pass. The amount. 
of play varied, of course, in the same manner as 
with the key-plates. 

The lower bedplates being fixed and held down | 
firmly by the bolts, it was necessary that the nuts 
should be screwed down upon them. These nuts, 
shown in Fig. 95, were therefore arranged with 
a long neck, circular in form, and with an en-| 
larged head of hexagon form. The holes in the 
upper bedplate had to be therefore made of such 
size and shape that with the nuts screwed down | 
tightly upon the lower bedplates, with a consider- | 
able stress upon the holding-down bolts, the upper | 
bedplate could yet move in any desired direction 
without hindrance. | 

This was done by means of a washer of oblong) 
form placed upon the carefully-bevelled sides of the 
cells in the bedplates, which had bolts passing 
through them. The nuts were first put on and 
screwed down by means of a hydraulic spanner— 
that is, a heavy box spanner with a short lever on 
the top of it, to the end of which a hydraulic ram | 
was applied with a given pressure. This assured | 
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ram attached, 4 in. in diameter, which was forced 
into a cylinder already charged with 1000 Ib. 
pressure water. The 4-in. ram forced the water to 
a small accumulator, loaded to produce a pressure 
of 3 tons per square inch. It needs no saying-that 
this was a tedious kind of work, and took a long 
time to accomplish. On many days not more than 
half a dozen rivets were done—at no time more 
than about a hundred in the twelve hours, and the 
average would not probably amount to more than 
twenty-five per day. 

Meanwhile staging had been erected between the 
piers on trestles of certain height, upon which were 
put together the horizontal tubes connecting the 
skewbacks and the cross-girders and diagonal girders. 
Allthese were now connected to the skewbacks, and 
preparations made to rivet them up. ll the erec- 


i Fig.95. 
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BEDPLATES ON INCHGARVIE AND FIFE PIERS. 


an even stress to all the bolts. The distance 
between the side of the cell and the under side of 
the head of the nut was then carefully callibered for 
each nut, and the washers made to that measure- 
ment, one-sixteenth of an inch being allowed 
for play. The sizes and shapes of the holes in the 
upper bedplates are shown by the diagram here 
given, the holes for Queensferry bedplates being, 
of course, the same as those for Fife, but in 
reversed position. (See Fig. 96.) 

The building of the skewbacks could now be 
proceeded with, and this was done in such manner 
that the work as erected was at once rivetted 
up by machine. The most difficult places to get | 
to were the lower edges of the inner and outer 
webplates, with their double angles already rivetted | 
to the bedplates. All the work in these cells. 
which could not be done previous to the put- 
ting in of these plates had to be done by small 
hydraulic rivetters. These were simply cylindrical | 
rams of 4 in. to 6 in. diameter, and in length from | 
6 in. to 10 in., and these were worked by a pres- | 
sure of 3 tons per square inch. The cylinders | 
were placed to either side of the rivet to be struck, | 
facing each other, and backed by hardwood pack- 
ings against the sides of the cells, and the pressure | 
water was supplied to them through small copper 
pipes about ;3; in. in bore. The rivets were heated | 
on the outside, and passed through holes in the | 
webplates; one cylinder was set against the rivet-_ 
head, and the other then closed upon the free end, | 
and formed a flat head, the hole on that side being | 
somewhat countersunk. To produce the 3 tons per | 
square inch pressure, a multiplier was used, con- | 
sisting of an 1l-in. ram, which was acted upon 
by an ordinary accumulator pressure of 1000 Ib. | 
per square inch; and which had at its end another | 


' simple in their construction and their action. 


tion of the lower portions of the central towers was 
done by 3-ton or 5-ton steam derrick cranes placed 
on platforms at some height from the deck and in 
convenient position to pick the material off the 
bogies and at once place it in position. For the 
rivetting of the latticed girders the ordinary fixed 
or jointed machines were used, which are extremely 
(See 
Figs. 97, 98, 99, 100, the three first representing 
fixed machines, the last a jointed machine.) It 
depended entirely upon the places where rivets had 
to be struck whether one kind of machine or the other 
was used; but the direct-acting machine was surer 
in its action, because the double lever arrangement 
was apt to twist, and thereby bend the unclosed por- 
tion of the rivet before the latter was properly staved. 
Of course the longer the arms the greater becomes 
this tendency, and as some of the jointed machines 
had to be used with the arms fully 4 ft. 6 in. in 
length, great care had to be exercised to get good 
work done. 

The horizontal tubes, built up of heavy plates 
1} in. thick, required a special machine for rivet- 
ting, and as this machine is the same, or at all events 
typical of others, which were used for the rivetting 
of the bottom members, the vertical columns and 
the diagonal struts in the central towers, a brief 
description will not be amiss. 

In the main it consisted of two circular girders, the 
inside diameter being about 1 ft. larger than the 
outside diameter of the tube. They were placed 
some 24 ft. apart and tightly wedged by hardwood 
blocks all round the tube. A box girder of a strong 
section, and about 25 ft. long was placed upon the 
ring girders in such manner that it could be pushed 
completely round the tube, and for this purpose 
hydraulie rams, one at each end were attached in 


such a manner that they could be fleeted forward 
or backward as desired. Upon the box girder a 
cylinder was P veer facing the tube, being con- 
nected to a saddle which was capable of sliding from 
one end of the girder to the other. The saddle was 
worked by a ratchet and emer the latter working 
upon a rack which ran along the whole length of 
the girder. Finer adjustment could be given by 
two screws and handwheels on the saddle, like that 
of alathe. By this means the centre of the cylinder 
could be brought opposite any point of the surface 
of the tube within the length of the girder. On 
the inside of the tube a mandrel or central hollow 
shaft was formed of the same length as the outside 
girder, and this was supported at both ends by 
frames fixed and wedged to the skeleton frame of 
the tube. On this mandrel a toothed rack was fixed, 
and asaddle worked by ratchet and pinion could 
move from end toend. Upon this saddlea cylinder 
of the same size as the outside one was placed with 
a long snap or dolly reaching to the rf, wo The 
supply of pressure water was so arranged that both 
cylinders would be turned on simultaneously, but 
by means of a check valve placed upon the outside 
supply pipe, the motion of the outside ram was 
slightly retarded. The girder outside was now 
placed in line with a row of rivets in the tube, 
and the inside cylinder was set opposite the 
same row. The rivets were heated in small fur- 
naces or forges on the inside and heated to a good 
yellow heat. As soon as a rivet was put into 
place the inside dolly was set against it, the outsice 
ram being also set down, a tap given to indicate 
that all was ready, the pressure was turned on, and 
the rivet closed. The two cylinders were then 
moved forward, one pitch to the next hole and so 
on. When a whole row extending over about 18 ft. 
in length had been done, the girder was raised or 
lowered as the case might be, to the next row, and 
this continued until the whole section of the tube 
was rivetted. The machine was then moved 18 ft. 
forward and the process repeated. No drawing 
of these rivetting machines is given here, but a 
machine similar in construction, and used for rivet- 
ting the vertical columns, is shown further on. 

Between 600 and 700 rivets could be put in by 
this machine per day, all rivets here being 1} in. 
in diameter. Only the rivets passing through 
the thick outside plates and beams were done by 
the machine. Of these there were about 1550 in 
each section rivetted, or nearly 100 per foot run. 
The other rivets, in diaphragms and beam-covers, 
were done by hand. The least number of hands 
to work this machine were three men outside and 
two men and a boy inside, with a lad for heating 
the rivets and a boy to carry them. 

The members of entirely circular form were the 
vertical columns, the horizontal tubes or bottom 
members between skewbacks, and the bottom mem- 
bers in cantilevers from the skewback to the end of 
bay 4. In design and in construction they were 
all the same—differing only in diameter—in the 
breadth and thickness of the plates, and in the 
depth and strength of the longitudinal beams. All 
plates are made, except in — places or for 
closing lengths, of a uniform length of 16 ft., and 
the tube is formed of ten plates, lap-jointed, and 
therefore consisting of five outer and five inner 
plates. All plates break joint at 8 ft., or half length, 
with an absolutely close butt, and the butts are 
covered inside and outside by plate-covers. The 
lap-joints are covered on the inside by ten con- 
tinuous girders of T section, the T head being 
rivetted in with the lap-joint, and two continuous 
angles are rivetted to the other end of the web, 
thus making the girder of double T or # section. 
(See Figs. 68, 73, and 94.) The beams are made in 
lengths of about double that of the plates, and break 
joint in different places, and all their joints are 
covered both in the webs and flanges. At every butt 
—that is, every 8 ft.—is placed a circular girder or 
diaphragm, which consists of ten wings placed be- 
tween the beams and rivetted to the shell, the wings 
projecting beyond the beams to the extent of about 
3in. An angle-iron ring running right round takes 
up all the wings to its web, while its heel is rivetted 
to each of the beams in succession, and thus com- 
bines the whole into a stiffening girder. At consi- 
derable distances apart, heavy plate-diaphragms are 
inserted which only leave a manhole in the centre to 
passthrough. All these diaphragms are primarily for 
the purpose of preserving the true circular form of 
the tubes, and to prevent flattening; and it is a 
curious fact that the stiffest of these tubes, although 





bolted together in the most eareful manner, flat- 
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tened before rivetting as much as 3 in., and had to 
be constantly strutted with timbers to keep it in 
form. 

The plates forming the shell of the vertical 
columns varied in thickness in the case of the Fife 
and Queensferry central towers, from 4 in. at bottom 
to 2 in. at top; and, in the case of Inchgarvie, from 
# in. at bottom to ;% in. at top. The beams de- 
creased in strength proportionately. 

The diagonal columns or struts in central towers 
are of different shape, namely, circular top and 
bottom, but flattened on both sides in order to 
facilitate their intersection with each other and 
their entering into junctions topand bottom, where 
they are gradually changed into rectangular section. 
It has been pointed out in the general description 
of the bridge, that the effects of the live load upon 
the Inchgarvie cantilever are different from those in 
the Fife and Queensferry piers. The diagonal struts 
in the former case are therefore very much stronger 
than in the latter. The bottom and top plates are 
1} in. in thickness, while the corner and side plates 
are 1 in. thick. The intersection of these two 
struts at centre of the tower is very heavy, some 
80 tons of metal being massed therein. The inside 
beams are of corresponding strength. These 
diagonal columns were rivetted in the case of Inch- 
garvie from top to bottom by a special machine of 
similar design as that for the vertical columns, but 
more difficult to work on account of the angle at 
which the machine was placed. 

Meanwhile, steam derrick cranes were erected on 
platforms raised some 30 ft. to 40 ft. above deck, 
commanding the whole of the skewbacks, and these 
were now built with portions of the diagonal struts, 
the vertical columns and the struts 1 in cantilevers, 
to as great a height as could be reached by 
means of these cranes. All this work was put 
together as carefully as possible, the larger number 
of holes being drifted up, but it was only bolted 
together pending the necessary checks and correc- 
tions being made by means of theodolites. This 
setting out was a work of no small difticulty, seeing 
that the members had to be set, not only to an 
inclination towards the point of intersection, but 
had at the same time to follow the uniform batter 
of the vertical columns, and had therefore a strong 
tendency to lean to the centre of the tower. 

So soon as the vertical columns and struts had 
been built to a height of about 50 ft. above deck, 
to which, in the case of Inchgarvie, had to be 
added the central ties, preparations were made for 
the construction of the lifting platforms, by means 
of which the central towers were raised to their 
full height. 

A staging, reaching on each side, north and south, 
from column to column, about 25 ft. in width, was 
raised from the deck to a height of about 38 ft. 
above the level of the staging, and upon this a 
pair of longitudinal girders were built. These 
girders were about 190 ft. long in the case of Fife 
and Queensferry, and 350 ft. long in the case of 
Inchgarvie. (See Figs. 101 and 102.) There were 
four girders—one to each side of the vertical 
columns—placed 18 ft. 6 in. apart, with angle 
cross bracings top and bottom, and diagonal bracing 
between top booms on one side, and bottom booms 
on the other side, alternately. The main booms, 
D D, Fig. 101, and most of the vertical angle 
bracing, were permanent work, being, in fact, the 
booms belonging to a portion of ties 1 in the 
cantilevers borrowed for the occasion. This plat- 
form and all its details are shown in a large 
number of the text illustrations as well as plates. 

During the time these girders were being put 
together, a strong box girder CC was built on a 
staging between vertical columns east and west, 
which girder passed through openings left in both 
columns, and projecting outside of each, to the 
extent of about 4 ft. or 5 ft. For this purpose one 
plate was left out on each side of the vertical 
columns during the time the girder passed aloft. 
This girder in its turn was supported upon a slide- 
block inside the vertical column, which block was 
attached to a cross-girder B B. This cross-girder was 

‘f double box section, all in plate, and in its turn 
was supported by a number of pins about i in. in 
diameter, which passed through girder and through 
holes drilled for the purpose in four of the A 
beams of the vertical columns. Immediately below 
this box girder, and at a distance of about 1 ft. 
from it, was a second box girder of the same dimen- 
sions A A, and held up in the same manner by a 
number of pins. Upon the lower girder was placed, 
on a rocking underside, a hydraulic ram G G 14 in. 








PORTABLE HYDRAULIC RIVETTERS. 


Fig. 98 
Fig. 97 
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in diameter, with a stroke of a little over 12 in., | every few feet of lifting to the extent of the batter 
the cylinder and ram passing through the upper box | of the vertical tubes, which is 1 in 74 about. (See 
girder. The head of the ram acted by means of a| Plate IX.) 








swivelling cap immediately upon the cross-girder | 


CC passing from column to column. The working of | to be pushed together, which was done by hydraulic 
rams also, and this accounts for the number of 
slide-blocks mentioned above. 


these girders and rams was as follows:—The lower 
box girder was held by a sufficient number of pins | 
to carry the total weight placed upon it, but as| 
soon as a small amount of pressure water was | 


With every few feet of lift these platforms had 


The ordinary routine in lifting was as follows : 
From a level position of the platforms the cross- 





allowed to enter the ram, the latter lifted the cross- | girder in the north or south columns was lifted first 
girder C, and with it the box girder B, to a small/6 in; next the other end was lifted 1 ft.; then the | 


On the inside of the platforms at each end were 
hoists worked by wire ropes from winches placed 
on deck, and all plates, beams, and other material 
was brought up by means of these hoists and dis- 
tributed over the platforms. (See Figs. 104 and 
105.) Two-ton and 3-ton derrick hand cranes were 
found the most handy for the erection of the 
different members, but a traveller, or Goliath, 
worked by hydraulic power, was also used. 

When a lift had first been made, the first work, 
as arule, was to put in the two closing plates to 











extent. The pins could then be withdrawn, and 
the girder lifted 6 in. or 12 in., as the case might | 
be. The pins were then driven through the sides 
of the girder into holes newly exposed, and the 
beams and the weight let down upon that girder. 
The pressure was then allowed to pass on the top, 
of the ram, and the cylinder was drawn up to the | 
ram, bringing with it the lower box girder A. 


Fig. 101. 





each column which had been left out to allow for 
the passage of the cross girders. The inner part 
of the rivetting machine was then drawn up, the 
whole machine fixed, and rivetting was at once 
commenced ; while above the platform a section 
was added to the vertical tubes and the diagonal 
struts. The platform on Inchgarvie being of so 
much greater length, and weighing fully 700 tons, 


opposite end 1 ft.; and so on until sixteen lifts | 
had been made, when a last lift of 6 in. at the end 
which commenced the lifting made the platform 
level again. 

When the platforms had in the first instance 
been lifted to a sufficient height, the rivetting 
cages were suspended from the under side of the 
platforms, and in subsequent lifts they were always | 
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HYDRAULIC RAMS AND GIRDERS FOR LIFTING PLATFORMS IN CENTRAL TOWERS. 


When the holes in girder and beams had come 
opposite, the pins were driven in, and the same 
process could be gone over again. 

The arrangement as just described was placed in 
each of the four vertical columns, and in the case 
of Inchgarvie into the central ties as well, thus 
giving six points of support there, instead of four. 
The longitudinal girders were now placed upon 
slides on the top of the cross-girders passing from 
side to side, and the tops of the girders covered 
over with cross-timbers, and decked with planking 
3 in. thick. Thus there were two platforms about 
25 ft. wide by 200 ft. long, or 350 ft. long in the 
case of Inchgarvie, embracing completely and 
projecting to some distance beyond the vertical 
columns. ~ Figs. 103, 104, and 105 show various 
positions and details of platforms. 

At the starting-point just above the skewbacks 
these platforms were some 110 ft. apart, centre to 
centre, approaching each other, of course, with 


drawn up with the platforms. (See Plate IX., had to be provided with two additional supports, 
rivetting cages on Inchgarvie.) This cage simply and these, of course, were carried upward the same 
consisted of a stout circular wire cylinder being as the vertical columns. ' 
placed round a rivetting machine, similar in con-| The water pressure for lifting was supplied by a 
struction to the one described for the horizontal | special set of pumps which produced a pressure of 
tubes, but hung vertically. Inside this cage the | 35 cwt. to the square inch. No accumulator was 
men worked with perfect safety as regards falling used, but the pumps simply forced up the rams gradu- 
themselves or dropping things down on those |ally. Under this great pressure the cup-leathers 
working below. (See Figs. 106 and 107.) in the hydraulic rams and the leather washers in 
The portions of the rivetting machine inside the | the pipe-joints, frequently gave way and caused 
vertical column were not drawn up by the lifting of much delay. Frosty weather also did a great deal 
the platform, but werelifted separately subsequently. | in the way of freezing pipes to hinder the work, 
The length of the plates in the vertical columns | but after once the men had got into the way of 
being 16 ft., the lifts of the platforms were of the | working the plant, things went more smoothly. 
same length. The first lift of the Inchgarvie platform took, with 
The vertical columns were always built above | one thing and another, nearly eighteen days in the 
the platforms to any height which could be reached | months of January and February, 1887 ; while the 





with the cranes or other means at Oe gs while | last lift, on the 9th of August of the same year, 
the diagonal struts were at times built above, at 
times below the platforms, 


was accomplished in five hours. With the batter 
which the vertical columns and other side members 
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have towards each other, it is easy to understand |easy to handle. The men also had become so 
that, independent of any weight which was im- | familiar with the work that they knew exactly what 
posed on them, they would be liable to deviate | Was required, and made little account of the height 
from their true position. It was, therefore, neces-| at which the platforms had now arrived, namely, 
sary from time to time, that is every 30 ft. or | some 200 ft. 

40 ft., to secure the members by the interposition| At the next halt a great deal of work required to 
of temporary struts or ties either in the shape of be done, namely, to build in the crossing of the 
lattice girders or of timber balks, and even timber | «liagonal struts in the centre of the pier. This for 
trusses. Thus, after two lifts had been made with | obvious reasons could not very well be done above 
the platforms, the diagonal struts in the central the platform, but some 20ft. below. In the case of 


ig ainaaed Hoist Goliath Hoist 


towers had not only deflected downwards by their | Goliath 
| 


own weight, but had also deflected towards the | 
centre line of the bridge. It was not possible to | Hoist 
go any further without putting them right, and 
this was done by girders placed both longitudinally 
and transversely between the struts, and using 
hydraulic rams to push them apart. In the case of . 


tower, and a new start upwards could be made from 
a fresh fixed base. At this stage a prodigious 
amount of work was done, immense quantities of 
material were drawn up the hoist and distributed on 
the top of the platforms where the platers, working 
on tall ladders, bolted up beams and plates often 
25 ft. above the platforms. Between the top of the 
platform and the bottom, men were at work remov- 
ing and replacing temporary bracing, which came in 
the way of the diagonal struts as they were built 
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the vertical columns the same difficulties arose, and ee 








here strong timber struts were interposed. For l 
the same reason, the first diagonal bracing between : 
these columns was kept up as close as possible to 
the platform. (See Plate X.) 

Nor was this the only matter requiring care, for 
although these columns might be kept the proper 
distance apart from each other, yet might they also : [ ' 
both deflect in one direction, be this east or west, 
north or south. With the heavy platforms carried 
on these comparatively unconnected members, a 
strong wind from one side or the other could pro- 
duce serious distortions and deflections, and the 
rivetting up of the vertical columns following so 
close upon the rise of the platforms, made them so 
stiff that it was not easy to deal with them. In 
checking the columns, reference was always made to 
the centre line of the bridge, which was thrown 
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upon the cross girder which carried the platforms, 


XIX 








and measurement from this centre was taken to — 
each side. That side which deviated least was first | 
dealt with and pulled or pushed to the right posi- : 
tion ; there it was held by wire rope ties or timber 





struts, and the other corrected subsequently. This a : Sa 
cross-girder itself was used for pushing the columns Ree: ay 3 
apart or in, one side being fixed for the time and Spy eo f tat 





the other left loose. 

The first thorough correction ~vas made at the top 
of the first vertical wind-bracing between the 
columns, where a solid plate girder passes right | Inchgarvie this crossing contains 80 tons of steel on 
across, which carries the internal viaduct girders. | each side, and at the crossing of the vertical tie at 
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This is shown in Plate X. The large gussets were 
fixed to the columns, and the booms of the latticed 
girders brought up to them. But the gussets were 
not yet drilled, and only after the position of one 
calumn had been ascertained and corrected, these 
holes were drilled, and the corner booms fixed. 
A fixed point being thus obtained, the other column 
was either pushed out or drawn in as the case might 
be, and the booms fixed in the same manner. 

By this time the platforms had already approached 
each other to half the original distance, and all the 
temporary girders became much shorter and more 


centre, and the horizontal bracing occurs at the same 
point, a very intricate piece of work required to be 
done. : 

Here the vertical columns could be corrected for 
position north and south by means of the horizontal 
bracing which runs longitudinally from one vertical 
column to another, intersecting the crossing of the 
diagonal struts. A pair of horizontal bracings are 
also placed here between the four columns as shown 
in Fig. 4, Plate ITI. A strong framework, similar 
to the one immediately above the circular granite 
piers, thus closed the lower half of the central 














ERECTION OF TOWERS. 


up. Inside the columns, the hydraulic men were 
busy preparing for the next lift and examining the 
caps, leathers, and pipe joints. 
cages and inside the tubes, the gangs of machine 
rivetters vied with each other which could get done 
the quickest, a premium being paid to the squad 
that had done its section first. Again, below the 
cages, men were replacing diaphragms and other 
details of the structure which had been removed to 
allow the lifting girders to pass, and still lower 
down, squads of hand-rivetters were rivetting up 
beams and diaphragms, and putting in such rivets 
as the machine had not been able to do. Besides 
these a host of other men—carpenters to put up 


Below these in the 
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stages, gangways, timber stiffeners, floors, and all| and an initial stress was put upon them by inter- 
sorts of things; men attending to the rivet furnaces | pcsing hydraulic cylinders between the timbers 
and trying to keep the machines going which put in | and bottom booms of girders, and filling the space 
their eighty to ninety rivets every hour, electric | male with hardwood blocks. 
lightmen shifting lamps, putting in carbons and| Blocks were now laid down on the top of the plat- 
fixing fresh cables, and finally the hundred and one | form in the centre line of the top members, and 
men who never seem to do anything, and yet cannot the vertical webs of the bottom booms, the flange 
so;nehow be spared. angles of the same laid down, and so soon as the 
At last the tops of the platforms have reached | top junctions were somewhat advanced, they were 
their final position ; and they can go no further, | connected up at each end. The object was to 
although the superstructure itself has to rise some | relieve the platforms as soon as possible of any 
20 ft. more. (See Plate XII. and Fig. 108.) The) weight from the top members. The vertical brac- 
two platforms by now have come so close together | ings were then put on, and in these the webs of the 
that the inner hoist-frame on one side had to be top booms placed. The girders could now carry 
removed previous to the last lift. The long box | themselves, and rivetting was commenced as soon 
girder now projects a long way outside each |as the top junctions had been fixed and securely 
column, and stands now clear above them; the| joined to.the vertical columns. As there was a 
whole platform looks as if a heavy gust of wind | great deal of work to do upon these top junctions, 


horizontal cross-girder between top junctions (the 
two latter not shown in the engravings). 

The main strength of this junction lies in a 
number of very large webplates carried on each 
side of the centre in direct continuation of 
the webs of the top members. Inside these 
are the starting-plates, or horns, as they were 
popularly called, of the diagonal struts, and outside 
them those of the first inclined tie in bay 1 of the 
cantilever. Diaphragms, supported by stiff beams 
with a gradual change from round to square, 
connect it with the vertical column. The flanges 
of the top booms of the top members are carried 
right through, but the flanges of the bottom booms 
are replaced by extra plates and heavy angles. 
Most of the rivetting of the main webs was done by 
ordinary hydraulic rivetters, but a large number 
inside the cells, by small rivetters at the 3-ton 








would lift it up and throw it over the side. 


last length of beams and the closing lengths of the | covered with boards, and provided with windows 
Thus pro- 


plates require to be measured before they can be | 


Fig. 105 


HYDRAULIC TUBE RIVETTING MACHINE, 


cut to length. Once more the columns are care- 
fully set to the centre line of the bridge and to 
north and south, and the levels of all the beams 
in the columns taken, 

While these are being got ready, the gap of 
about 9 ft. between the two platforms is covered 
over, and only one platform exists now of more 
than double width. 

The longitudinal platform girders were _ stif- 
fened and trussed by link chains stretched from 
support to support. These chains were portions of 
the Hammersmith Suspension Bridge, bought up 
by the contractors, and largely made use of here 
in various ways. But the workmen would not 
consent to use the whole title due to them, for 
some of them called them Hammer links, and 
others called them Smith’s links; but it required a 
Cockney by birth or adoption to get the combina- 
tion. 

These links were passed under double timbers, 
right under the two girders of each platform, 


The | 





pressure of similar construction as those used in 
the cells of the skewbacks. The top junction is 
shown in Figs. 109 and 110 in elevation and plan, 


they were completely surrounded by timber frames 





and a large number of electric lamps. 








Fig. 106 
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The rivet- 


;and requires no further explanation. 
ting of the top member between vertical columns 
was now pushed on as much as possible, and, 
'as soon as completed, the working platform was 
transferred to the very top of these girders, 
and the removal of platform girders and all 


hydraulic lifting gear, commenced. This was all 
the more necessary since it will be remembered 
the platform girders were made out of portions of 
the first inclined tie of the cantilevers, and was now 
at once required to fill its proper place in the 
structure. Many of the plates and illustrations 
show details in connection with the lifting plat- 
| forms and the work carried on upon them, but the 
' space here is not sufticient to enter into description 
| of them all. 


THE MEMBERS FORMING THE CANTILEVER. 
The bottom members from their points of junc- 
tected the work could be carried on day and night, | tion with the skewbacks are not curved but are 
and it was necessary, for every beam and every | carried in a straight line to the first bottom junc- 
plate had to have its correct measurement and shape tions. At the centre of these junctions the angle 
taken before it could be made. The ends of the | alters and the members continue straight to the next 
diagonal struts, changing from a flattened round | junction, and so on till the end of the cantilever is 
into a square, had to be templated in every plate| reached. At each change the angle becomes more 
and beam to make an exact fit. It will give an obtuse, until in the middle of the sixth or last bay 
idea of the magnitude of the work when it is stated the members are all but level. Looked at on plan 
that these wooden buildings, of which there are the bottom membérs are 120 ft. apart, centre to 
four to a pier, erected at a height of 360 ft. above centre at skewbacks, and 32 ft. 2m. at the end 
the water, were about 24 ft. square and fully 35 ft. | posts—the centre lines being straight between these 
high, with three floors at different heights. two points (see the plan in Plate III.) The diameter 

The top junctions, although not of such impor-’ of these members at the skewback is 12 ft., and the 
tance as the skewbacks, are yet fully worthy of form circular, and the same form continues till the 
more than a passing remark. (See Figs. 109 to| end of bay 4, where the diameter is 6 ft. 6 in.—a 
115.) Here are united two tubular members— gradual taper being maintained throughout. Be- 
the vertical column and the diagonal strut—and tween the end of bay 4 and the centre of bay 5, 
five latticed members—the top member in the the form of these members is rectangular with a 
centre tower, the top member in the cantilever, curved outside, and after this a plain rectangle on 
the first inclined tie in the same, the highest of all four sides of varying height and width, until at 
the four wind-bracings between columns, and the the end of the cantilever the form is a square of 3 ft. 
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DETAILS OF JUNCTIONS AT TOP OF TOWERS. 























Fig. 112. Section at AA. 














aeooe eee oes OCC EC a" 





Y 


































































































































le 
lo 
one. eee ° = + = 
ee |. , | ‘ 
ole , 
offle ' | 
olfle ! } 
offfe ? 
eile 1 | | IS 
\ ‘ j 
eo: 69290566 6 Om a 
ir. po 63000 0 Of + i 
° | + 
ee eee ae fe ie — Sa a ARE Re ae Se OS ae So aS ~ _—' 
2 mt |b ™~ | . S| 
5 \° F S | S ow | 
us lo ° a | a S | 
6 sie wie asonaags gi Q | Q 
> ©2000 08 60 eae: | a = 
2 ei ee | 
1 ; - = — 
ee — 
° eens 
é m ' 1 
° ! 
= 
dite » | 
oF 
. TT 
Ho O) ae eroees = 
=e 
fi 




































































Diagonal Strut\ y, 














{3 


‘ 

' 

' 
000600000 00 





| Fig. iM. 


|Section D.D. 


| 


s-ne--=-- 2438 --- 





































Fig. 173. Section at B. B. 
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each way. The thickness of the plates in the bottom 
members is 1} in. at the skewbacks, gradually de- 
creasing to ?# in. at the ends. The same mode of 
construction with longitudinal beams and transverse 
diaphragms of circular or other shape is followed 
to the end, In all the bottom junctions the main 
strength is concentrated in strong webplates into 
which the circular tube is gradually transformed, 
curved plates being placed on the outside of these 
webs to maintain the circular appearance on the 
outside of the junctions. (See Fig. 12.) To the 
main webplates the hornplates of the ties pointing 
backward, and these of the struts pointing for- 
ward, are attached. Except that the winding of the 
outer shell is perpendicular instead of horizontal, 
the construction of those junctions in principle is 
similar to that of the top junctions at the head of 
the vertical columns, but turned upside down. 

The changes in the form of section in the bottom 
members are indicated in the general elevation, 
jlan, and side elevations of the cantilever in 

late IIT. 

The top members (see Fig. 116) or principal 
tension members are lattice girders of rectangular 
section, consisting of four main booms, which are 
braced on four sides. The webplates are carried 
through the whole length of the girders unbroken, 
only changing in depth and thickness, or in the 
number of thicknesses. The vertical side bracings 
—angles alternately on one side and other side of 
the webs —are double-crossed throughout. The 
horizontal bracing is not attached to the top and 
bottom flanges, but to a special plate attached to the 
web by angles on each side, and called the horizontal 
web. The horizontal bracing is also of angle bars, 
but for the most part in single or zig-zag fashion. 
The top flanges run right through to end of bay 5, 
where they disappear, the two web angles at top 
and bottom supplying a sufficient amount of section. 
The bottom flanges run up to the top junctions 
only on the inside, but right through on the out- 
side, the loss of section being made up here in 
other ways. Like the junctions in the bottom 
members, the webplates in the top junctions are 
stiffened or doubled, and receive the hornplates of 
struts and ties, with which they form a very strong 
framework, stiffened by bulkheads or diaphragms. 

The inclined struts (see Fig. 117) are flattened 
on the sides to facilitate their intersection with the 
ties and their attachments to bottom junctions and 
top junctions. They are, however, changed in form 
altogether in their extremities—being made rectan- 
gular the same as the diagonal struts in the central 
towers. A number of diaphragms are placed in- 
ternally where these changes occur, to keep the 
struts in shape. The thicknesses of plate vary 
between } in. and in. according to position. Their 
construction is on the same principle as the other 
tubular members —lap-joints on the circumference— 
butt joints at ends—all plates being 16 ft. long, 
breaking joint every 8 ft. with a diaphragm at 
each joint. Struts 1 and 2 are made up of eight 
plates ; struts 3 and 4 of six plates ; and strut 5 of 
four plates on the circumference. 

As seen in Plate III. all struts in the cantilevers 
are braced and stiffened by diagonal wind-bracing 
girders of box shape, consisting of four corner 
angles with double or single cross-bracing on all 
four sides. These are attached to the struts by 
plate gussets and reverse angles. One girder is 
generally carried right through, the other is in two 
halves and is carried across by strong reverse angles 
and stiffening plates. At the heads of every pair 
of struts a horizontal lattice girder is placed between 
top metaone Hen 
The tension members are all of the lattice girder 
type with four main booms of T shape braced on 
allfour sides. The section of the main booms is 
made up of one or several webplates, and one or 
more flange plates, with angles to connect both 
together. At the point of crossing with the struts 
the inner flanges are cut away and the section thus 
lost is made up in some parts, by a deepening of 
the web and by a doubling and strengthening of 
outside angles on either side in the same manner 
as is done in the case of the flanges of the top 
members when passing the heads of struts and ties 
in the top junctions. 

At the crossing of struts and ties large and strong 
gusset plates are rivetted, into which are attached 
the so-called vertical ties. This is clearly seen in 
Plate III. These are also rectangular lattice 
girders consisting of four booms, or in the lighter 
ones of four angles cross-braced on all four sides, 
and to the lower extremities of these are attached the 


| bottom members by means of bent angles and 


} 


gusset plates. These vertical ties, although not | 
attached exactly midway between two of both) 
members’ junctions, serve to prevent undue deflec- 
tion in these members, and in the first three bays | 
of cantilevers serve to carry the weight of the) 
internal viaduct by means of a plate girder across, | 
stiffened by diagonal wind bracing. 

In the tension members two top and two bottom | 
booms break joint alternately, and all webs and | 
flanges are double covered. The top and bottom | 
cross-bracings are rivetted to the flanges, the side | 
bracings to the webs. Diaphragms consisting of | 
angles on four sides and angle cross in centre are 
placed at suitable distances apart. 

The internal viaduct in the cantilevers is the same | 
as described for the portion in the central towers. | 
Figs. 119 and 120 show a portion of it in elevation 
and cross-section at the point where the viaduct is | 


Fig.017. Cross Section of 
Struts in Cantilevers. 











Fig.18. Cross Section of inclined 
ties in Gantilevers. 
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DETAILS OF 


supported in the centre of bay 1 (see Plate ITI.). 
The two figures are not drawn on the same scale, 
but otherwise refer to the same point. 

As the spans in the cantilevers become shorter 
the viaduct diminishes in strength of sections, and 
from the centre of bay 2 to the end of bay 2 in 
depth also. At the end of bay 4 the girders 
altogether disappear, and the four troughs are 
strengthened and carry the permanent way, being 
supported both on the cross girders and on the 
diagonal wind bracings between the cantilevers. 

All the various supports of the internal viaduct 
in the cantilevers are shown so clearly in Plate III. 
that it is not necessary to enter into further details. 

The diagonal wind bracings between the bottom 
members are also of rectangular box construction, 
consisting of four main booms made up in the 
longer girders by webs, flanges, and angles, and in 
the shorter girders of simple corner angles. They 
are double or single-braced on all four sides, and 
are joined by heavy gusset plates at the points of 
intersection. They are joined to the bottom mem- 
bers by large gusset plates top and bottom, clearly 
shown in Plate III., plan of bottom members. 

The removal of these platform girders, many 
hundred tons in weight, with all the odds and ends 
of a working platform upon them, was a work which 
caused no Sittle anxiety; for upon nearly every 
yortion of the structure below, work was carried on 

y scores of men to whom the fall of a small bolt 
or nut from that height might cause danger to life 
or limb. The year in which the central towers 
were erected shows the greatest number of fatal 
accidents in any one year, namely, 17, while the 
average over the seven years is only 9. 


BuImLpInc out OF THE CANTILEVERS. 
Shortly before the lifting platform had arrived 
at the point of intersection of the diagonal struts 
or columns in the central towers, a commencement 
was made with the building out of the bottom 
members in the first bay of cantilevers. This 
was done as yet by steam derrick cranes, but 





their reach was limited, and other means had, 


|a hydraulic crane p 


Fig.76. Cross Section 


to be adopted to forward the work. A cage 
about 19 ft. square, and consisting of a number 
of sections each 8 ft. in length, was placed upon 
the bottom member. (See Figs. 105 and 116, and 
Plate IX.) It was so constructed that each sec- 
tion could be taken away at the back and placed 
in front, and this operation was performed by 

ae on the top of the 
cage itself. This crane has a jib of fixed length, 
which it could not alter, but it could slide up and 
down the top of this cage by means of hydraulic 
rams on each side. It could also slew completely 
round. The forward part of the cage was used by 
the platers for building up the tube, the beams 


‘and plates and other parts being first brought 


within reach of the hydraulic crane and_ then 
swung round into place. The nearer portion of 
the cage contained the same rivetting machine 
which had already done service in finishing the 





of Top Member: 


CANTILEVERS. 


horizontal portion of the bottom members between 
‘columns. For a length of about 64 ft. the bottom 
| member was thus rivetted up in order to stiffen it 
as much as possible, and enable it to carry itself 
and the necessary plant at the point of it, unsup- 
| ported for a time until temporary support could be 
‘found for it. (See Fig. 105.) As soon as the cage 
jhad got beyond the point of junction between 
the bottom member and the first vertical tie, that 
is, at centre of bay 1 (see Fig. 121), gussets were 
attached to the bottom members close to this 
point and sto the vertical columns immediately 
above the horizontal bracing between the columns, 
and a chain of Hammersmith links were fixed up 
‘between these two points. On these links a tem- 
| porary staging was suspended, by means of which 
_a heavy plate tie—one on each side of the tube— 
could be inserted. For these ties also strong 
gussets were attached to both bottom members and 
vertical columns. To the gussets on the columns 
‘other gussets were attached, and to these were 
bolted horizontal plate ties, suspended to and 
immediately below the horizontal bracing girders 
‘at the intersection of the diagonal struts. A set of 
_plate ties were also placed at the opposite canti- 

ever, and balance thus established. These plate 
‘ties, both horizontal and inclined, were about 
2 ft. 6 in. deep and of two thicknesses of ? in. 
‘plate, being, in fact, portions of the main webs of 
the top members in bay 2. Previous to the attach 
ment of these ties to the gussets, the bottom mem- 
bers were lifted up to the extent of several inches 
by means of hydraulic rams, in order that they 
‘might be able to support their own and any 
further weight which might be put upon them 
during erection of the first bay. Most of these 
‘appliances are shown clearly in Plates, IX., XV., 
and XVII. 


The lower portion of the first vertical tie was 


then built, and a lifting girder laid across from one 
bottom member to the other, and a platform built 
on each side similar to those for the erection of the 
central towers, only so much smaller and lighter. 
These platforms were lifted by hydraulic rams in 
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the vertical ties, and by the same agency along the 
vertical columns, and while lifting these in stages 
of about 16 ft., the two struts 1 in cantilever and 
the vertical ties were built up. The use of lifting- 
platforms was abandoned after this; all the work of 
erection was done far more quickly and efticiently 
by the cranes specially designed for this work. 

Meanwhile, the top members had been completed, 
and a 3-ton hand-crane was set up on the top of 
each vertical column. (See Fig. 121.) 

The viaduct girders in the central towers had 


also been put together by now, and a new platform | 
was thus secured about half-way up the erection. | 
The viaduct girders were now built out by over-' 
hanging into the cantilevers, and a length of top | 


member as well, these two last being built by the 


3-ton cranes on top, and by winch and tackle) 
All the material | 
_to about 220 deg., or three-fifths of a full circle. 


wherever such could be used. 
for the viaduct level was hoisted to it, and for the 
top members, it was lifted right to the top. 

The viaduct girders were strong enough to carry 




















0 wate 





drilled in situ. This junction was then at once | 
rivetted up, and thus a new fixed point secured 
from which to proceed further out. (Plate XV.) | 


put a tremendous strain upon the two top members, 
which were then still unsupported, and though they 
bore their load well it is evideut that the building 


In the mean time, the top member, Jubilee of this first half of bay 1, was a work of great 
Crane, as it was popularly called (because it was anxiety, lest a heavy gale should cause some serious 
invented, or at any rate designed, about the time | distortions. 


|of the Queen’s Jubilee in 1887), had been erected 
| on the top of top member. 


As the top members were never intended to carry 


jany load except their own weight, the vertical 


This crane consisted of a square frame supported | side bracings were not sufficiently strong to carry 


top members from side to side. The girders were | 
of different heights, in order to get the platform | 
on which the crane was placed level, and the | 
girders were placed on slides, so as readily to! 
allow them to move down the incline of about 
1 in 4 when required. The crane itself had a 
horizontal jib with a reach of 34 ft., and could 
slew round, by means of a circular rack and pinion, 


It was worked by a pair of reversible steam 
engines, and had a large barrel capable of winding 























| necessary. 


'on two girders reaching over all four booms of the | the crane without a risk of bending the bars. 
These bracings were consequently not only doubled 


by reverse bars running the full length with them, but 
the reverse bars were of a section double and treble 
that of the ordinary bracing bars. Templates for 
these bars were taken as soon as each section of 
the top member, was built up, and they remained in 
their places until the weight of the crane had passed 
beyond the next main support. Generally speaking 
this crane built all the members above the level ot 
the viaduct, and of course below that level also if 
Its maximum lift was 3 tons, and with 
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themselves, overhanging for a length of 100 ft., and 
even then to carry at the forward end the weight 
of a 3-ton crane and its load, but, as a matter of 
safety, wire ropes were carried from the outer ends 
up to the top junctions on vertical columns. 

The top members also had to carry their own 
weight unsupported for a length of nearly 100 ft. 

The lifting platform in the first half of bay 1 was 
only carried up to about 20 ft. above the level of 
the viaduct, and there it remained. (See Plates 
XV. and XVII.) 

The first inclined ties in cantilevers were now 
brought down from the top junctions, being held 
up and in position by means of timber struts be- 
tween them and the vertical columns, and laterally 
apart by lattice girders from one to the other. (See 
Fig. 122.) 

The first struts had also been built up to some 
20 ft. above the platform, and when the ties had 
been brought down to the point of intersection 
with the struts, preparations were made to make 
good their junctions. Previous to this the positions 
of struts, ties and vertical ties, were carefully 
checked, both as regards their meeting in the true 
centre as well as being the right distance apart 
from the centre-line of the bridge. Large gusset- 
plates, joining all three members together, were 
then placed in position and the necessary holes 
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up about 400 ft. of wire rope. It carried its boiler 
with it, and was thus quite self-contained. Sus- 
pended from the two main girders of the frame was 
a platform, carried some 4 ft. to 5 ft. below the 
bottom booms of the top member, 64 ft. long and 
about 36 ft. wide, mainly supported on four light 
lattice girders. 

The planking of this platform was so arranged 
that it could readily be taken up in every place 
where required, the four lattice girders being so 
placed as to pass all struts and ties and vertical | 
supports in succession, the flooring only requiring 
to be taken up. The sides of the platform under | 
the top members projected to within about 6 ft. 
of the end of the jib. In building the top mem- 
bers, the booms of which were in lengths of about | 
24 ft., the crane could lift them from the viaduct 


platform allowing safe ground for the men who had | 
to guide them into place and bolt up the ary 
and cover-plates. The vertical bracings fol 


sary work, and when both sides of the top member 
were built and well bolted up, the crane was pushed 
forward 24 ft. on to the newly built section. 

The crane with platform and all necessary gear 
weighed about 64 tons, which, placed at a distance | 





of about 80 ft. from the centre of the top junctions, | 


level below and place them at once in position, the | 


rare exceptions no portions of the work were made 
heavier than about 50 ewt. on the outside. 

As soon as the crossings between struts 1 and ties 
1 had been made secure —a vertical support —a 
box lattice girder, was raised from that point square 
upwards in continuation of the vertical tie below, 
in order to give the top member the necessary sup- 
port. As this support formed no part of the 
finished structure it was made of iron only, but of 
fully sufficient strength. 

It required, however, both longitudinal and lateral 
support, and this was provided by carrying lattice 
girders at a point about two-thirds of the height 
between the crossings and the top members on each 
side, from the ties 1 to the vertical supports, and 
transversely from one support tothe other. Cross 
ties of wire rope were also carried up between the 
supports. As soon as the supports had reached up 
to within a foot or two of the top members, a further 
length was built to the latter, which reached right 
across the supports. By this time and with so much 
weight on them the top members had deflected about 
9 in. to 10in., and hydraulic rams were now arranged 
to lift them up from the vertical supports, and give 
them their proper position, and place them as much 
higher as pats allow for the probable compres- 
sion in the vertical supports. 

Meanwhile the lower portion of the ties 1 had 
been built from the point of intersection down- 
wards, the bottom member had been brought 
forward, and the junction of bottom members 
with struts and ties at the end of the first bay, built 
in. But the bottom members also had deflected, 
owing to their own weight and to that of the 
rivetting machines—the cages and the bottom 
junctions. It was, therefore, necessary to lift the 

ttom members up at this point, and to do this 
the following plan was adopted (See Figs. 123 
and 124): 

Four heavy angles were attached near the ends 
of ties 1 so far as they had been brought down; 
these angles were of such length as to project 
some 6 ft. to 8 ft. below the under side of the 
bottom member; two heavy box girders were now 
passed under each of the bottom members, the lower 
one being fixed to the ends of the four angle-bars, 
while the upper girder was howe up to hardwood 
packings, which gave it a full ring against the 
under side of the bottom members. Between the 


owed two girders, hydraulic rams about 10 in. in diameter 
next, and then the top booms, and all other neces- | were placed. The action of the hydraulic rams in 


being forced out was, therefore, to push the upper 
irders hard up to the bottom members and the 
ower girders downwards, thereby putting a corres- 
ponding tensile stress on the ties 1. 
In the vertical ties 1, in the centre of bay 1, a 
joint in each of the four booms had been left open 
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in such manner that this tie could be shortened to and to give them the elongation proportionate to viaduct by the top member crane, swung into 
a certain extent, its upper end at the crossing that weight. ; |position, and at once bolted on, while the stage 
being now an absolute fixture. By means of an With this there were now, outside the central itself, when it required raising, was attached to 
arrangement of cross-girders and hydraulic rams towers, two points established, the position of the crane for the moment and lifted up, when it 
this joint could now be closed to any desired which was correct, and which were capable of sus-| was attached again by chains or wire ropes to the 
extent, new cover-plates being, of course, required taining the full weight which they would have ulti- strut itself. 

to make good the joint. mately to sustain in the completed structure. | The tie staging was hung to stout rope tackle 
_ All being thus prepared, a theodolite was placed The next operation was to raise the topmem- and let down by the men working on the ties 
in the centre of each bottom member, and these bers from the temporary vertical supports car- themselves. 

were lifted, both at the vertical ties and at the end ried up from the points of crossing, and this also| As soon as the struts had been built up to a 
of the inclined ties 1, by means of the hydraulic was done by hydraulic rams. The temporary point close under the junctions with top members 
rams, until the members had risen to the correct supports raised from the points of intersection and | the latter had their position checked by theodolites, 
angle and a trifle beyond, when hardwood packings carried to the top members were used at the centre | and, if required, they were upon these points also 
were put between the girders, and wedges driven of every bay out, becoming in each case much lifted by hydraulic pressure rams and then drifted 
in, so as to secure the maintenance of their posi- shorter and lighter. They had to be removed, up, and when in correct position were at once 
tion. Thus placed, the holes in the new cover- owing to want of material for making a larger rivetted. Another fixed point was thus secured, 
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plates making up the joints in the booms of the number, frequently before the top members were: and the first bay in cantilevers practically com- 
vertical ties were drilled at once, and the joints rivetted up sufficiently to bear their own weight. pleted. 
rivetted up. and that of the staging which was attached to them, | The _ girder, reaching transversely from one 
The closing lengths of the booms of the inclined and considerable deflection in some of the longer | vertica tie to the other, and upon which are sup- 
ties 1 were also measured, and templets made of sections was the result. ; ported the girders of the internal viaduct, had 
them and taken to the shops. These lengths |The top member crane could now slide forward; meanwhile been put in place, as also the diagonal 
were then cut and drilled, and at once put into another section and build, not only the next section | bracing below it. The viaduct was then advanced 
their places, and the whole of the ties finished up of the top member, but also the upper halves of | over it and carried forward till it reached the first 


in every part and detail. struts 1. These did not take long. They were; trestle at end of bay 1, which reaches across the 
The effect of these operations then was: built from the bottom —— in the same way as first bottom junctions and gives support to the 
1. To secure the absolute correctness of the the inclined ties were built from the top downward. ! internal viaduct at this point. 


position of the first bottom junctions as regards For the struts light square stages fenced on four} So far completed, all members were at their 
the height above water, and their distance from sides were used, these being 15 ft. square and open | correct elevation so far as this could be secured, 
the centre line of bridge. in the centre to admit the strut. The stages were | but it was possible, and happened frequently, that, 

2. To put upon both the inclined ties 1 and the accessible by means of wooden ladders laid from! owing to continued strong winds (no permanent 
vertical ties that stress which would correspond bottom upwards or by rope ladders hung from the ; wind-bracing was as yet fixed) from one quarter, a 
with their share of weight of the structure put up, top. The bars and plates were picked off the'certain amount of displacement occurred. Thus, 
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although the bottom members might at the end of 
the first junctions be the proper distance apart 
from each other, yet the centre of an imagi- 
nary line between them might not coincide with the 
centre line of the bridge, but fall to one side or 
the other. Precisely the same thing might happen 
in the case of the inclined struts, and the top 
members thus lie to one side or the other of the 
true centre line. 

Nor was the wind the only factor that could 
produce such a result, for the fact whether the sun 
was shining on the east side or the west side of the 
bridge made a material difference. On the sun 
appearing the plates on that side of the tubular 





members on which its rays fell would expand, 
while on the other sides the plates remained as 


Cuge Crane 


Permanent Tie 


they were. This produced, therefore, a bend away 
from the sun, of an extent not inconsiderable, but, 
of course, only temporary in its action ; for, with 
the sun turning to south and passing to west, the | 





pletely, but the last or closing lengths outwards 
were always left to be measured and templeted in 
situ. The gussets by which they were attached 
to the bottom members were already fixed and 
rivetted to the latter, and it remained, therefore, 
only to erect the girders in their places and take 
the templets for the closing ends. While they 
were being erected they were hung by wire 
ropes to the internal viaduct. Previous to this, 
however, the exact position of the bottom mem- 
bers had to be ascertained, and, if not correct, wire 
rope ties attached between bottom members and 
girders by means of union screws or timber struts, 
worked with wedges or small hydraulic rams, had 
to be employed to draw the bottom members in or 
push them out, according to requirements. This 


Hoist 


/ 


ae Be we 
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done, the templets of the booms were taken and | 





‘always so much greater from the west than from 


the east has something to do with it, the writer 
will not take upon himself to say, but appearances 
decidedly point in that direction. 

With the corrections in the positions of the struts 
and bottom members, the first bays of the canti- 
levers were now completed, and, except in so far 
as the elasticity of the steel came into play, all the 
points were as fixed as if each was resting on a 
solid masonry pier. 

The duties of the survey department in connec- 
tion with the erection of the cantilevers were of the 
heaviest kind. The work had to be carried on in 
the most exposed positions and in all weathers. To 
Mr. W. N. Bakewell belongs the credit of a great 
achievement, and it is not too much to say that to 





his courage and decision and promptitude in fixing 


the girders completed. The same process had to| points, is due the saving of much time and much 


be repeated at every point of attachment, that is, 


| expenditure. 
every half-bay out. The position of the inclined | 


From the first bottom junctions struts 2 were 





members not only became straightened again, but struts with regard to the centre line of the bridge | started upwards, and from the first top junctions 
became curved in the opposite direction. | was corrected in a precisely similar way, and by ties 2 were started downwards, in repetition of the 

Errors in measurements and faults in construction | this means was achieved the successful building out | operations already gone through in the first bay. 
might, of course, also produce similar and per- | of these arms, nearly 700 ft. in length and weighing; The bottom members were built out and the 
manent results, and it was therefore necessary to | some 5400 tons, with an error of only 2 in. For | internal viaduct brought forward. Upon the latter 
take steps to fix the position so far as it could be | an error there is, and, curiously, it exists in nearly | were now erected—upon a staging sliding on the 
done. all the six cantilevers, and in the same direction, | rail troughs—two steam cranes with movable 

The diagonal wind-bracings between bottom mem- | namely, to east. Whether this is due to the pre- | derricks standing side by side, each being worked 
bers, of which the first pair starts from the skew- | vailing westerly winds, and the fact that the total| by a steam winch placed some distance behind, 
backs, now required to be dealt with. | west pressure upon the structure in the course of a Wire ropes were exclusively used by these cranes, 

‘As neither bottom members nor inclined struts|twelvemonth must be probably fifty times as great which, owing to their position, were called the 
had ever been laid together in the relative posi-| as the total from the east, or whether the fact that twins. As the Jubilee crane, resting on the top 
tion, the wind-bracings could rot be built com-|the lateral deflections due to the sun’s rays are members, built all the work from near the viaduct 
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upwards, so the twin cranes built everything from 
that level downwards. 

Up to this time most of the material of which 
the members were built was lifted by the hoists in 
the central towers, and brought forward on tempo- 
rary lines of rails to within reach of either top 
member cranes or cranes on the viaduct. From 
this point forward only the light material, such as 
bars, angles, and other things, were sent up the 


union screws being used in the place of hydraulic | by hydraulic rivetters, while the struts were rivetted 
cylinders. by hand only. The main booms of the ties were 

The erection of bays 3, 4, 5, and 6 was simply | rivetted up in the yard as far as could be done by 
routine work—repetitions of the work gone through | machines, and little more than the joints and brac- 
—and so much more easy for the reason that not! ing bars were left to do after erection. Of the 
only had the distances, both vertically and horizon- | internal viaduct also as much as could conveniently 
tally, between the members become so much less be got at was done by hydraulic machines, and the 
| great, but also because the men had become so skilful rest by hand. 








and so accustomed to their tasks, that what ap-| The booms of the wind-bracings were also rivetted 


hoists, while all the heavy booms and plates were | peared at one time to be insurmountable difficulties | 
placed on board one of the steam barges, and and hazardous undertakings, had now become mere | 
hoisted up by one of the twin cranes to the viaduct | child’s play, and were done in those exposed _posi- 
level, and thence were taken by the Jubilee crane | tions as easily as if the men were standing upon the 


to the top. Somewhat later, again, when the top’ floor of an ordinary workshop. 
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together in the yard by hydraulic machines, and as 
they decreased in weight further forward they were 
rivetted, at times in the full square, at others tops 
and bottoms, thus leaving the side bracings only to 


_be completed. 




























THE ‘* JUBILEE” CRANE ON TOP MEMBERS OF CANTILEVERS. 


members had still nearer approached tothe water,! The rivetting of the work followed the erection | 
the material for these, and for the u»per portions of |so closely, that many squads of rivetters were | 
struts and ties, was lifted by the Jubilee crane out | working upon the extreme ends side by side with 
of the barge, and swung into place at once, thereby | the erectors. In the case of the tension members | 
saving much time and labour. 'all the main joints were rivetted as soon as pos- 
In the erection of-the bottom members in bay 2 sible after erection, and where such could not be 
the temporary attachments necessary to hold them | done, all joints were bolted up with specially pre- 
up in position were carried partly to the point of pared turned steel bolts. 
intersection of struts 1 and ties 1, partly to the| In the bottom members the hydraulic rivetting | 
first top junction, and there attached to heads of | machine was carried forward to beyond the end of | 
struts 1. the third bay, after which all rivets were put in by 
Hammersmith Bridge links were used for the first | hand, particular care being taken to have all the 
and wire ropes for the second, no plate-ties being | work thoroughly well bolted up, and to put the best 
required. Later on still wire ropes were capable} and most trustworthy hands to the job. All the 
of dealing with most of the lifting required, | tension members were almost exclusively rivetted 





Tn the same way the lattice box girders between 
the struts were also dealt with ; they could be lifted 
straight into their places, the joints only and the 
points of intersection requiring to be rivetted. 

The top member was rivetted in all parts by 
hydraulic machines wherever it was possible to get 
the machine applied. For this purpose two or three 
light timber stages followed at the back of the 
Jubilee crane, and here two or three rivet-heating 
furnaces were kept going to supply the various 
machines going below, the hot rivets being dropped 
down a long pipe, the end of which was stuck into 
a pail with ashes at the bottom. These furnaces 
were heated by oil and compressed air. It was thus 
necessary to bring along in the first instance from 
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the deck up to the tops of the towers, and then to 


each side down the cantilevers, not only the pressure |. 


pipes for the water working the hydraulic rivet- 
ters, but also for the supply of compressed air and 
oil to the furnaces. The oil was brought in pipes 
connected with a tank on the top of the central 


tower, and run down to the furnace tank by or 


gravity. 
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Queensferry and Fife. 
Bedplates and central towers 4816 tons each 
Two cantilevers ... 10,816 


” 


Total ... 15,632 


” 


Total ... 31,264tonsfor both 
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‘but with no result. Only divided by a gap of some 

350 ft. it was now possible to take up a position in 
| a gale of wind, and by fixing a point on the oppo- 
| site cantilever end and another point fully half a 
mile further back on the shore, try to see what the 
lateral deflection might be. But, whatever its 
‘amount, it was too small to be noticed by the 
‘naked eye; nor could any movement be felt 
except a slight vibration whenever an extra heavy 
gust of wind would hur! itself against the solid face 
of steel plates. 

In setting out the centre lines in the vertical 
sense of the bottom members while building cut 
plate by plate, allowance had been made at every 
| junction for the natural and unavoidable deflection 
in the whole cantilever as a mass. This was, of 
‘course, also done in setting out the internal 
viaduct. 
| It was intended that there should be in the free 
| cantilevers a camber of 10 in. at the end posts when 
| the cantilever was completed—that is, the line of 
| rails at the end post would be 10 in. higher than in 
the central towers when no load was on the bridge. 
| But to get this it was necessary to set each section 
| higher by so much as it would deflect by the addi- 
tion of the remaining sections further forward. 
|The point aimed at was, therefore, set another 
10 in. up, or 1 ft. 8 in. altogether. This was, of 
course, entirely a matter of calculation and of judg- 
ment, and in the end the cantilevers arrived at the 
position in which they were desired to be. 

It remains now to tell how the central girders 
were erected and the final connections made. 

The end posts are hollow boxes about 44 ft. deep 
and 3 ft. wide, by 40 ft. in height, and are closed 
on three sides, the fourth side towards the central 
girder being open. The bottom members project 

| right to the end of the post, while the top members 
stop short at the closed or inner side, except the 
| webplates, which, in the shape of large gussets, 
are also carried full to the open end. So far the 
|four free cantilevers are exactly alike, but in the 
|further arrangements they differ considerably, as 
| will presently be described. 

The end posts of the two fixed cantilevers 
where they rest in the cantilever end piers are 
different from the above. Here the posts are re- 
placed by a large box about 8 ft. long and extend- 
ing over the whole width and height of the end of 
the cantilever, out of which an arched way has 
been cut to allow the passage of the trains. An 
end elevation of this box is shown in Fig. 23 ona 
preceding page. The object of these boxes has 
been already explained, and will be again referred 


| 


{to in connection with the expansion movements 


provided for at this point. They are filled with 
cast-iron bricks and punchings and other scrap all 
laid in asphalt poured in hot and firmly set, thus 
preventing shifting and at the same time making 
the box water-tight. About 1000 tons of dead 
weight is placed at these points over and above the 
| weight of the steelwork. 

The central girders have already been described 
as having a slightly raised or curved top member 
of polygonal form; that is to say, it is straight 
, from one support to another, a kink taking place at 
the point of support, in the same manner as the 
bottom member in the cantilevers. The bottom 
member is straight. The two are connected by 
eight pairs of cross-bracings on each side, inter- 
secting each other at the centre and consisting of 





















































HYDRAULIC LIFTING ARRANGEMENT FOR BOTTOM MEMBERS OF CANTILEVERS. “edt 
; struts and ties. The girder is 350 ft. in length, 
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Fic. 127. EXpaNsIoN JOINT FOR RAILS AT ENDS OF CENTRAL GIRDERS ; INCHGARVIE, NORTH AND SOUTH. 


With the last intersections built in bay 6, and 
struts and ties, top members and bottom members 
carried past them, it only remained to put up the 
end posts to complete the cantilevers. 

The weight which had now been raised upon the 
supports may be shortly stated as follows : 


Inchgarvie. 
Bedplates and central tower 7036 tons. 
Two cantilevers . ae 10,750 ,, 
Total ‘ia its 17,786 ” 





or, on the three points, a grand total of 49,050 tons, | 40 ft. high at the ends, and 50 ft. high in the 
centre. It is divided into eight bays of slightly 
unequal length. The top members are braced 


together by 16 sets of diagonal lattice bracings, 


not counting the approach viaduct spans at either | 
end. 
But, apart from the permanent work, many | 
hundred tons of weight in the shape of cranes, 
temporary girders, winches, steam boilers, rivet 
furnaces, rivetting machines, miles of steel wire 
ropes and of gangways, and acres of solid timber 
staging were suspended from these cantilevers. A 
heavy shower of rain would in a few minutes put | 
an extra weight of a hundred tons, and the storm 
would try its worst against these immense surfaces, 


| while the bottom members are connected by solid 


plate girders acting as cross-bearers, one at the 
centre and one at the end of every bay, in addition 
to those forming the ends of the girders. Vertical 
ties are attached to each intersection of struts and 
ties and carry the bottom members between the 
bottom junctions. The bottom members are trough- 
shaped and about 3 ft; high by 2 ft: 6 in, wide; 
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bottom, allow a horizontal movement of the whole 
girder round the centre of the pins, while yet 
allowing no lateral movement of any kind except 
that which may be due to the mere hair’s-breadth 
of play in the slide-block. 

At the Queensferry and Fife ends, however, 
these blocks are absolute fixtures, steel packings 
having been placed into the two 12-in. spaces which 
are left open on the Inchgarvie ends; and while yet 
the same circular horizontal movement round the 
centre of the pins is possible, both longitudinal 
and lateral movements are prevented. Should it 
therefore happen that one cantilever has to sustain 
the impact of a heavy gust of wind while the other 
is not so affected, the deflection thereby produced 
can take with it one end of the central girder and 
leave the other in its original position without 
putting any side stress upon the girder itself. 

It should be mentioned that the lower bearings 
at Queensferry and Fife in which the pins rest, are 
not bolted down to the cantilever ends, but have 
play sufticient to allow horizontal circular move- 
ment round the centre of the pins in the inter- 
locking arrangement above described. 

All expansion joints in the main structure have 
now been considered, with the exception of that in 
the cantilever end piers. At this point expansion 
and contraction to the amount already stated can 
take place longitudinally, but in no other direction. 
This is the only occasion where rollers are used for 
bearings, and the arrangement of these is clearly 
shown in Figs. 133 and 134, The lateral or 
vertical movements arising here are prevented by 
the following means: 

The steel casting A isa fixture to the under side 
of the extreme end of the cantilever, here in form 
of a box. This casting forms the head of the roller 
bearing, but also bears a side flange, which is set 
hard against a heavy cast-steel plate B, which is 
bolted down hard to the masonry, and carries a 
side flange similar to that of A. As the same thing 
is arranged on the opposite side, it is clear that 
lateral movement can only take place to the amount 
of play between A and B, which is practically wil. 

Again, on the top of the bottom end girder of the 
cantilever, outside the loaded box, a piece of steel 
C is laid, which touches, or nearly touches, another 
cast-steel plate D, let into the masonry of the pier, 
and bolted to it by holding-down bolts. Indepen- 
dent therefore of the counterpoise placed at this end, 
which prevents the cantilever lifting under any con- 
ditions of train load or fixed load, there is provision 
made to prevent its rising should an unusually heavy 
gust of storm-wind strike the end of the free 
cantilever, and thereby try to lift up this. This it 
cannot do, but the stress causes an upward deflec- 
tion in the fixed cantilevers within the limits of 
the elasticity of the metal. Neither of these 
two arrangements interferes with the longitudinal 
expansion or contraction, which are facilitated by 
the arrangement of rollers between the castings E 
and F, All movements have now been considered 
in detail, and since they are of such vital importance, 
it will not be superfluous to recapitulate them here 
once more in toto, 

1, Expansion and contraction produced by changes 
in temperature provided for by the sliding bedplates, 
by the rocking — at one end of each central 
girder, and by roller bearings in the two cantilever 
end piers. 

2. Lateral deflections, whether due to wind 
pressure, or to the influence of the sun's rays, 
provided for 

(a) By the play left in the bedplates of the fixed 
cantilevers. 

(>) By the arrangement in the keyplates between 
lower and upper bedplates, which permit a slightly 
circular movement on the centre of each column, 
producing torsion in the same. 

(c) By the central vertical pins in the interlocking 
arrangement between ends of cantilevers and ends 
of central girders. 

All vertical deflections are taken up and resisted 
by the elasticity of the metal in the structure. 

As soon as the end posts of the cantilevers had 
been built, the necessary preparations were made to 
start with the erection of the central girders. The 
principle upon which this work was to proceed was 
the same as in the cantilevers, by overhanging, but 
in the absence of a fixed joint between the two, 
other arrangements had to be made. Both ends 
of the central girders required to be temporarily 
attached to the cantilevers until they were ses4 


together in the centre of the span, and could there 
be joined up. The ends could then be released. 





In the first instance, heavy temporary platform 
girders had to be attached to the under side of the 
bottom members in cantilevers projecting over 
towards the central girders, some 25 ft. (See 
Fig. 135.) Upon these were laid cross-timbers, 
and a strong platform was formed upon which 
the first half-bay of the central girder was erected. 
This had to be done, however, outside, and about 
6 ft. away from the end posts, because all rivets 
inside the end posts, and through those portions 
of the central girder which would have to be 
drawn within the end posts, required rivetting 
up. All these holes were countersunk, and the 
rivets made flush. The cups which had to re- 
ceive the rocking posts were meanwhile placed in 
position, and carefully set and levelled, and next 
the rocking posts, weighing nearly nine tons each, 
were hoisted up by special tackle and shipped into 
their places, and lowered into the cups or sockets. 
Into the tops of the rocking posts were now placed 
the half-balls or knuckles with flat tops, upon which 
the under side of the top members of the central 
girders would come to rest. Thus far the Inch- 
garvie ends. The Queensferry and Fife ends were 
similarly dealt with, except that no rocking posts, 
but only the horizontal pins, had to be placed. The 
shipping in and fixing of slide-blocks and vertical 
pins had also to be done at the same time. As 
soon as the half-bays of the girder on each side 
were built, the whole portion, weighing about 
42 tons, was shifted back into its place inside the 
end post, and connected up and also drawn tight by 
a number of chains and wire ropes passed round. 
Heavy temporary ties were now attached at the 
centre of bay 6 in the top members of the canti- 
levers at one end, and at the centre of bay 1 in the 
top members of the central girders. (See Fig. 180.) 
These ties consisted of three layers of plate, each ? in. 
in thickness, by 26 in. in depth. There was one 
such treble plate-tie to each side of a top member, 
or four altogether. The ends were fixed to large 
gusset-plates and rivetted up, but the middle joint 
was bolted up by special turned steel bolts, 1 in. 
in diameter. There were about seventy-four bolts 
to each joint. 

To the ends of the bottom members, both in 
cantilevers and central girders, thick cast-steel 
plates were fitted, leaving a wedge-shaped space 
between them, the wide end downwards, and this 
space was carefully templated, and steel wedges, 
about 9 in. wide, two to each side, were fitted in 
and set up hard. (See Figs. 128 to 130, and 131.) 
Everything was now ready for continuing the build- 
ing out of the girders, and half-bay by half-bay was 
speedily added, some delay being caused on account 
of all the joints in top and bottom booms having 
to be rivetted before much weight was added for- 
ward. 

The top member cranes, which had by degrees 
made their way downhill, doing all the work since 
the fifth bay had been completed, as the canti- 
levers had by then narrowed so much that there 
was no room to bring the twin cranes any further, 
were now relieved of their heavy platforms under- 
neath the top member, and of other temporary 
appliances they carried. Thus made lighter, they 
were moved on the temporary plate-ties, and thence 
on the top booms of the central girders, where they 
now began to climb up the curved booms towards 
the centre of the span. (See Plate XIX.) These 
cranes now built the whole of the work, lifting all 
the material out of the barges in mid-channel, 
except the heavy floor girders, which weighed 
nearly four tons each, and were hoisted by special 
tackle with wire ropes and steam winches set up 
near the ends of the cantilevers. 

It was not long before the Jubilee cranes, which 
had originally started from the tops of the Inch- 
garvie tower, and had proceeded, the one towards 
the south and the other towards the north, met 
face to face, the two others, which had come down 
from the tops of the Queensferry and Fife towers 
respectively, and with the putting in of the last 
lengths of booms, their functions practically came 
toanend. (See Piate IV.) 

Much, however, remained yet to be done, for 
the connections had to be made, and the making of 
these depended largely upon the weather, or at 
any rate upon the temperature. As it was not 
convenient to arrange the joints exactly in the 
centre of the girder, where they would have coin- 
cided with the junctions of the last pair of struts 
and ties, the joint was laid in each instance some 
6 ft. nearer towards Fife and Queensferry. The 
four bays of the Inchgarvie halves were, therefore, 





completed, and half a tie and half a strut belonging 
to each of the other two halves were left incom- 
plete. (See Fig. 186.) 

In setting out from the ends of the cantilevers 
the wedges had been set in such manner as to give 
the bottom booms an inclination upwards, which, 
if no deflection had occurred, would have given the 
girder a camber of 12 in. The deflection, however, 
arising from the increasing weight overhanging, 
reduced this to exactly the camber prescribed— 
namely 36 in. 

The lengths of the bottom booms of the girder 
were fixed so as to leave at the tem erature of 
60 deg. still a gap of 4 in. clear between the ends. 
This was necessary, on account of the possibility of 
the temperature rising considerably above 60 deg., 
which in the middle of September, when the south 
central girder had been expected to be connected, 
was quite possible. For the north central girder, 
which was to have been connected a month later, 
the same gap was left for a temperature of 50 deg. 
only. 

the top booms a somewhat larger space was left, 
tapering in shape from about 10 in. at top down to 
6 in. at bottom of the webplates; for here wedges 
had to be inserted. 

As it happened, however, delays occurred, and 
the south girder was not connected till October, 
and the north girder in November. 

The connection of these central girders was an 
operation of a most interesting character; for here 
a greater use was made of natural forces than in 
any other portion of this bridge. 

As it was essential to have the temporary plate 
ties, which still held up the weight of the two 
halves of the central girders, fully under control, a 
small brick furnace, heated by oil and compressed 
air, in the same manner as the rivet-heating fur- 
naces, was built round each of the four plate ties 
at each end, just above the end posts, and every- 
thing made ready for instant lighting of the same. 
Arrangements were also made to draw together by 
hydraulic pressure the two bottom booms at the 
gaps in the joints in centre of girders, in order to 
be able to give every chance to the work being 
done expeditiously. 

The temporary connections between the booms, 
which, however, allowed full play to expansion and 
contraction, were as follows: (See Figs. 137, 138 
and 139.) 

To the bottom flanges of the bottom booms, large 
and thick plates had been bolted on each side of 
the gap, extending over the whole width of the bot- 
tom flanges, and projecting to some 7 in. on each 
side of them, and upon these plates other plates, 
which reached across the gap. They were fixed on 
the Queensferry and Fife sides, but could move in 
and out at the Inchgarvieends. For the temporary 
connection there large slot-holes were provided, into 
which bolts 1% in. in diameter were fitted, but were 
not put in until the time of making good the connec- 
tion, the slot-holes being 4 in. long, while the holes 
in the plates, which were parts of the booms were 
simply round, of 1{ in. diameter. Once these bolts 
were driven in, the gap between the booms could 
not be increased, but in case of increase of tempera- 
ture the slots would allow the gap to decrease and 
prevent buckling in the booms. The arrangement 
is clearly shown in the illustration. 

The temperature had been watched for several 
days, and the changes in the length of the boom 
ends noted, and after everything was ready for 
making the connection, the temperature yet failed 
for several days to rise to within 6 deg. to 8 deg. of 
the 60 deg. required, and the large bolt-holes were 
barely half open. The application of hydraulic 
pressure only gave about # in., equal to 3 deg. of 
temperature, and there was nothing for it but to 
wait patiently. At last, on the afternoon of Oc- 
tober 10, with the sun shining brightly from the 
south-west, the temperature being 55 deg. gene- 
rally, the west boom came together near enough to 
give a full bolt-hole; but the east boom wanted a 
quarter of an inch, in spite of all the pull that 
could be got out of the hydraulic rams; so a quan- 
tity of waste soaked in naphtha was put into the 
bottom booms for about 60 ft. to either side of the 
gap and set on fire, and in a few moments the 
boom had expanded to the full amount required. 
All the bolts, twenty-three in number, were at 
once put into the holes and screwed down hand- 
tight. The web-covers across the gap to each side 
of the booms, and the corner angles, were put on, 
and one side, which had been kept blind, was 
drilled through at once, and the covers bolted up. 
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This joint having been made at the time of the 
highest temperature of the day, when the canti- 
levers and girders were of the greatest length 
owing to expansion, it follows that as soon as tem- 
perature decreased, the cantilevers and girders 
would shorten, and the only gap left in the bottom 
booms, namely at the Inchgarvie end, where the 
wedges were placed, would open. Had the change 
between the maximum temperature of day and the 
minimum temperature of night been considerable 
the wedges would thereby have been released, and, 
if free, would have dropped out. Precautions had, 
however, been taken, and had the wedges been 
ever so slack they could not have moved from their 
places. In addition to this, hydraulic cylinders had 
been attached to the ends of the wedges, by means 
of which they could when necessary be drawn out 
from between the plates. The change was, how- 
ever, only about 3 deg., and with the tremendous 
compression on these wedges could make but little 
difference. 

In this condition the girder was left overnight, 
but carefully watched, and all changes of tempera- 
ture and of movement in the upper booms ascer- 
tained and noted down. 

At 6 a.m. on October 11 a start was made with 
the drawing of the wedges first at the Queensferry 
end, and then at the Inchgarvie end of the girder, 
and they were drawn down with little effort. 
(See Fig. 143 at CC.) At the same time the wedges 
or key-plates which closed the top booms were 
placed in position and driven down hard into their 
places at AA. The top boom connections were 
somewhat different in their nature, the stresses, 
after connection had been made, being exactly the 
opposite of those in the bottom booms, namely, 
compressive instead of tensile. 

It will be remembered that the weights of the 
two halves of the central girders were held up by 
the four plate ties connecting them with the canti- 
levers at D D, Fig. 143. The expansions in the 
cantilevers, after the bottom booms were connected, 
would have the effect of drawing up the centre 
portion of these booms in the same way, as if, 
instead of a central girder, there had been a simple 
rope attached to these ties. On both cantilevers 
contracting or shrinking, the rope would have been 
stretched and lost some of its downward deflection 
or sagat B. This was precisely what occurred to 
the bottom booms of the girder, for the top booms 
were still gaping and could not prevent the further 
opening of the gap. A temporary sliding connection 
was, however, arranged in the top booms in such 
manner that nothing could prevent their moving 
nearer together or further apart with the changes 
in temperature. (See Figs. 140, 141, and 142.) 
The gaps left between the webs of the booms, 
which were here thickened to 2 in., were, as before 
stated, from about 10 in. at top down to 6 in. at 
bottom of the web. (See Fig. 143.) The gaps 
at A had been templated and the key or wedge- 
plates made to these templates. It will now be 
understood that, in order that the bottom booms 
of the girder should retain their camber or upward 
deflection, it was essential that these wedge- 
shaped spaces should be closed at the lowest 
possible temperature, for, when once in their 
places, the top boom was closed like an arch in 
which the keystone had been placed. 

Fortunately the setting up and holding up of 
the girder halves during construction had given the 
bottom boom as much camber as was required, and 
it needed no assistance from the drawing of the 
ties, otherwise some days of delay might have 
occurred, for the temperature kept high and the 
contraction in the cantilevers was not suflicient to 
draw the ties much. 

The key-plates were then driven down hard and 
the heavy web-covers on each side were at once 
drilled through and bolted up. At the same 
time T bars of heavy section were placed at the 
top and bottom to form a temporary connection of 
the flange plates. Timber struts from side to side 
to keep the booms apart, and wire rope ties to hold 
them together, were also put on. 

The remaining halves of struts 4 and ties 4 of the 
Queensferry half of the central girder were also 
templated now to the required size, and put in 
place as soon as possible. 

The gaps in the top booms having now at the 
lowest temperature been filled by the key-plates, the 
effect of a rise in temperature and consequent 
expansion of the cantilevers would be to buckle 
the temporary plate-ties between central girder and 
cantilevers at D D, Fig. 143. As soon as this 





movement was felt, the bolts at the central joints 
of these ties (see Fig. 130, at M) were gradually 
withdrawn and the ties altogether detached. At 
the same time the furnaces were set going, and 
the plate-ties made so hot that, whether a rise 
or fall in temperature should take place, these 
ties could no longer restrain any movement, but 
would yield to either influence. With the removal 
of these ties the central girder entered upon its full 
function as a connecting link between the two canti- 
levers, and the south span was thereby successfully 
completed. A careful levelling on October 12 
showed a camber of 3§ in. in the girder, and no de- 
viation laterally from a straight line drawn between 
the centre of the ends of the two cantilevers. 

The north central girder had in the mean time 
been built out in a precisely similar manner, and by 
October 15 it was sufficiently advanced to allow a 
gangway 65 ft. long to be laidacross. This enabled 
the directors of the company to walk across the 
bridge from end to end—the chairman of the 
company being actually the first person to cross 
the north span. 

By October 28 the last booms were put in, and by 
November 6 everything was ready to connect this 
girder also. The temperature on that day did not 
rise, however, sufticiently high to make the joint, 
but in the night a sudden rise took place, and by 
7.30 in the morning the bottom booms were joined 
together for good. 

It now required a good fall of the temperature to 
get the top booms connected, for the two halves of 
this girder had been set less high at starting, and 
there was now practically no camber in the bottom 
booms. But the weather remained obstinate and 
the temperature very high, and it was not until the 
morning of November 14 that the key-plates could 
be driven in and the final connection made. An 
episode, of which much has been made in the 
papers, occurred on this occasion, and the facts are 
simply as follows: After the wedges at the bottom 
ends had been drawn out and the key-plates driven 
in, a slight rise of temperature was indicated by the 
thermometer in the course of the morning, and 
orders were given to remove the bolts in the central 
joints of the connecting-ties and to light the fur- 
naces. Whether the thermometer indicated wrongly 
or whether the cantilevers had not had time to fully 
expand under the rise of temperature, or whether a 
decrease of the same took place it is not now possible 
to prove, but when only about 36 of the turned 
steel bolts remained in the joints, and before the 
furnaces could get fairly started, the plate-ties 
sheared the remaining bolts and parted with a bang 
like a shot from a 38-ton gun. Something of a 
shake occurred in the cantilevers which was felt at 
the opposite ends, and caused some little commotion 
among the men. No mishap occurred, however, 
and nothing in the way of a fall of the girders took 
place as stated in the papers—simply the work of 
the furnaces and the task of knocking out 36 bolts 
was saved, and the girder swung in its rockers as 
freely as if it had been freed in the most natural 
manner. 

And thus the Forth Bridge was completed—for 
the remaining work was simply to replace temporary 
connections by permanent ones, to rivet up those 
which were only bolted, and do the thousand and 
one things which always remain to be done after 
everything is said to be finished. 

The thrilling portion of the story is done, and 
the novelist would wish to leave off with so dramatic 
an incident as that just told. But there are yet 
some details which belong to the history of the 
bridge, and which could not very well be left 
unrecorded. 

RIveETTING. 

An early estimate has fixed the number of 
rivets in the Forth Bridge at 5,000,000, but this 
was evidently insufficient and the figure has risen 
to 6,500,000. It is, however, doubtful whether 
even this covers the total amount, for on the 
central or Inchgarvie pier, where an exact record 
of rivetting was kept, the number closed there 
amounts to near upon 2,700,000 alone, and a very 
large quantity of materia] was sent across from the 
shops and the field which had already been rivetted 
up, and such rivets are not included in the above 
total. The rivets varied as to diameter from 1} in. 
for the heavy tubes and the skewbacks down to 
? in. for the buckle-plates; and, as to length, from 
11} in. (measured without the head) down to 1} in. 
The greatest thickness of plates rivetted together 
was 9 in., and this occurred in the top junctions at 
the head of the vertical columns on Inchgarvie— 





the least thickness was } in., in the flooring of the 
viaduct. 

The various hydraulic rivetting machines, by 
which about one-half of the rivetting was done, 
have already been described in the places where 
they carried on their work, and need not be further 
enlarged upon here. 

At the commencement, ordinary furnaces fired 
with coal were used for heating, but it soon became 
evident that these could not be taken on the out- 
lying platforms owing to their weight, the weight 
of fuel, and last, though not least, to the danger of 
fire caused by hot ashes left on timber staging. 

Various kinds of furnaces were designed and 
tried, all heated by oil, and in the end the difticulty 
was solved by turning the burner of an ordinary 
Lucigen lamp, in a somewhat modified form, into a 
small furnace and setting fire to it by a piece of 
burning waste drenched in oil. This was a tre- 
mendous advantage, for these little furnaces, though 
made of iron and brick-lined, weighed little more 
than half a ton, and could be handled and shifted 
about with the greatest ease. All they required 
was a small pipe-lead to supply compressed air, and 
a small tank with oil, and a crane would pick them 
up and put them into any place where they were 
most handy. <A boy could work them and turn out 
200 rivets an hour easily, all heated evenly to a 
bright yellow heat in perfect condition for the 
hydraulic machines, three or four of which were 
fully kept going by one of these little furnaces. 
They were taken inside the tubes, and the smoke, 
if care was taken in adjusting the burner, could 
not molest any one. 

Larger furnaces were set up in No. 2 shed for 
heating angles and tees, and they were very suc- 
cessful owing to the regularity and evenness of the 
flame and the facility with which they could be 
lighted and kept up. 

For the hand-rivetters in the struts and lattice- 
girders, ordinary small forges were in use, with 
bellows worked by a treadle or by the hand. But 
here also the oil-furnaces came in usefully, for not 
only were the rivets pre-heated in the furnace if 
one happened to be anywhere near, but the boys 
contrived to make a connection somewhere with 
the compressed air pipes, and thus obtained a con- 
stant blast for their forges and saved themselves 
the trouble of working the bellows. 

In places where so large an amount of timber 
staging was required, and where a fire on such 
staging might have been accompanied by the most 
disastrous results to portions of the permanent 
work, such furnaces as above described are of in- 
estimable value, for there is nothing left behind 
that could cause a fire after the men left work. As 
soon as the supply of air and oil are turned off all 
flame at once disappears, and in five minutes the 
inside is black and cold. 

The ordinary small furnaces used in the tubes and 
on the staging were about 11 in. wide by 8 in. high 
and 4 ft. long on the inside, with two doors for 
charging and drawing of rivets. They consumed 
about two gallons of oil per hour, with which they 
could heat 200, and on an emergency 250 rivets per 
hour, or even 300, if of smaller size. 

The actual size of this kind of furnace is however 
a matter regulated entirely by circumstances, and it is 
not possible to lay down hard and fast rules for their 
construction. The furnaces and fittings shown in 
the illustrations are : 

A furnace for heating the ends of angle bars, tees, 
or narrow plates. (See Figs. 144 to 146.) An 
early form of oil furnace with grate at bottom to 
keep a body of glowing coal to assist combustion. 
This however is not necessary. (See Figs. 147 to 
149.) The latest form of small rivet furnace as used 
on the stagings and inside the tubular members. 
(See Figs. 150 to 152.) 

Figs. 153 and 154 show the disintegratoy, or spray 
producer, the action of which explains itself. In 
its present form it is much simplified, and if any 
obstruction in the small jet occurs, it is easily 
cleared by screwing back the mouthpiece. 


TEMPORARY WorK IN CONNECTION WITH 
THE ERECTION. 

If the proud boast is perfectly justified that in 
building the two 1710 ft. spans across the Forth, 
and erecting the 11,600 tons of steel massed therein, 
without having placed a single stick of timber into 
the river, it is yet equally certain that this mode 
of erection entails an immense amount of auxiliary 
and temporary work, which is both costly and waste- 
ful with regard to time. There were many days 
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and weeks lost through waiting for crossings or 
junctions to be built up and completed, and although 
much of this may be said to be due to the novel 
character of the work, yet it is a point which must 
not be lost sight of. Elsewhere, it has been stated | 
that owing to the general batter of the sides of the 
structure, and owing to all of its members being out 
of the perpendicular, as well as the horizontal, they 
had a natural tendency to either fall together, or 
else apart, and in both cases apt to be both out of 
the right direction, Thus in building out a pair of 
struts or ties, so soon as a length of 30 to 40 ft. had 
been built, it became necessary to put up temporary | 
girders to hold them apart or keep them together, | 
and a large amount of dangerous work had to be | 
done before a further section of work could be | 
built. The members themselves, even when only | 
bolted up, were often so stiff that hydraulic rams | 
had to be used to force them apart or draw them | 
together. In other cases wedges of hard wood and | 
union screws were able to deal with them. In look- 
ing at the illustrations and plates showing various 
phases of the erection, this feature will immediately | 
attract attention, and in many cases it must be | 
difficult for any one except those conversant with | 
the structure to distinguish between temporary and 
permanent work. 
For reasons explained above, and easily under- 
stood, it was not possible to fix the wind-bracing so | 
close up to the new work that temporary appliances | 
could be dispensed with, and therefore an immense | 
number of lattice-girders, some heavy, some light, | 
had to be used to allow the permanent members to 
be corrected, and when corrected held in position. | 
In the bottom members, especially near the piers, | 
where they were some 120 ft. apart, centre to| 
centre, the temporary girders naturally had to be | 
very strong and heavy, but after the completion of | 
three bays, timbers were in most cases sufticiently 
strong to take all resistance, and this much simpli- | 
fied matters, for timber is both light in weight and | 
easy to cut and shape torequirements. Thus in the | 
bottom members alone, at every vertical tie and at | 
every junction, the necessary corrections required | 
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| for several years, and there is not a single case on 
record of a rope having given way without having 
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money expended, but for the absolutely reliable 
character of this article, and for its manifold uses. 
In the first instance there were nearly a score of 
cages or hoists for the raising of men and materials 
to the different levels at which work was carried on, 
and these were going continuously day and night 


given ample warning. At first the pulleys over 
which the ropes passed were rather small in diameter, 
and the result of continuous running was that single 
wires commenced to give way, but with a crackling 
noise which soon became known to the attendant at 
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between the girders and the ropes, the former could 
be raised and lowered at will and held in position 
until a joint with other portions of the work was 
made. Thus in the central towers, once they were 
completed, everything within the area could be 
suspended, and thus the internal viaduct was built 
in the easiest manner possible, every length in 
succession being held up until the girder was com- 
plete and able to carry itself. And thus in the 
same manner while building out the bottom 
members in cantilevers, the vertical ties and struts, 
and later on the wind bracings, a few wire ropes 
attached to the upper members, as far back as 
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the placing of temporary struts and wire rope ties, 
and in most cases when finally fixing the horizontal 
wind-bracing girders, similar girders had to be placed 
to fix the position of the member. A repetition 
of this kind of work with every tie and strut, in 
bottom members and top members, at every vertical 
tie, and at every intersection, made up an amount 
of work of which no visible trace is left, yet which 
was as real in its day as any which helped to build 
up the mighty fabric. 


Tue Use or Wire Ropss. 


Of all appliances in use during the erection none 
have given more unmixed satisfaction than steel 
wire ropes. It may be considered a rash guess, 
though the writer at any rate has no hesitation in 
making it, that the list of accidents would have been 
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OIL FURNACES FOR HEATING RIVETS, 


the hoist. With the introduction of pulleys of 
3 ft. 6 in. in diameter, and guide pulleys not smaller 
than 18 in., and having the bottom of the grooved 
pulleys laid with hard wood, the ropes lasted three 
to four times as long, that is from nine to twelve 
months. Even when taken off the hoists, moreover, 
they were quite good enough to act as guide ropes 
to the cages, or to support steady weights when 
used as pennants, or as temporary ties between the 
various members of the structure. 

All cranes used upon the erection had their 
chains taken off by degrees, and were supplied with 
wire ropes instead, which did the work more quietly 
and with far more safety and reliability. Still more 
useful were the ropes when portions of overhanging 
girders or other members had to be temporarily 
suspended from other portions already fixed. In 





doubled at least, and a great deal more time and 


these cases, by means of union screws attached 
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;necessary to obtain a fixed hold, held up—and if 


|required drew up—the overhanging ends to any 


| desired position. 


| _It is only necessary to call attention to the weight 
|of these ropes in comparison with that of chain 
|cables and hemp ropes of equal strength, to see at 
once the great advantages which the use of these 
| ropes offered for the particular kind of work which 
had to be done at the bridge. 





| Cireum- Weight per Fathom. 
| ference of 


| Wire Rope. | Wire Rope. | Cable Chain. | Hemp Rope. 








4 in, 12 Ib. 54 Ib. 33 Ib, 
| 3 ” 7 ” 30 ” 19 ” 
| 2} ” 3} ” | 21 ” 11} ” 
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In all cases mentioned here the wire rope had a 
higher breaking stress than the other two. 

Facility of attachment was also a very good fea- 
ture; for they could be tied like an ordinary rope, 
or else have the end fixed round a common thimble 
or deadeye, and be used with shackles. Nearly all 
the small stages which had been passed up and 
down or along the members were hung by short 
pennants made of wire rope. 

Finally, they could be slung alongside or across 
the structure, and by means of running snatch- 
blocks every place made accessible to the men, or 
they could be used for raising material by means of 
single whips worked over a steam-winch barrel. 
The employment of wire ropes for this purpose is 
well shown in the large illustration on Plate X. and 
Plate XV. 

The sizes used here mainly were the 2? in. or 
& in. diameter, the 2} in. or ? in. diameter, and the 
1{ in. or 2 in. diameter were used on cranes or for 
single whips upon steam winches. For special 
purposes Sin. and 4-in. ropes were used, and for 
the service of men’s cages and hoists the 3 in. or 
lin. diameter. The tests for the latter gave a 
breaking stress of 26 tons to 28 tons, while nothing 
heavier than 3 tons in the case of material and 
35 cwt. in the case of a cage full of men were ever 
put upon them. 


THe PERMANENT Way. 


The internal viaduct has already been fully de- 
scribed in connection with the structure. The four 
rail-troughs in which the double line is laid are 18 in. 
in depth by 16 in. in width. (Fig. 155.) They are 
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asphalted in the bottom to the level of the heel in 
the angle-bars, in order to make a water-tight 
bottom. Upon this bottom are laid transversely, 
about every 2 ft. 8 in. apart, blocks of teak about 
5 in. square. Between these blocks the spaces are 
filled in with blocks of treosoted pine, all set about 
} in. to } in. apart, and the whole is then filled up 
to level with a mixture of pitch and tar and black 
oil, which quickly sets hard. 

Stiffening plates of steel, about 6 in. wide and 
2 in. thick, are rivetted in about every 14 ft., and 
project about 2 in. above the teak blocks. All 
blocks are cut with an inward slope towards the 
centre of each line of about 4 in. to the foot. 

The whole mass of blocks and filling, which 
completely seals the lower portion of the trough, 
are now dressed for the reception of the longi- 
tudinal sleepers, which are about 12 in. by 5} in., 
and also of teakwood. They are cut in lengths 
which are multiples of the 2 ft. 8 in. distance of 
the transverse blocks, and are notched where the 
plate-stiffeners occur. Play to the extent of ;; in. 
to } in. is left between sleepers lengthwise. 

Through the sleepers holes are bored every 2 ft. 
or 3 ft., and 3-in. pins driven down into the blocks 
The sleepers are kept in position transversely by 
wedge-shaped blocks of teakwood. The upper 
f ices of the long sleepers are dressed to receive the 
rails of ‘‘ bridge” section, the heaviest yet rolled 
weighing 120 lb. to the lineal yard. A section of 
the rail is shown in Fig. 156. The rails are joined 
by a horizontal fish-plate underlying the flanges, 
and sunk into the sleepers with a projection enter- 





ing into the hollow of the rail. The rails are 
screwed down by ?-in. wood screws with hexagon 
heads. The total weight of rails, fish-plates, bolts, 
expansion joints, &c., for the double line of rails 
across the bridge and viaducts, is over 600 tons. 

The rail-troughs are drained of water through 
holes drilled into the sides every few feet at the 
level of the top of the tranverse blocking. In the 
floor of buckle-plates between the four troughs 
holes are placed to let the water through, these 
spaces being made up with asphalt mixture in such 
manner as to lead all the water to the outlets. 

The footpaths on each side of the double line are 
made up like ordinary pavements, on the system 
followed by the Seyssel Asphalt Company, the 
slope being such as to lead all water to the outer 
sides. 

Expansion Jornts IN Rats. 

These are all arranged on the same principle, 
though of different lengths. In the approach 
viaduct span, and at the fixed ends of the central 
girders, the movements are so insignificant that a 
very short rail-joint suftices to regulate the lateral 
displacement of the points due to contraction ; but, 
at the sliding ends of the central girders, where 
provision is made for a longitudinal movement of 
two feet, and at the ends of the fixed cantilevers, 
where half that length is provided, the arrange- 
ment is somewhat more complicated. Without 
going more into detail, it will suftice to say that 
the long rail-tongue is made an absolute fixture to 
the rail-trough in which its uncut end rests. Its 
pointed end, cut at an angle of 1 in 63, projects 
into the opposite trough and rests on a plate fixed 
therein, laying up close to the backing rail, which 
is bent away at an angle of 1 in 63 from the point 
of the tongue. The outside of the flange of the 
rail-tongue is cut in long steps at the same angle 
of 1 in 63, and is held down by draw-washers to 
the plate, which forms one piece with the backing- 
rail, but in such manner that it can slide in and 
out with the expansion and contraction. In doing 
so, however, by means of the sloping steps it draws 
the lower plate and with it the backing-rail always 
close up to the joint, which thus retains its position 
relative to the centre line of the bridge and thus 
keeps the gauge correct. The contrivance is very 
ingenious and unfailing in its action. (See Fig. 127.) 
The wind fence on each side of the viaduct is 
4 ft. 6 in. high, and of close lattice work, and it is 
crowned by a handsome teak handrail of sub- 
stantial appearance. 


PAINTING. 


All plates, bars, angles, and other parts belong- 
ing to the superstructure, received as soon as they 
had passed through the shops or yards a thorough 
scraping with steel scrapers and steel wire brushes, 
and afterwards a coat of boiled linseed oil applied 
as hot as possible. As soon after erection upon the 
structure as could conveniently be done, and many 
cases also before they were put up, they received 
a coat of red lead paint, and subsequently a second 
coat of red lead. The paint finally decided upon 
for the bridge is an oxide of iron paint, of which 
two coats are applied over the two coats of red lead 
already laid. The first is called a priming coat of 
dark chocolate brown ; the last is a finishing coat 
of a bright Indian or Persian red, which, however, 
darkens considerably in a short time. Four 
different kinds of paint are used, all, however, of 
the same composition, if of different makers. 

At Fife : Craig and Rose’s. 

At Inchgarvie : Calley’s Torbay. 

At Queensferry : Carson’s. 

For central girders : Wollaston’s Torbay. 

The above are for outside painting only, the 
inside of the tubular members receiving one coat 
of red and two coats of white lead paint. 

It is calculated that inside and out, the amount 
of surface to be painted is equal to 145 acres. 


ASPHALTING. 

The batter given to the sides of the structure 
brings with it one disadvantage, namely, that one- 
half of each lattice-girder flange forms with the 
vertical web a recess in which rain-water can lie 
and cause rusting. To prevent this, all places so 
situated that the water cannot of its own accord 
drain away are filled with asphalt-concrete—that is, 
a mixture of asphalt, pitch, tar, and coarse gravel— 
to such an extent that all water will run off by 
gravity. Where this is not possible, or would lead 
to too much weight being put on, holes are drilled, 
and the asphalt so laid that the water is drained to 





them and away through them. The top members 
in central towers, all horizontal bracing girders, 
and all recesses in top and bottom junctions, are 
done in this way. 

The whole of the inside of the skewbacks, except 
where the nuts of the foundation-bolts are situated, 
are also dealt with in the same manner, and the 
same at the bottoms of the vertical columns, the 
diagonal columns, and the struts in cantilevers; 
and in all cases pipes are fixed to lead the water to 
the outside. By this means it is hoped to prevent 
all rusting in the places where access for constant 
and thorough inspection, is not easily to be had. 


THe WoRKMEN, 


Taking them as a whole, it must be freely ac- 
knowledged that the workmen employed upon the 
bridge have not, to any material extent, added to 
the troubles and anxieties attendant upon such a 
work. Black sheep are found everywhere, and of 
the doings of such a tolerably lively account might 
easily be presented. Many of them—hundreds of 
them—were mere birds of passage, who arrived on 
the tramp, worked for a week or two, and passed 
on again to other parts, bringing a pair of hands 
with them and taking them away again, and having 
in the mean time made extremely little use of them 
except for the purpose of lifting the Saturday pay 
packet and wiping their mouths at the pothouse; 
many others also, who, too clean-shaven and too 
closely-cropped as to hair, vainly tried to deceive 
any one as to the character of the hotel they were 
last staying at, or to invent a plausible account of 
the big job which they had just left completed. 
The paddle-steamer, which carried the men across 
the river morning and night, during the day made 
hourly trips to the north shore and back for the ser- 
vice of the works and for the accommodation of 
visitors. Before many months had gone by it was 
known all over the country to every tramp that a 
free passage could be had for the stepping on board 
the boat, and the number of men who, when on the 
south side, were invariably asking for a job on the 
north side, and vice versd, increased at such an 
alarming rate that steps had to be taken to stop 
the nuisance. 

But apart from these, it is no exaggeration to say 
that no one need desire to have to do with a more 
civil or well-behaved lot of men, always ready to 
oblige, always ready to go where they were told to 
go, cheerfully obeying orders to change from one 
place to another, and, above all things, ready to 
help others in misfortune, not with advice but with 
hands and purses. Nor was there any difference in 
that respect on account of nationality ; Scotch, 
English, and Irish were about equally represented 
as to numbers, and though the latter furnished 
very few skilled hands, they were mostly very hard 
workers and very conscientious and reliable men. 

For the sinking of the caissons a number of 
foreign workmen were employed for a short time. 
and it is rather a curious coincidence that, as 
foreign workmen did some of the earliest work in 
connection with the bridge, so now again a number 
of foreign men are employed upon some of the 
last work—namely, the laying of the asphalt pave- 
ment along the footpaths of the permanent way, 
which is done under a sub-contract by the Seyssel 
Asphalt Company. 

Several strikes occurred during the building of 
the bridge, most of them brought about, not by the 
men themselves, but by organised committees in 
connection with various Trades Unions and their 
disputes with employers in other parts of Scotland. 
The causes were often trivial enough, such as the 
discharge from the works of some idle scamp with 
an inordinate allowance of the gift of the gab, and 
whose demand to be reinstated in his dignity at 
twenty-two shillings per week, caused an immense 
amount of useless suffering to scores of his fellow- 
workmen, and more still to their families, and a 
proportionate increase in the takings of the neigh- 
bouring whisky shops. 

The principal strike took place early in June, 
1887, and was brought about through an accident, 
caused entirely by the carelessness of a few men, 
A movable stage for rivetters, consisting of two 
girders about 110 ft. long, disposed on either side 
of the vertical columns, was hung by wire ropes 
from winches worked by worm and wormwheel 
placed above. The stage served for rivetting the 
wind-bracings between the columns, and was made 
good by planking across the two girders in any 
place required. When one section had been done 
the stage was raised to the next section, and while 
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this was being done one of the girders fouled a 
piece of timber left in the girders. This was not 
noticed, and in spite of the resistance the men kept 
forcing at the handles of the winches until one of the 
wheels broke, and the whole stage rattled down, 
carrying with it some other staging on which some 
men were working. Two menanda boy were killed, 
and two more wounded, and before the real facts 
were known the usual agitators quickly organised a 
strike, demanding an.increase of a penny per hour 
all round, equal to a rise of from 15 to 20 per cent. 
in their wages, on account of the dangerous nature 
of their work. As might have been expected the 
principal spouters at the meetings held during the 
next following few days were men who worked in 
the yards away from all danger, or who did not 
work at all, and after holding out for a week most 
of the strikers were glad to be allowed to come back. 

That accidents were frequent no one who can 
form an idea of the nature of the work upon such 
a structure need be told, but it is equally true that 
fully three-fourths of all more serious accidents 
were due entirely to what may strictly be called 
preventible causes. If any charge can be brought 
against the workmen, or at any rate a large propor- 
tion of their number, it is that of utter indifference 
or carelessness with regard to danger of causing 
injuries or death to one another. Not that in cases 
of sudden accident men would have hesitated to 
risk limb or life for the sake of helping. On the 
contrary, at such times the most heroic efforts were 
made to succour those in need; but in the every-day 
work—with that fatal familiarity that is said to 
breed contempt—while working on stages which 
could hardly be made large enough or strong enough 
to hold the litter of tools and rubbish which they 
constantly gathered, they were throwing about 
hammers and drifts and chisels, and pieces of wood, 
which in a moment were over the side, and tumbled 
down upon may be three or four other tiers of stag- 
ing, where men were engaged upon their work. 
Special gangs of men were organised to clear all 
these things away, and endless warnings and 
entreaties were given, but to noavail, and it needed 
the sight of a wounded and mangled fellow-creature, 
or his bloody corpse, to bring home to them the 
seriousness of the situation and the advisability of 
stooping to put down a tool instead of throwing it 
por, away. 

In the summer of 1883 a Sick and Accident 
Club was started upon the works. The member- 
ship was compulsory for all employed by the con- 
tractors, and the amount of contribution to the 
funds was one hour’s pay per week, the maximum 
contribution being 8d. per week. Members were 
entitled to medical advice and medicines, bandages, 
&c., for themselves, and medical advice for their 
wives and families, but no medicines, and, in 
addition, if unable to work, an allowance from the 
funds proportionate to the weekly contribution 
made. This aliment ranged from 9s. up to 12s. 
per week. The funerals of members were also 
paid within certain limits, and in cases of death or 
permanent disablement by accident or injury sus- 
tained on the works, grants were made to widows, 
wives, and children. The contractors contributed 
a sum of 2001. yearly to the Club, and gave a good 
deal of other substantial assistance. The Club 
proved a great boon to the men, and more still to 
their wives and children, inasmuch as they got a 
great deal more care and attention than they 
otherwise would have been likely to experience. 
Special medical men were appointed at Dunferm- 
line, North Queensferry, Leith, Edinburgh, Kirk- 
liston, and South Queensferry. An ambulance 
waggon was provided, and temporary hospitals 
with every appliance needed in case of accident 
were established upon all three main centres. 

The amount contributed by the members of the 
Club in the year 1888, when the greatest number 
was employed, was 4096l., which, with donations, 
the contributions by the firm, &c., came up to 
45461. Out of this sum sick allowances were paid 
out to the amount of 16211.; accident allowances, 
7291. ; funeral expenses, 1431. ; widows’ allowances, 
1761. ; donation to the Royal Infirmary, 100/. ; and 
the rest being medical fees and other expenses. 
The attendances by the medical staff amounted to 
over 26,000 in the year. On the average 99 men 
were receiving aliment from the Club every week. 
Of accidents between July, 1883, and Christmas, 
1889, when the Club ceased to exist, there had 
occurred 57 fatal, 106 which required removal to 
the infirmary in Edinburgh (in which nunber, 
however, some of the fatal accidents are included, 





the men having died after admission), and 518 
minor accidents, which required, however, the 
attendance of a medical man. 

Apart from the benefits of this Club, however, 
the men’s welfare was looked after in every 
respect. While working in the foundations boots 
and waterproofs were provided for them free of 
charge. Later on, during the erection, they were 
given thick woollen jackets, as well as overalls and 
waterproof suits, and although a nominal charge 
was made for some of these in order to check the 
carelessness and bad treatment of these things, it 
was rarely enforced against a careful and deserving 
man, 

Large shelters and dining rooms were provided 


for them, with stoves and men in charge to heat. 


their food for them, and these were not only on deck 
but on the top of the central towers, at the level of 
the viaduct and right out near the very ends of the 
cantilevers. Here the men not only could take 
their meals in warmth and comfort, but they could 
retire also in case of heavy showers or sudden 
storms. 

In cases of accidents not caused by the men’s own 
fault, the full wages were asa rule paid by the con- 
tractors until the injured man was able to return to 
work, or unless an action was raised against the 
contractors. 

Every care was also taken and no expense was 
spared to make good and secure staging for the 
workmen, and to construct gangways and roomy 
staircases to all places where work was carried on. 

The wages paid to all classes of workmen were as 
a whole rather above the average, and as by far the 
greatest amount of outside work was done by the 
piece, a skilful and steady workman was enabled to 
make double and treble his ordinary time wages if 
he applied his abilities and energies in the right 
direction. 

Some curious aspects of the labour question deve- 
loped themselves in connection with piecework. 
The hand-rivetters worked invariably in squads of 
four, namely, two rivetters, one holder-up, and one 
rivet-heater, generally a boy or lad. Nowit is easy 
to see that the skill or the want of it in the last 
functionary was of great influence upon the number 
of rivets put in during a day’s work, and con- 
sequently a sharp handy lad was worth a good wage, 
and as a rule he knew it. Rivetters are not 
generally very steady, but often lose a day or two, 
in which case one or more of the squad are liable to 
enforced idleness, After some little discussion 
among themselves, these rivet-heating boys stood 
out for a fixed minimum sum, 20s. to 24s. per week, 
and this had to be paid whether the squad worked 
or not. This did not of course affect the employers, 
for in piecework the head man of the squad was 
paid so much per 100 rivets, and he had to settle 
with the other members of his squad. In another 
sense it is said the boy is father to the man; here 
the boy was master of several men. The wages 
were paid weekly. 

The number of men employed varied somewhat 
with the nature of the work to be done, and 
naturally also with the seasons, as in some instances 
it was next to impossible to work during the night. 
In the spring of 1887 the number had risen to 3200, 
and rose to over 4100 in September of the same 
year. After the lifting platforms were up to full 
height in the central towers the number fell again 
during the winter months to about 2900, but rose 
again as the summer advanced. The largest number 
employed at one time was 4600. From January, 
1889, the numbers gradually decreased, and in 
January, 1890, the average was 1200, and in 
February, 1000. A large proportion of these hands 
are platelayers working upon the permanent way, 
and painters and their labourers. The removal of 
the staging round the piers and the landing jetties, 
and the disposal of the plant, as well as the restora- 
tion of the ground occupied by the workshops 
and yards, for seinen purposes, will occupy a 
goodly number of hands for some months to come 
yet. 

THE Raitway ConNECTIONS. 

The railway works now in course of construction, 
and more or less directly connected with the Forth 
Bridge, are extensive and important as regards the 
amount of heavy work they entail. Of these only 
two lines are being constructed by the Forth Bridge 
Railway Company, the remainder being done by the 
North British Railway Company. The two lines 
are the south approach and the north approach rail- 
ways, the former extending from the south arches 
of the bridge toa junction with the North British 





Railway at Dalmeny, the latter from the north 
arches of the bridge to a junction with the North 
British Railway at Inverkeithing. 

The engineers for the approach railways are 
Messrs. Sir John Fowler and Baker, and the con- 
tractors Messrs. W. Arrol and Co. The further 
works are : 

On the south side : 

1. A line from Dalmeny Junction in a more 
direct line toa junction with the North British 
Riilway at Corstorphine Station, outside Edin- 
burgh. Total length, 6 miles. Engineer, Mr. 
James Carswell. Contractor, Mr. W. Arrol. 

2. A line from a point between Dalmeny Junction 
and the Forth Bridge, to a junction with the North 
British Railway at Winchburgh. Length, 43 miles. 
Engineer and contractor the same as for Corstor- 
phine line. 

On the north side : 

3. A line from Inverkeithing to Burntisland to 
join the ordinary route from Edinburgh to Dundee, 
vid Granton and Burntisland. Total length, 7 miles 
3 chains. Engineer, Mr. W. R. Galbraith. Con- 
tractors, Messrs. John Waddel and Sons. 

4, Widening and doubling of a line from Inver- 
keithing to Townhill Junction, both on the North 
British system. Length, 5 miles 24 chains. Engi- 
neer, Mr. James Carswell. Contractors, Messrs. 
G. and R. Cousin. 

5. A new loop line from Cowdenbeath to Kelty, 
both on the North British system. Length, 2 miles 
6 chains. Engineer, Mr. W. R. Galbraith. Con- 
tractors, Messrs. Charles Brand and Son. 

6. Widening and doubling of a line from Kelty 
to Mawcarse, North British system. Length, 10 
miles 3 chains. Engineer, Mr. James Carswell. 
Contractor, Mr. John Best. 

7. A line from Mawearse through Glen Farg, toa 
junction with the Bridge of Earn station, North 
British system. Engineer, Mr. W. R. Galbraith. 
Contractors, Messrs. Charles Brand and Son. 

A glance at the map of Scotland will show that 
through these new lines the North British Railway 
obtains access to both the east and west of the 
northern parts. To Dundee and Aberdeen, vid 
Inverkeithing, Burntisland and the Tay Bridge. To 
Perth and the districts served by the Highland 
Railway, vid Inverkeithing, Kinross, Glen Farg, 
and Bridge of Earn. The line from the Forth 
Bridge to Winchburgh opens a direct route to and 
from Glasgow and the west coast without touch- 
ing Edinburgh. The following is the estimated 
cost of connecting railways now under construction 
on the North British system : 


South of the Forth : 


£ 

Dalmeny to Winchburg 56,000 

os to Corstorphine 78,000 

North of the Forth: 

Inverkeithing to Burntisland 213,000 
New lines, and widening and 

doubling existing lines 

between  Inverkeithing 

and Mawearse, also Glen 

Farg line from Marcarse 

to Bridge of Earn 435,000 





Total estimated cost ... ... £,774,000 
The following Table of comparative distances 
between Edinburgh and four towns north of the 
Forth, both by Caledonian and North British, may 
be of interest:— 





Length in Miles, 
North Cale- 
British. | donian. 
Edinburgh to Aberdeen, vid 
Forth and Tay Bridges 130 159 
Edinburgh to Dundee, vid 
Forth and Tay Bridges 59 90 
Edinburgh to Perth, vid Forth 
Bridge oe he Re 48 69 
Edinburgh to Montrose, vid 
Forth and Tay Bridges . 90 125 








It is not improbable that arrangements can be 
made to get the following results as regards train 
service between London and the North. London 
to Perth, 9? hours. London to Dundee, 10} hours. 
London to Aberdeen, 12} hours. 
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THe Sourn Approacu Ratiway. 


This line has a total length of 58 chains, and 
passes through a cutting about 20 ft. on the average 
in depth, through soil and clay, and strata of free- 
stone, intermixed with coal and shale. 

At about 10 chains from the bridge the new 
Forth Bridge Station is situated. At 45 chains the 
line to Winchburgh branches off to the west with 
a sharp curve. 

The building of the Forth Bridge Station, and 
the widening of cutting, bridges, and embankments 
not at first contemplated, will bring up the total 
cost to about 20,0001. The contract will probably 
not be finished until the end of April. 


Tue Norrn Approach Raiiway. 


This line is nearly two miles in length, and com- 
mences with an embankment at the north end of 
the bridge. The embankment is 34 ft. in depth at 
the abutment of the masonry arches, and continues 
for a length of 14 chains, when cutting No. 1 com- 
mences. This cutting is through whinstone, and 
is over 600 yards long, with an average height of 
80 ft. The work here was commenced by driving 
a toplift from both ends at about 40 ft. above 
formations, and at the same time bottom gullets 
from the south end and the north end. The 
material excavated was run down an _ incline, 
worked by gravity in the ordinary way, and de- 
posited to form No. 2 bank. The excavation made 
in the top-lift proved the rock to be of such a 
nature that an open cutting at the great depth 
would not have been compatible with safety to the 
traffic, and it was decided to form a covered way 
for the portions already excavated and to tunnel 
the remainder. Accordingly, shafts were sunk in 
two places, and headings were driven from them 
in each direction. The tunnelled portions are 
lined with side walls of roughly dressed whinstone 
and rubble backing, while the roof is of brick. 
The covered way has side walls and roof both of 
whinstone masonry. Starting from the south end 
of this cutting there are 189 yards of covered way, 
229 yards of tunnel, and 154 yards of covered way, 
at the end of which the cutting terminates and 
bank No. 2 commences. This is 11 chains in 
length, and is followed by a cutting through whin- 
stone 11 chains in length and, on the average, 
50 ft. in depth. Another embankment follows, 
gradually deepening and leading to a viaduct 
crossing the North British Railway and the public 
high road, and by another bank the outskirts of 
Inverkeithing are reached. 

The viaduct consists of masonry abutments in 
the form of eliptical arches of 75 ft. span at either 
end and four spans of steel girders of 100 ft. span 
each. The girders rest on masonry piers set at an 
angle of 25 deg. to the centre line, and the whole 
viaduct is on a curve of 40 chains radius with a 
gradient of 1 in 70. 

At the north abutment of this viaduct the bank 
is 85 ft. in height, but, situated on rising ground, 
rapidly falls away. 

At 14 miles from starting another cutting through 
whinstone commences, this extending for 6 chains, 
followed by a tunnel 378 yards in length under the 
town of Inverkeithing. Finally the line terminates 
in a junction with the North British Railway at 
Inverkeithing. 

The last-mentioned tunnel is also ona curve of 40 
chains radius with a gradient of 1 in 70, and was 
excavated by means of headings driven from each 
end. The enlargement to full size was principally 
made from the south end of the tunnel, as the 
material was required at that end for the filling up 
of the banks. This tunnel is lined with masonry 
side walls, and a brick roof. 

Apart from the heavy cutting and tunnelling 
work, the greatest difficulty in this contract was 
caused by a bog through which bank No. 2 had to 
be carried. After some quantity of spoil had been 
tipped from the north end of No. 1 cutting, the 
weight of this material commenced to force up the 
ground in front, and this to such an extent as to 
displace the public high-road running to the south- 
west side of the bank, carrying this road some 
60 ft. out of its course and altering the gradients 
materially. There was at one time a fear that it 
would displace the North British Railway line be- 
tween North Queensferry and Inverkeithing as 
well, but fortunately it stopped short of this. 
There is in this bank an excess of 69,000 cubic 
yards over and above the estimated quantity of 
115,600 cubic yards, and to obtain the necessary 





quantity of spoil the east side of No. 2 cutting was | expenditure year by year is concerned, Lut the 
enlarged to the necessary extent. total amounts are correct and authentic. 

Geologists will have it that this is the site of an — seceiidiitis iaieiiaiiiiainbat iii iene ial is 
extinct volcano, but it will probably be best to | For half-year ending | 
leave this question to be settled by geologists. 

In the excavation of tunnels and cutting, pneu- 








matic drills were generally used with good results. oa wo | £ 
The explosives used were both dynamite and ordi- Bas | December 31, 1882 7000 
nary blasting powder. | 323 June 30, 1883 42,800 
The total rock excavation amounted to 341,500 §H& December 31, 1883 57,000 
cubic yards in the solid. | ag | June 30, 1884 119,000 
The filling in the banks is as follows: | %e8 | December 31, 1884 218,200 
Bank No. 1 33,400 cubic yards. ; | 252, | June 30, 1885 231,000 
No. 2 — ” “we aes “S22 | December 31, 1885 216, 
” 9, ” excess | seus | June 30, 1886 188,000 
xe 3 981 | BSEx | December 31, 1886 253,500 

g | Oo -_ € lod € 

pamald 13°350 7 & = § 8 | June 30, 1887 7 pre 
Filling 1,000 S | 4 Bis jag gt ia peyert 

gs , ” BRE une < JO, 4 
" os aon bi , | e 5 =5 December 31, 1888 218,000 
0 55, cubic yards. | Bes June 30, 1889 182,000 
The total weight of steelwork in the viaduct and = ©“S< | December 31, 1889 138,000 
road bridges is 460 tons for the former and 190 tons 3 S3se | aon 
for the latter—total, 650 tons. = | Total... ... | 2,549,200 


The whole north approach line, from the abut- 
ment of the bridge to Inverkeithing, is ona gradient 
of 1 in 70, except at one point, where it is level for 
about 100 yards. 

The sum for this contract was 88,678/., increased aaa 
through extra work by 18,000/., or a total of 2.799.200 
a to something over 56,0001. per Parliamentary expenses in connection 7 

- ? j wes ith cantilever bridge, engineering ex- 

A new station has been built at Inverkeithing. | oe . Ha gl ‘ :. 
At present there is no station between this and the Petey Seat Cee gee, Se 
Forth Bridge Station on the south side. 

The writer wishes to express his indebtedness to 
Mr. Louis Neville, the contractors’ engineer for the 
approach railways, who furnished the above parti- 
culars. 


Add to this the amount expended in 
connection with Sir Thomas Bouch’s 
suspension bridge (including all parlia- 
mentary expenses) ave s«e ees 


378,006 


Total expenditure to January 1, 1890 3,177,206 


It is estimated that a further sum of 50,000l. 
will be required to complete the structure, the 
painting included. 

The sale of plant is expected to realise fully 
WEIGHT OF THE SUPERSTRUCTURE. 120,0001. 

The subjoined tabular statement will give some| For the erection alone of the Fife, Inchgarviec, 
idea of the amount of steel distributed over the| and Queensferry Piers, that is, everything on top 
main supports. of the circular granite piers which may be strictly 


TABLE No. XI.—Quantitres oF STEEL USED IN MaInN Spans. 


























Description of Parts. Fife. Inchgarvie. Queensferry. Total. 
Tons Cwt. Tons Cwt. Tons Cwt, Tons Cwt. 
3 Central towers, including bedplates 4815 16 7036 4815 16 16,667 12 
6 Cantilevers ‘ 1 fixed 1 free 2 free 1 fixed 1 free 
Bay 1 4235 4 4312 12 4235 4 12,783 
age tee ava jaa Per xe adie 2626 2 2658 12 2626 2 7910 16 
hae ee He tos ses 1764 6 1724 16 1764 6 5253 8 
ay 1034 3 1009 16 1034 3 3078 2 
ee | wis - ae aes 665 18 620 4 665 18 1952 
eee ee is ~~ ao eee 490 2 423 12 490 2 1403 16 
2 Central girders... at: as 410 15 821 10 410 15 1643 
Rocking-posts and steel castings... 51 9 51 9 51 9 154 7 
Ladders in tubular members 36 40 36 112 
Totals 16,129 15 | 18,698 11 16,129 15 50,958 1 











called the superstructure, the amount of wages paid 
ss », free cantilever: 5375 tons. | including salaries of officials in charge of the piers, 

+ ,, 1710 ft. span: 11,571 tons 10 cwt. | amounted up to November 30, 1889, to a total sum 

<3 », cantilever bridge per foot run: 9 tons | of 344,8101. ; the total amount of steel put up and 

11 ewt. |rivetted up to that date being 50,064 tons. The 

Table No. XII. on thé next page shows the cost of labour for that work is therefore 6/. 17s. 9d. 


quantities of steel erected and bolted up and rivetted | Pet ton erected and rivetted up. F . 
during the years 1887, 1888, and 1889, month by | The total amount of wages and salaries paid on 
month. These quantities apply to the three main the works up to January 1, 1890, was 1,045,000/. 
piers of the cantilever bridge only. THE Fortu Bripcz Rattway Company. 

The total cost of the foundations of the Forth | The agreements between the four companies 
Bridge may be roughly put down as nearing | which guarantee the interest on capital, provide that 
800,000/.; and in connection with this expenditure | the directorate of the Forth Bridge Railway Com- 
it is necessary to mention the name of Mr. P. W. | pany should consist of the chairman and vice-chair- 
Meik, who acted as resident engineer for, and as man of each of the four interested companies, and 
representative of, Messrs. Sir John Fowler and | of two directors elected by the general body of share- 
Baker from the commencement in 1883 until the| holders. The chair of the Forth Bridge directorate 
completion of the masonry piers in 1886, and of | is held in rotation by the four chairmen of the 
whose unfailing tact and courtesy his many friends | guaranteeing companies, the term of office being 
retain the liveliest remembrance. twelve months. The representation at present is as 

Another name should be added here, that of follows :— 

Mr. William Gray, who from start to finish had! Mr. M. W. Thompson, chairman, and Mr. W. 
charge of all excavation and masonry work, besides | Unwin Heygate, Midland Railway Company. 

other duties of the most multifarious character,| Lord Colville, of Culross, and Lord Hindlip, 
and of whom it may be truly said that, day or Great Northern Railway Company. 

night, early or late, no one would ever call upon! Mr. John Dent-Dent, deputy chairman, and Sir 
him and find him unwilling to do what was wanted. |Matthew White Ridley, Bart., North - Eastern 

The total expenditure by the Forth Bridge | Railway Company. 

Company upon construction has been as follows.{ The Marquis of Tweeddale and the Earl of Elgin 
The figures are approximate amounts as far as' and Kincardine, North British Railway Company. 


Weight of a fixed cantilever: 5441 tons. 
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TABLE No. XII.—Procress oF THE ERECTION OF THE SUPERSTRUCTURE OF THE FortH BRIDGE, 


| 1887, 


1887 ro 1889. 











1888. 1889, 
Month. Erected Erected Erected 
and Bolted | Rivetted, and Bolted | Rivetted. and Bolted Rivetted. 

up. up. up. 
Tons. Tons, Tons. Tons. Tons. Tons. 
January ... sai ae oie 793 521 1045 1090 1159 1922 
February ... ae te ae 652 716 1055 1149 1126 1647 
March ae res i sad 922 817 653 742 1098 1499 
April oe ch oe Sr 1242 984 1703 1382 1061 1565 
May a. a ia mote 1122 819 1910 1316 1556 1991 
June v3 gat 8 ie 1099 500 2351 1760 1047 1595 
July pds a as “re 1180 973 1923 1341 593 1080 
August... “gfe se Ae 1151 1045 1929 1742 449 891 
September me — bs 1050 876 | 2089 2104 897 906 
October... hese ee a 1285 938 1638 2397 626 799 
November Bf ne ne 1561 1235 873 1402 265 515 
December... se exe A 959 1112 1598 1948 111 449 
13,016 10,536 18,767 18,379 9988 14,859 


TABLE No. XIII.—Scummary or Proaress in ErecTING SUPERSTRUCTURE OF THE FortH BRIDGE. | 

















| Erected | 





=Se> and Bolted | Rivetted. 
up. | 

| Tons. | Tons. 

Up to the January 1, 1886, there had been put together and rivetted ... 612 | 512 
During the year 1886... eo ‘ee ee ay: ae oe : 8284 | 6227 
9 ” 87 ... | 18,016 | 10,536 

5 », 1888 . | 18,767 18,379 

cs » 1889 | 9988 14,859 


Total to January 1, 1890 


50,567 50,513 





There remained, therefore, on January 1, 1890, still be do—391 tons to erect and bolt up, 


445 tons to rivet. 


| From the visit of their Royal Highnesses the 
Prince and Princess of Wales, August 23, 1884, 
down to the present day, hardly a week has passed 
without bringing some person of rank or distinc- 


tion. Dom Pedro of Brazil, the Kings of Saxony ° 


and of Belgium, and the Shah of Shahs, head this 
list, which includes, without exaggeration at any 
rate one-tenth of all people distinguished by rank 
|or by scientific or social attainments. 

| As in most other matters ladies were to the fore, 


Soe ______—- | pluckily climbing into every nook and corner where 


‘anything interesting might be seen or learned, up 
‘the hoists and down the stairs and ladders, and 
frequently leaving the members of the so-called 
| stronger sex far behind. It is needless to say that 
| under such circumstances the duties of those called 
‘upon to guide the fair visitors were of the most 
agreeable, 
Tue PRELIMINARY TEsTs. 

| On January 21, 1890, two trains entered upon 
the bridge, side by side from the south end, and 
composed as follows :—Each train had two locomo- 
i tives of 72 tons each at the head, followed by 50 
|waggons weighing fully 13 tons 10 cwt. each, and 
one engine at the rear of 72 tons. Total weight of 


~ each train, 900 tons ; total weight on bridge, 1800 


‘tons; total length of train when close-buffered, 
998 ft. 6 in.; the same, when open or loose- 
| buffered, 1040 ft, 
The train was moved slowly until the two engines 
‘in front were three-quarters through the central 
girder connecting Inchgarvie with Queensferry, the 
|rear engine being about the centre of the Queens- 
‘ferry Tower. Thisis considered the most unfavour- 
able load for the Queensferry north cantilever. In 
‘that position the following observations were made : 
The vertical columns of the central tower in Queens- 
ferry were drawn north to the extent of 12 in. 
|The end of tle Queensferry north cantilever 
deflected 5 in., the end of the Inchgarvie south 
‘cantilever deflected 13 in., the end of the Queens- 
‘ferry south cantilever (at that time not fully loaded 
‘by nearly 200 tons) rose to the full amount of play 
existing, namely, ;3; of an inch. The Queensferry 
south cantilever in itself took an upward deflection 
of about 1} in. 

The train then moved forward until the two front 
‘engines of the trains were three-quarters through 


Mr. Spencer Brunton and Mr. James Hall) Baker were the following: Mr. Allen Stewart ; Mr. the north central girder, the most unfavourable 


Renton, elected by the shareholders. 


P. W. Meik, resident engineer from 1883 to 1886 ; 


condition of loading for the Inchgarvie north canti- 


The secretary of the company is Mr. G. B.| Mr. F. E. Cooper, resident engineer from 1886 to lever. In this position the vertical columns of the 
Wieland, who is also secretary of the North British | 1890 ; and a number of assistants. 


Railway Company. 


| On the contractor’s staff were: Mr. Thomas 


| Inchgarvie central tower were drawn north to the 


‘extent of 1} in., while the Fife central tower was 


The engineers to the company are Sir John Scott, manager; Mr. W. Westhofen, who was drawn $4 in. to the south. The vertical downward 
Fowler, K.C.M.G., C.E., and Mr. Benjamin specially engaged on the works at Inchgarvie ; Mr. | deflection of the end of the Inchgarvie north canti- 


Baker, C.E. 


The contractors for the bridge are :—Sir Thomas 
S. Tancred, Bart. ; Mr. W. Arrol; Mr. T. H. 


Falkiner ; and Mr. Joseph Phillips, 


The contractors for the south and north approach 
railways are: Mr. W. Arrol ; Mr. T. H. Falkiner ; 


and Mr. Joseph Phillips. 


/A. S. Biggart, in charge of drawing oftices, shops 
‘and yards ; and a number of others far too nume- 
rous to mention. 


THE VISITORS. 


Their name is simply legion, for from beginning 
to end there has been an extraordinary amount of 


‘lever was 6% in., and the same for the end of the 
| Fife south cantilever was 2} in., while the end of 
‘the Inchgarvie south cantilever rose to the extent 
of 3} in. 7 

It is not necessary in the face of further trials 
by the Board of Trade, to say more than that all 
‘these movements were well within the calculated 


On the staff of Messrs. Sir John Fowler and interest shown in this work by all classes of society. | amounts. 


THE ENGINEERS AND CONTRACTORS OF THE FORTH BRIDGE. 


Our work of describing the Forth Bridge would 
be incomplete without suitable notices of the engi- 
neers and contractors upon whom the responsibility 
of its construction rested. As we have seen, 
Messrs. Harrison and Barlow took no part in this 
work ; having finally approved the design, they 
gave Messrs. Fowler and Baker the task of its execu- 
tion. It is of these gentlemen, therefore, as well as 
of Messrs. Tancred, Arrol, Falxiner, and Phillips, 
and of M. Coiseau, who completed the pneumatic 
foundation, we shall attempt to give such notices as 
will convey an idea of their respective careers during 
the course of which they acquired the experience 
necessary for carrying out this great work. We 
have been led to deal with the biography of Sir 
John Fowler at great length, because his history 
is the history of the most important period of the 
profession, and dates back for more than half a 
century. 

Str Jonn Fowter, K.C.M.G. 
The period over which Sir John Fowler’s career 


| sion of modern engineering. In saying this we do not 
forget the illustrious men who preceded him, such 
as Telford, Trevithick, Watt, Smeaton, and Rennie. 
But these all flourished before the manufacture of 
iron, and the tools for working it, had so far pro- 
gressed that it was readily available for every-day 
use. Many of them executed splendid works in 


brick and stone, works which will uphold their | 


reputations for centuries, and others of them were 
‘capital mechanics. But it was not then practicable 
to use iron, and particularly wrought iron, for large 
structural purposes. It is worth while to recall a 
few instances in exemplification of this fact which is 
often forgotten. The first flour mill which had iron 
wheels and shafting was erected by Rennie in 1788. 
The first iron bridge was designed by French- 
Italian engineers in 1755, and was attempted to be 
constructed at Lyons, but the founders proved 
unable to cast it. In 1777 a cast-iron bridge of 
100 ft. span was erected at Coalbrookdale, and this 


| was followed in 1796 by one over the Wear. This 


extends practically coincides with that of the profes-| latter had been constructed to the directions of the 


celebrated Tom Paine.for a different site. A third 
bridge was erected by Telford over the Severn about 
the same date, and he constructed four other cast- 
iron bridges before the century terminated. Rennie’s 
first iron bridge was opened in 1803 at Boston. It 
is thus shown that the employment of iron on a 
large scale during the eighteenth century was prac- 
tically unknown. In the early part of the nine- 
teenth century, cast-iron was largely used for 
bridges, for canal aqueducts, for locks, and for 
dozens of other purposes, only to be supplanted in 
its turn by wrought iron. When this metal could 
be obtained cheaply and abundantly, engineering 
science entered upon a new phase of its existence, 
and the world commenced to progress at a speed 
hitherto undreamed of. 

It was under conditions such as these that the 
subject of our sketch entered his professional 
career. He was born in 1817 at Wadsley Hall, Shef- 


| field, the residence of his father, Mr. John Fowler, 
‘and when his general education was completed, the 


boy, at the age of seventeen, became a pupil of Mr, 
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J. T. Leather, the well-known hydraulic engineer. 
Here he had ample facilities for obtaining a 
thorough training in several branches of his calling, 
and in all cases his experience was gained in works 
of very considerable magnitude. Yorkshire enjoys 
the advantage of possessing a great number of 
diverse industries, and it was very early in the field 
as a manufacturing district. From its coal, iron, 
steel, and woollen trades, in addition to its farming 
and shipping pursuits, great wealth was rapidly 
accumulated after the close of the bad times follow- 
ing the Napoleonic wars. The entire world was 
then the customer of England, and the shrewd 
people of the Ridings managed to secure a large 
share of the trade. The county thus was able to 
find employment for many engineers, and among 
them Mr. Leather took a leading position. He 
executed many works for the supply of water, 
notably those of Sheffield. The Stockton and 
Darlington line was opened when Mr. Fowler 
was only eight years of age, and the Liverpool and 
Manchester Railway when he was but thirteen. 
He had not completed his pupilage before the rush, 
which eventuated in the railway mania, commenced. 

When Mr. Fowler left Mr. Leather he went 
straight into the railway world, finding in the office 
of Mr. J. U. Rastrick a very wide field. He be- 
came his chief assistant in the preparation of the 
drawings and contracts for several railways ; among 
these was the line from London to Brighton. To 
this latter Mr. Fowler gave great attention, and 
there is scarcely a bridge or viaduct which was not 

ersonally worked out by him. After two years spent 
in London, he returned to Mr. Leather, and became 
responsible resident engineer of the Stockton and 
Hartlepool Railway. After it was completed he 
remained two years as engineer, general manager, 
and locomotive superintendent of that and the 
Clarence Railway. It is no wonder that these en- 
gineers of the old school can turn from one subject 
to another with so much versatility when we con- 
sider what an education they had. Instead of 
having professors to fill them with ready digested 
knowledge, like the young men of the present day, 
they were moved from one position of responsi- 
bility to another, and their intellects were hardened 
and invigorated by constant work. Every step they 
took was an experiment on a working scale, and 
every fact they learned was imprinted on their 
memories by the toil and trouble it had cost. 

On the termination of this engagement, Mr. 
Fowler visited, at the invitation of Sir John Mac- 
neil, several railways in the neighbourhood of 
Glasgow, and gave evidence before Parliamentary 
committees regarding them. He commenced an 
independent career at the age of twenty-six, and as 
we have already seen, he started with a broad and 
solid foundation of experience, suitable for the 
towering reputation which was to be built upon it. 
Several important railways were then being pro- 
moted from Sheffield, such as the Sheffield and Lin- 
colnshire, the Great Grimsby, the New Holland, 
the East Lincolnshire, and others, and of these Mr. 
Fowler became the chief engineer, conducting them 
through Parliament and carrying them out. It was 
in the year 1843 that this work was commenced, 
and before it was completed the railway mania 
attained its full proportions. The history of that 
movement has often been written ; how fortunes 
were made and ruined in a day; how men lost their 
reason in a moment both from good and evil 
tidings, and how the capital subscribed during 
those years, often for the wildest undertakings, 
almost rivalled the days of the South Sea Bubble. 
We have no intention of redrawing the picture, 
but the following incident will show at what high 
pressure engineers were expected to work in those 
days. One night when Mr. Fowler was asleep in 
his father’s house, a carriage and four drove up to 
the door, and the household was aroused by ties 
knocking. On descending Mr. Fowler found that 
a prominent promoter of railways had called with 
the purpose of inducing him to undertake the engi- 
neering of a new railway from Leeds to Glasgow, 
and that as an earnest he had brought an order for 
20,0001., as a preliminary payment on account of 
the survey expenses. It then only wanted a very 
few weeks Goats inadequate for the purpose) 


before the day of depositing the plans. Mr. Fowler 
had the prudence to decline the offer, and the car- 
riage of the disappointed promoter went thundering 
away, the occupant little dreaming how many years 
would elapse before his plan would be carried out. 
It was only men of iron constitution that came un- 


who would have risen to eminence, had he been 
able to husband his strength, threw away his life in 
furthering the schemes of the promoters. When 
the autumn approached, and the fatal thirtieth of 
November hove in sight, surveys and drawings had 
to be made at the greatest possible speed. The 
hours of the night were annexed—sometimes all of 
them—to supplement those of the day, while meals 
had to be taken when they could, or not at all. 
The deposit of the plans brought rest to the rank 
and file, but the chief responsible engineer had 
then to enter upon the still more trying work 
of preparing for, and attending, Parliamentary 
committees. Often he had to appear before 
three or more committees in one day, pitting 
his wits against those of half a dozen counsel, 
backed by eminent opposing engineers. The 
engineer could not imitate the members of the bar, 
and choose in what cases he would appear and 
which he would neglect, taking his fees for all. 
Indeed, it is said that Charles Austin, the leader of 
the bar in the committees of the House of Commons, 
had once been engaged to appear before twenty-two 
committees in one day, and as it was impossible for 
him to attend to them all, he showed his impar- 
tiality by reading his newspaper and attending to 
none. The progress of committee work was watched 
with keenest interest by men who did not know 
an embankment from a cutting, but who took ad- 
vantage of every turn of the fight to manipulate the 
share market. They listened to the evidence of 
the engineer and sold and bought accordingly. If 
he tripped in his advocacy of a measure, or was 
foiled in his attack on a hostile scheme, they hurried 
to anticipate the effect on the money market. Mr. 
Fowler once met an acquaintance rushing along the 
corridor of the House in the wildest excitement, 
and when he stopped him to learn the cause, the 
man exclaimed, ‘‘Don’t detain me! Robert 
Stephenson has broken down in his attack, and I 
am off to buy a thousand Great Northerns.” Every- 
body gambled in shares, and like all gamblers their 
choice was determined by the merest trifles. If a 
line were fortunate, promoters would endeavour to 
appropriate as much of its name as they could for 
other lines, in the hope that their particular venture 
would gain by the association. As an instance Mr. 
Fowler's Great Grimsby Railway was at a premium, 
and consequently the name of Great Grimsby was 
brought in quite irrespective of geographical facts. 
This was done to such an extent that the then chair- 
man of committee (Lord Devon) exclaimed ‘‘ What! 
Great Grimsby again! Go it, Great Grimsby !” 

Mr. Fowler had now attained a position which 
necessitated his permanent residence in the metro- 
polis, and work of all kinds flowed in to him. It 
is quite beyond the limits of our space to notice, 
much less to describe, one-half of the matters 
about which he was consulted or the works he 
carried out. Amongst them we may mention the 
following: The Oxford, Worcester, and the Wol- 
verhampton Railways; the Severn Valley Railway ; 
the London, Tilbury, and Southend Railway (in 
conjunction with Mr. Bidder); the Liverpool Central 
Station, the Northern and Western Railway of Ire- 
land, the railways of New South Wales and India, 
the Sheffield and Glasgow Water Works, the 
Metropolitan Inner Circle Railway, the St. John’s 
Wood Railway, the Hammersmith Railway, the 
Highgate and Midland Railway, the Victoria Bridge 
and Pimlico Railway, the Glasgow Union and City 
Railway, and St. Enoch’s Station, the Millwall 
Docks, the Channel Ferry, and many others. 

Mr. Fowler’s reputation with the general public 
of this generation rests to a great degree on his con- 
struction of the Metropolitan Railways. These were 
so far out of the common that every Londoner, and 
a great many people out of London, took the greatest 
interest in them. The most extravagant anticipations 
were indulged in as to the relief they would afford 
to the streets if they were ever completed. But 
the difficulties were so enormous that many, if 
not most, people imagined that they could not 
be overcome. The directors were constantly 
being told that they had embarked their own 
money and that of the shareholders in an impos- 
sible enterprise. Engineers of eminence assured 
them that they could never make the railway, that 
if they made it they could not work it, and if they 
worked it nobody would travel by it. Such a 
catalogue of impossibilities was enough to appal 
any man, and often faith in the enterprise fell to a 
low ebb. At such times they would say to Mr. 
Fowler, ‘‘ We depend upon you, and as long as 





scathed through those times, and many an engineer 


you tell us you have confidence we shall go on.” 








It was an awful load to put on the shoulders of a 
man who had already sufficient to attend to in 
combating the physical difficulties of the affair. 
The troubles with vestries and their engineers and 
officials, with owners of property and their agents, 
were for many years during the construction of the 
first section of the Metropolitan Railway tedious 
and wearying to the last degree. All these were 
finally overcome, and the line was opened. So far 
from there being a difficulty in inducing people to 
travel by it, the traffic astonished the most expe- 
rienced railway experts. The general public did 
not take the view laughingly expressed by Lord 
Palmerston when asked by Mr. Fowler to perform 
the opening ceremony, ‘‘I intend to keep above 
ground as long asI can.” Of course they grumbled 
at the ventilation, or rather the want of it, and re- 
proached the engineers for not improving it. Origi- 
nally, when a junction with other railways was not 
intended, a special hot-water engine without a live 
fire, and therefore not passing the products of com- 
bustion into the air of the tunnel, was proposed. 
Experiments were made with an engine so con- 
structed, but before it was perfected it was decided 
to make a junction with the Great Western Rail- 
way, and, therefore, locomotives of ordinary con- 
struction had to be admitted on the system. 

It was in 1853 that the first Act was obtained for 
a line 2} miles in length from Edgware-road to 
Battle Bridge, King’s Cross. Plans for extensions 
westward to Paddington, and eastward to the City, 
were at once prepared, and the financial support of 
the Great Western Railway was secured. After a 
severe fight, the Act for the extended railway was 
obtained, the plans providing for tunnels and 
stations large enough to accommodate the broad 
gauge Great Western trains, as well as the narrow 
gauge local trains which it was designed to run. 
There. was, however, a difficulty in raising the 
capital, and it was not till the spring of 1860 that 
the contract was made, and the works commenced. 
In 1861 powers were obtained for extending the 
Metropolitan Railway to Moorgate-street; and 
in 1864, for constructing the eastern and western 
extensions to Tower Hill and Brompton respec- 
tively. In 1863 a Lords’ Committee decided that 
it would be desirable to complete an inner circuit 
of railway that should abut upon, if it did not 
actually join, nearly all the principal termini in 
the metropolis, commencing with the extension in 
an easterly and southerly direction of the Metro- 
politan Railway, from Finsbury Circus at the one 
end, and in a westerly and southerly direction from 
Paddington at the other, and connecting the ex- 
tremities of those lines by a line on the north side 
of the Thames. The inner circle was the direct 
outcome of this recommendation. 

The construction of the so-called Underground 
Railway was the means of solving a great many 
problems which at the time presented much diffi- 
culty. Questions which are now fully understood, 
and which would be undertaken by contractors as 
amere matter of course, then were of very grave 
importance, and had not only to be exhaustively 
discussed, but to be attacked with the greatest 
caution. It was not then known what precautions 
were necessary to insure the safety of valuable 
buildings near to the excavations ; how to timber 
cuttings securely and keep them clear of water 
without drawing the sand from under the founda- 
tions of adjoining houses ; how to undermine walls, 
and, if necessary, to carry the railway under houses 
and within a few inches of the kitchen floors with- 
out pulling anything down ; how to drive tunnels; 
to divert sewers over and under the railway, to 
keep up the numerous gas and water mains, and to 
maintain the road traffic when the railway was 
being carried on underneath ; and finally, how to 
construct the covered way so that buildings of any 
height and weight might be erected over the rail- 
way without risk of coleeniealia injury from settle- 
ment or vibration. All these points Mr. Benjamin 
Baker declared, in a paper read some five years ago 
before the Institution of Civil Engineers, received 
much anxious discussion and criticism before they 
were decided upon. Such questions as the admis- 
sible stress on brick arches loaded on one haunch 
only, the extent to which expansion and contrac- 
tion of iron girders would affect buildings carried by 
them, the ability of made ground to resist the 
lateral thrust of arches, and a multitude of similar 
problems, had to be dealt with tentatively at first, 
and with increased boldness as experience was 
gained. As an instance of the confidence which 
experience gives we may cite the following : doubts 
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entertained by the engineers as to the behaviour of 
a compound brick and iron structure led to a timber 
front being put to the Edgware-road Station, where 
it rested on a 49-ft. span girder ; yet in 1865, when 
the extension to Moorgate was executed, no hesita- 
tion was felt in trusting an elaborate brick and 
ashlar face wall, weighing 1300 tons, toa continuous 
girder 135 ft. in length. 

It would be tedious and unprofitable to attempt 
to give a detailed account of the construction of 
the Inner Circle line, since the lessons taught by it 
have long ago been incorporated into the routine of 
engineering practice. It will ever remain a monu- 
ment to the skill of the engineers concerned in its 


construction. Of these Mr. Fowler is responsible | 1 


for the greater part, as shown by the annexed 
Table, which gives the lengths and percentages due 
to each. 
Inner Circle Railway. 
Length Per- 


Executed. 
miles ch, centages. 


Mr. John Fowler, engineer 11 20 86 

Mr. Edward Wilson, __,, 0 27 2 

Mr. Francis Brady, 7 0 2 2 

Mr. Joseph Tomlinson, Jun. 0 35 

Messrs, Hawkshaw and Barry 0 58 5 
13° «8 100 


The main lines of the Metropolitan and Metro- 
politan District Railways being complete, Mr. 
Fowler carried out the lines in connection with them, 
including the St. John’s Wood Railway, the 
Hammersmith line, the West Brompton line, and 
others. His original’ plan, brought before the 
Parliamentary Committee, included an outer circle 
as well as an inner circle. Unfortunately, the 
Committee was induced to reject the outer circle 
on the faith of certain promises made by another 
line. These promises have not been practically 
fulfilled, and os immense advantage of being able 
to conduct all through passenger, goods and 
mineral traffic by a perfect and comprehensive 
scheme around London was lost for ever. 

Although somewhat out of chronological order, we 
may here refer to another underground railway, 
of which Mr. J. H. Greathead is the engineer. 
This railway—the City and Southwark Subway— 
is not opened at the time of writing, but it is 
rapidly approaching completion, and great hopes 
are entertained that it will be the pioneer of a new 
system of railways which will prove as great a 
convenience as those already in existence in the 
metropolis. The ventilation difficulty is avoided 
entirely by the device of using electric power for 
the propulaion of trains, while the expensive work 
of diverting sewers and pipes, underpinning build- 
ings, disappropriating tenants, and buying property, 
is evaded by keeping the tunnels at a very low 
level. As the line follows, for the most part, the 
streets, there is little to pay for land, and the 
chief expense is that of construction. A Bill now 
before Parliament contemplates the creation of a 
second railway ‘of this kind from Bayswater to 
ae | William-street, E.C., Sir John Fowler, Mr. 
B. Baker, and Mr. J. H. Greathead being the 
engineers. If it is made it will prove the greatest 
advantage to Londoners. 

Mr. Fowler was elected President of the Insti- 
tution of Civil Engineers for the year 1866, and 
took the chair for the first time in that capacity on 
January 9. His presidential address was devoted 
to the subject of the education of an engineer, and 
was so important and valuable that it has been 
reprinted and distributed extensively, notably by 
the Government of India to the engineers in its 
employment. He began by calling attention to 
the fact that the exclusive position hitherto held 
by the English engineers was not likely to continue, 
since both in France and Germany great efforts 
were being made to educate young men both theo- 
retically and practically for this profession. Hence, 
although this was greatly to the advantage of engi- 
neering science, it behoved the Institution to see 
that the distinguished and leading position which 
had been so well maintained by their great prede- 
cessors, should not be lowered by those who came 
after them. After a short enumeration of the 
nature of the works and duties which fell to the 
lot of a civil engineer, he proceeded to enforce the 
necessity of a full comprehension of the nature 
and qualites of materials, and the proper adapta- 
tion of the design to the materials in which it was 
to be carried out. He asserted his conviction that 
it was most important that the early preparation 
and subsequent study of an engineer should 





be as extensive as possible, and should em- 
brace every branch of professional practice. The 
sound knowledge and experience thus acquir 
would add greatly to his efficiency and value 
in any special branch. For the railway engi- 
neer there was required a thorough knowledge 
of surveying and earthworks, the capacity to 
design bridges, earthworks, and tunnels, and 
a knowledge of the effect of floods and drainage. 
To this should be added some knowledge of archi- 
tecture, and a taste for appropriate decoration. 
The dock and harbour engineer required, he said, 
much of the general knowledge of the railway 
engineer, with a vast amount of special know- 
edge. This included the laws which govern the 
tide, the set and speed of currents, their scour 
and silting ; also questions relating to the trade to 
be accommodated, and the methods of dealing with 
the goods. He would also be required to be cog- 
nisant of such matters as harbours of refuge, piers, 
landing stages, lighthouses, forts, and hydraulic 
appliances. The water works engineer, in addition 
to his general qualifications, had to be familiar with 
the means of collecting information about rainfall, 
the method of gauging streams, the excavation of 
reservoirs, conduits, weirs, tunnels, and aqueducts. 
He must also be competent to superintend and 
design sewerage works. The mechanical engineer, 
the speaker continued, dealt with the most varied 
and numerous subjects of all the branches of engi- 
neering. He must understand the laws of motion, 
of heat, of liquids, and gases ; he must be familiar 
with the strength of materials and the friction of 
surfaces. On railways he was responsible for the 
machine tools, engines, and locomotives. For 
docks he had to design the machinery for working 
the gates, the sluices, and the cranes. For water 
works he produced the pumping engines, sluices, 
valves, stop-cocks, &c. And so on through the 
entire series of works in which mechanism is em- 
ployed. The mining engineer needed, in addition 
to a knowledge of railway and mechanical engineer- 
ing, the information requisite for sinking shafts, 
draining workings, excavating and raising minerals, 
and preparing them for market. 

Mr. Fowler then turned to the preparation 
required by a civil engineer to enable him to 
perform his work efficiently. This he classed 
under four heads: (1) General instruction, or a 
liberal education ; (2) special education as a pre- 

aration for technical knowledge; (3) technical 
Towed e ; (4) preparation for conducting prac- 
tical mer a He supposed a boy to start at four- 
teen years of age with a strong constituticn, con- 
siderable energy and perseverance, and a fair 
education, together with a mechanical bias. The 
period from fourteen to eighteen should be 
devoted, he said, to a special education, including 
mathematics, natural philosophy, surveying, draw- 
ing, chemistry, mineralogy, geology, strength of 
materials, mechanical motions, and the principles 
of hydraulics. To these must be added considerable 
progress in French and German, even at the sacri- 
fice of classical studies and pure mathematics. At 
the age of eighteen, assuming the boy to have fair 
abilities and more than average perseverance, three 
courses were open. He might be placed witha 
civil engineer for four or five years’ pupilage, or in 
a mechanical workshop, or he might be sent to one 
of the universities. The choice would depend on 
the taste of the boy, the means of his parents, and 
other circumstances. If he followed either of the 
first two courses it would be necessary for him to con- 
tinue his studies in mathematics, science, and foreign 
languages at the same time. If the latter course 
were adopted, the drudgery of learning to survey, 
to draw, and the like, must be passed through first. 
With a clever hard-working boy the most advan- 
tageous course might be to send him, from seventeen 
to eighteen, into a good workshop, then for three 
years for a university course, and finally into an 
engineer’s office for his pupilage. This, of course, 
would require a boy of special ability and determi- 
nation to render it a successful course. The office 
chosen for the pupilage to be passed in ought to be 
well organised and not too large; the engineer 
should be a comparatively young and rising man, 
and be accustomed to take pupils, who should be 
few in number, and bear some proportion to the 
number and extent of the works in usual course of 
construction under the engineer’s direction. Here 
the pupil ceased to be a boy, and his future success 
or failure could no longer be directed by others, 
but depended upon his own abilities and industry. 

Mr, Fowler also laid stress on the fact that the 





whole duties of the engineer were not comprised 
in the mere accomplishing of the objects entertained 


ed|by his employers. It was his duty, he held, to 


advise those who consulted him whether the under- 
taking was one that would repay the expenditure 
which must be made upon it. The engineer was 
not merely a man of technical skill engaged to 
bridge the difficulties of capitalists, as a servant 
carries out the orders of his master; on the con- 
trary, he was a member of an honourable and noble 
profession which could not lend itself to enter- 
prises which did not give fair promise of being 
beneficial to the world, and to the advancement of 
civilisation. 

In 1870 Mr. Fowler took part in a commission 
sent to Norway to examine the railways there. 
As is well known Norway has built a great length of 
railway which was constructed at a very small cost 
and is worked very cheaply. Now, at the date men- 
tioned the Indian government were undecided 
whether to adhere to the broad gauge of 5 ft. 6 in., 
which had been adopted for the trunk lines, or to 
introduce a narrower gauge for the less important 
railways. A commission composed of General 
Strachey, Colonel Dickens, Mr. Rendel (now 
Sir A. Meadows Rendel), and Mr. Fowler, was, 
therefore, sent to Norway, for the purpose of 
acquiring information as to what gauge should be 
adopted in India, assuming that it was decided that 
a narrow gauge should in certain cases be laid 
down. The commission was received and accom- 
panied by Mr. Carl Pihil, the experienced engineer 
of the Government, who had carried out all the 
railways in Norway. ‘They travelled over the 
Dovre Fjld by carriole, passing over the ground 
on which a railway has since been constructed, 
and were thus able to see the nature of the 
works which would have to be carried out. The 
Norwegian lines are 3 ft. 6 in. gauge, and the rails 
and engines are both very light, the speed being 
usually quite slow. Mr. Fowler considered this 
gauge narrow enough, and the engines too light for 
economy. His colleagues, however, took a different 
view, and recommended 2 ft. 9in. as the proper 
gauge for India. 

Two reports, therefore, were made, one by 
Mr. Fowler recommending 3 ft. 6 in. gauge, and 
one by the other members of the commission, recom- 
mending 2 ft. 9in. The final decision of Govern- 
ment was between the two, but much nearer Mr, 
Fowler’s opinion, viz.—a metre, or 3 ft. 34 in. 

It was understood that the question referred to 
the Commissioners was not whether narrow-gauge 
railways should be adopted in India or not, but, 
supposing a narrow gauge to be adopted, what gauge 
should it be. Mr. Fowler, from his long experience 
of the evil on the Great Western Railway, had very 
strong objections to breaks of gauge except when 
unavoidable. He would never permit an exceptional 
gauge in a link, or a possible link line, nor for 
short branches where exceptional plant would 
neutralise all saving. He considered that an ex- 
ceptional gauge should be confined to a district of 
country where break of gauge is unimportant by 
reason of non-interchange of traffic, and even then 
he preferred to adopt a light railway on the standard 
gauge, except under very peculiar circumstances, 
which must be very rare indeed, when the narrow 
gauge would have some special advantages. 

Last winter (1888-89) Sir John Fowler had the 
opportunity of verifying by actual inspection on 
the spot, the opinion he had formed as to the rail- 
way policy of India, and it is well known that he 
has expressed himself as having had his former 
conclusions strongly confirmed by his Indian visit. 

Sir John visited Darjeeling to see the work- 
ing of the 2 ft. 6in. gauge mountain railway, 
ascending 8000 ft. by gradients of 1 in 27. This 
curious little railway has been laid on the fine 
road made to Darjeeling, and, being saved all ex- 
penses except that of permanent way, it is not 
surprising that a good dividend is earned, notwith- 
standing the fact that the engines can only draw 
less than twice their own weight up the incline. In 
this case the gauge and everything else are suited 
to the traffic, but unless the same circumstances 
were found the system could not be applied else- 
where with advantage. 

Sir John was naturally much consulted, both 
professionally and otherwise, in India by the 
authorities on the subject of railways, docks, and 
water works, and was received everywhere with 
great distinction. His general impressions of India 
and its resources were of the most favourable 
character, 
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One of the most interesting chapters in Mr. 
Fowler’s career is that connected with Egypt. He 
went there, in the first instance, in search of 
health; and the connection thus accidentally 
formed lasted as long as Ismail Pacha remained in 
power. As is well known, that enterprising 
Sovereign threw himself heart and soul into the 
material improvement of the country. He had 
unlimited credit in the money markets of western 
Europe, and he aimed at restoring Egypt to its 
ancient position as one of the chief producing 
countries of the world. He brought about a wide 
extension of the irrigating system of the Delta, in 
order that crops might follow each other inde- 
pendently of the season of the year; he introduced 
sugar plantations and factories in — Egypt on a 
most extensive scale; he built several railways, and 
projected one southwards to Khartoum, which, if 
completed, would have been the key to Central 
Africa. He entered upon every scheme with the 
greatest ardour, and no sooner were the plans com- 
pleted than he urged the giving out of the contracts 
and the commencement of the work. In Mr. Fowler 
the Khedive found the very man he wanted—one 
whose ability was only equalled by his rectitude. 
National prosperity, however, is not to be founded 
by railways, docks and canals alone. Its basis lies 
in good government and the just administration of 
wise laws ; but it is not our business to go into the 
politics of Egypt further than to explain the 
condition of affairs when Mr. Fowler came in 
contact with them. 

He landed in Egypt at the close of 1868. At this 
time the Suez Canal was within a year of its com- 
pletion, and it was natural that Mr. Fowler should 
hurry to see it, even before fulfilling the avowed 
object of his visit of exploring the antiquities of 
the country. The trip was made under very favour- 
able circumstances, the party including M. de 
Lesseps, M. Voisin, the Duke of Sutherland, Sir 
Richard Owen, General Marshall, the Marquis of 
Stafford, Mr. W. H. Russell, and others. The works 
from Ismailia to Port Said, and the harbour works 
at Port Said, were well advanced, but between 
Ismailia: and Suez nearly one-third, or twenty- 
five million cubic yards of excavation, remained 
to be executed. The survey occupied three days, 
and included the whole length of the canal, 
everything being explained by M. de Lesseps with 
the greatest kindness, and the various points being 
discussed without reserve. At the request of the 
editor of the Times Mr. Fowler addressed a long 
letter to that journal giving a full account of the 
state of the works and criticising the prospects of 
thecompany. This letter appeared on February 18, 
1869, and was made the text of a leading article 
which pronounced it to be a fair and final summary 
of the subject by an English engineer of the highest 
eminence and repute. 

In the spring of 1869 the Prince and Princess 
of Wales visited Egypt. When about to make 
the journey up the Nile the Prince invited Mr. 
Fowler and Professor Owen to join the party, 
which was embarked on five steamers and daha- 
beahs. Nothing could be pleasanter than to make 
the excursion under such conditions, as every ar- 
rangement was made for the Royal party to see the 
objects of interest in the country, both ancient and 
modern. Of course Mr. Fowler had to pay the 
usual penalty of fame, and to be partes to suggest 
the probable methods ompeee by the Egyptians 
in raising large stones for the pyramids and temples, 
and in cutting and polishing the greenstone and 
diorite statues. At Thebes his engineering re- 
sources were severely tried by the Prince’s cross- 
examination as to the manner in which the 
colossal statue of Rameses II., weighing 888 tons, 
was brought from the quarry near Assouan to its 
present genes at Memnonium on the plain of 
Thebes. The excursion proved to be most enjoyable. 

Before Mr. Fowler returned home he had 
several interviews with the Khedive, explaining to 
him his views concerning the Suez Canal, the irri- 

ation schemes, and many other matters in which 

smail Pacha was interested. The outcome of this 
was that he accepted the position of consulting 
engineer to the Khedive and the Egyptian Govern- 
ment, a post which he held for eight years—that 
is, until the abdication of thatruler. The office 
involved yearly journeys to Egypt, the first being 
in the latter part of 1871, and required Mr. Fowler 
to personally investigate all the great undertakings 
theninhand. The most important matter presented 
to him for solution was the projected Soudan Rail- 
way. It is needless to say that, although com- 





menced, and 150 miles constructed, it was never 
carried out, or recent Egyptian history would have 
been greatly changed, while thousands of British 
soldiers and millions of money would have been 
saved. 

Mr. Fowler, before deciding between the two 
possible routes by the Nile Valley and by Souakim- 
Berber, had long interviews with General Gordon, 
and also with the governors and other persons 
acquainted with the country to be traversed. The 
Nile Valley was ultimately chosen, and the decision 
ratified. by the Khedive and his ministers. The 
surveys were commenced at once, and when com- 
pleted the Khedive, with characteristic promptitude, 
instructed Mr. Fowler to obtain a contract for the 
work. This was accordingly done, and on February 
11, 1875, the works were commenced at Wady Halfa 
with great ceremony in the presence of Mr. Fowler, 
the governor of the province, the Cadi, and other 
notables, bullocks being slaughtered as part of the 
religious observances. The abandonment of the 
railway, and all the disasters which followed it 
were keenly felt by Mr. Fowler, who fully believed 
that had Khartoum been thus connected with 
Cairo the turbulent native tribes could have been 
overawed, and a great economy would have been 
effected in the long run. Unfortunately it is not 
given to man to read the future, and when matters 
went wrong in Egypt the expense of the railway 
seemed too great for the resources of the country 

Although this railway was not completed, and 
has passed for the moment out of public notice, 

et it is a matter of certainty that sooner or 
ater it will be constructed. The eyes of nearly 
all European nations are concentrated on Africa, 
and many are striving to secure a firmer foot- 
hold on the continent with a view to gaining a 
share of the future trade which is anticipated. It 
is certain that when Egypt attains the position 
which is sure to follow upon a few years of good 
government, there will be a revival of the old ambi- 
tions, and she will turn her attention southward, 
with that craving for extended sovereignty which 
is the characteristic of all healthy communities. It 
will, therefore, be interesting to give a few facts 
regarding the route, length, and cost of the line 
which must be made if the flood of Arab invasion is 
to be permanentlydammed. Sir John Fowler always 
held the opinion that our difficulties in the Soudan 
came from the undecided attitude we took up. The 
native tribes could not be neutral; they were 
obliged to side either with the English or the 
Mahdi. But the former declared that they had 
not come to stay ; they came to rescue Gordon, 
and when that was done they would retire, and 
leave the entire population ‘‘to stew in their own 
juice.” This promised to be so highly flavoured 
with Mahomedan vengeance that the tribes were 
obliged to cast in their lot with the successor of the 
Prophet, and fight against the invaders. In the 
days of Ismail Pacha the Soudan was ruled by the 
shadow of the authority which existed at Cairo, 
and Sir John Fowler holds that the same conditions 
would recur if the railway were completed. 

The southern terminus of the line was to be at 
Metammeh, on the left bank of the Nile, imme- 
diately opposite Shendy, 16 deg. 14 min. N. lati- 
tude, and 32 deg. 25 min. E. longitude. Shendy 
is equidistant between Berber and Khartoum, and 
about 993 miles fromeach. It is moreover the con- 
verging locality for the camel routes from Khartoum 
and the White Nile district, from Hamdal, Souakim, 
and the Red Sea, and from Aboo Kharraz and the 
Blue Nile. There is good navigation between 
Berber and Khartoum for ten months in the year, 
and the obstructions which exist in the low-water 
channel would not be difficult to remove or lessen. 
The northern or Egyptian end of the line was fixed 
at Wady Halfa, at the second cataract. Com- 
mencing at the foot of the cataract on the right 
bank of the river, the line followed the general 
course of the stream as far as Kohé, this side being 
chosen to avoid the drift sand from the Nubian 
desert. At Kohé the line crossed the Nile, and 
then followed the right bank as far as Dabbe. Here 
the Nile makes a long detour, and consequently the 
projected line struck across the Bahiuda desert to 
its terminus. 

The following are the lengths : 


Miles. 
Wady Halfa to Kohé 160 
Kohé to Ambukol : 216 
Ambukol to Shendy ... 176 
652 





The line was one of easy construction, with no 
works of magnitude except the Nile crossing. When 
racticable it kept to the villages and cultivated 
ds on the banks, but, sometimes it took an in- 
land course amongst the mountains to avoid expen- 
sive works, and sometimes it traversed deserts to 
cut off bends of the river. The gauge was fixed at 
3 ft. 6 in., the same as the Norwegian railways, but 
with a heavier rail of 501b. to the yard ; the maxi- 
mum gradient was 1 in 50, and the minimum radius 
of curvature 500 ft. The cost, including stations, 
sidings, quays or landing places, rolling stock, work- 
shops, and ‘all expenses required to complete the 
line ready for traffic, was estimated at four millions 
sterling, or 7240]. a mile. Of this amount five- 
eighths would have been spent abroad and three- 
eighths in Egypt. 

It will be noticed that the railway was to start at 
the second cataract, some 550 miles, as the crow 
flies, from Cairo. The Nile forms a natural road- 
way between the two for the entire distance, except 
for some three miles at Assouan, where the first 
cataract occurs. To enable steamers and dahabeahs 
to pass from the lower to the upper level of this 
cataract, Mr. Fowler conceived the idea of a ship 
incline, and in company with Sir William (now 
Lord) Armstrong and Mr. Rendel he went to 
the site. The necessary surveys, examinations, 
and estimates were made, and on the return to 
Cairo Sir W. Armstrong offered to undertake the 
work, and his proposals were approved. But like 
many other projects of that time in Egypt, the plan 
was frustrated by the interference of jealous foreign 
rivals, and nothing was done. 

The plan contemplated the construction on the 
right bank of the canal of a ship railway 3 kilo- 
metres in length, commencing at the bottom of the 
cataract in the river channel, about 5 kilometres 
south of Assouan, and terminating at the top of the 
cataract in the harbour of Shellal. The boats to be 
transferred were to be floated upon a cradle con- 
structed to run upon the railway, and to be hauled 
over land by hydraulic engines of 400 horse-power, 
placed near the centre of the railway. The water 
to work the engines was to be pumped at a high 
pressure by a pair of large stream wheels carried 
upon pontoons, and driven by one of the smaller 
rapids at the lower end of the cataract. The total 
length to be traversed over land by the boats was 
2950 metres at low Nile, and 2300 metres at high 
Nile. The estimate of the cost of the incline with 
machinery, workshops, wharves, and all expenses 
required to complete it ready for traffic, was 
200, 0001. 

One of the first matters claiming Mr. Fowler’s 
attention on undertaking the duties of consulting 
engineer was the organisation of the existing rail- 
ways, and to this he devoted much time on his first 
official visit in 1871. As a preliminary he employed 
Mr. D. K. Clark to obtain for him full details of 
the rolling stock and plant. With this information 
before him, Mr. Fowler was able to‘advise great 
changes in the direction of simplicity and economy, 
most of which were carried out. 

The management had previously been of a 
most unsatisfactory condition. In the year 1869 
the expenses per train mile amounted to 7s., of 
which the locomotive power figured for 3s. 5d. 
Many other items were needlessly high, and were 
increased by the practice of keeping duplicate sets 
of accounts, more or less imperfect, in French and 
Arabic. Mr. Fowler considered that the expenses 
could be well cut down to 4s. 6d. per mile, or 
36 per cent. of the earnings. This small percentage 
was due to the very high traffic charges, particularly 
on the transit railway which conveyed the P. and O. 
Company’s passengers across the isthmus ; on this 
line first-class passengers were charged 4d. per 
mile, and second-class 24d. ; accelerated goods were 
charged 43d. per ton, and unaccelerated 1d. per 
ton per mile. 

In the same year visits were made to Upper 
Egypt to examine irrigation works and sluices, and 
to Suez to determine matters connected with the 
docks there. M. Duport, on Mr. Fowler’s recom- 
mendation, was appointed engineer in charge of 
the new Alexandra Docks, a post which he filled in 
a highly satisfactory manner till the completion of 
the works. 

In the following year, 1872, the most important 
matter for consideration was the sugar plantations 
and factories of the Khedive. yi eh = several 
millions sterling had-been spent upon them with 
but poor-returns, and the time had come when 
some alteration in working must be decided upon, 





eae 


eae 


Se ae 


PS eree Se, 


as 


ata 
= 


sav la 


See 


eae eee See 


a 


Saas 








280 





ENGINEERING 





[ Fes. 28, 1890. 








To aid him in forming his judgment, Mr. Fowler 
secured the valuable assistance of Mr. (now Sir 
Frederick) Bramwell and Dr. Letheby. The 
result was that reports of the most exhaustive 
character were presented to the Khedive, and formed 
a valuable guide for all future operators. The 
Khedive, however, was too sanguine, and the 
works were established too rapidly and on too 
extensive a scale. Possibly the climate was also 
not quite suitable for sugar cultivation. The broad 
result was a very serious loss of money to the 
Government. 

During the course of the investigation into the 
conditions of the sugar estates, several interesting 
facts, worthy of being placed on permanent record, 
were demonstrated. It was found that the soil of 
Egypt, which, of course, is entirely Nile deposit, 
consists of a large amount of fine sand, mixed with 
an unctuous clay, in the form of minutely divided 
double silicates of alumina and iron, together with 
fine oxides of iron, alumina, potash, alkaline sili- 
cates, soluble silica, and a fair proportion of car- 
bonates of lime and magnesia. ‘The soil is in 
such a minute state of subdivision that it readily 
yields its most important constituents (silica, 
phosphoric acid, and potash) to the growing crops. 
For the cultivation of sugar it is necessary to 
equalise the excess of potash by the niger 
tion to the land of more phosphoric acid, and 
to make up for the deficiency of nitrogen by the 
addition of ammonia. Analyses were also made on 
another occasion of the Nile water to determine 
whether it had, when used for irrigation purposes, 
any manurial value beyond that due to the sus- 
pended mud. The samples were taken about the 
middle of the months of June, July, August, Sep- 
tember, and October. It was found that in each 
case the water contained a considerable quantity of 
nitrogenous matter in the form of actual ammonia, 
as wellas ammonia derivable from organic matter. 
The proportion of actual ammonia was largest 
in July and smallest in August. The organic 
ammonia was smallest in the August sample 
and largest in September. Taking the whole 
of the ammonia derivable from 100,000 parts of 
water, the quantity ranged from .0114 parts in the 


irrigated at any time of the year without pumping ; 
(2) to devise an improved means of introducing 
flood water several times during high Nile upon any 
required lands on the left bank of the Nile, and of dis- 
charging itat pleasure without interference with other 
lands ; (3) to prepare a'scheme for the construction 
of a ship phos! pte sti Alexandria and Cairo. Mr. 
Fowler proposed as alternative projects under the 
first head ; (1) a high level canal on the right bank of 
the Nile ; (2) a high level canal on the left bank of 
the canal ; (3) the completion of the present barrage 
or the construction of a new one. None-of these 
proposals were then carried out, but during the —_ 
few years, under the superintendence of Colonel Sir 
Scott Moncrieff, the barrage has been repaired to 
such an extent that it will hold the water up to 
3 metres, instead of 4.5 metres, as contemplated by 
Mr. Fowler. The methods employed in the repair 
of the barrage followed the lines laid down by Mr. 
Fowler, but were on a less extensive scale, as the 
pressure to be resisted was less, and there was 
eater difficulty in obtaining money than during 
smail Pacha’s time. The deficiency of head is 
made good by pumping into the higher canals. 
The second undertaking required a canal starting 
very high up the Nile, and following the course of 
the Bahr Tounk but it presented no features of 
special engineering interest, and was not attempted. 
the third, the ship canal, was a subject in which 
Ismail Pacha took the greatest interest. He found 
that the effect of the Suez Canal was to divert the 
traffic from the capital, and to take the stream of 
passengers through the country without adding any- 
thing to its wealth or importance. He, therefore, 
conceived the idea of making Cairo into a sea- 
rt, with easy access to the Mediterranean. 
r. Fowler worked out a combined irrigation and 
ship canal from the Mediterranean to the Red Sea, 
by way of Cairo. This canal would have beena 
formidable rival to the Suez Canal, in so much as the 
dues derivable from the irrigation water would have 
enabled the tolls on ships to have been reduced to 
avery low figure. In the negotiations which sub- 
sequently took place with the Suez Canal Company, 
the possibility of the second canal being made, served 
as a powerful lever in the hands of the English 
rty. 


August sample to .0271 in the sample collected in | party 


June. These are remarkably large proportions 
when we consider that the Nile does not receive 
anything in the nature of sewage or ordinary town 
drainage, for they are largely in excess of the pro- 

rtions found in the River Thames at Hampton. 

he properties of soluble saline matters in the Nile 
water range from 13.443 parts per 100,000 in Oc- 
tober to 18.8 parts in June. The chief ingredients 
in these saline matters are the carbonates and sul- 
phates of lime and magnesia, but there is also a 
notable quantity of soda and potassa, as well asa 
trace of phosphoric acid. The sedimentary matters 
in the several samples taken amounted to 6.915 
parts per 100,000 of water in June, and to 149.157 
parts in August ; and the proportions of organic 
matter in the deposit ranged from .829 parts to 
18.414 parts. The results show that the water of 
the Nile is remarkably rich in fertilising matters, 
for not only does the water contain in solution a 
notable quantity of ammonia, nitrogenous organic 
matter, and the soluble silicates of potassa and 
soda, as well as a trace of phosphoric and nitric 
acids, but it also contains in suspension a large 
amount of sedimentary matters which are charged 
with phosphates and alkaline silicates. 

The most important Egyptian question submitted 
to Mr. Fowler was that of irrigation. Upon this 
depends to a great extent the fertility of Lower 
Egypt, for although the annual inundations can be 
depended upon to give the land one thorough water- 
ing, there are many crops that need to be watered 
several times and at different seasons of the year 
from that at which the flood comes. Immense 
irrigation works were constructed by Mehemet Ali, 
with canals running through the delta and the land 
on either side of it. For a considerable part of the 

ear these canals served their purpose fairly well, 
but at the period of low Nile many of them became 
useless because they were at too high a level. This 
does not arise from any error of the designers, but 
from the fact that the barrage, which was built to 
maintain a minimum depth of water in the river, 
did not prove capable of resisting the required 
head. He 


ence it was necessary to allow the river to 
fall below the proposed level. Under these con- 
ditions Mr. Fowler was instructed (1) to prepare 
alternative plans for placing all the cultivated and 
cultivable lands of Lower Egypt in a position to be 


Although so many of Mr. Fowler’s Egyptian 
schemes were not carried out, we must not regard 
them as wasted effort. For thousands of years 
Egypt has been the prey of conquerors of many 
races and creeds. Probably for the first time in 
her history she is in the hands of a power which 
has no selfish aims, and thinks solely of the good of 
the inhabitants. Under such conditions she must 
prosper, and the time is certain tocome when many 
of the ambitious schemes of her late ruler will 
become possible of realisation. At that moment 
the reports and drawings of Mr. Fowler will be 
turned to as the key of the plans to be adopted. 

Space does not permit us to particularise all the 
great works in Egypt with which Mr. Fowler wascon- 
cerned, such as thé construction of steamers for the 
Khedive, surveys fora railway to Harrar, and many 
others. For nine years he made periodical visits to 
the country, and became greatly interested in its 
fortunes. The connection was broken, however, 
when Ismail Pacha was made to abdicate, and a 
new era of economy was introduced. Egyptian 
credit was almost exhausted, and what little was 
left was destroyed by the revolt of Arabi Pacha. 
A few years later (1885) the Queen, on the recom- 
mendation of the Marquis of Salisbury, created Mr. 
Fowler Knight Commander of the Order of St. 
Michael and St. George ‘‘for important services 
and guidance to Her Majesty’s Government in con- 
nection with Egypt.” 

A curious example of the way that the engineer 
may be useful in averting political troubles is found 
in one of the incidents of Mr. Fowler’s career. The 
Italian premier, M. Minghetti, had disagreed with 
Garibaldi on the question of the rectification of the 
Tiber. The popular patriot was powerful at the 
time in Italy, and wielded an influence which the 
Government did not care to have exercised against 
themselves. Atthe same time they did not feel able 
to accept his views on the particular question before 
them. Mr. Fowler was at that time at Cairo on 
one of his Egyptian visits, and it was decided to 
submit the matter to him. He was accordingly 
summoned to Rome, and was fortunately able to 
reconcile the differences of the two parties, to the 
great relief of the Government. 

We now come to the Forth Bridge, the best 


has been associated, and one which at the present 
moment is engaging the attention both of the 
general public and of engineering experts in all 
parts of the world. Sir John lays no claim to be the 
soleauthor of the design which was the joint outcome 
of four minds, all bent on discovering the best and 
cheapest means‘for carrying a railway over the 
Firth of Forth. Most people will remember that 
when the Tay Bridge was destroyed, preparations 
were being made, and were actually commenced, 
for bridging the Forth. Sir Thomas Bouch had 
designed a suspension bridge for the purpose, and 
an Act of Parliament had been obtained authorising 
its construction. The failure at the Tay at once 
threw doubts upon the safety of the most ambitious 
project, and the works were stopped. Subsequent 
investigation showed that the proposed bridge 
could not have been a satisfactory one. 

A bridge across the Forth offered so much 
advantage to the railway companies forming the 
east coast route to Scotland that, after two years, 
the idea was revived. On February 18, 1881, the 
four great railway companies concerned, the 
Great Northern, the North-Eastern, the Midland, 
and the North British, wrote to their consulting 
engineers—Mr. T. Harrison, Mr. W. H. Barlow, 
and Mr. John Fowler, associated with Mr. B. 
Baker — propounding two questions for their 
joint opinions. They were asked to consider 
the feasibility of building a bridge for railway 
purposes across the Forth, and, assuming the 
feasibility to be proved, what description of bridge 
would be most desirable to adopt. The matter 
involved so large an expenditure and contained so 
many novel issues that it needed to be approached 
with the greatest possible care. It was fairly well 
known how many types of bridge there were to 
select from for such a site;—these were (1) Mr. 
Bouch’s original design; (2) a stiffened suspension 
bridge; (3) a second form of stiffened suspension 
bridge ; (4) a cantilever bridge. Calculations of 
weight and cost were made for each type of bridge 
and were discussed by Messrs. Harrison, Barlow, 
Fowler, and Baker, with the general result that the 
cantilever type was chosen. A report was made to 
the railway companies on May 4, 1881, embodying 
the result of the deliberations, and pointing out that 
the cantilever principle offered a cheaper and better 
solution of the problem thanany other. The report 
did not enter into the details of construction; 
indeed it could not be said to give even the broad 
features, other than those which are involved in the 
use of the cantilever. These still remained to be 
elaborated in council, and it was only by united 
discussion that the original plan developed into the 
final design. Although the type of the bridge is 
very ancient there were many features in it which 
were open to consideration, and to differences of 
opinion, and at each meeting of the engineers new 
ideas were propounded, and novel methods of over- 
coming difticulties were mooted. After most elabo- 
rate investigations and calculations the structure 
gradually, by a process of evolution or development, 
assumed its present form. 

The design. being settled and the execution 
decided upon by the associated railway companies, 
the carrying out of the work was entrusted to Mr. 
Fowler, in conjunction with his partner, Mr. Ben- 
jamin Baker. 

The Parliamentary fight had been exceedingly 
stubborn, for great interests were at stake. Hitherto 
the London and North-Western and the Caledonian 
companies have enjoyed a great advantage in 
carrying the Scotch traffic to Perth and the High- 
lands, in consequence of the east coast traffic having 
to traverse the circuit from Edinburgh vid Larbert 
and Stirling to Perth. But when the bridge is 
opened this advantage will disappear. A very 
strong hybrid semi-public committee was appointed, 
with Lord Stanley, of Preston, the present Governor 
of Canada, as the chairman. Engineering evi- 
dence was brought forward to condemn the struc- 
ture, and every possible description of hostile 
evidence for shipping interests was adduced against 
it, and made the most of by eminent counsel, 
who both in speeches and cross-examination strove 
to the utmost to prejudice the undertaking. 
But at the close of the case the committee were 
unanimous in favour of the Bill, only stipulat- 
ing that the Board of Trade should maintain a 
general inspection of the works during construction. 
It was finally arranged at the suggestion of Mr. 
Fowler that the inspectors should report to Parlia- 
ment every three months as to the progress of the 








known of all the works with which Sir John Fowler 
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ship. These reports, made by General Hutchinson 
and Major Marindin, have appeared regularly in our 
columns, and all have spoken in the highest praise 
of the way in which the undertaking was being 
carried out. 

Sir John Fowler and Mr. Baker have kept a 
personal and continuous controloverthe entire opera- 
tion of building the bridge, and have superintended 
the series of processes, from the rolling of the plates 
to the closing of the rivets. They have further 
employed several distinct staffs of assistants for 
the purposes of (1) surveying and foundation 
work ; (2) for working drawings ; (3) for inspecting 
plates at the mills ; (4) for inspecting the rivetting ; 
and (5) for the fitting and erecting. Mr. Alan 
Stewart was chief of the staff in Westminster, 
where all the detailed drawings and calculations 
were made. The resident engineer was Mr. Cooper, 
who entered Mr. Fowler’s office in 1863, and has 
remained there ever since. Mr. Tuit, Mr. Lilliquist, 
and Mr. Carey, and other engineers of exceptional 
ability were also on the engineers’ staff. The con- 
tractors were selected on account of their previous 
experience. Mr. Phillips had had great experience 
in bridge building ; Sir Thomas Tancred and Mr. 
Falkiner in large contracts and the organisation of 
labour; and Mr. Arrol had shown on previous 
occasions remarkable ability and resources. In 
the early days Mr. Phillips took an active part, 
but in the preparation and erection of the steel 
Mr. Arrol took the leading position, and he was 
ably seconded by Mr. Biggart, Mr. Moir, Mr. 
Westhofen, Mr. Harris, Mr. Scott, Mr. Bakewell, 
and others. 

Having brought this series of sketches of inci- 
dents in the career of Sir John Fowler up to the 
commencement of the Forth Bridge, we do not pro- 
pose to carry it further. In the columns of this 
issue will be found full details of the design and 
construction of that magnificent work. The bridge, 
however, has not monopolised the whole of Sir 
John Fowler’s time and attention; he has been 
connected with many other important works in the 
meantime, besides fulfilling his standing engage- 
ments. Sir John became consulting engineer, on 
the death of Mr. Brunel, to the Great Western 
Railway, and besides this and many smaller under- 
takings, he is consulting engineer to the Great 
Northern, the Brighton, and Highland railways. 


Mr. BenJAMIN BAKER. 


The career of Sir John Fowler, which we 
have endeavoured to sketch in the foregoing 
columns, may be regarded as a contribution to the 
early history of the profession rather than as a 
biographical notice. When Mr. Baker began his 
career, Sir John Fowler had been actively en- 
gaged in a variety of important work for more 
than twenty years. The great pioneers of the pro- 
fession had, most of them, either passed away, 
or had retired from active service, their work 
having been continued by those who had served 
with them, benefiting by their experience, and 
enlarging it with their own. Engineering had, in 
fact, been reduced to a science that replaced the 
more or less experimental pursuit which had occu- 
nied the previous generation, and the foundation 
ad been securely laid for the development which 
to-day distinguishes the profession throughout the 
world. But it was not alone the early engineers 
who bequeathed a rich inheritance of experience to 
their successors. Industry and applied science in 
every direction which could be useful to constructive 
work were progressing steadily and with rapidity. 
Especially this was the case with the manufacture 
of iron, which rendered undertakings easy that 
would have been impossible to the older engineers, 
who had little at their disposal except timber, stone, 
and brick. And later, when, in the march of pro- 
gress, iron had to give way to steel, engineers were 
enabled to undertake and carry out successfully, 
undertakings which their immediate predecessors 
could not seriously consider for want of the proper 
materials. 

In the atmosphere of enthusiasm that naturally 
surrounds the successful completion of so vast a 
structure as the Forth Bridge, one is too apt to 
forget, in presence of the stupendous work, how 
much is due to the great army of workers who 
have laboured—blindly in some cases—since the 
beginning of the century, and to ascribe some of 
the credit to its creators which is really due to 
the general advance in mechanical science charac- 
teristic of the age. As Lord Brassey said on a 
acent public occasion, ‘‘I like to remember that 





if my father had not laboured I should not be Lord 
Brassey.” In his many public utterances on the sub- 
ject of the Forth Bridge Mr. Baker has always 
brought this fact prominently before his audience, 
Speaking at Southampton seven years ago, he said: 
‘The merit of the po if any, will be found, 
not in the novelty of the principles underlying it, 
but in the resolute application of well-tested 
mechanical laws and experimental results to the 
somewhat difficult problem offered by the construc- 
tion of so large a bridge across so exposed an 
estuary as the Firth of Forth.” At Montreal, two 
years later, when the works were in full swing, he 
said: ‘‘If I were to pretend that the designing and 
building of the Forth Bridge was not a source of 
present and future anxiety to all concerned, no 
engineer of experience would believe me. Where 
no precedent exists the successful engineer is he 
who makes the fewest mistakes.” At Newcastle, 
last year, when delivering the workmen’s lecture 
of the British Association to an audience of 4000 
men, he remarked that the success of the work was 
due as much to the individual and collective pluck 
and ingeriuity of the workmen as to the scientific 
labours and organisation of the engineers and con- 
tractors; and as President of the Mechanical 
Science Section of the Association at Aberdeen, he 
said: ‘“‘I have no doubt that as able and enter- 
prising engineers existed prior to the age of steam 
and steel as exist now, and their work was as 
beneficial to mankind, though different in direc- 
tion.” It is quite clear, therefore, that Mr. Baker 
does not labour under the common illusion that a 
very great undertaking must necessarily be the 
work of very great men ; and, indeed, he told the 
Mechanical Engineers at Edinburgh that he would 
be sorry not to believe that there were plenty of 
engineers and contractors in England, Europe, and 
America capable of building a Forth Bridge, if 
called upon to do so; and "that, in his opinion, if 
the engineers and contractors of the Forth Bridge 
deserved the praise which had been so liberally 
awarded them, it could only be on the grounds 
that they had done their work as well, probably, as 
any one else would have done it. 

Sir John Fowler’s professional training began 
with level and theodolite in the north of England, 
and Mr. Baker’s with hammer and chisel in one 
of the oldest ironworks in South Wales. After 
the usual preliminary training of an engineering 
student, Mr. Baker was articled to Mr. H. id Price, 
civil engineer, in whose workshops and draw- 
ing- office he acquired practical experience in 
foundry, forge, and manufacturing processes, and 
the designing of machinery and ironwork of all 
kinds. At the works referred to were made, a 
hundred years ago, Trevithick’s first Cornish 
ne engines; and long before the eve of the 

iverpool and Manchester Railway, strange loco- 
motives, with spur gearing and racks, and others 
with double bogies, some of which have been 
illustrated by us, were turned out of the works, 
together with marine engines and steamboats of the 
earliest type. The portfolios of working drawings 
thus embodied the whole history of the develop- 
ment of the steam engine in its application to rail- 
ways, navigation, mining, smelting and rolling 
metals, and to other purposes. After three years 
practical work at this branch of engineering, 
Mr. Baker then underwent a further period of 
training elsewhere in surveying, levelling, and the 
designing of works in masonry and _ brickwork. 
Shortly after his arrival in London, Mr. Baker en- 
tered Sir John Fowler’s office, and then gradually 
took a more and more active part in the many 
important engineering works then being carried 
out and proposed, including amongst others the 
Metropolitan Railway, and other railways in and 
around London. 

Mr. Baker was at that time a constant contri- 
butor to the columns of ENGINEERING, and his 
articles on ‘‘ Long-Span Bridges,” first published 
by us, twenty-three years ago, were soon after 
republished in America, Germany, Austria, and 
Holland. From these early days to the pre- 
sent time, Mr. Baker has been associated, in one 
capacity or another, with important bridges too 
numerous to mention in different parts of the 
world; the latest and biggest of which, the Channel 
Bridge, Mr. Baker, as stated at the Society of Arts, 
undertook to investigate as an interesting scientific 
problem, out of consideration to the high position of 
its promoters and designers, Messrs. Schneider and 
Hersent, and not-as a promoter of the project him- 
self in any sense of the word, but confining himself 





entirely to the consideration of the question of the 
best design, and the probable cost of Messrs. 
Schneider and Hersent’s bold project. Whilst on 
the subject of bridges it may be interesting to 
recall Mr. Baker's statement at the Institution of 
Civil Engineers, that it had fallen to his lot to 
repair and strengthen the three great historical 
bridges of their first President, Telford ; namely, 
the Menai Suspension Bridge, the Buildwas cast- 
iron arched bridge, and the Over masonry arch 
bridge across the Severn near Gloucester, and that 
he had succeeded in restraining the local authorities 
from pulling two of them down, or doing anything 
which would affect the appearance of these works 
as left by his great predecessor Telford. 

Although in connection with the subject of the 
Forth Bridge it is fit that we should refer at some 
little length to Mr. Baker’s connection with bridge 
engineering, the Proceedings of the Institution of 
Civil Engineers, the ‘‘ Encyclopedia Britannica,” 
and many other publications, and our own columns, 
bear witness that he is no less interested profes- 
sionally in tunnelling, ship railways, or other classes 
of work.offering the fascination of novelty and diffi- 
culty. Mr. Baker holds an official position under the 
War Department as a civil member of the Ordnance 
Committee, to whom all questions affecting the 
—_ of guns are referred. He has also advised 
the Metropolitan Board of Works during the past 
twelve years, and many other public bodies, on 
important engineering works of a varied character 
projected or undertaken by them. 

Mr. Baker is a Member of Council of the Insti- 
tution of Civil Engineers ; of the Society of Arts ; 
of the British Association for the Advancement of 
Science ; and also Past-President of the Mechanical 
Science Section of the latter Association. He is 
an Honorary Member of the Society of Engineers ; 
of the American Society of Mechanical Engineers, 
and of other scientific and literary bodies ; and a 
Lieutenant-Colonel in the Engineer and Railway 
Volunteer Staff Corps, 


Sir THomas TANCRED. 

Sir Thomas Telby Tancred, the eighth baronet of 
his line, was brought up in the office of the well- 
known engineer, the late George Willoughby 
Hemans. He left England in 1865, shortly after 
the term of his pupilage had expired, and obtained 
a position in the Public Works Department of New 
Zealand. After a time he abandoned the profession 
in favour of sheep farming, in which pursuit he 
distinguished himself, becoming a famous breeder, 
and receiving many medals at different exhibitions. 
In 1876 Sir Thomas Tancred returned to England, 
and became associated with Mr. Falkiner as con- 
sulting engineer for the New Zealand Government, 
the business being carried on under the title of 
Messrs. Hemans, Falkiner, and Tancred, and 
under that of Falkiner and Tancred, as con- 
tractors for public works. The partnership was dis- 
solved in 1886, and afterwards Sir Thomas carried 
out large contracts in Asia Minor, besides com- 
pleting the Delagoa Bay railways, a work that was 
very rapidly executed under his own supervision. 
He is at present engaged in constructing a railway 
across the Isthmus of Sakcaenanee, over nearly the 
same route as that located by the late Captain 
James B. Bads for his proposed ship railway. Sir 
Thomas Tancred became an associate member of 
the Institution of Civil Engineers in 1868, and like 
Mr. Falkiner has practised as an engineer, besides 
one been a contractor on a large scale for public 
works, 


Mr. WiLi1aM ARROL. 

Mr. William Arrol, like many other famous con- 
tractors, is essentially a self-made man, who has 
risen from the humblest position occupied by a 
worker in iron, to that of one of the principal con- 
tractors in the United Kingdom. Mr. Arrol, 
who was born at Paisley, was apprenticed to a local 
blacksmith at the age of thirteen ; he learned his 
trade for four years, and it need not be said that he 
learned it well. By the time he became a journey- 
man, a financial crisis paralysed Scotland, and work 
being difficult to obtain, he went to England, 
where, for a considerable time, he followed his 
trade, and acquired a varied stock of knowledge 
that was to serve him well at a later period. 
Always learning, and always saving money, to aid 
him in commencing the independent career of 
which he had already laid down the main outlines, 
Mr. Arrol—when times grew better—returned to 
Scotland, and found employment in various capa- 
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cities, for all of which he was thoroughly fitted, by 
virtue of his energy, industry, and versatile talent. 
Whether working as a blacksmith, a fitter, or a 
boilermaker, his work was well done, and was 
always characterised by the touch of originality 
which distinguishes the man born to command from 
the one made only to obey. To do everything he 
undertook well, to forsake the grocves prescribed 
by established handicraft, for new and bolder ways, 
and never to avoid a menial task that might accom- 
pany the undertaking in hand, was characteristic 
of Mr. Arrol. Speaking recently to some of his 
friends who presented him with a mark of their 
esteem, he said: ‘‘ Whatever I went to I put my 
whole mind to. Sometimes I was sent to clean the 





the years 1882 and 1887. Inthe mean time Sir John | Ireland, arethe Dungarvon and Lismore Railway ; the 
Fowler and Mr. Baker had decided that they could | Killorglin Railway and water works for Waterford, 
safely place the most important part of the work of | Wexford ; and the Rathmines and Rathgon town- 
the Forth Bridge contract in Mr. Arrol’s hands, and ships, Dublin. Although in important practice as a 
it is needless to say that Mr. Arrol has justified the contractor, Mr. Falkiner has never abandoned his 
confidence which the engineers placed in him. | connection as a civil engineer, and hasbeen associated 

‘in that capacity with several works of considerable 

Mr. TRAVERS FALKINER. | importance. 
Mr. Travers H. Falkiner is a member of a well- | Mr. JoserH PHILLirs. 

known family long since settled in Ireland, of which; The fourth member of the firm of contractors for 
his brother Richard Falkiner, of Mount Falcon, | the Forth Bridge, Mr. Joseph Phillips, commenced 
County Tipperary, is the head ; he has been a_ his professional career in 1844, as a pupil to Messrs. 
member of the Institution of Civil Engineers since | Grissell, of London, and after serving his time he 
1863. Like Sir Thomas Tancred, he was a pupil of entered the service of Messrs. Fox, Henderson 








flues instead of repairing the 
boilers, but I never shirked 
the duty.” It is in this that 
lies one of the chief causes of 
his success, ‘‘ that he never 
shirked his duty.” 1t was 
inevitable that Mr. Arrol 
should rise and rise quickly ; 
before long he changed from 
the man-of-all-work to the 
foreman of the bridge and 
boiler departments, in the 
works of Messrs. Laidlaw 
and Sons, of Glasgow and 
Edinburgh. Hereheremained 
for some years, gaining the 
experience which was neces- 
sary for his coming advance- 
ment. Twenty years ago the 
time arrived when he con- 
sidered himself justified in 
making his first and inde- 
ong venture, and he 

Idly launched himself as a 
contractor and repairing en- 
gineer, with the munificent 
capital of 85l.—the savings 
ofhislife. Success wascertain, 
though Mr. Arroldidnot know 
it, because he had the good 
fortune to possess the ele- 
ments that, when combined, 
command success. It is in- 
teresting to know that twenty 
years ago he purchased his 
first engine for 18I., his first 
boiler for 251., and the few 
tools he could afford, and 
which we may be sure he 
knew how to select to the best 
advantage, and how to turn 
to the best account. How 
many times during the last 
few years must Mr. Arrol 
have recalled this, his first 
poor but all-important ven- 
ture, as he walked through 
the enormous shops and 
works he laid down to carry 
out the Forth Bridge con- 
tract. For two years after 
he started in business for 
himself, Mr. Arrol’s life was 
that which has been led by 
thousands of other men under 
similarcircumstances, a period 
of hope and disappointment, 
of waiting made tolerable only 
by patience and determination 
to succeed. In his case, how- 
ever, success came early, and 
within three years he had 
advanced so far in means and reputation, that he was | death of that well-known engineer, was closely asso- 
intrusted with the contract for iron bridges on the ciated with him in professional work, as assistant, 
Glasgow, Hamilton, and Bothwell Railway, one of | representative, and tinally as partner, together with 
them being averylargestructure spanning the Clyde. Sir Thomas Tancred, in conjunction with whom he 
Then followed the erection of another important acted as consulting engineer to the New Zealand 
bridge over the Clyde adjoining tl.e Glasgow Central | Government. In 1876 this connection was extended 
Station of the Caledonian Railway, and it was | by Mr. Falkiner and Sir Thomas Tancred becoming 
for this work that Mr. Arrol devised a number contractors on a large scale, and together they 
of special machines for drilling and _ rivetting executed many important works, including railways, 
up work, which, with necessary modifications, were harbours, piers, water works, sewage works, and 
so largely used on the Forth Bridge. The Forth arterial drainage. Previous to his taking up a part 
Bridge Company in 1873 entered into a contract of the Forth Bridge contract, he had carried out 
oh iene. W. Arrol and Co. for carrying out for Sir John Fowler and Mr. Baker, the Limerick 
Sir Thomas Bouch’s design, and when the scheme and Kerry Railway, the Tralee and Ferrit Railway 
was abandoned, after the failure of the Tay Bridge. and harbour, and the Didcot, Newbury, and South- 
the reconstruction of this work came into Mr. jampton Railway, works amounting to 1,500,0001. 
Arrol’s hands, and was carried out by him between | Amongst other undertakings completed by him in 


From a photograph by John Fergus, Largs, 
MR. WILLIAM ARROL. 








‘the late George Willoughby Hemans, and until the and Co., who were then building the Exhibition of 
1 


851. When the firm erected 
the Crystal Palace at Syden- 
ham, Mr. Phillips acted as 
one of their outdoor super- 
intendents, and he afterwards 
was in charge of the con- 
struction and erection of 
Newark Dyke Bridge, on the 
Great Northern Railway, the 
largest ever constructed on 
the Warren truss principle. 
His next work was the Bir- 
mingham Railway Station 
roof, which is of 212-ft. span, 
and at that time was by far 
the largest roof in existence. 
Since then Mr. Phillips has 
frequently been consulted by 
engineers on the subject of 
large-span roofs, and has 
carried many into execution. 
While still in the employ- 
ment of Messrs. Fox and 
Henderson he paid much 
attention to the system of 
sinking caissons by com- 
ressed air, invented by Mr. 

ughes, and first adopted 
in constructing the founda- 
tions of the Rochester Bridge 
by Messrs. Fox, Henderson, 
and Co. 

Mr. Phillips joined the 
firm of Messrs. Cochrane and 
Co., of Dudley, in 1856, as 
their manager, and he sub- 
sequently undertook for them 
the erection of such well- 
known structures as West- 
minster Bridge, and _ the 
Charing Cross and Cannon- 
street railway bridges over 
the Thames. He was also 
associated with the same firm 
in the construction of the 
bridge across the Mersey at 
Runcorn. Further recogni- 
tion of his ability came with 
the adoption of his patent 

. for wrought - iron caisson 
cofferdams, put down by 
open sinking or by com- 
pressed air, for the most 
difficult parts of the Thames 
Embankment, and, by the 
Government, at the Spithead 
forts. Later on he was 
associated with the late Mr. 
T. Parry in the contract for 
the Central Railway Station 
and line at Liverpool, and 
the Whitehaven Docks. He 

afterwards carried out by himself the contracts for 
the Campos Bridge over the River Para, for the 

Brazilian Government ; the extension of the Derby 

Water Works(under Mr. Hawkesley), and the Great 

Western Dock at Plymouth, for the Great Western 

Railway Company. The foregoing are only some 

of the works upon which Mr. Phillips has been 
engaged, but, of course, he has besides undertaken 
many others, for which much skill and ability were 
necessary 

Mr. Phillips’ career has been all the more re- 
markable because he was removed from active life 
for a long while by a very serious illness, at a time 
when he .was busily engaged upon important 
matters, and which, after his recovery, left him in 

a much less advantageous position for progress 

than he had formerly occupied. Since the starting 
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of the Forth Bridge seven years ago he has resided 
on the spot. Mr. Phillips was specially interested 
in the sinking of the deep foundations of the main 
piers, and in the execution of which the contractors 
co-operated with the eminent French contractor 
M. Coiseau. The difficulties of that part of the 
undertaking will be realised by what we have 
already said. Since the foundations were com- 
pleted, Mr. Phillips has been actively engaged 
with Mr. Arrol in superintending the erection of 
the superstructure. 


Monsieur L. Corseav, 


It would be, of course, too much to say that the 
foundations for the piers of the Forth Bridge could 
not have been so successfully carried out by English 
workmen and the firm of contractors who executed 
the remainder of the work ; but it is certain that it 





'a time he was a partner of Sir Thomas Tancred, 


was a wise decision*to entrust this part of the 
undertaking to some one who had achieved a high 
reputation in the specially difficult work of sinking 
large foundations to a considerable depth, by 
means of compressed air. On the Continent works 
of this kind had been carried out on a much larger 
scale, and under greater difficulties than in this 
country, and no firm in the world has earned so 
high a reputation in this field as MM. Hersent and 
Couvreux. At the time—about 1880-—when these 
contractors were carrying out the Antwerp Harbour 
works, at a cost of more than a million and a half 
sterling, their engineer-in-chief, M. L. Coiseau, 
had the responsibility of the foundations, a work 
similar in many respects to those of the Forth 
Bridge, Before this M. Ooiseau had been 
engaged on heavy contracts upon the Suez Canal 
and the regulation of the Danube at Vienna. For 





and so became familiar with Englishmethods of 
carrying out work, while at the same time he grew 
to be favourably and widely known by English 
engineers. It was during this period that he con- 
structed a railway in Asia Minor. At the present 
time M. Coiseau is engaged in completing a large 
contract for the improvement in the port of Bilbao, 
on extensive railway undertakings in South 
America, and on other important works. There is 
no occasion for us to enlarge here on the manner 
in which he carried out the sub-contract for the 
sinking of the Forth Bridge caissons, as the 
details have been given on a previous page, but 
we may add that many important appliances used 
for pneumatic foundations have been designed by 
M. Coiseau.* 





* We propose in an early issue to publish portraits of 
all the contractors for the Forth Bridge, it not having 
been possible to do this in the present issue. 








THE PHYSICAL SOCIETY. 

AT the go of the Physical Society, held on 
February 21, Professor G. Carey-Foster, F.R.S., past- 
president, in the chair, Mr. 8S. vershed was elected a 
member of the Society. The following communications 
were read : 

*©On a Carbon Deposit in a Blake ye ese Trans- 
mitter,” by Mr. F. B. Hawes. The author exhibited 
photographs of the interior portions of the transmitter on 
which the deposit had taken place. These portions con- 
sist of a metal diaphragm, a highly polished carbon 
button, and a nao contact-piece carried by a German 
silver spring placed between them. The diap ay pre- 
sented a mottled appearance due to the deposit, but the 


part which had been behind the German silver spring | cept between the circle and a tangent line. The 





sight. For such an arrangement, however, a parallel 
beam of light would be required. 

** A Parallel Motion Suitable for Recording Instruments,” 
by Mr. A. P. Trotter. This is a modification of Watt’s 
parallel motion in which the two fixed centres are on the 
same side of the line described by the “parallel point.” 
The arrangement consists of two vibrating arms one of 
which is twice the length of the other, and whose outer 


ends are jointed respectively to the middle and end of a | 


short lever ; the free end of the latter describes an approxi- 
mate straight line. The motion was arrived at by con- 





sidering the curve traced out by a point on the radius | 
of a circle such that its distance from the circumference | 


measured towards the centre is equal to the radial inter- 


ua- | 


stroke. Steam at 160lb. pressure is supplied by two 
large single-end steel boilers. The machinery gave every 
satisfaction during the trial. 





The steamer Persis, built by Messrs. Mackie and Thom- 
son, Govan, to the order of Messrs. Aiken and Walker, 
Glasgow, went on her speed trials on the Firth of Clyde 
on Saturday, the 15th inst., and attained a speed of 11} 
knots on the measured mile, the engines working smoothly. 
The vessel is of the following dimensions: Length, 260 ft. ; 
breadth, 374 ft. ; depth, 24 ft. 9 in.; and the carrying 
sd is tons deadweight, the gross ton: being 
1 tons. The engines were constructed by Messrs, 
Muir and Houston. They are of the triple-expansion 
type, having cylinders 18 in., 294 in., and 47 in., with a 


seemed comparatively clean. The deposits on the carbon | tion to the curve is 7=2—sec. @ (conchoid of Nicomedes), | stroke of 39 in. Steam is generated in two boilers 12 ft. 


button and German silver spring were much less dense | and the radius of the osculating circle at the whe : r > & 
and the | the intercept is zero is given as half that of the initial | the square inch. On trial the indicated horse-power was 
| This osculating circle, the author finds, practi- | 1000 


than that on the exposed parts of the ee 
space near the point of contact between the platinum and 
carbon was free from deposit. The deposit was fairly 
adherent, considerable rubbing being necessary to remove 
it, and on examination under the microscope 
copper and metallic crystals could be seen. 
Waieeas the deposit due to some kind of bombardment of 
carbon particles, but was unable to sa 
occur, or why the varnished diaphr 
greater deposit, although it was further from the carbon 
than the German silver spring. 


Mr. C. V. Boys said the photographs reminded him of | 
a phenomenon he observed some time ago on a glass sheet | 
against which one terminal of a dry pile had been resting | 


for some weeks. Just as on the carbon button the glass 
near the point of contact was clean and had a comet- 
——— deposit formed around it. He could offer no 
explanation of the appearance. 

** The Geometrical Construction of Direct Reading Scales 
for Reflecting Galvanometers,” by Mr. A. P. Trotter. In 
a recent r ‘*On Galvanometers,” by Professor W. E. 
Ayrton, PRS. T. Mather, and Dr. W. E. Sumpner, 
read before the Society, the opinion was expressed that 
proportionality of scale reading to current was very desir- 
able, and the present paper shows how to bend a scale of 
equal divisions so as to give the required proportionality. 
Suppose the currents required to produce several deflec- 
tions have been experimentally determined. A full-size 
plan of the scale is then drawn, and radial lines from the 
points on the scale at which the observations were taken 
are drawn towards the centre of the mirror. Let these 
radii be numbered 0, 1, 2, 3, &c., commencing from zero 
azimuth. According to the procedure recommended, 
distances proportional to the several current strengths 
are pene off along the edge of a strip of paper, a few 
inches being left over ateachend. Call the marks a, b, c, d, 
&c., a being the zero point. Two points on the radii 0, 1, 
and equidistant from the mirror, are now found such that 
the distance between them is equal to that between a and 
b on the strip, and the points marked by fine needles 
stuck in the board. he zero end of the strip 
is now fixed so that the marks a and 0 lie against 
the needles, and_ the ng is swept round until 
the mark ¢ coincides with the radius 2, where also a 
needle is placed. Repeating the process gives a series of 

ints, which on being joined form ag ofa polygon. A 

ine can then be drawn between the inscribed and cir- 
cumscribing curve, which has the same length as the sum 
of the straight lines, and this is the curve to which the 
original scale may be bent, so as to give proportional 
readings. Diagrams showing such curves constructed 
from the calibrations of instruments given in the paper 
above referred to, accompany the paper. The author 
showed that a family of curves ma: drawn, each of 
which satisfies the required condition. Of the two 
limiting curves one is tangential to the usual scale line at 
zero azimuth and the other passes through the vertical 
axis of the mirror. The flattest of the various curves is 
generally the most convenient. 

Mr. J. Swinburne asked whether good definition could 
be obtained when such curved scales not equidistant from 
the mirror were used, and also whether it was not easier to 
divide a flat scale unequally, so that the readings are pro- 
portional to the current ? 

Mr. Trotter, in reply, said Dr. Sumpner thought there 
would be no difficulty as regards definition with the flat 
curves shown. He (Mr, Trotter) also added that a 
curved scale might be advantageous in reading the deflec- 
tions from one side of a table, as the more distant part of 
the scale could be more nearly perpendicular to the line of 


| circle, 


agen of 
e author | 


why it should | 
should receive the | 


cally coincides with the curve over a considerable angle | 
(40 deg.), and hence may replace this part of the curve ; 
hence the motion. 

The author thinks that the motion will be useful for 
recording barometers, ammeters, and voltmeters, as it is 
more compact than that of Watt, and needs no fixed point 
beyond the straight path. 

wing to the absence of Professor S. P. Thompson, his 


| paper “ On Bertrand’s Refractometer” was not read. 








LAUNCHES AND TRIAL TRIPS. 

TuE trial trip of the s.s. President Carnot took place on 
Wednesday, February 5, over the measured mile at Long 
Reach in the Thames. This vessel has been constructed 
by Messrs. Edwards and Symes, of Millwall, London, 
and her dimensions are: Length, 175 ft. ; beam, 273 ft. ; 
depth, 9ft. She has been fitted by the builders with 
compound surface-condensing screw engines of 300 indi- 
cated horse-power, having cylinders 18 in. and 36 in. in 
diameter with a stroke of 22in. One steel boiler with 
two furnaces constructed for a working pressure of 1101b. 
per square inch, supplies steam to the engines. With 
700 tons on board the draught of water is only 8 ft., and 
her speed on the trial was 84 knots per hour. 





A steel screw steamer named the Latona, and 
built by Messrs. Russell and Co., Port-Glasgow, was 
taken on her trial trip on the 8th inst, Her dimensions 
are: Length, 323 ft. ; beam, 42 ft. ; depth, 23 ft. 6 in. ; 
and she had a full cargo on board. Two runs were made 
on the measured mile on the Clyde, the speed obtained 
being 10} knots, and the machinery worked very smoothly 
at 72 revolutions. The engines, which are by Messrs. 
Dunsmuir and Jackson, of Govan, have cylinders 24 in. 
89 in., and 64 in. in diameter, with a stroke of 45 in., an 
have been built under the superintendence of Messrs. 
Flannery and Blakiston, of Liverpool and London. The 
boilers are extra large double-ended, and gave ample 
steam on the trial. The vessel is owned by Mr. G. MM. 
Steenes, of Liverpool. 

The London and Glasgow hem peng and Engineer- 
ing Company, Limited, launched on Wednesday, 12th 
inst., from their yard at Govan, a steel twin-screw 
steamer, named Nanchang, built by them to the order of 
Messrs. John Surre and Sons, London, for the China 
Steam Navigation Company. The steamer is of the fol- 
lowing dimensions : ngth, 255 ft.; breadth, 36 ft. ; 
depth of hold, 22 ft. 6 in. ; and her gross tonnage will be 
about 1750 tons. Twin 7 of the triple-expansion 
type have been constructed by the company at their works 
in Glasgow. The cylinders in each engine are of the fol- 
lowing diameters, 14 in., 23 in., and 37 in., with a stroke 
of 30in. Steam is generated in two single-ended boilers 
made of steel, and measuring 12 ft. 9in. by 9 ft. 9 in., 
having in all six furnaces. The engines, it is expected, 
will develop 1600 horse-power. 


The s.s. Kilmore, which has been built by the Edwards 
Shipbuilding Company, Howden-on-Tyne, went on her 
official trial on the 15th inst. ; she is of the following 
dimensions: Length, 287 ft.; beam, 38 ft.; with 18 ft. 
depth of hold, having a deadweight capacity of 2700 
tons. The Kilmore has been fitted with tri le-expansion 
machinery by Messrs. David Rollo and Sons, of the 
Fulton Engine Works, Live 1. The engines have 








int where | 





cylinders 22 in., 34 in., and 55 in, in diameter, with 42 in. 


3 in. by 9 ft. 6 in., working to a pressure of 160 Ib. to 





On Monday, the 17th inst., Messrs. Caird and Co. 
launched from their yard at Greenock a steel screw 
steamer named Nether | Bacon constructed for Messrs. 
R. Alexander and Son, Liverpool. The vessel in ques- 
tion is of the following dimensions: Length, 350 ft. ; 
breadth, 42 ft. ; and depth 29 ft. 9in. ; and of 3250 tons 
gross. The builders will supply engines of the triple- 
expansion type to indicate 2000 horse-power. 





The steamer Weimar, built and engined by Messrs. 
Ramage and Ferguson, Leith, for Messrs. James Currie 
and Co.’s passenger service between Leith and Hamburg, 
went on her speed trials in the Firth of Forth on Monday, 
the 17th inst., experiencing unfavourable weather ; but, 
notwithstanding, a speed of 13} knots was easily obtained. 
The Weimar is about 1550 tons gross, being ft. long 
between K. and F.; breadth, 34 ft. ; and depth mould 
25 ft. The engines are of the triple-compound type, and 
on trial indicated 1350 horse-power. The cylinders are 
23in., 37in., and 60in. in diameter, with a stroke of 
42 in., and steam is supplied from two large single-ended 
steel boilers. 


On Tuesday, the 18th inst., Messrs. Raylton, Dixon, 
and Co. launched from their Cleveland Dockyard a large 
steel screw steamer, which has been built to the omer of 
Messrs. W. Ross and Co., London. The particulars of 
the vessel are: Length, 351 ft.; breadth, 42 ft. 6 in.; 
depth moulded, 29 ft. 6 in.; with a deadweight capacity 
of about 4550 tons. Her engines will be fitted by proven 
T. Richardson and Sons, rtlepool, on their triple-ex- 

ion principle, with cylinders 28 in., 44 in., and 72 in. 
in diameter, by 48 in. stroke. On leaving the ways the 
vessel was christened Storm King. 








On poy, 4 19 there was launched from Messrs. Craig, 
Taylor, and Co.’s Thornaby Shipbuilding Yard, Stockton- 
on-Tees, an iron screw steamer named the Shaftesbury, 
and of the following dimensions : Length, 278 ft. ; breadth, 
37 ft. ; depth, 19 ft. 8 in. The engines, of the triple- 
expansion type, are being constru by Messrs. West- 

rth, English, and_Co., Middlesbrough-on-Tees, and 

ve cylinders 20 in., 33 in., and 54 in. in diameter by 
36 in. stroke. Two large steel boilers supply steam at 
150 1b. pressure. The vessel has been built to the order 
of Mr. William R. Rea, of Belfast. 


Messrs. Gourlay Brothers, Dundee, launched on Wed- 
nesday, the 19th inst., a steel screw steamer named 
Circassia, built by them to the order of Messrs. N. 
Pacquet and Co., Marseilles. The vessel is 315 ft. long, 
37} ft. broad, and 25 ft. deep, the registered 
being 2240 tons, and the net 1448 tons. iple-expansion 
engines, constructed by the builders, are being fitted on 
board, the cylinders being 25 in., 40 in., and 64 in. in 
diameter respectively, with a stroke of 45 in. 


A four-masted barque of 2050 tons named Mayhill was 
launched on the 20th inst. from the yard of Messrs. Alex. 
Stephen and Sons, at Dundee. She is 292 ft. long, 41 ft. 
broad, and 23 ft. 9 in. deep. 











Tue Execrric Licht aT PHILADELPHIA.— The city 
council of Philadelphia has under consideration a pro- 
position to establish an electric light plant of 12,000 lamps 
at a cost of 60,000. The cost of maintenance is esti- 
mated at 18,000/. per annum. 
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INDUSTRIAL NOTES. 

In the February report of the Boilermakers and Iron 
Shipbuilders the opening paragraphs on the monthly 
returns give just a hint of the possible limit having 
been reached in the orders for the construction of new 
vessels. They say: ‘‘Shipbuilding and the various 
industries that depend upon it are active and appa 
rently as brisk as ever. One hears everywhere predic- 
tions that the present year will see the end of this 
wonderful production of steam shipping. Still, supply 
in shipping seems to beget demand, and fresh avenues 
for maritime commerce are continually opening by 
which employment is found for increased tonnage, and 
the area of consumption for British coal is extended.” 
This paragraph is cautiously worded, and seems in- 
tended to give the hint to members that prudence and 
moderation are required. The next paragraph explains 
that ‘‘ the great increase in the prices of steel, iron, 
and coals, has no doubt checked the demand for vessels 
for the time, except those wanted for special pur- 
poses.” It then proceeds to comfort the members with 
the gratifying news that in so far as the present year 
is concerned they are safe. At the beginning of the 
year 521 vesse!s of 872,957 tons were in course of con- 
struction, which is more than last year started with 
by 61,000 tons, or an increase of 8 per cent. It there- 
fore concludes that the output of 1890 will exceed that 
of last year. Nearly one-third of the total is for 
foreign and colonial owners. 

Further encouragement for the present year is to be 
found in the fact that 2,000,000/. are to be expended 
in building vessels for the navigation of the Danube, 
in connection with a gigantic scheme just brought to 
a successful issue in London. These vessels are for a 
special purpose, and will not mean increased tonnage 
for the ordinary freight market, to the danger of over- 
production. The returns as to members on the funds 
show a substantial decrease under each head, except 
as to sick benefit, in which class there is an increase of 
466. There were fewer out of work, on strike, and on 
superannuation, the total decrease in these three 
classes being 112. The proposition for a ‘‘ ten-shilling 
levy” has cts. carried by a majority of 3122, the 
votes being : For, 12,860; against, 9788. The lodge 
secretaries report that many of the members who 
voted against have now changed their minds, and 
express themselves in favour of this fighting defence 
fund. Some have suggested a pro rata levy on the 
advanced rates secured during the last two years, but 
this mode of taxation upon increment received is not 
generally favoured. Attention is drawn to the fact 
that the branches which have received most help from 
the Society have voted against the levy, and the report 
says that the members spend more in one week in the 
public-house than the entire levy, and think nothing 
of it. The full levy is to be paid by all the members 
except apprentices; the 10s. may be paid down at 
once, or it must be paid in four instalments of 2s. 6d. 
each per quarter. If the amount is not paid it will be 
booked as arrears of contribution. 





The engineering trades throughout the Lancashire dis- 
tricts show no sign of lessened activity in any branches. 
It is true that there has been a falling off in the weight 
of orders for new work for shipbuilding purposes, but all 
branches are so fully employed that the effects are not 
felt, and will not be felt for some time. The general 
activity which has existed for a long period is well 
maintained, and might almost be said to have in- 
creased in connection with boilermaking, stationary 
engine building, machine tools, and other branches, 
all of which are very full of work —sufficient to 
keep all skilled men fully employed for a long time 
to come. The great development and expansion of 
electrical engineering have had the effect of increasing 
the demand Te skilled men in several branches of work, 
especially in connection with stationary engines. The 
proposed expenditure of 2,000,000/. in connection with 
the navigation ‘of the Danube seems already to have 

iven a spurt in some branches, for the engine shops 
in various parts of the country are so full of orders 
that new orders for machinery have been refused, as 
the firms could not guarantee deliveries at the dates 
wanted. The forge works are kept going day and 
night, some heavy forgings being on hand. Influenza 
has broken out in Oldham to such an extent that some 
500 workmen at Messrs. Platt’s engineering establish- 
ments, employing nearly 10,000 persons, have been 
more or less indisposed. ~The pressure of work at 
these establishments is so great that the absence of any 
considerable number of men will be ‘elt immediately. 





In the Sheffield and Rotherham district there is no 
falling off in industrial activity, but quite the reverse. 
The armour plate mills are full of work, with a pro- 
spect of continuance for many months to come. One 
of the largest contracts ever obtained in Sheffield in 
this branch has been secured by Messrs. John Brown 
and Co. and Messrs. Cammell and Co. from the 
Admiralty. In the Bessemer steel department of 
trade the various firms have work on hand to keep 
them fully employed for months to come. The stove- 








grate industry is actively brisk, and the employers have 
conceded the demand for 54 hours per week, from 57 
hours previously worked ; but the masters refuse at 
present to grant the advance in wages asked for of 
10 per cent. As both parties seem unwilling to give 
way, astrike may possibly result. In the present state 
of trade, however, it is hardly likely that any serious 
cessation of labour will take place. Some of the men 
employed in the spoon and fork department of Messrs. 
Huttons removed their tools on the expiry of the 
notices, but in other cases the notice was withdrawn. 
The further action of the men will be decided at a 
general meeting. The sheet rollers of the district are 
organising themselves with the view of securing an 
advance in wages and other advantages corresponding 
to those conceded to other workmen. In the crucible 
steel trade there is a plethora of work and orders ; 
the steel rail industry is flourishing, and there is a 
strengthening of prices. The threatened strike in the 
coal trade is causing much anxiety in many quarters 
in this district. 


Throughout the Cleveland district trade continues 
active in all branches. Even the speculators are more 
cheerful in the prospect of better prices. The unrest 
of the miners, and the prospect of a strike, seem 
to have assisted in bringing about a feeling of satisfac- 
tion, because of the greater readiness of consumers to 
buy, in view of the possible rise in prices. Already 
the market is said to be ‘‘stronger” in consequence. 
There is a small dispute at the Teesside Iron and Engi- 
neering Works, where about thirty of the labourers 
connected with the boiler shops and bridge yards, 
demanded an advance of 2s. per week in wages. This 
the employers refused, and the men were paid off. A 
similar demand was recently made by a portion of the 
labourers at the Cleveland shipbuilding yard and was 
refused. The miners of Cleveland and North York- 
shire, and the Blast Furnacemen’s Association, have 
determined to federate for mutual assistance and pro- 
tection, in case of labour disputes. The votes of the 
members are to be taken by March 4, as to the terms 
of arrangement, amount of contributions, and other 
matters of constitution, organisation, and government, 
for carrying out the proposed union. In all other 
respects labour movements are quiet at present, the 
men being fully employed, overtime being very 
general, and wages in most branches fairly good. The 
labourers’ federation, of which much was heard a 
short time ago, does not seem to have preduced much 
effect, for in the two instances in which the labourers 
demanded a rise in wages, the employers have refused, 
without, it would appear, suffering much inconvenience. 

A very curious tale is told with respect to a recent 
dispute in connection with one branch of the iron 
trades. A demand was made for increased pay for 
overtime by the day workers ; the firm refused, unless 
the men worked the full 54 hours per week, after 
which increased rates would be paid. But many of 
the more skilled men worked by the piece, and they 
did not, as a rule, work more than four days per week, 
their plea being that the nature of the work was so 
exhausting that they were not able to stand more. 
When the matter was investigated it was found that 
these men crammed into the four days at full speed a 
whole week’s usual work, at high rates of pay; but 
they kept their helpers unemployed during the first 
two days, and only paid them for four, so that while 
the higher paid got a full week at high rates for four 
days’ work, the less paid and more laborious workers 
lost two days’ work and wages in each week. Truly 
man’s inhumanity to man makes countless myriads 
mourn. The Society intervened to minimise this 
inconvenience to the masters and injustice to fellow 
workmen. 


The movement of the brassworkers in Birmingham 
for an advance in wages of 15 per cent. has been so far 
successful that many of the large firms conceded the 
terms asked for without a strike. In some cases the 
men turned out, and one by one the employers gave 
way. The number involved in the dispute was about 
7000, but only a comparative few went on strike. The 
work of the town was not seriously inconvenienced 
thereby. 





A very interesting ceremony was performed at Old- 
ham on Saturday last by Mr. George Howell, M.P., 
who formally opened the new offices of the Card and 
Blowing Room Operatives’ Association, in Union- 
street. The premises are said to be the third in 
architectural importance in the town; the Public 
Library stands first, the Lyceum second, and these new 

remises third in order. A large company assembled, 
including Mr. John Burnett, the labour correspondent 
to the Board of Trade, the chairman and secretary of 
the Employers’ Association, and a large number of 
representatives of the textile trades in Lancashire and 
adjoining counties. The opening ceremony was fol- 
lowed by an excellent dinner at which speeches were 
made, by a ‘‘ Lancashire tea” in two or three large 
halls, and two large public meetings and concerts in 


the two large co-operative halls in the town. It was 
stated at the dinner that this was the first time in 
which the employers were the invited and welcomed 
guests of the operatives, at a public dinner. And, 
singularly enough, this was the class of operatives 
whose members were on strike for thirteen weeks, only 
last year; the dispute was finally settled in about half 
an hour by the chairman of the Masters’ Association, and 
Mr. Robert Ascroft, a well-known townsman, a friend 
of the workpeople, and solicitor to the Association, at 
a friendly interview. 





The agitation among the railway employés of the 
North-Eastern Company seems to be entering on the 
acute stage. With one voice they recently determined 
to continue their agitation, and on the main points they 
were ‘solid and undivided,” whilst as regards the 
mode of conducting it, they practically agreed to leave 
the matter in the hands of the executive of the union. 
The temper of the men at present seems to be that of 
no surrender, but to offer arbitration as the alternative 
toa strike. There are about 5000 members of the 
Amalgamated Society on the North-Eastern, besides 
many who follow their lead. The employés on the 
Irish Great Northern Railway have determined to 
strike on March 4 if their demands for an advance of 
2s. per week with pay for Sunday work and overtime, 
after sixty hours, have not been acceded to. 


One curious fact is observable in connection with 
labour and capital at the present time, namely, that 
the leaders of labour movements and the more intelli- 
gent of their followers are following very closely the 
reports of the great companies and others whose 
accounts are published, finances disclosed, and divi- 
dends declared. The publicity and criticism of these 
yearly or half-yearly reports will in the end be advan- 
tageous, because the workpeople will be better able 
to understand whether or not the state of trade will 
warrant a rise in wages, or justify an attempt to 
reduce the working hours. More light will prevent 
mistakes, 


The eight hours’ movement has had its innings to 
some extent during the last fortnight. Deputations 
have waited upon the Home Secretary, Mr. Gladstone, 
Lord Dunraven, and Lord Randolph Churchill to press 
their views. Members of Parliament and candidates for 
Parliament have also been, and are being, interviewed 
on this question. A special round robin has been 
signed by a large number of members, asking the 
Government to a a day for a debate on the Eight 
Hours’ Bill. The promoters are careful to explain 
that it is only intended for miners, forgetful of the 
fact that this is class legislation with a vengeance. 





The condition of things in the coal trade is not very 
reassuring. Nearly 400,000 notices, it is said, have 
been given by the miners in various parts of the 
country for an advance in wages, in most cases of 10 
per cent., but in Durham and Northumberland of 15 
per cent., by some 40,000 men. In some districts 
there is an eagerness for the fray, but in some others 
the men are more carefully weighing the probable cost. 
For the moment the more ardent and advanced men 
are to the forefront ; moderate men, and moderate 
views, are at a discount. Thoughtful and prudent 
men are anxious as to the result of all this feverish 
excitement in connection with labour, 


The first batch of notices was given by the miners of 
South Staffordshire on Saturday last, to terminate all 
engagements in fourteen days unless the 10 per cent. 
is granted. Some 4000 men and boys are involved in 
this district. 

In the Leicestershire district, it is said, the men will 
be rather glad of a holiday to plant their gardens. 
But what of those who have no gardens to plant ? 

In Cumberland a further 10 per cent. has been con- 
ceded, making a total of 40 per cent. advance since the 
agitation commenced. The strike will not therefore 
extend to this district. 

Some advance has also been conceded in some parts 
of Scotland, so that it is doubtful whether the strike 
will extend generally across the border. 

In the Lancashire district the final decision has not 
yet been given, but the men hope that a strike may be 
averted. 

In Lanarkshire the advance conceded amounts to 
6d. per day, and the men are now considering whether 
they shall not adopt a four days per week policy, so as 
to force all mineowners to give the full advance named, 

In Fifeshire the men are demanding a further 
advance so as to make up the full 20 per cent. which 
they demanded some time ago, but which was settled 
by a compromise. At their last council meeting it was 
agreed to give in their notices, terminating all con- 
tracts, to expire at the same time as the other miners’ 
notices. 





A New Brunswick BripcE. — An iron plate girder 
bridge above Gordon Falls, Pollet River, New Brunswick 








has just been completed. The span is 104 ft, 
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RAILWAY COMPETITION. 

THE railway passenger, in his moments of irrita- 
tion, is fond of referring to the company with 
whom he is finding fault as a monopoly. If he be 
on a branch line, or in a south London suburban 
train, there is probably a good deal of truth in the 
charge, but on the great trunk lines of the country 
it is quite unfounded. There are very few im- 
portant towns which are not served by two lines of 
railway, and many have three or more. Between 
these lines there is always very considerable com- 
petition for passenger traflic, even when it is more 
or less veiled under agreements as to fares and 
trains. In this country the competition seldom 
takes the form of a war of rates, as it does in 
America ; it shows itself in better accommodation, 
higher speed, and general convenience. These 
concessions to the public spread, in course of time, 
from the main lines to the branches, and thus the 
effects of competition are felt in districts where it 
does not exist. 

Numerous examples of boons given gratuitously 
to the travelling public must occur to every one 
who lets his memory wander back a few years. 
The Midland Company have been the greatest 
benefactors in this way. In 1872 they made a bold 
bid for passenger traffic, in which they were defi- 
cient, by running third-class carriages in all trains, 
both fast and slow. No change was ever appre- 
ciated by the public as much as this, since it 
practically reduced the cost of travelling, to all 
who must study economy, by 30 to 40 per cent. 
Three years later they altered all first-class fares to 
the second-class tariff, thus conferring an obliga- 
tion on those whom social considerations, rather 
than choice, obliged to patronise the more expen- 
sive part of the train. Of course, all the other 
northern lines had to follow their example in these 
points, and thus passengers far beyond the Mid- 
land system reaped the benefit. It is difficult to 
decide what the ultimate effect was on the finances 
of railway companies, although we know that the 
immediate action was to render the Midland Com- 
pany very popular with a considerable section of 
the public. Mr. George Findlay, General Manager 
of the London and North-Western Railway Com- 
pany, stated before the Society of Arts* that the 
effect of the adoption of the practice of conveying 
third-class passengers by all trains, coupled with 
the reduction of fares, was to increase the third-class 
traffic, and reduce that of the first and second classes. 
On the London and North-Western Railway in 1871 
the gross earnings from first-class passenger traflic 
were 728,7791., or 13.59d. per passenger train-mile ; 
but in 1888 the earnings for that class were only 
480,7801., or 5.81d. per train-mile. From second- 
class traffic in 1871 there was earned 867,099I., or 
16.17d. per train-mile ; but in 1888 only 328,7711., 
or 3.91d. per train-mile. On the other hand, while 
in 1871 the receipts from the third-class were only 
999,0511., or 18.46d. per train-mile, in 1888 they 
had grown to 2,433,4851., or 29.38d. per train-mile. 
The total passenger receipts from all three classes 
combined fell from 48.22d. in 1871 to 39.16d. in 
1888. The mileage was upwards of 20,000,000 
train-miles per annum. 

Apart from these two striking examples of 
concessions to railway travellers there have been 
many others quite, if not more, valuable, which 
have proceeded so slowly as not to attract much 
attention. The chief of these is the constant 
increase in speed which is taking place. In 1872 
the fastest train between London and Liverpool, a 
distance of 201? miles, performed the journey in 
5} to 6 hours, while now it is accomplished in 4 
hours. . Between London and Manchester, 188 
miles, the shortest time occupied was 5 hours, 





* “On Modern Improvements of Facilities in Railway 
Travelling.” Paper read before the Society of Arts, 
Srna 12, 1890, and published in the Journal of the 
Society for February 14, 





while now it is 4} hours. Between London and 
Birmingham, 113 miles, one train ran in 3} hours, 
but the others were much longer on the road, 
while to-day all the fast trains perform the journey 
in 2? hours. In the entire country there are now 
670 trains daily, with a mileage of 62,904 miles, 
having an inclusive speed of upwards of 41 miles an 
hour, whereas in 1871, on the ten leading railways 
of England, there were no more than 57 trains 
running at a speed exceeding 39 miles an hour. 
The greater part of this improvement is due to 
competition. 

The quality best appreciated by the railway 
traveller, next to speed, is comfort of accommoda- 
tion. This is increasing very rapidly, and there is 
no doubt that it is directly at the expense of the 
shareholders. A reduction of fares is sure to bring 
more traffic, and so is increase of speed, but no one 
is tempted to make a journey because the carriages 
are comfortable. The new carriages cost far more, 
both for first expense and haulage, than the old 
ones. In 1872, according to Mr. Findlay, the 
standard third-class carriage on his line was 30} ft. 
long and weighed about 10 tons, carrying 50 pas- 
sengers ; now it is 42 ft. long and weighs upwards 
of 18 tons, with seats for 70 passengers only. The 
addition of lavatories to a 42-ft. first-class carriage 
reduces the seating capacity from 40 to 28, or by 
about one-third. The companies which compete 
for the Scotch traffic are now about to provide 
lavatory accommodation for second and third-class 
passengers. An East Coast carriage of this kind 
will weigh 19 tons, cost 860/., and only accom- 
modate 33 passengers of all classes. <A sleeping 
saloon weighs 224 tons, costs 1300/., and contains 
16 berths. 

The Forth Bridge, however, supplies the most 
striking example of railway competition that this 
country has ever seen. The four companies which 
work the east coast route to the Highlands of Scot- 
land have practically united to spend three millions 
of money in order to redress a trifling advantage on 
the side of the two which run to the same goal by the 
west coast route. Surely no system of competition 
could lead to greater expenditure than this. Every 
one will remember the premonitory outbreak of 
this competitive zeal, which showed itself in 1888 
in the celebrated race to Edinburgh. Up to that 
time there had been a tacit understanding between 
the east and west coast companies that each should 
enjoy their natura] advantages unmolested. By 
the east coast the passenger leaving London by 
the morning train reached Edinburgh in nine 
hours, and Glasgow in ten hours twenty minutes; 
by the west coast the journey took ten hours to 
both towns. Naturally, those bound to Edinburgh 
were inclined to travel by the Great Northern line, 
and those for Glasgow by the London and North- 
Western. These, however, were only first and 
second-class passengers; third - class passengers 
were not carried by the quickest east coast trains, 
although on the west coast no distinction of this 
kind was made. Therefore, as regards this class 
of traffic, both companies offered equal advantages 
to Edinburgh, while as regards Glasgow, the west 
was nearly two hours the speedier. In November, 
1887, however, the Great Northern Company adver- 
tised that they would carry all classes of passengers 
in their 10 a.m. express from King’s Cross, thus 
practically offering to set down the third-class 
passenger in Edinburgh one hour before the North- 
Western Company would do so, and to convey him 
to Glasgow in only twenty minutes’ longer time 
than he could arrive there by the west coast. 

The abstraction of traffic caused by the alteration 
was, no doubt, sufficiently serious in the winter 
months, but when the tourist season set in it 
was not to be borne. Towards the close of 
May, 1888, the London and North-Western Rail- 
way Company announced that their ten o’clock 
expresses would complete the journey between 
London and Glasgow and Edinburgh in nine 
hours, both ways. The east coast lines re- 
turned the challenge by speeding the trains to 
reach Edinburgh in eight and a half hours, and 
Glasgow in nine hours fifty minutes. This was on 
July 1. The Midland Company also joined the 
strife by reducing their time to Edinburgh by 
twenty-five minutes, and to Glasgow by one hour. 
Matters stayed thus during the whole of July, but 
on the 27th the west coast companies announced 
that they too would run to Edinburgh in eight and 
a half hours, and immediately the east coast lines 
followed with a notice that their time would be 


eight hours, On August 6 the North-Western 
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replied by adopting the same time, and up till the 
12th both companies ran alike. But on the 13th 
the east coast train was timed to reach Edinburgh 
at 5.45, or in seven and three-quarter hours from 
King’s Cross. The west coast train accepted the 
challenge, and actually covered the distance in 
seven hours thirty-eight minutes, while the next 
day the east coast train did it in seven hours thirty- 
two minutes. A conference was then held, and it 
was decided that for the remainder of the month 
the Great Northern time should be seven and 
three-quarter hours, and the North-Western time 
eight hours. Atthe end of August the tension was 
relaxed, and both trains were timed to make the 
journey in eight and a half hours. 

This wonderful outbreak of competition took the 
major part of the public by surprise, since there 
seemed to be no greater cause for it than there had 
been for years past. The Edinburgh traffic had 
not undergone any larger extension than that of 
other important towns, and there was no prospect 
that it would. The real significance of the Forth 
Bridge in relation to the contest was not clearly 
perceived, for it was situated beyond the point 
where the contest ended. Yet it was the true 
cause of the rivalry, and its influence could be 
discerned in the alterations which the west coast 
trains to Perth underwent during the struggle north 
of Edinburgh. English passengers by the North- 
Western line had always aoe better situated than 
those who travelled vid York. There are two rea- 
sons for this: first the distance to be traversed is 
less, and, second, the lines are owned by friendly 
companies. The carriages from Carlisle for Perth, 
Dundee, Aberdeen, and Inverness, instead of being 
taken to Edinburgh, travel vid Carstairs, Coat- 
bridge, and Larbert to Stirling and Perth, the 
whole route being on the Caledonian system. Car- 
riages from York must pass through Edinburgh, 
with its long stoppage, and then over the lines of 
a company whose fortunes are bound up with the 
success of the west coast route. It is easy to under- 
stand that the North-Western passengers would be 
treated with a more benevolent form of neutrality 
than those who travelled by the Great Northern, 
and that the latter company, with their partners, 
should find their position so unsatisfactory that 
they thought it worth while to spend a large sum 
of money to emancipate chinntives from it. <A 
glance at the map on page 214 will show how this 
is to be accomplished by the Forth Bridge. Instead 
of the long detour by Larbert, Stirling, and Crieff, 
the route to Perth runs as nearly straight as the 
configuration of the country will allow, while a new 
and direct route is also opened to Dundee across 
the Tay, and thence to Aberdeen. 

As soon as the race to Edinburgh began, the 
North - Western Company accelerated their ex- 
presses to Perth, so as to accentuate their supe- 
riority on that route. They first put on a new 
express to Perth, leaving Euston at 10.30 and 
arriving at Perth at 9.35, or twenty minutes os 
than before. On July 1 this train was accelerated 
by forty minutes, so as to arrive at 8.45 p.m. This 
arrangement is still maintained, and the west coast 
yvassenger for Perth by the day train can thus start 
half an hour later than if he travelled by the east 
coast, arriving at the same time; by the night 
train he starts twenty minutes later. This 
arrangement is not one that is likely to be con- 
tinued, for the Great Northern Company is adver- 
tising that ‘‘the time occupied on the journey 
between London and other stations on the east 
coast railways and stations north of the Forth will 
be shortened” after the Forth Bridge and the 
railways in connection with it are opened. 

We can, however, make very a fair estimate how 
much the length of the journey will be reduced. 
At present the distance from Edinburgh to Perth, 
vid Larbert, is 694 miles, and the journey occupies 
from 6.40 p.m. to 8.45 p.m., or 2 hours 5 minutes. 
By the new route the distance will be 48 miles, 
with fewer occasions for delay, and therefore the 
time may be safely taken not to exceed one hour— 
that is, the day train will arrive at 7.45 instead of 
8.45. Thus the east coast journey will be thirty- 
five minutes shorter than that by the west coast 
unless the speed of the latter is accelerated. At 

resent the Caledonian is hauling the day express 
ei Carlisle to Edinburgh, 101 miles, in 2 hours, 
and from Carlisle to Perth, 151 miles, in 3 hours 
35 minutes. If the Perth journey were made at 
the same speed as that to Edinburgh, the time 
occupied would be three hours, and the odd minutes 
saved would put both routes on an equality. There 





is not the slightest doubt that this time can be 
saved, although with difficulty. The entire distance 
from London to Perth is 4404 miles by the new east 
route, and 4504 by the west route, and this differ- 
ence of 10 miles is the‘total advantage that the one 
set of companies holds over the other as regards 
Perth. To Dundee and Aberdeen there will be a 
— of about 10 miles more by crossing the Tay 
ridge. 

If the running of the trains by the two routes be 
settled by an amicable arrangement between the 
respective companies, we may assume that the 
advantage to the east coast route will not be greater 
than fifteen minutes to Perth and Inverness, and 
thirty minutes to Aberdeen, while, if it be fought 
out, both lines will probably run in the same time 
to Perth. Passengers who are intending to break 
their journey at Edinburgh will travel by either 
route; it is only those whose immediate destination 
is Perth, and beyond, that can possibly be influenced 
by the opening of the bridge. Imagination fails to 
conceive what would be the expression of a Conti- 
nental railway manager if he were asked to spend 
more than three millions to gain an advantage of 
this kind. He would regard the mere putting of 
the proposition before him as an insult to his under- 
standing, and would find words to express that 
sentiment very clearly. It would appear absurd to 
him that he should saddle his company with an 
enormous annual burden, together with all the ex- 
— of a costly struggle, when the matter could 

e so much more cheaply managed by an agree- 
ment between himself and the manager of the 
rival route. It is fortunate for the English public 
that this way of looking at things does not 
prevail here, or else we should be much in 
the same position as our neighbours the French, and 
should have to pay very high rates for travelling 
at very moderate speeds. There is one point 
worth remembering when we compare our own 
lines with those in France. Here the company 
are in absolute possession of their property—they 
are freeholders. In France the lines are built on 
99 years’ concessions, and at the end of that period 
will have to be surrendered to the State without 
compensation, just as a leaseholder has to give up 
his house to the ground landlord at the end of the 
term. We all know how unpleasant it is to spend 
money over other people’s property, and possibly 
this feeling has something to do with Continental 
railway management. But apart from this there 
can be no real competition in France, because the 
country is divided into territories, which are in- 
violable against the entry of a hostile company. 
In the fewcases where competition exists for foreign 
traffic even the French railway official cannot resist 
its influence altogether. The Nord and Est com- 
panies run some good trains to the St. Gothard in 
eompetition with the German Alsace-Lorraine lines, 
and the latter company runs a good train to Bale, 
competing with the Paris, Lyons, and Mediterranean 
line for the Italian traffic. Possibly the day will 
come when every earthly dispute will be settled 
by arbitration instead of by fighting, but when it 
does it will certainly be a bad epoch for the railway 
traveller. 





THE NARRATIVE OF THE 
MANCUVRES. 

Tue Admiralty does not seem to beable to make 
up its mind as to the form in which it should make 
the public acquainted with so much of the naval 
manceuvres as, in its wisdom, it deems it advisable 
the public should know. That is little enough this 
year, for the official ‘‘narrative” recently published 
is of the baldest description. The official report 
dealing with the 1887 manceuvres, which was the 
first issued, gave a description of the operations, 
and, in an appendix, an ‘‘abstract of reports of 
casualties to ships employed,” and also a list of 
casualties to torpedo boats. This was a rare piece 
of candour on the part of their Lordships ; but one 
good action, the Laureate tells us, is the stepping- 
stone to another, and in the following year’s report 
they carried their virtuous resolutions so far as to 
take the public into their confidence in quite a 
friendly way. The report was a lengthy document 
and contained a vast deal of really valuable in- 
formation on the state of the Navy. There were 
‘* opinions on the behaviour and sea-going qualities 
of, or the defects in, the new and most recently 
commissioned vessels, as obtained from the reports 
of the admirals in command of the respective 
squadrons.” These opinions were given by Ad- 





mirals W. M. Dowell, R. Vesey Hamilton, and 
F. W. Richards, They contained some most valu- 
able remarks on the sea-going qualities, &., of 
the ships engaged. There was also a digest, by the 
same authorities, of the report of the Committee 
on the Manceuvres. These documents were com- 
mented upon by the First Sea Lord, Admiral Sir 
Arthur Hood, and his observations were likewise 
made public in the report. 

The exercise of so much candour could not but 
prove exhausting to a department unaccustomed to 
its practice ; and we all know that the most enthu- 
siastic and ardent reformers, after they have breathed 
the official atmosphere of Whitehall for some time, 
find their noble aspirations to be dimmed and the 
fire of their energies to wane. So it has been 
with the present administration. Like the Rev. 
Hopley Porter, they have found the burden of so 
much well-doing too heavy to be borne, and have 
been glad of an excuse to lapse in the old wicked 
ways of sin and secrecy. It is sad to see a career 
so bright in its early promise blighted at its close. 
Nothing could have been more candid and liberal 
than the conduct of the present Board of Admiralty 
in its early days ; nothing narrower than its policy 
now. This clouding with secrecy is but an ostrich 
policy, which, after all, defeats its own ends. The 
public, which pays the bill, is conscious of a right 
to know what is going on so far as may be com- 
patible with national interest, that is to say, 
secrecy ought to be observed only so far as may be 
necessary to prevent our possible foes learning 
those things that might be to our disadvantage in 
time of war. It therefore follows that those things 
which are made known to foreign naval attachés 
should not be withheld from the public. This of 
course has never been the case ; and, indeed, a 
citizen of the United States has a better chance of 
knowing many things in connection with the Royal 
Navy than has a British subject. As an instance 
of this we may cite the gunnery trials of the Cam- 
perdown. As our readers are well aware, the public 
mind was a good deal agitated by the failure of 
heavy naval guns, and additional interest was there- 
fore taken in these trials. On the first day when 
the lighter armament was tried, newspaper re- 
porters were admitted; but on the second day, 
when the heavy guns were put to test, a special 
order was sent down from the Admiralty that none 
others than those officially engaged were to be on 
board. Under these circumstances it cannot be 
wondered at that the public imagine things are 
much worse than they are. We have no desire to 
swell the exaggerated chorus of alarm which has 
arisen of late on the naval ordnance question. The 
statements of some of our contemporaries have, to 
put it mildly, not always been warranted by facts ; 
but this is not to be wondered at ; people naturally 
imagine things are worse than they are when they 
find so much trouble is taken to observe secrecy. 
That is what we mean by an ostrich-like policy ; 
the Admiralty in its endeavour to escape public 
censure, buries its head in the sands of secrecy, and 
thus renders censure more certain. 

Much the same thing may be said of this present 
narrative of the 1889 manceuvres. No reference is 
made to mishaps to any of the ships engaged, and 
yet one remembers how full the papers were of 
them at the time. It would be a plausible argu- 
ment that ‘‘accidents” to Her Majesty’s ships 
have become so common that they are taken as 
matters of course ; or that the list was so heavy 
that the parsimony of the Treasury, of which we 
have heard a good deal lately, had refused the 
large sum required for their printing. Some of 
these accidents were of an unavoidable nature, 
others were of a trivial description only exaggerated 
by incident-seeking, picturesque reporters. Others 
were blameworthy and of a serious kind ; but, had 
the very worst been revealed, the authorities re- 
—— would not have been brought into such 
ill-repute as is at present the case, in consequence 
of the exaggerations made possible only by the 
secret policy of the Admiralty. Professional officials 
and naval officers of both branches of the naval 
service recognise this, and although their mouths 
are closed in public, in private they resent the 
action of the Board. It is a pity to see this de- 
generacy in an administration that promised so well 
at its start. It would seem, however, that rapid 
deterioration is the rule with all Boards of Ad- 
miralty. However vigorous they are at first, they 
soon wear out, and it is to be feared that the 
present one will prove no exception to the rule. In 
that case the sooner we have a change the better 
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for the naval service, even remembering how disas- 
trous changes are, and how brief a time vigour and 
bold action last in a department. 

The official ‘‘ narative,” as we have said, is a bald 
description of the movements of the ships engaged 
in the manoeuvres. As the science of naval tactics 
is not one within our province we do not propose 
to analyse these movements of make pretend war- 
fare. There are, however, one or two points 
worthy of attention. 

The distribution of intelligence (i.e., movements 
of the ‘‘ enemy”) was arranged on a different plan 
last year. In 1888, it will be remembered, when 
Admiral Baird was the defender of Great Britain, 
his strategy was greatly hampered by the want of 
information of his ‘‘enemy’s” movements. ‘It 
is to be observed,” said the official report, ‘* that 
in the whole course of these manceuvres the Britsh 
Admiral was heavily handicapped as being thrown 
entirely on his own resources. Not only was he 
cut off from the central source of authentic in- 
formation—the Admiralty itself—which would not 
have been the case in war, but the coast defence 
vessels, to which he could have reasonably looked 
for the protection against attack by single cruisers 
of coast towns, were not utilised.” In the present 
report we are told that: ‘‘ It was also proposed to 
take advantage of the occurrence of the manceuvres 
to test the value of a plan—on the necessity of 
which much stress had been laid—for establishing 
in London a central office for the receipt of all 
information relating to the movements of the 
enemy’s vessels, to sift such information, and 
transmit any intelligence to certain selected sta- 
tions for the guidance of officers in command.” 
This duty was carried out by the Intelligence 
Department, and afforded the greatest assistance 
to the defending squadron. The general public 
are too apt to look on the manceuvres as a trial of 
skill between the two admirals in command, and to 
judge of their respective professional ability in this 
way. How unjust this is will appear from the 
instance we have just quoted. 

Another feature in the 1889 manceuvres was to 
test the arrangements for the supplying of coal to 
fleets operating in home waters. We are not in- 
formed that these arrangements were successful, 
and therefore the captious critic is at liberty to 
conclude they were not so. However this may be, 
one thing very certain is that no efficient means have 
yet been devised for coaling ships at sea. In an 
appendix at the end of the narrative is a list of 
merchant vessels ‘‘captured by the enemy.” As 
the merchant vessels made no efforts to escape the 
warships, and the conditions generally were so 
utterly different to those that would be present in 
real warfare, not much importance is to be attached 
to the list. 

Amongst other points may be noticed the im- 
portant influence of fog on the results of the opera- 
tions. Those gentlemen of the dogmatic school of 
argument, who have cut-and-dried theories on the 
question of naval tactics and national defence, would 
do well to remember that, even in summer, fog 
is a very important factor. The importance of 
speed is also shown in the way the Hero and In- 
flexible suffered from the want of it. The value of 
electric search-lights has been so often questioned 
of late, some commentators saying they were only 
likely to prove hurtful to those possessing them, 
that it is well to notice Rear-Admiral D’Arcy-Irvine 
attributed the failure of a torpedo boat attack prin- 
cipally to the continued use of the ship’s search- 
lights. The Collingwood fell a prey to her pursuers 
owing to the priming of her boilers, which caused 
her speed to fall off. Lastly, the want of a proper 
system of nomenclature is emphasised by the dif- 
ference of opinion that arose as to the reading of 
the terms ‘‘ protected vessels, belted cruisers, 
battle-ships, armoured coast defence vessels, and 
ironclads.” 

In conclusion, we can only repeat our often- 
expressed opinion as to the great value of the naval 
manceuvres, and trust that they may long continue 
to be an annual event, and be better reported upon 
in the future. 





BRIDGING THE HUDSON RIVER. 
THE great success of the suspension bridge over 
the East River, that separates New York from the 
city of Brooklyn, has resulted in the preparation 
of plans for a larger bridge on the western side of 
the city, passing over the Hudson River and con- 
necting New York with Hoboken, New Jersey. 





New York is built upon an island, and has rail- 
way communication only upon the north. For 
many years a tunnel under the Hudson River has 
been driven at various rates of progress, and for a 
long time the work was at astandstill. The bridge 
scheme of Gustav Lindenthal, C.E., consists of a 
link 6500 ft. in length, and involves an enormous 
structure with 2850 ft. in a single span, and con- 
taining six railroad tracks. The plan, as far as-can 
be stated to the public, involves four steel wire 
cables, each 4ft. in diameter and 50 ft. apart, and 
forming the upper chords of the bracing trusses. 
The towers would be of open lattice construction and 
not of masonry. Tle estimates for this mammoth 
structure are naturally of corresponding dimensions ; 
the figures for the bridge being 16,000,000 dols., 
approaches, 7,000,000 dols., and the right of way 
from 11,000,000 dols. to 13,000,000 dols. 

At present all freight from the west which is not 
delivered by the New York Central Railway, and 
enters the north of the city, is delivered at the 
western side of the Hudson River and then shipped 
upon lighters which are towed to the pier nearest 
to their destination. If this bridge were built 
there would still remain the question of breaking 
bulk and moving by land to the several points of 
delivery ; so that without questioning for the present 
the great utility of such a bridge, the cheapness and 
convenience of a water transport, which goes so far 
towards the final distribution of freights, would 
still remain a permanent method of delivery and 
prevent any bridge from becoming a monopoly 
in transportation, except so far as delivery at the 
eastern terminus of the bridge or such points near 
it, as would render this a cheaper method in such 
instances. 








NOTES FROM THE SOUTH-WEST. 
North’s Navigation Collieries (Limited).—The report of 
the directors states that the net trading profits for the 
past year were 50,057/. 9s. 7d. An interim dividend at 
the rate of 10 per cent. per annum was paid in August 
last for the first half of the year; and after writing off 


40001. towards meeting renewals and depreciation, the | Wood 


directors recommend a dividend for the second half-year 
at the same rate, making 10 per cent. for the entire year, 
free of income tax. This will leave a balance of 60571. 9s. 7d. 
to be carried forward, subject to auditors’ remuneration 
which the shareholders will be asked to vote at the general 
meeting. A sum standing tothe credit of special account 
in the previous balance sheet, viz., 23,5011. 10s. 5d., is 
being expended in the development of the company’s 
properties, pursuant to a resolution of the last general 
meeting. The sinking of two new pits has been com- 
menced, and will be pushed on with vigour immediately. 
A branch railway connecting them with the main line is 
completed. 


Cardiff.—Steam coal has been in good demand at fully 
former rates ; the best descriptions have made 15s, 3d. to 
15s. 6d., and secondary qualities 14s. 9d. to 15s. per ton. 
There has been an active demand for house coal; No. 3 
Rhondda has made 15s. 6d. to 15s. 9d. per ton. Patent 


fuel has been firm, and iron ore has continued in good |, 


demand. Shipments of finished iron and steel from Car- 
diff have shown some falling off of late, but previous 

rices have been supported. Heavy section steel rails 
os made 7/. to 7/. 10s., and light section ditto, 8/. to 
81. 10s. per ton. 


Barry Docks and Railway.—The directors of this com- 
pany recommend a dividend for the past half-year at the 
rate of 54 per cent. perannum. The Pontypridd section 
has been taken over by the company. 


Great Western Cotton Company (Limited).—The direc- 
tors state that, owing to losses resulting from a strike at 
the works, they are unable to declare an interim dividend 
for the half-year ending 31st December last. The strike, 
they add, terminated towards the end of the year, and 
the works have since been in active operation. The 
interim dividend for the corresponding f of 1888 was 
at the rate of 34 per cent. 


The Great Western Railway at Bristol.—The Great 
Western Railway Company is proceeding with the con- 
struction of a relief line between Stapleton-road and 
Laurence Hill Station, near Bristol. This relief line has 
been rendered necessary by the great increase of traffic 
for South Wales and the North, caused by the opening of 
the Severn Tunnel. It is, in fact, part of the great 
tunnel scheme, but was put off till the traffic developed 
sufficiently to warrant its being carried out. 


Cyfarthfa.—A fourth blast furnace and three addi- 
tional stoves are now in progress and will shortly be 
brought into operation. 

Wages in Wales.—At a meeting of the joint sliding 
scale committee for South Wales and Monmouthshire on 
Saturday, the accountants’ report as to the price of coal 
was presented, and it was decided that there should be 
no alteration in the rate of wages. 


Pentyrch.—The Pentyrch Iron Works were recently 
acquired by a Leeds firm for the pu of converting 
them into mills for the production of tin plates. Arrange- 
ments are now so far oe mage that a number of men are 
engaged in preparing for the erection of eight tin 





mills. The alterations will be carried out under the 
supervision of Mr, B. Rees, Treforest, who has been ap- 
pointed manager of the new undertaking. 


Torquay.—New harbour works at Torquay, upon 
which the local authorities are proposing to spend 50,000/., 
have been commen The railings in front of Cary- 
green have been removed, and the work of reclaimin 
that portion of the land from the sea is to be proceed 
with at once. Dredging will be rapidly carried on and 
subsequently a concrete pier will be taken in hand. 


Mangotsfield.—A company will be shortly formed with 
the view of further developing the coalfields in the Man- 
gotstield district. The raised from the fields is 
spoken of favourably. 


Tlancaiach.—The Ystrad Mynach Valley Colliery 
Posey has acquired an extensive area between Llan- 
caiach and Ystrad Mynach, and is about to commence 
sinking a pit in search of the Mynyddislwyn vein of 
house coal on a site near the old Tredowen level, along- 
side the Penallta branch line of the Rhymney Railway. 
A contract for sinking a trial pit has been let to Mr. R, 
Davies, of Maesyewmmer. 


North Wales Coal Trade.—A meeting of North Wales 
colliery proprietors was held on Monday at Chester to 
consider a notice given by the colliers for an advance of 
10 per cent. from March 1. The proprietors decided that 
the state of trade did not warrant the demand, and were 
unanimously in favour of a scheme of federation, which 
was submitted to. 


LInndy Island.—A meeting of the executive of the 
Bristol Channel Ports Committee was held at Bristol on 
Thursday, Mr. A. J. Lawson presiding. The chairman 
reported that the memorial of the committee to the First 
Lord of the Admiralty had been duly presented and 
acknowledged. It briefly stated that the harbour of 
refuge at Lundy Island would be desired as a basis of 
operations for the portion of the fleet which might be 
employed in guarding the St. George’s and Bristol 
Channels, as a fortified station, and as a port of repair 
for Her Majesty’s ships ; but after full examination of all 
the conditions their fordahi stated that they were of 
opinion that Lundy Island did not offer the Navy more 
advantages for defensive purposes than was already at 
the disposal of the fleet in Milford Haven, where there 
was a natural, harbour strongly fortified, and provided 
ow the establishments for the construction and repair of 
ships. 

Milford Haven.—The half-yearly meeting of the Milford 
Docks Company was held in London on Thursday, Mr. T. 
presiding. The chairman, in moving the adoption 
of the report of the directors, stated that the proposed 
Canadian line of steamers would be shortly emt» before 
the public. The fish trade at Milford, the chairman 
added, was steadily increasing, and a vessel had been 
recently chartered to convey coal from Milford to Singa- 

re. The directors’ report was adopted ; and the meet- 
ing having been made special, approval was given toa 
Bill now pending in Parliament authorising the Board to 
create additional debenture stock to an extent not ex- 
ceeding 150,000/., to be applied to the construction of a 
pier and other objects. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Coal Crisis.—An effort is being made in this dis- 
trict to bring about an understanding between the 
federations of the coalmasters and men with a view to 
the prevention of the threatened strike of miners. A well- 
nown mining engineer is acting as pioneer in the nego- 
tiations. Notices of the men are being given in and there 
is much excitement in the district. The Yorkshire 
Miners’ Association report that nearly all the leading 
lodges in the county have held meetings to test the feel- 
ings of the men respecting the application of funds in 
the event of a strike taking place. The resolution sug- 
gested by the Hoyland Silkstone Lodge, and passed by 
the council—that in the event of a strike taking place 
the funds of the Association shall not be touched until the 
third week of the struggle—has been thoroughly tested. 
The reports which have come to hand show that the 
lodges are almost unanimous on the point. 


Heavy Forging Press.—Messrs. Vickers, Sons, and Co. 
(Limited) it is stated, intend to erect a second forging 
press for the heavy work which they have gone in for so 
extensively in marine and military material. The new 
press, which will take a considerable time to complete, is 
to have a capacity of 6000 tons. 


Midland Counties Miners’ Permanent Relief Fund. —The 
tenth annual meeting of the Midland Counties Miners’ 
Permanent Relief Fund has been held. The annual 
report showed that the year commenced with 3569 mem- 
bers and 32 branches, and closed with 4228 members and 
32 branches, an advance of 659 members on the year. 
Thereceiptsfrom members had been 2257/., and from other 
sources 491/, A sum of 1050/. was now invested, and the 
balances in hand amounted to 726/. 7s. 1d., a total of 
17761. 7s. 1d., being an increase in value on the year of 
546/. 12s. 7d., against 232/. 11s. 10d. saved last year. 


Colliery Extensions at Rotherham.—A valuable and ex- 
tensive addition to the coalfields of Messrs. John wn 
and Co., Limited, has just been made with the object of 
establishing a steam coal colliery within easy reach of 
Sheffield. Land situate at Canklow, and adjacent to the 
Masbrough and Chesterfield branch of the Midland Rail- 
way, has been secured from Mr. Fullerton, of Thrybergh 
Hall, Rotherham. Two shafts are to be sunk and plant 
for dealing with an output of from 1500 to 2000 tons per 
day is to be put down. The machinery and appliances 
are to be of the most approved kind. 
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Large Machine Orders.—A well-known firm in. Leeds 
have just sent a large plate mill, weighing upwards of 
500 tons, to the steel works in Bilbao, for which they made 
the whole of the Bessemer plant and compound rolling 
mill engines. This means that a considerable quantity 
of plates will now be rolled in Bilbao instead of being 
purchased in England, as heretofore. A heavy forging 

— ~~ the steel works at Terni, in Italy, has also been 

elivered. 


Coke.—The coke trade shows no falling off. The out- 
put of the district is large, having for some time been 
augmented weekly by the lighting of additional ovens. 
More coke will shortly be wanted for Northamptonshire, 
where an additional furnace belonging to the Hunsbury 
Hill Iron Company, will shortly be started. The increase 
in the tonnage rates, added to the increase in the price, 
is being seriously felt by large consumers, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MiIpp.LxsBroucH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was only 
a poor attendance on Change, and not much business was 
done, but prices were a little better than they have been 
during the | a day or two. Warrants have been falling 
pretty rapidly recently, and this has almost altogether put 
a stop to buying, but yesterday improved somewhat and 
buyers were rather more inclined to do business. They 
offered 52s. 6d. for prompt f.o.b. delivery of No. 3 g.m.b. 
makers’ iron, but sellers as a rule would not do business 
under 62s. 9d. For March delivery of No. 3 it was stated 
that 53s. had been paid, and for April delivery 53s. 6d. 
was the quotation. Makers, however, who gave any 
quotation at all, asked considerably higher rates than the 
above, none of them being willing to book new contracts 
under 60s. for 27% f delivery of No. 3. They are still 
Laine 4 well supplied with orders, and are confident that 
we shall soon see better prices. Grey forge iron is still 
dearer than No. 3, and 55s. 6d. to 56s, has to be paid for 
this quality. Yesterday, Middlesbrough No. 3 warrants 
oe at 51s. 11d., but they soon rose to 52s. 3d., and at 
the close of the market there were buyers at52s. 44d. cash, 
while some holders would not part with any Cleveland 
warrants under 52s. 6d. Hematite warrants closed at 64s. 
cash, but merchants here would not sell makers’ iron at 
less than 73s., and producers asked more than this figure 
for mixed numbers. It is not expected that the Cleve- 
land Ironmasters’ Association returns for the month of 
February will show any material increase in makers’ 
stocks. To-day the market was flat and business was 
practically at a standstill. Prices fell and buyers 
were not to be found at all. There were merchants 
who quoted No. 3 g.m.b. Cleveland pig iron 52s. 6d. 
for prompt f.o.b. delivery, but 52s, 3d. would have 
been taken for that te . Middlesbrough No. 3 
warrants fell to 51s. 10d. cash, and the business that was 
done was in warrants, people in want of iron preferring 
to take it out of stock, when they can buy it cheaper that 
way than any other. 


Manufactured Iron and Steel.—There is little new to 
report in the finished iron trade. Producers continue 
busy, but ar concerning new orders are very few. 
There is no disposition to buy, nor is there any likely to 
be until the pig-iron trade is a little steadier. Common 
bars are quoted 7/. 10s. ; ship-plates, 7/. 10s.; and ship 
angles 7/. 5s., all less 24 percent. discount for cash. The 
steel industry is very quiet and prices are not quite so firm 
as when we last reported. Heavy sections of rails are 
obtainable at 6/. 10s. per ton; ship-plates are 8/. 10s. ; 
and ship angles 8/. 5s. 


The Wear Steel Company (Limited).—The Wear Steel 
Company (Limited) have issued their first report. It 
states that the profits made during the last three months 
of the year (in which the works were started) have been 
used to partially wipe off the expense incurred in the 
formation of the company. The balance-sheet shows 
that the works up to date have cost 133,266/. 7s. 9d., this 
sum being 33,266/. 7s. 9d. in excess of Mr. Beardmore’s 
original estimate. The following is a statement of finan- 
cial affairs up to 3lst December. Capital and liabilities : 
Nominal capital, 12,000 shares of 10/. each, 120,0001. ; 
issued, 11,466 shares on each of which 9. is paid, 103,1791.; 
mortgage debentures, 50,000/.; creditors on open accounts, 
19,7361. 3s. 8d.; on bills payable, 10327. Os. 11d.; deben- 
ture interest, 1292/. 8s.1d.; Woods and Co., 1506/. 15s. 7d.; 
total, 23,5671. 8s. 3d; gross total, 176,746. 8s. 3d. Under 
the head of property and assets are the following items: 
Land, 17,843’. 15s.; buildings and cottages, 18,898/. 
5s. lid.; fixed plant and machinery, 91,765/. 16s. 6d. ; 


loose plant and tools, 4758/. 10s. 4d.; total, 133,266. 7s. 9d.; | T 


stocks as per valuation, 30,482/. 4s. 9d.; book debts as 
per ledger accounts, 12,3000. 6s. 2d.; cash and bills, cash 
on hand, 270/.,and bills on hand, 427/. 9s. 7d.; total, 
176,7461. 8s, 3d. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday’s pig-iron 
market was characterised by a quiet tone. The large 
reduction in the stocks of iron in the warrant stores on 
the preceding day, combined with the reduction in the 
Bank rate, had but little effect on the market. Scotch 
iron did not vary in price more than 2d. per ton during 
the whole day, but the closing quotation showed an im- 
provement of ld. per ton over the previous day’s final 
quotation. Cleveland iron was depressed, the price at 
one time being 104d. per ton down, but the closing quota- 
tion was still 1s. 14d. above that of Scotch iron. Hema- 
tite iron was firmer, and improved 43d. per ton. The 


closing settlement prices were—Scotch iron, 53s, 9d. per 








ton ; Cleveland, 54s. 104d. ; hematite iton, 67s. 104d. per 
ton. The indifferent reports received regarding the con- 
dition of the iron trade in the Midlands, and the reduc- 
tion in prices announced in Birmingham on Thursday, 
were reflected in the Glasgow market on Friday by a 
relapse in the prices of warrants. There was apeeen er- 
ance of sellers, and a fair amount of scrip very soon changed 
hands. Prices in the forenoon dropped about 1s: per ton 
from the top, Scotch iron being 9d. down from Thursday’s 
close, Cleveland 1s. 3d., ak matite iron 1s. per ton 
down. In the afternoon there was renewed selling, and 
prices suffered a further drop. At the close the settle- 
ment prices were—Scotch iron, 52s. 74d. per ton ; Cleve- 
land, 52s. 9d. ; hematite iron, 65s. 9d. per ton, the decline 
on the day bein 
2s. 14d. per ton. Under ordinary circumstances the with- 
drawal of nearly 10,000 tons of pig iron from the warrant 
stores within a week would have given an extra filip to 
business, and prices would probably have advanced a 
shilling or twoper ton. The reverse happened on Mon- 
day forenoon, the price of Scotch iron falling 1s. 1d. per 
ton, while Cleveland and hematite were down in price 
respectively 1s. 2d. and 2s. 6d. per ton on Friday’s closing 
rices. The unfavourable reports from America and the 
ntinent, together with the absence of buying orders 
from outsiders, gave “bears” an opportunity of which 
they took full advantage by depressing prices. The after- 
noon market was also flat but steadier if anything at the 
close. The settlement prices at the close were—Scotch 
iron, 51s. 74d. per ton; Cleveland, 51s. 104d.; hematite 
iron, 63s. 44d. per ton; so that the decline over the day was 
respectively 1s., 104d., and 2s. 5d. per ton. There were 
heavy settlements, but no failures were reported. After 
the severe drop in prices and excitement of Monday’s 
market, yesterday’s was characterised by a firmer tone. 
Scotch iron had a steady recovery to the extent of 4d. per 
ton, while Cleveland and hematite prices recovered, 
respectively, 6d. and 8d. per ton. The differences pay- 
able on business done during January at one month have 
been gradually becoming less severe. Early in February 
as much as 123. 6d. per ton was paid as differences on 
Scotch iron transactions early in January, 13s. 6d. on 
Cleveland iron, and 18s. on hematite iron. The differ- 
ences on Monday were reduced to 7s. per ton on Scotch 
iron, 6s. on Cleveland, and 10s. on hematite iron, and in 
the corresponding week of last month prices came down 
smartly, thus reducing the differences further. The 
closing settlement prices were, respectively, 52s., 52s. 44d., 
and 64s. per ton. The market was feeble this fore- 
noon, and Scotch warrants receded in price to 51s. 8d., 
being ‘a decline of 4d. for last night’s close; Cleve- 
land was at least 4d. per ton lower, and hematite 
iron fully 3d. per ton lower in price. In the after- 
noon prices receded still further, but less in the case 
of Scotch iron than in Cleveland and hematite. During 
the past week four furnaces making ordinary iron were 
relighted at Carnbroe Iron Works, while one hema- 
tite furnace was put out of blast at Gartsherrie, and one 
ordinary at Shotts Works, leaving a total of 89 now in 
blast, as compared with 80 at this time last year. Last 
week’s shipments of pig iron from all Scotch ports 
amounted to 6497 tons, as compared with 7152 tons in the 
corresponding week of last year. They included 600 tons 
for the United States, 205 tons for South America, 270 
tons for Australia, 300 tons for Italy, 425 tons for Ger- 
many, 405 tons for Holland, 505 tons for Belgium, 
smaller quantities for other countries, and 3607 tons 
coastwise. The stock of pig iron in Messrs. Connal and 
Co.’s public warrant stores stood yesterday afternoon at 
875,587 tons, as compared with 886.277 tons yesterday 
week, thus showing for the week a decrease of 10,690 tons. 


Cessation of the Ferry Traffic at Burntisland.—The 
adverse effects which the opening of the Forth Bridge for 
railway traffic is certain to produce upon the trade and 

pulation of Burntisland are alr being revealed. 

he North British Railway Company have intimated to 
the workmen connected with the ferry that on and 
after March 5 the transit of goods and minerals by the 
ferry steamers will be stopped, and all through goods are 
to be sent vid the Forth Bridge, Inverkeithing, and 
Thornton. The direct effect of this change will be the 
throwing out of employment between 80 and 100 of 
the workmen. At present there are four steamers en- 
gaged in the carrying of goods across the Forth, and for 
the working of has there are double crews required, as 
the steamers are run night and day. In addition to the 
crews of the vessels, anc a number of men who are em- 
loyed in marshalling the wagons and running them on 
ard the steamers, the majority of the engine drivers, 
firemen, cleaners, and guards who are employed in run- 
ning the goods trains, will require to remove elsewhere. 
he passenger ferry service will be continued for a month 
or two longer; but so soon as the Inverkeithing and 
Glenfarg lines are completed there will be another batch 
of railway servants cleared out of Burntisland. It is 
computed that before the summer sets in about 200 rail- 
way workmen will require to leave the town. 


Shipments of Machinery, d:c., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from 
the Clyde reported last week, included the following: 
Machinery of various kinds, of the value of 8700/., chiefly 
for Calcutta, Colombo, Rangoon, Japan, Nantes, Barce- 
lona, New York, Boston, and Rouen; sewing machine 

rts, valued at 8285/., chiefly for Nantes, Bordeaux, 

uen, Cadiz, and Barcelona; blooms, billets, plates, 
bars, and other steel goods, of the value of 9900/., chiefly 
for Rangoon, Japan, Halifax, Buenos Ayres, Boston, 
Calcutta, Bombay, and Adelaide ; pipes and other cast- 
ings, plates, sheets, bars, tubes, sleepers, and miscel- 
laneous iron manufactures, of the value of 10,6102. 


Shipbuilding and Engineering.—Messrs. Murdoch and 
Murray, shipbuilders, Port-Glasgow, have secured a con- 


respectively 1s. 14d., 2s. 1}d., and] 4. 





tract to build two steel screw steamers each of 175 ft. 
keel and 500 tons register. The vessels are in- 
tended for the fruit trade between the West Indies and 
America, and they will each be supplied with triple- 
expansion engines of 800 indicated horse-power. Accom- 
modation will also in each case be provided for about 
sixteen first-class passengers. A contract has been placed 
with Messrs. William imons and Co., Renfrew, for a 
set of powerful sand-pumping os which is to be 
fitted to one of the steam hopper barges built by the firm 
some time ago for the Mersey Docks Board, for the 
improvement of the channel across the Mersey bar at 
Liverpool. 

Institution of Engineers and Shipbuilders in Scotland.— 
n ordinary meeting of this Institution was held last 
night, at which the principal business was the reading of 
a paper—the last of the series—on “‘The Forth Bridge,” 
by Mr. A. S. Biggart, C.E., Mr. Arrol’s leading right- 
hand man in carrying out his many remarkable inven- 
tions in constructional devices. This paper had reference 
to the erection of the superstructure of the bridge, and 
more especially the central girders. 





MISCELLANEA. 
Cuicaco has succeeded in getting Congress to fix on her 
as the site for the proposed World’s Fair in 1892. This 
will be a great disappointment to New York. 


The Iron Age states that there are about 1100 canals 
for irrigation purposes in Colorado. The primary canals 
are upwards of 6000 miles in length, whilst the secondary 
system is still longer. Upwards of 4500 square miles of 
land are fed by the system. 


At the meeting of the Institute of Marine Engineers, 
held on the 18th inst., in the Langthorne Rooms, Strat- 
ford, E., the discussion on Mr. Sommerville’s paper on 
“Ventilation and Heat Radiation,” read at the previous 
meeting, was resumed. 

The gross receipts of the 23 principal railways in the 
United Kingdom, for the week ending February 16, 
amounted, on 16,1424 miles, to 1,208,388/., and for the 
corresponding period of 1889, on 16,030 miles, to 1,131,962/., 
an increase of 1124 miles, or 0.7 per cent., and an increase 
of 76,426/., or 6.7 per cent. 

An Engineers’, Electricians’, Builders’, and Iron- 
mongers’ Exhibition is to be held in the Royal Agricul- 
tural Hall, Islington, on March 17 to 29, 1890. Any one 
interested in these professions and trades will receive a 
ticket admitting to the Exhibition on sending a post-card 
to the offices, 43, Oxford-street, W.C. 


It has been decided to keep a record of the number of 
visitors ascending the Monument. The City architect 
has ee instructed Messrs. Le Grand and Sut- 
cliffe, of London, to erect a set of Norton’s turnstiles. 


The port boiler of the new third-class cruiser Barra- 
couta, which is lying at Sheerness Dockyard, was 
examined for the fourth time on Tuesday by the experts 
appointed by the Coroner’s Court, the Admiralty, and 
the Palmer Shipbuilding Company. Nothing was dis- 
covered to account for the serious accident which occurred 
at her recent steam trial, and the experts have now 
decided to have the boiler filled with water and subjected 
to a water test with the view of ascertaining whether it 
is in a perfectly sound condition. The boiler was tested 
with water before leaving for the trial, and everything 
was then found perfectly satisfactory. 


From some experiments by Mr. James Macbeth, of the 
West Shore Railroad of the United States, it would 
appear that the average American expressengine drawing 
a train of seven cars at 42.88 miles per hour uses 47.43 lb. 
of coal per train-mile. The engine experimented on had 
an extension front, a grate area of 18 square feet, the 
boiler being 11ft. long, with 240 1-in. tubes. The 
cylinders were 18 in. by 24 in., the coal used about 6 _ 
cent. of ash and clinker, and the evaporation was 6.28 lb. 
of water per pound of coal. A ten-wheeled freight engine 
was also tested whilst hauling a load of forty cars at an 
—— speed of 20 miles per hour. This engine had 
one ers 18in. by 24in., and the coal consumption in 
this case reached 106.60 1b. per car-mile. 

The Mines Department of the French Ministry of 
Public Works has published particulars as to the produc- 
tion of coal last year, the figures showing that the total 
output was 24,588,880 tons, or 1,985,986 tons more than in 
1888, and 3,300,000 tons more than in 1887. This increase 
would have been still larger but for the strikes which 
occurred during the past year in the basins of the Pas-de- 
Calais and the Nord, which produced 13,456,000 tons last 
year, or more than half of the whole of France. This 
represents, despite the strikes, an increase of over a million 
tons upon 1888, while it is of interest for English coal- 
owners to mark that, despite the iron crisis in the southern 
departments of the Gard, the Tarn, the Aveyron, and the 
Hirault, the output of coal has increased from 3,000,000 
to 3,500,000 tons, a great effort being made by the southern 
companies to increase their sphere of action and supply 
the Mediterranean ports which have hitherto been provided 
chiefly with English coal. 








THE Royat SHow at PiymMouTH.—We are requested 
to draw the attention of intending exhibitors to the fact 
that the entries in the implement department close on the 
1st of April next, and the entries of live stock, poultry, 
and produce on the 1st of May. The forms of — for 
implements, horses, bulls, cows, sheep, pigs, poultry, 
wool, cheese, butter, cider and perry, jams and preserved 
fruits, hives and honey, and for the butter-making and 
horse-shoeing competitions, are now ready, and copies 
will be forwarded by the secretary on a specific request 
being addressed to 12, Hanover-square, 
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From a photograph by the London Stereoscopic Company. 











PLATE II. 




















From a photograph by Bassano. 
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BUILDING OF NORTH-EAST CIRCULAR GRANITE PIER, INCHGARVIE. 
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FIFE PIER, ERECTION OF SUPERSTRUCTURE ; CONSTRUCTION OF LIFTING PLATFORMS. 
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INCHGARVIE PIER ERECTION OF SUPERSTRUCTURE ; RIVETTING CAGES AND HYDRAULIC RIVETTING MACHINES ON VERTICAL COLUMN AND DIAGONAL STRUT. 




















CAGE FOR BUILDING AND RIVETTING BOTTOM MEMBERS. 
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FIFE CANTILEVER. SIDE ELEVATION, LOOKING EAST. 
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EFFECT OF SEA FOG. CENTRAL TOWERS AND SOUTH APPROACH VIADUCT. 














| GENERAL VIEW OF CENTRAL TOWERS AND APPROACH VIADUCTS LOOKING NORTH. 
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FIFE PIER. FIRST HALF-BAY IN FIXED CANTILEVER, SHOWING LIFTING PLATFORM FOR BUILDING THE LOWER PORTION OF BAY AND 


TOP MEMBER CRANE WITH PLATFORM SUSPENDED FROM IT, 
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CENTRAL TOWER AND LOWER HALF OF FIRST BAY IN FREE CANTILEVER. 
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INCHGARVIE SOUTH CANTILEVER, WITH FIRST BAY OF CENTRAL GIRDER BUILT OUT. 
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CENTRAL TOWER OF INCHGARVIE ; INTERNAL VIADUCT GIRDERS AND WIND FENCE. 
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VICTORIAN GOLDFIELDS. 
(By our SpectaL CoRRESPONDENT. ) 
(Concluded from page 192.) 

To hark back to the question of losses previously 
mentioned, evidence should be adduced to support 
the opinions I there expressed. Perhaps the most 
conclusive way to do so is to give particulars of the 
late work done by the North Cornish Mine at 
Daylesford. This property is situated in another 
mining division and centre distant about forty 
miles in a direct line from Sandhurst. The present 
company started work about five years ago with a 
called-up capital of 4000/. on a mine which had 
been worked for over twenty-five years, and sold 
or given up by different holders on several occa- 
sions as being worked out, after each holder had 
taken out all he thought was in the mine. 
An old battery belonging to some of the original 
proprietors formed the chief plant bought with the 
property. Up to June 30, 1889, they mined and 
raised 72,187 tons of quartz, which yielded gold to 
the value of 120,339/. ; with this 57,900/. has been 
distributed in dividends, 35,0521. expended in 
wages, 11,380/. in new crushing and gold-saving 
machinery, and 20,5701. in other contingent 
expenses. During the five years of working the 
total sum paid to directors for fees amounts to 3101., 
and to the secretary 5611. as salary—in Victoria the 
secretaries of companies are known as “legal 
managers.” The average quantity of gold saved by 
amalgamation represents 7 dwt. 2.6 gr. per ton, and 
the average quantity obtained from the chlorination 
of concentrated pyrites 8 oz. 0 dwt. 15.4 gr. per ton, 
being a general average of S8dwt. 8.48 gr. of gold 
per ton of quartz mined and treated. Some time 
ago one of the directors of this company, after 
reading something on the subject, came to the con- 
clusion that gold was being lost in treating the ore 
in the manner they were doing—very similar, in 
fact, to the method in vogue all over the Sand- 
hurst district. This was to crush the ore in their 
40-head stamp will, run it over amalgamated 
copper plates, then over blankets into wells, and 
subsequently through ‘‘slips” or ‘‘ ties ’—long 
boxes with battens nailed at intervals along the 
inner side of the bottom, described previously — 
and after passing through the ‘“‘ ties ” allowed to go 
down the tail race into the creek, to be or not be 
entirely swept away, according to the strength of 
any floods which came along. The gentleman re- 
ferred to inquired further into the subject, and 
came to the conclusion that a closer and more 
perfect method of concentration than working with 
**ties” was necessary. Frue vanners were the 
machines he fixed upon, then came the almost 
hopeless task of endeavouring to induce his col- 
leagues to approve of the proposed innovation ; at 
last he prevailed, and eleven vanners were ordered. 
These vanners have been erected and worked for 
the past six months, and the consequence is, that 
instead of collecting 8 tons of pyrites weekly by 
hand labour, between 12 and 13 tons of concen- 
trates come from the vanners, and the manager has 
been able to utilise for other purposes the labour of 
nine men and three boys who used to work the 
‘* slips ;” the quality of the concentrates has also 
risen somewhat. The actual value of gold saved by 
the introduction of this machinery amounts to over 
1401. weekly ; taking only as a basis an increase of 
4 tons of pyrites weekly and not considering its 
greater purity. Hitherto for the previous four and 
a half years a value of gold equal at least to the 
amount now saved was run into the tail race, and 
utterly lost to the community ; it would be rash to 
attempt to estimate the amount lost by previous 
workers of the mine, using even more imperfect 
machinery ; but, for over twenty-five years when- 
ever worked, a constant waste was going on. To 
the account of the vanners must be put the neces- 
sity for a 10 horse-power engine requiring the work 
of three men to drive it and also attend to the 
machines, one in each ‘ shift” and three ‘‘ shifts” 
of eight hours in each day. Of course the increased 
return to the company by the use of this system is 
very great; but, beyond that, apart from all 
questions of expenses as ‘‘set-offs”’ against the 
different systems, the community generally is at the 
lowest computation 140]. a week the richer, or, 
yearly, some 72801., and this only by the increased 
returns from one mine. 

The directors of the North Cornish Company are 
now one and all of the opinion that they have done 
so well that they may still do better; their eyes 
have been so forcibly opened to the advantages of 





keeping pace with modern improvements that they 
are now anxiously considering others. The intro- 
duction of electric light, the saving of slimes, 
automatic machinery, &c., are all subjects upon 
which they asked for information. Mr. John Free- 
man, the mining manager, told me, ‘‘he believed 
that over 2 dwt. of gold per ton of ore crushed were 
being carried away by the battery water ;” slimes 
have been collected which assayed 20 oz. of gold to 
the ton. This loss he wishes to prevent. Classifiers 
on the Spitzlutte principle should meet the difti- 
culty ; pointed boxes increasing in size, over which 
the battery water flows and drops the pulp, an 
up-flow of water is led in from the bottom through 
which it falls equally graded on to the concentrat- 
ing tables, then settling pits for the battery water. 
Or simpler still, Spitzkasten boxes without the 
upward flow of water. There should be no trouble 
in having these machines made in the colony, 
because in the Technological Museum, Melbourne, 
most beautiful models of them, made to scale, are 
exhibited ; and, indeed, there are models of almost 
all mining and ore-dressing machines which are 
being worked in any part of the world ; but then, how 
few people go to see what is just at their doors? If 
the North Cornish Company carry out their present 
intention of introducing further gold-saving machi- 
nery it will certainly be the model or ‘* show” gold 
milling and ore treating plant of Victoria; as it is 
they are ahead of Sandhurst millmen. The pre- 
sent plant on the property consists of a 40-head 
stamp mill7} cwt. each, arranged in two sets of 
twenty at opposite ends of the building, dis- 
charging pulp over inclined amalgamated plates 
and blankets into a common shoot running across 
the centre and fixed below the junction of the 
inclines. With this mill about 2000 tons of quartz 
are being crushed monthly through screens— 
punched plates—with 160 holes to the square inch. 
Inside the battery-house are three ‘‘ berdan’’ pans, 
one Dodd’s amalgamator, and one Frue vanner ; 
the blanketings are put through the pans and the 
amalgamator and the residue passes over the vanner, 
it then joins the bulk of the other stuff in the main 
shoot which collects it from the battery and goes 
along a large pipe to another building, and is dis- 
tributed over ten vanners, the residue is then run 
into the tail race ; that is so far as the company is 
concerned. Outside the vanning-house and in the 
tail race, two white men have fixed a table about 
10ft. by 15 {t. covered with seven strips of blankets ; 
with this they catch about 1 ton of concentrates 
per week, containing by assay about 24 0z. of gold ; 
below them again two Chinamen are working with 
two tables about 10 ft. by 5 ft. covered with canvas; 
what they get is only known to themselves. With 
the additional concentrating appliances, Mr. Free- 
man contemplates introducing, doubtless all this 
would be saved, and in addition that which is now 
carried in the slimes down the tail race and utterly 
lost. Mr. Freeman states that the tailings down 
the race only show traces of gold, but whenever 
the water is caught and the slimes allowed to settle 
out of it that invariably a rich assay of gold is 
obtained ; this doubtless in no small degree results 
from the stamp action on the ore. The machinery 
consists of two Cornish boilers 26 ft. by 6 ft. 
6in., supplying steam at 40 1b. pressure to a 
70 horse-power engine working only to 40 
horse-power; there is a 10 horse-power engine 
to drive the vanners which is supplied by steam 
from the same boilers. While instancing the 
methods employed in treating the ore, it may be 
well to add an outline description of the property. 
There are two shafts on the reef at present worked. 
At No. 1 shaft there is a 22 horse-power winding 
engine, one No. 2 Root’s blower by Thwaites 
Brothers, and one 12 horse-power steam winch used 
for lowering timber into the mine ; to supply steam 
for these there is one 26 ft. by 6 ft. 6 in. Cornish 
boiler working at 40 1b. pressure ; on all the boilers 
patent alarm whistles are fixed which give notice 
when the water falls below a certain point. At 
No. 2 shaft there is a 40 horse-power engine and 
winding gear. In the mine the reef is worked toa 
depth of 700 ft. by a vertical shaft 11 ft. 6 in. by 
3 ft. 6 in. (total) divided into three compartments ; 
in the shaft are two of Allen’s patent safety cages, 
each capable of holding 5 cwt. of quartz ; thereare 
levels at every 70 ft., and connection will shortly 
be made with the 490 ft. level of No. 2 shaft, which 
will improve ventilation. Three reefs run through 
the property, only one being worked at present ; 
this is a true fissure lode between sandstone walls 
dipping at an angle of about 1 in 3, and extends 





from 6 ft. to 35 ft. wide ; the quartz is white with 
bands of slate heavily mineralised running through 
it ; very little free gold is to be seen but much 
pyrites. As at Sandhurst, all the worked-out 
ground is filled up again, and in this case every 
place is carefully timbered, as the formation is 
loose in patches ; the timber is of course moved 
along as the ground is filled up. In addition tothe 
gold-saving appliances which have been introduced, 
the directors and many of the shareholders have 
formed a separate company and established a 
Newbery-Vautin chlorination works at Daylesford 
for the purpose of treating the concentrates from 
the North Cornish and a few other adjacent mines. 
Very considerable success has attended their efforts, 
in fact so much so that they are now erecting two 
additional furnaces in order to work a second 
barrel, for one is insufficient to treat all the con- 
centrates coming to the works. 

In using this Daylesford property as an instance 
where departure from the time-honoured customs 
of Victorian millmen has resulted in a brilliant 
success, I do not for a moment wish to convey the 
idea that the conditions ruling in Sandhurst are 
identical with those of Daylesford ; but, where so 
successful at the latter place, they can hardly fail 
to be in a lesser degree successful at the former. 
At Daylesford the hilly nature of the surface and 
abundant supply of water render it a most suitable 
place for the introduction of those improvements 
referred to ; the gold, also, is more closely associated 
with the pyrites. At Sandhurst the pyrites is 
poorer ; the ground is also flatter. Consequently 
it would be necessary to provide for an artificial 
fall for the tailings as they come from the battery, 
and owing to every available space being piled high 
with old tailings, this task would be rendered less 
easy. Such difficulties should, however, be easily 
overcome. Apart from the evidence, which many 
hundreds of reliable assays of tailings from all parts 
of the field, taken during a period of years, afford 
on the question of losses of gold at Sandhurst, there 
is another piece of irrefutable evidence of loss which 
may as well be brought forward. On Sandhurst 
there are five pyrites works—the United Pyrites 
Works of Messrs. Edwards and Deeble-(on the 
Newbery-Vautin system), who hold the rights 
of the district from the Newbery-Vautin Com- 
pany to work their process, Messrs. Liddle’s 
works, the Jackass Flat Works, Messrs. Cook’s 
works, and Mr. Spargo’s works. In the last four 
the procedure is simple, roasting the concentrates 
and afterwards treating by ordinary amalgamation. 
By personal visits to all these works I elicited the 
following: That in the aggregate some 150 tons 
monthly are treated, and of this quantity the 
Chinese of Sandhurst send about an average of 
77 tons ; all or almost all of this latter is collected 
in the crude manner before described from tailings 
which mineowners have run to waste. Such 
evidence establishes beyond a doubt the fact that 
considerable losses are continual to the mineowner, 
and they are losses which are not returned to the 
community as they would be were the white men on 
the field to take the matter in hand ; the savings of 
the Chinese chiefly go to their own country and are 
not even reported to the Customs as exported gold. 

Before concluding these articles there are a few 
points which should be brought into strong relief 
for the edification of the British reader ; one being, 
that in Australia, the land of gold, in the centre of 
the head centre of quartz mining, it is thought worth 
while to mine and treat very low grade ores, and 
that with economical working such low grade ores 
is capable of paying and does pay handsome 
dividends ; to wit, the St. Mungo Mine, which 
though the lowest, is only a shade lower than a 
large group of mines on the field paying dividends 
with quartz only containing some 5} dwt. or 64 dwt. 
of gold. As the foregoing is a concrete fact in 
this distant country where labour and material 
are dear — protectionist tariffs charging heavy 
imposts on machinery, taken in conjunction with 
democracy as the ruling element—why are not 
similar natural advantages which the gold-bearin 
rocks of Wales, Ireland, England, and Scotlan 
possess, taken advantage of ? The matter is worth 
consideration from many points of view. Another 
great factor must not be lost sight of, and that is 
economy. Where mines have to bear the burden 
of supporting boards of ornamental directors, each 
drawing 100/. or 200]. per annum, together with 
highly-paid secretaries, managers, consulting engi- 
neers, staffs of clerks, and costly offices, &c., other 
and richer fields than those of Great Britain, 
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TRIPLE-EXPANSION ENGINES; PARIS EXHIBITION. 
CONSTRUCTED BY M. JOSEPH FARCOT, ENGINEER, ST. OUEN, SEINE. 


(For Description, see Page 296.) 





or even the majority of the present fields of Aus- 
tralia, must be sought before subscribing share- 
holders can expect a return in the shape of divi- 
dends. 

A study of the figures previously given for the 
management of two mines should point a useful 
lesson ; and these mines are only two out of hundreds 
conducted on a similar basis. 
small and all is devoted to purchase, working ex- 
penses, and machinery—not as in London, where 
so large a proportion of capital goes into the 
pockets of promoters and company mongers. The 
wages that have to be paid are much as follows: 
Engine drivers from 2I, 5s. to 2l. 10s. weekly—only 
Government certificated men allowed—aminers 21. 5s. 
Weekly; mill hands the same; and boys Il. 5s. 





weekly ; all wages are fixed by the laws of different 
associations. Yet with these high charges the Aus- 
tralian mines do pay, and in Australia are sound 
investments. The result is naturally very different 
when the management is undertaken on ordinary 
| company principles, and many people take places 
in the long line of money drawers. Perhaps 20 per 


work the mines, out of which new machinery on 
}old models is made, shipped, and erected, costly 
/houses for managers and others built, &. Then 
by-and-by the whole concern is put into liquida- 
tion, the British public growl and talk about 
swindles, of how the wily Australian only brings 
what is valueless to the London market, and how 


‘they will never again burn their fingers with 


mining, &c., forgetting all the time that the main, 
and frequently the only cause of failure lies on 
their side of the water, and is due to their system 
of working mining properties. Of course the 
Britisher does now and then get ‘‘landed” with an 
out-and-out swindle ; in such a case he is relieved 
of the trouble of accomplishing his own ruin. 


The capitals are | cent. of the whole capital is devoted nominally to| Another fallacy often taken advantage of to 


‘lure the unwary into putting their money in 
mining ventures is the enormous extent of ‘‘ auri- 
|ferous” (?) country which in the prospectuses 
appearing in the English papers is set forth as being 
immensely valuable. Compare some of these lately 
bearing along the South African ‘‘ boom” with the 
extent of the main auriferous country comprising 
both the Sandhurst and Eaglehawk mines—some 
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SURFACING AND BORING LATHES. 
CONSTRUCTED BY MESSRS. JOHN LANG AND SONS, ENGINEERS, JOHNSTONE. 


six miles long and two wide—and it will be found 
not unusual that one South African or even Indian 
property of equal size, and judged by the glowing 
prospectus lights cast upon it, of not less enormous 


value, is actually offered for sale at, say, a trifle of | 
one quarter of a million sterling. In a gold-mining | 
property richness, not size, is the main considera- | 


(For Description, see Page 296.) 














Fia. 2. 


| tion, as is shown by the figures peer given | 


for Watson’s Kentish and North Garden Gully! 
United—Landsell’s 180 is so-called because the pro- 
perty is contained in only 180 yards along the line | 
of reef. The average size of the ground com- 
prising half a dozen of the most important mines 
on Sandhurst does not exceed twenty-eight acres ;_ 


then, remembering what they have produced, it 
may be truly said that size is of little account com- 
pared with richness. 

The remarks contained in these articles about the 
Sandhurst field, especially as regards the methods 
of mining and subsequent treatment of the ore, 
will apply with equal if not greater force to most 
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of the other quartz mining fields in Australia ; 
many people come to Sandhurst to learn, so its 
standard of excellence should be kept as high 
as possible, if for no other réason. Amongst the 
visitors came no less a personage than a special 
envoy from the Czar of all the Russias. Some 
three or four years ago a Russian engineer named 
Michael Schostac, who was connected with the 
Czar’s private mines in Siberia, arrived in Sand- 
hurst, to inquire on one of the most important, 
if it has not been the richest, quartz-mining 
centre in the world, into the modern methods 
there in vogue. Mr. W. H. Grainger, the dis- 
trict inspector of mines, who has been minng 
for thirty-three years and holding his present 
position for fifteen years back, showed Mr. 
Schostac around ; a few months afterwards Mr. 
Grainger received from the Czar an autograph 
letter of thanks for the kindness shown to his 
envoy. After relating such a mark of distinction 
my poor thanks for similar courtesy will look very 
small indeed, nevertheless they are tendered 
heartily. My best thanks are also due to Mr. 
George Landsell and several other gentlemen for 
the kind manner in which they placed the inspec- 
tion of private mines, works, and information at 
my disposal ; and, last, but by no means least, to 
the chief officials of the Mines Department and to 
Mr. A. W. Howitt, the secretary for mines, 
Victoria, for the kind manner in which he has 
dlaced all his available information at my disposal 
in addition to providing me with letters of intro- 
duction to the principal officials and mineowners 
throughout the mining districts of Victoria. 





THE STANDARD OF EFFICIENOY FOR 
STEAM ENGINES. 
By G. R. Bopmer. 


At nearly every meeting of the leading engineer- 
ing societies for the discussion of papers on the 
steam engine or kindred subjects, the question is 
raised as to what is the best standard of com- 
parison in estimating the efficiency of such a motor, 
and up to the present time a considerable diversity 
of opinion appears to exist on this matter among 
those most interested. Quite recently a suggestion 
has been made that the problem should be re- 
ferred to a committee of members of the Institu- 
tion of Civil Engineers, but so far no steps seem to 
have been taken to give effect to this proposal. 

In view of the various opinions expressed as to 
the most appropriate method of calculating the 
efliciency of a steam engine, it may be worth while 
to carefully examine into the requirements of the 
case and briefly review the proposals made and the 
arguments for and against their acceptance. Before 
investigating the special case of the steam engine, 
it will be instructive to consider what is the prac- 
tice in determining the efticiency of other kinds of 
motors. A very little reflection will make it obvious 
that in every instance the efticiency is arrived at by 
comparing the work done by the actual motor with 
that which would be performed under the same 
conditions by an ideally perfect motor, the perfor- 
mance of this latter being the same thing as the 
theoretically available energy. Of course, as we all 
know, that ideal is in practice impossible of attain- 
ment, and for a due appreciation of the subject in 
question it will be well to bear this in mind when 
p particular case of heat engines comes under 
consideration. 

For a water-wheel or other hydraulic motor the 
standard of efficiency is G (H — h), where G is the 
weight of water falling per unit of time through 
the height H—hA; H being the height of the head- 
water level and h that of the tail-water level above 
any datum, say, the sea level. With this standard 
is compared the work actually performed by the 
motor, so that the efficiency is expressed by 

W 
G(H-h)° 
leakage, or loss by otherwise unutilised energy 
would perform the work G (H—A). 

When we turn to heat engines, the matter is not 
quite so simple. In any given case a certain quantity 
of heat Q is available for the motor and the upper 
and lower limits of temperature, T and ¢ respec- 
tively, are fixed ; the question then is : What is the 
maximum amount of work which it would be possible 
to obtain from this heat with an ideally perfect 
engine? This amount of work is the available 
ene for any actual motor. The answer to the 


A perfect water-wheel with no friction, 


problem above stated was arrived at originally by 





making certain assumptions, of an apparently 
somewhat elaborate character, regarding the nature 
of the ideal heat engine, and is embodied in what 
is now well known as Carnot’s theorem, the truth 
of which is generally admitted. To determine the 
method of calculating the available energy of a 
waterfall, owing to the conditions of the problem 
being more simple, no special assumptions as to 
the attributes of a perfect hydraulic motor are 
necessary; the amount of the available energy being 
ascertained independently of any such hypothesis. 
It is evident, however, that only a motor without 
friction or other sources of loss could utilise the 
whole of the available energy, and therefore the 
conception of an ideally perfect hydraulic motor 
involves certain assumptions as to its character 
which are analogous with those made by Carnot 
with regard to his engine. Having once admitted 
that under given conditions the available energy 
for a heat engine is the equivalent of the work 
which could be performed in an engine with 
Carnot’s cycle, the character of the engine 
itself may be ignored, and the well-known expres- 


sion “J (T—t) stands on exactly the same footing 


as that for the available power of a waterfall, 
G (H-h). 
If W be the work done, expressed in heat units, 
by any actual heat motor, then 
WwW 


Cry 
2 (T-2) 


according to one very generally recognised method 
of estimation, denotes the efficiency of that motor. 

Some writers have adopted the practice of com- 
paring the work done by a heat engine with the 
total heat communicated to it as a measure of the 
efficiency, while others, going still further, have 
taken as the efficiency the ratio of the work per- 
formed to the total heat developed in the boiler 
furnace. 

To such treatment of the subject is to be ascribed 
the very prevalent impression that the steam engine 
is an exceedingly wasteful machine. It has been 
pointed out that the former of these two methods 
of estimating the performance of a heat motor is 
equivalent to taking as the available head for a 
water-wheel, not merely the fall from the level of 
the head water to that of the tail water, but the 
total height of the head water above the sea level ; 
the latter method is analogous to reckoning the 
available head from the water source to the sea 
level. Calculated in this manner the best steam 
engines only give an efticiency of about 10 per cent., 
while, when the ideal heat engine is used as the 
standard, something like 65 per cent. may be 
attained, 

Although the ‘‘Carnot” standard has been 
adopted by some of the leading authorities on 
thermodynamics, and is very generally understood 
by those who have made a serious study of the 
subject, objections to its use have recently been 
raised in certain quarters, more especially as 
applied to steam engines. 

These objections all practically resolve them- 
selves into the contention that in reality the Carnot 
cycle is impossible in a steam engine. One man 
argues that the steam left in the cylinder at the 
commencement of the exhaust stroke cannot be in 
actual practice compressed into water of the initial 
temperature, while another, a well-known pro- 
fessor, objects to the adiabatic curve because no 
cylinder can be made non-conducting. 

Both contentions are entirely irrelevant ; it may 
be said with equal force that no hydraulic motor 
can be constructed in which there is no friction, and 
from which the water issues without loss by un- 
utilised energy. 

The ideal water-wheel converting the whole 
available energy G (H —h) of a fall into useful 
work, is not less impossible than the ideal heat 
engine developing the equivalent in mechanical 


units of 2 (T—t). A cylinder with non-conduct- 


ing walls is not more beyond the reach of attain- 
ment than a turbine which the water finally leaves 
with the absolute velocity nil. It is rather an ad- 
vantage than otherwise that the standard of effi- 
ciency should be unattainable, in point of fact it 
ought to be so. 

When our knowledge of the relations existing 
between volume, temperature, and pressure in all 
kinds of material is more fundamental than at pre- 
sent, it will be possible to arrive by the ordinary 


mathematical process for determining maxima and 
minima at Carnot’s law, without the somewhat 
cumbersome assumptions and reasoning generally 
adopted. Even now by imposing certain limita- 
tions as to the general character of the expansion 
and compression curves, it is possible to deduce 
the law in question by very simple mathematical 
reasoning for heat engines working with permanent 
gases. In spite of the limitations referred to, the 
tield covered by this method is a very large one, 
as it includes all curves represented by the formula 
p" v™=constant. 


For given cunditions > (T—t) represents just 


as truly the maximum energy at the disposal of a 
steam engine as does G (H —h) the power avail- 
able for a hydraulic motor, and in neither case, as 
was previously hinted, is there any necessity to 
regard the special attributes of the impossible 
motor which would be necessary to develop the 
work expressed by the formula. 

As a substitute for the Carnot cycle, it is pro- 
posed, by its opponents, to use some thermodynamic 
process which represents what would be attainable 
under the most favourable conditions with steam 
engines as at present constructed, but opinions 
differ as to what this process should be. On the 
one hand it has been suggested that the ideal indi- 
cator diagram should be that obtained from an 
engine expanding from the initial pressure adiaba- 
tically down to the pressure of the atmosphere 
or condenser—according as the engine is of the 
high pressure or condensing type—and exhausting 
throughout at this pressure without any compres- 
sion, the temperature of the feedwater being that 
of the exhaust steam ; on the other hand exception 
is taken to the assumption of adiabatic expansion, 
and it is maintained that the only true ideal dia- 
gram is bounded by a saturation curve. 

The work done by a pound of steam working 
in an engine using the former of these cycles is 
expressed by 


W= AT -t) + ¢(T-t) —ct hyp. log 
+ 8 (p,—pa), 


T 
t 
in which 
L is the latent heat of steam at the initial tem- 
perature T and pressure ), 
t the terminal temperature, 
¢ ,, mean specific heat of water, 
8 ,, specific volume of water, 
and 
2 ,, terminal pressure, 
The heat communicated is 
Q=L+e(T- 2%). 
If the same quantity of heat were utilised to the 
fullest extent theoretically possible (according to 
Carnot’s cycle), the work performed would be 


W,= users (T - 2). 
The difference in favour of the ideal engine is 
W, - W=ct|hyp. log t - ie 1) - s(-p.). 

When the power required to work the feed pump 
is taken into account the last quantity s (p;— po) 
disappears and the formula is simplified. 

It seems appropriate here to draw attention to 
the fact, very often ignored, that in comparing two 
steam engines it is not sufficient to contrast the 
work performed per pound of steam. The ideal 
Carnot engine would require a greater weight of 
steam to do a given quantity of work than the less 
perfect motor using to the greatest theoretically 
possible advantage the ordinary cycle above referred 
to, but the quantity of heat necessary for this 
would be relatively less. 

A glance at the expressions for W and W, will 
show that the calculation of the latter (for the 
Carnot engine) is very much more simple than that 
of the former, and on this score, if on no other, is 
preferable as a standard. It has the further advan- 
tage that the method of calculation is the same for 
all heat engines. It seems on the face of it absurd 
to alter the standard of comparison to suit the 
details of construction of the motor. It is quite con- 
ceivable that at some future time the cylinders of 
engines may be constructed of or lined with a very 
different material to that now used, and it is also 
very possible, although perhaps not probable, that 
an approximation to the Carnot cycle may be prac- 
tically introduced. One standard writer on thermo- 
dynamics many years ago described how this might 
be done in a manner which appears quite feasible ; 





whether the advantages accruing would be worth 
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the increased cost and complication is another 
matter, but more unlikely things have happened in 
mechanical engineering. i ; 
The proposal, previously mentioned, to substitute 
the saturation curve for the adiabatic, has been made 
under the impression that if saturation is main- 
tained throughout the expansion, by the use of a 
steam jacket, the condensation always accompany- 
ing the expansion of initially dry steam in a non- 
conducting cylinder may be prevented and the loss 
of heat resulting from the re-evaporation of the 
water, when communication with the condenser is 
opened, avoided. If, in the course of steam engine 
development, some badly conducting material 
should be substituted for cast iron in the construc- 
tion of the cylinder lining, then the re-evaporation 
referred to would not occur and no advantage could 
result from the employment of a jacket and the ac- 
companying saturation curve. Facts seem to show 
that even as it is a steam jacket is by no means 
always conducive to economy, the effect produced 
depending on a variety of constructive details, in a 
manner which has not yet been thoroughly investi- 
gated. 
~ There is only too much reason to believe that 
many of those who talk or write glibly against 
Carnot’s engine as a standard of efficiency, do not 
thoroughly understand the subject. A correspon- 
dent of one of the leading technical papers recently 


asserted that the expression see for the efficiency 


of a heat engine was only applicable when no change 
of state occurred. 

If that were true, the question of using it as 
defining the standard of efficiency for steam engines 
could never have arisen, since with saturated steam 
the Carnot cycle is theoretically impossible without 
change of state, as, like all other cycles with the 
working substance in question, it involves evapora- 
tion and condensation. 

After all, everything that has been urged against 
the ideally perfect engine as a standard of com- 
parison really amounts only to the statement that 
it is a practically impossible motor. In point of 
fact this is rather in its favour than otherwise ; an 
ideal should always be unattainable, and it is in 
accordance with precedent and practice in other 
departments of science and engineering that there 
should be no possibility of an ‘‘ efficiency” ex- 
ceeding unity, while on the other hand the standard 
should be easy of calculation, generally applicable 
and theoretically correct. All these qualifications 


are possessed by the expression Lied and not the 


least important is that it is equally appropriate to 
every kind of heat engine whatever may be the 
working substance employed. 








MODERN FRENCH ARTILLERY. 
No. IX. 

THE PRESENT CoNDITION OF FRENCH ORDNANCE. 

WE propose in the present article to embody, 
as concisely and as accurately as possible, the 
general opinions entertained in France at the 
present time, both by the manufacturers of artillery 
and those who control the direction of its develop- 
ment, on the actual condition of French heavy 
guns and their relative values with those made in 
England and in Germany. It is frankly admitted 
that to within a very recent period the manufacture 
of heavy guns, especially for foreign countries, 
was practically a monopoly shared by two great 
Eoglish and German makers, Armstrong and Krupp. 
Both of these, benefitting by a high and justly 
earned reputation, and upon experience greater 
and more varied than that enjoyed by the manu- 
facturers of any other nation, were able to com- 
mand the whole of the foreign markets without 
fear of competition. Since the Franco-German 
war of 1870, the French Government, grudgingly, 
as we have seen, and until recent years, only very 
partially, resorted to the co-operation of private 
industry for a part of its war material, and thus 
important factories for heavy guns were created in 
France, and have made of late years an astonishing 


_development ; these firms, encouraged by orders 


from at home and inquiries from abroad, have 
pushed forward, until to-day they stand second to 
none except in extent. Two or three among them 
have shown also that they would not rest contented 
with merely following the designs, and carrying out 
the orders intrusted to them by their own Govern- 
ment, but entered boldly upon a new field of inven- 





tion and adaptation and threw themselves resolutely 
into a struggle for breaking down the monopoly 
which had hitherto continued unchallenged. 

The works at Essen were undoubtedly the first 
to produce steel of high quality in masses large 
enough for the manufacture of heavy guns. With 
infinite skill and patience, Krupp succeeded, after 
years of experiment and unlimited outlay, in 
creating a system of artillery, the reputation of 
which is justly universal, and with which the 
advantages of efficient breechloading, large calibres, 
and high velocities, were combined with undeni- 
able success. The experiences of 1870 showed 
only too clearly to French artillerists the weakness 
of their own guns and the superiority of those 
brought against them by their victorious rival. It 
was not to be expected that they would fail to 
profit by the lessons thus dearly bought, and it 
was equally unlikely that a country which could 
boast of so much engineering skill and originality, 
would be content to copy, or even to follow the 
same lines which had been so successfully worked 
out in Germany. There was a strong conviction 
that guns at least as good, if not better, could be 
produced of wholly different design and differing 
greatly in material. French military writers pro- 
claimed this view unceasingly, and a strong reaction 
was set up even against the material upon the use 
of which Krupp had made his great successes. It 
was claimed that his crucible steel did not possess 
such reliable qualities as was supposed, and it was 
asserted that this contention was maintained by 
experiments carried out upon material supplied by 
Krupp to foreign purchasers; that this material 
did not show any extraordinary physical properties, 
and that, in fact, it did not present the qualities 
generally associated with crucible steel. From these 
experiments it was argued by French writers that 
the superiority of the material, if not the quality of 
the manufactured guns, was open to grave question. 
It was urged, moreover, that in spite of the argu- 
ments advanced by the advocates of this metal, 
that the process of casting large steel ingots from 
small crucible charges could not result in a metal 
of so good a quality as that made in the Martin- 
Siemens furnace. By the more rapid cooling of 
the steel in the crucible on the way from the mould 
to the furnace, it assumes a more pasty condition 
at the moment of casting, and from this cause it is 
more difficult and often impossible for the gases to 
escape, and hence arises the danger of an imperfect, 
if not a spongy ingot. Moreover, the charge and 
the temperature of each crucible not being abso- 
lutely uniform it is impossible to rely on a casting 
so homogeneous as that obtained from a mass of 
steel weighing several tons and brought into a fluid 
state in the same furnace. 

It is claimed that experience has justified these 
criticisms, and that as a result all great English 
and French steel works which are occupied with 
the production of heavy steel ingots have abandoned 
the practice of using crucibles, and have entirely 
adopted the method of making steel in the 
furnace. Finally, the quality of metal depends 
to a very large extent upon the processes to which 
it is subjected after casting, and that these subse- 
quent processes have more effect upon the ultimate 
quality of the steel and the mode by which it is 
first produced. All the work executed and experi- 
ments carried out in this direction have proved the 
vital importance of forging, tempering, and anneal- 
ing. It is these operations that give to the steel 
an elastic limit which it never can possess in its 
natural condition, and which consequently enable 
it to resist rupturing strains far higher than it could 
be subjected to without having passed through 
these s‘ages of manufacture. 

Besides criticising the quality of material, French 
artillerists find that the method of constructing the 
Krupp guns is also open to question. They main- 
tain that the irregularities of form adopted render 
it impossible for the metal to obtain the full benefits 
that ought to arise from tempering and annealing. 
They object particularly that the jacket which has 
to resist the longitudinal strains cannot, on account 
of its form, be successfully tempered. It is too 
thin, and as the breech end is not secure, it-has 
happened in several instances, especially with the 
100-ton guns furnished to Italy, that a forward dis- 
placement of the jacket has taken place when the 
gun has been fired, and that it is from this 
cause that the 12-in. ordnance 35 calibres in 
length, which has recently been delivered to 
Russia, cannot be fired with powder charges 
sufficiently high to secure the guaranteed initial 





velocity of 2000 ft. During the early trials 
of these guns the metal yielded, the powder 
chamber became deformed, and as a matter of 
precaution it was necessary to diminish the 
charge, so that the pressure should not exceed 
34,000 Ib., beyond which an enlargement of the 
bore could be measured after each round. But 
what (according to French opinion) has contri- 
buted to reduce confidence in the Krupp system 
of artillery, is the system of breechloading which 
gives it its essential character. This system of the 
sliding wedge is, it is urged, complicated and not 
easily manceuvred, while it does not permit of 
rapid manipulation and often gives a defective ob- 
turation. A few grains of sand, or the fouling 
resultant from repeated firing, interposed between 
the gas check ring and the bearing plate in the 
breech-block, is sufticient to set up an escape of gas, 
and to make the obturator ineffective ; replacing 
the bearing plate requires, moreover, special tools, 
experienced men, and perhaps more important than 
all, a loss of valuable time. Exception is also 
taken to the use of the obturating friction fuze, 
which is liable to expansion, that renders its ex- 
traction difficult, to such an extent in certain 
calibres, that the removal of the old and replacing 
of a new fuze, requires more time than the whole 
of the operations required for loading and firing 
French guns of the same size. The Krupp system 
does not possess any safety mechanism, and the 
charge can be fired before the breech is entirely 
closed. For this reason it is that the men serving 
the guns, as well as the breechclosing mechanism, 
are exposed to considerable risk, while from the 
fact that the breech manipulations have to be carried 
out at the side of the gun, both men and mechanism, 
are more exposed to hostile fire than in the French 
system, where everything being placed at the rear, 
considerable protection is afforded to the gun itself. 

We do not indorse all the foregoing strictures, 
but we summarise them here as representing the 
deliberate and definite opinions of many able 
French artillerists, who, by the way, are not able 
to find so much fault with the English type of 
ordnance, because it is constructed on lines so 
closely following their own; with many modifi- 
cations, indeed, it is modelled in all important par- 
ticulars upon French design, although the latter 
manufacturers have wisely taken advantage of all 
the costly and prolonged experiments that have 
been carried out in this country on steel-built guns, 
and have learnt thereby many valuable things 
which they follow or avoid. Our method of breech- 
closing is essentially French, our mode of obtura- 
tion that of De Bange, which in one form or other 
is universally applied in France. The interrupted 
screw, the swinging console, and various other 
devices for closing the breech, are adapted from 
French factories. It is urged against us that the 
steel from which our heavy guns are made is not of 
a sufliciently high quality, and that the neglect to 
anneal after tempering is wholly reprehensible. The 
leading manufactures of gun steel for the French 
Government -—— Creusét, Firminy, St. Chamond, 
Marrels, St. Etienne, and Chatillon et Commentry— 
all of them produce metal of the highest quality, for 
which a very marked superiority is claimed over the 
steel used either by the Elswick or the Woolwich fac- 
tories, and which, it is advanced, is even consider- 
ably better than the Whitworth steel. How far 
these claims are well founded it is difficult to say, 
but it is certain, judging from the examples shown 
at the late Paris Exhibition, and from almost in- 
numerable experiments, that French makers have, 
within the past few years, raised themselves to the 
front rank among the steel manufacturers of the 
world. The six great firms above mentioned 
supply between them practically all the steel used 
in the French Government ordnance factories ; 
some of them also manufacture guns themselves, 
but only upon the plans approved by the French 
War Department. 

There exist, in fact, in France only two establish- 
ments in which originality of design is put into 
extensive practice—those of the Anciens Etablisse- 
ments Cail and the Forges et Chantiers de la Médi- 
terrannée, near Havre. The works of the Hotch- 
kiss Ordnance Company, at St. Denis, come within 
a different category, as they manufacture only 
machine and rapid-firing guns, the latter up to a 
calibre of 12 centimetres ; these will be considered 
in their proper place. 

Few names are more closely associated with the 
mechanism of modern ordnance than that of Colonel 
De Bange ; it is he who invented the widely used 
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and for siege pieces of comparatively low powers. 
Such ordnance is only adapted for throwing a light 
projectile with a comparatively small charge of 
powder, the character of which is carefully selected 
for the purpose. But the same principles which 
answer for such work cannot be applied in the 
construction of powerful ordnance intended to fire 
heavy projectiles with large charges, a combination 
necessary to obtain the high velocities required to 
penetrate the heaviest armour plates, and the great 
ranges that are called for at the present time by 
nations that possess, or are amassing, heavy naval 
armaments. The De Bange siege and fortress guns 
of 4.72 in. and 6.10 in., fire maximum charges 
of only 9.91b. and 19.8 1b., though the 9.45 in. 
De Bange gun is designed to fire charges of 116.8 lb. 
Modern naval guns of similar calibres are called 
upon to resist the explosion of charges twice and 
even three times as heavy as those just mentioned. 
For the recent exhibition at Antwerp, Colonel 
De Bange constructed a gun of 340 millimetres 
(13.39 in.) bore, intended by its inventor to serve 
as a type for coast defence ; this gun was made of 
a comparatively thin inner tube strengthened by 
means of short rings tapering slightly from each 
end towards the centre, a device adopted with the 
intention of giving to the gun a considerably in- 
creased longitudinal strength. The unfortunate 
accident, however, that occurred when this gun was 
tried, proved that even with a light projectile and an 
average charge, the system did not offer the neces- 
sary margin of strength. The plan, moreover, 
possessed the considerable drawback of being ex- 
tremely difficult of execution; the very slight taper 
that was given to the rings was wholly insufficient 
to contribute the extra resistance anticipated, 
while it was found impossible to increase this taper, 
because even if the rings could be sufficiently 
expanded to be forced into place, they had to be 
exposed to so high a temperature that the quality 
of the steel deteriorated, and thus more was lost 






























































by the physical weakening of the metal than was 
gained by the strength and form of material. 
Criticisms were also raised by French writers 
against the breech mechanism of the De Bange 
gun, which it is claimed is unsuitable without 
important modifications, for naval service. It is) 
asserted that considerable escape of gas is caused by | 
the friction fuze, and that the fuze itself is liable to 
be blown out, thus causing no small danger to the | 
men serving the gun, especially when, firing from | 
within a turret, they are obliged to remain behind | 
the breech. For such heavy guns as are used within 
the confined batteries on board ship, it is urged 
that the mechanical devices for opening and closing 
the breech are unsuitable, and that the safety 
appliances are imperfect, while the standard form 
of the De Bange obturator is not adapted for heavy 
calibres without considerable modifications. 
Assuming that this criticism is wholly just, the 
fact nevertheless remains that the highest possible 
credit is due to Colonel De Bange, and that the most 
severe stricture that can be passed upon him is, 
that like many other inventors he has been too 
much wedded to his own ideas and not willing 
enough to adopt modifications of others, and which 
experience has clearly proved to be improvements. 
We have already seen how widely the principles he 
laid down have been followed, and it is upon some 
of those principles that the French Government 
constructors of naval ordnace proceed to-day. We 
shall see in future articles how far the influence of 
Colonel De Bange’s inventions has been felt in the 
practice of the newest, but by far the most-im- 
portant, private gun factory of France—that of the 
Forges et Chantiers de la Méditerranée at Havre. 





THE WORKS OF THE BETHLEHEM 
IRON COMPANY. 
THE Bethlehem Iron Company, of Bethlehem, 





Pennsylvania, enjoys a long-established reputation 








among American iron works, having been incor- 
porated in the year 1857, under the style of the 
Sancona Iron Company, which title was changed to 
the Bethlehem Iron Company in 1859. It has 
recently laid down a plant for the manufacture of 
heavy forgings for guns, armour, shafting, and 
other purposes, and will shortly equal, if not sur- 
pass, any other establishment of its kind in the 
world in its capacity to supply war material and 
heavy forgings. Among the appliances which have 
been laid down are means for producing ingots of 
100 tons weight, a fluid compression plant for steel, 
a steam hammer of 125 tons falling weight, the 
most powerful hydraulic forging presses ever 
constructed, besides machine tools of large size. 
The extension of the works will render the United 
States independent of the rest of the world for the 
production of ordnance and armour plates, and 
will enable the party who are anxious to organise 
the national defence, to push their cause without 
offending the manufacturing interests and the 
labouring population. 

The works are situated at South Bethlehem, 
Northampton County, on the Lehigh River, 87 miles 
from New York and 55 miles from Philadelphia. 
They cover an area of 1} miles in length and } mile 
in breadth, and present the appearance shown in the 
engraving on the opposite page. Of this area about 
18 acres are under cover. The works are connected 
with the anthracite coal regions by the Lehigh 
Valley and other railroads, while there are ample 
facilities for the transport of ores, and the distri- 
bution of the finished products. These latter 
include, in addition to war materials, some 250,000 
tons of rails, blooms, billets, and miscellaneous 
work annually. 

The works are divided into offices, boiler-houses, 
blast furnaces, puddle mill, merchant steel mill, 
Bessemer department, construction and repair de- 
partment, ordnance and armour-plate department, 
mines, quarries, &e, Of these we will describe 
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those which offer the greatest interest, following 
the order set forth above. 

The first blast furnace was put in blast in 
January, 1863, and was followed by a second in 
1867. In the same year the furnace of the North- 
ampton Iron Company was purchased ; the fourth 
and fifth furnaces were put in blast in March, 1876, 
and March, 1877, respectively ; the sixth was com- 
pleted in 1883, and a seventh, situated at Bingen, 
about six miles distant, was purchased in 1879. 
The fuel used in smelting is anthracite coal from 
the upper Lehigh region, with a mixture of Con- 
nelisville coke. Hematite and magnetic ores are 
obtained from mines at home and abroad, and pro- 
duce a pig which is celebrated for the production of 
Bessemer and open-hearth steels. A railway con- 
nects the furnaces with the converters for the 
transport of fluid metal. The total annual capa- 
city is 160,000 tons. 

The engine-house is separated from the furnaces 
by the stock-house, and is specially designed to 
protect the blowing machinery from dust and dirt. 
It is a stone building measuring 60 ft. by 327 ft., 
and containing seven horizontal blowing engines, 
five of which are compound. These latter have 
steam cylinders 30 in. and 54 in. in diameter by 
80 in. stroke, with blowing cylinders 80 in. in dia- 
meter by 80in. stroke. The other two engines 
have steam cylinders 50 in. by 80 in., and blowing 
cylinders 80 in. by 80 in. The compound engines 
can compress air up to 20 1b. on the square inch 
when required to save the furnace. The cast-house 
of each furnace is at right angles to and forms a 
wing to the stock-house. This is common to all 
the furnaces, and runs parallel with them to their 
full extent. Itis 61 ft. wide. 

The puddle mill contains three double-double, 
four double, and one single puddling furnace. It 
was originally built for iron rails, but is now used 
for high-quality merchant iron and muck bar. This 
latter is exceedingly low in phosphorus, and is used 
for remelting in open-hearth furnaces for the pro- 
duction of high-quality steel for ordnance and 
shafting. The merchant bar mill is principally 
used for small sections of rails and for special grades 
of steel billets. The steel mill of the Bessemer 
department is an enormous building 1512 ft. long 
by 111 ft. wide, with two transepts, each 386 ft. 
long from end to end, and 111 ft. wide. The clear 
height is 29 ft. In the upper portion is located 
the converting department, consisting of four 
7-ton vessels; behind these stand the iron and 
spiegel cupolas, each with double platforms, one 
for charging and one for tapping. The con- 
verters are wrought-iron shells 8 ft. in diameter, 
the body being lined with natural stones of mica 
schist, roughly hewn to shape, and the nose being 
lined with firebrick. One of these linings, except- 
ing at the nose, is good for 30,000 tons of ingots. 
The bottoms stand twelve to fourteen heats. The 
output of the converting department averages 4000 
tons of ingots per week of eleven shifts, but a 
higher rate of production has been attained. The 
ingots run from 7 to 8 tons; 14-in. ingots are 
bloomed down to 7 in. square, and cut into single 
and double-rail blooms. The blowing machinery is 
located in the upper transept, and comprises two 
engines of the following dimensions :—The smaller 
has two steam cylinders 48 in, by 60 in. stroke 
coupled direct to two blowing cylinders, 48 in. in 
diameter by 6 in. stroke ; the larger engine has 
two steam cylinders 66 in. in diameter by 66 in. 
stroke, and two blowing cylinders 60 in. in diameter 
by 66 in. stroke. The smaller engine is kept in 
reserve now ; the large one, running to 501b, pres- 
sure of steam, will maintain a blast of 40 Ib. 
pressure. 

In the main portion of the mill are six Siemens 
reheating furnaces ; these are placed on each side 
with hydraulic cranes for charging and drawing the 
ingots. Centrally run two narrow-gauge tracks, 
one to the casting pits and the other to the bloom- 
ing train. There are two blooming mills, two 
engines, and three sets of rolls. ‘The small engine 
has cylinders 36 in. in diameter by 60 in. stroke, 
coupled direct to two sets of three-high 32-in. rolls. 
Both sets are supplied with tables operated by 

wer, and sentaied by two levers at one point. 
‘he large mill is also three-high ; the rolls are 
48 in. in diameter and 10 ft. long ; the engine has 
a cylinder 65 in. in diameter by 96 in. stroke, with 
a 90-ton flywheel. From the blooming mill the 
ingot passes to steam hammers, is cut into rail 
blooms, and charged into rail-mill heating furnaces, 
The rail mill consists of three sets of rolls ; the 





engine is of the upright type, compounded, with 
cylinders 36 in. and 54 in. in diameter by 36 in. 
stroke ; the rolls are 24 in., three-high. The rail 
passes from the rolls to the saws and straighteners. 
There is anew 28-in. mill for heavy sections and 
long lengths. This train is driven by three high- 
speed compound engines, one shaft connected 
with the middle roll and driven direct. The aggre- 
gate power of these engines is 8000 horse-power. 
In the heating furnaces of this department a gas 
made from crude petroleum oil is used for fuel at 
the present time, instead of coal gas from Siemens 
producers, as formerly. 

The machine shop is 253 ft. long by 64 ft. wide, 
and among the tools may be noticed a 120-in. 
planer, a 16-ft. boring mill, three heavy lathes, and 
two large universal drills, one having a span of 
14 ft. . The foundry is 107 ft. by 64 ft. 

The ordnance and armour-plate department will 
comprise, when fully completed, gas producers, 
open-hearth furnaces, fluid compression apparatus, 
soaking pits, hydraulic forging presses, plate roll- 
ing mill, crucible furnaces, hydraulic and pneumatic 
cranes, a 126-ton single-acting steam hammer, bend- 
ing press, oil treating and annealing shops, and 
machine shop. The open-hearth furnaces will have 
a capacity for casting ingots of 100 tons. The 
hydraulic forging presses will produce the largest 
forgings required for ships of any tonnage thus 
far designed, and for guns of the largest calibre in 
existence. The plate-rolling mill will be capable 
of supplying all probable demands for rolled plates 
of every description. The pneumatic and hydraulic 
cranes have a capacity of from 25 to 150 tons. The 
machine shop contains lathes, planers, boring mills, 
slotters, drilling machines, shapers, &. Among 
these are: A planing machine in which 13 ft. by 
13 ft. by 50ft. 10in. can be planed, a 10-ft. 
plate lathe, and other lathes of most powerful 
description. The building is 641ft. in length by 
116 ft. in width. The casting and forging presses 
were manufactured by Sir Joseph Whitworth and 
Co., and the heavy tools were constructed from the 
designs of Mr. Gledhill and Mr. Fritz. The 
hammer plant for making armour plates follows 
the general design of that at Creusét, as far as the 
conditions of construction already adopted permit. 

From this brief account it will be seen that the 
Bethlehem Company are not only supplied with a 
splendid plant, but they are supplementing it with 
a gun factory containing all the best features of 
European practice. The new department is under 
the direction of Lieutenant Jacques, who for several 
years represented the United States Government 
in England, and became personally acquainted with 
every feature of gun and armour-making practised 
here. There is no doubt that he will turn out 
capital work in America, and it will be interesting 
to see in what direction Transatlantic ingenuity will 
modify the methods adopted here. It is certain 
there is plenty of room for improvement in the 
manufacture of heavy guns. 





FARCOT’S TRIPLE-EXPANSION ENGINES. 

WE give on page 290 a perspective view of a set of 
triple-expansion engines for screw propulsion, which 
were shown at the Paris Exhibition last year by M. 
Joseph Farcot, of Saint Ouen (Seine). The engines 
are intended to develop from 250 to 400 horse-power 
indicated, and their general design is clearly shown by 
our illustration, The cylinders are all steam-jacketted 
(the working barrels being cast separately), and effi- 
cient means are provided for keeping the jackets well 
drained of water resulting from condensation. The 
valves are all of an equilibrium type and the valve 
chests are in front of the cylinders as shown, the 
valves being driven by Solm’s valve gear. 

The cylinders are carried at the front by a pair of 
columns, and at the back by three standards, of which 
one—that at the end corresponding to the high-pres- 
sure cylinder—forms the hot-well, while that in the 
centre forms a reservoir of water at high pressure by 
which the servo-moteurs (to be hereafter referred to) 
are worked, and that at the other end forms a connec- 
tion between the low-pressure cylinder and the con- 
denser, and is also fitted with an injection pipe so that 
it forms an injection condenser for use if necessary. 

A special feature in this set of engines is the arrange- 
ment of the governing and reversing gear. This gear 
is actuated by two of M. Farcot’s servo-moteurs, one 
— the gear of the high-pressure cylinder, and 
the other the gears of the intermediate and low-pres- 
sure cylinders. M. Farcot’s servo-moteurs in this case 
consist of hydraulic cylinders having their valve gear 
so arranged that (as in the case of other steam and 
hydraulic reversing gears) the main piston follows the 
motion of a lever moved by hand or by the governor. 





The governor in this instance consists of a cylinder 
fitted with a piston, the underside of which is exposed 
to the pressure of a column of water (or if pre- 
ferred to the pressure of a spring), while the upper 
side receives the pressure of water delivered by 
a small centrifugal pump driven by the engines, the 
water so delivered being discharged through an orifice 
which is adjustable. Thus an increase or decrease in 
speed of the engine causes an increase or decrease in 
the speed of the pump, and a corresponding movement 
in the piston of the governor. This movement of the 
governor piston in its turn acts on the controlling 
valves of the two servo-moteurs, and causes them to 
operate on the valve gear, decreasing or increasing the 
period of admission as may be desired. The arrange- 
ment is such that for small variations of speed the 
servo-moteur belonging to the high-pressure gear alone 
comes into action, the gear of the intermediate and 
low-pressure cylinders being only altered when con- 
siderable change has been made in the ratio of expan- 
sion in the high-pressure cylinder. The arrangement 
of the valve gear, we may add, is such that the point 
of cut-offin the high-pressure cylinder can be varied 
from zero to eight-tenths of the stroke. 

It will be noticed from our engraving that the revers- 
ing levers for the intermediate and low-pressure gears 
are mounted on a hollow shaft through which passes a 
shaft carrying the starting lever and the levers by 
which the servo-motewrs are controlled. The starting 
lever is shown towards the right-hand end of this 
shaft in our engraving, its position being limited by 
two nuts on a right and left-hand screw actuated by 
the handwheel there shown. To start the engine the 
screw is turned so as to separate the nuts and the 
starting lever can then be pushed over in either 
direction according to whether the engine is to move 
ahead or astern. To stop the engine the screw is 
turned so as to bring the nuts together, thus returning 
the lever to its central position. We may remark that 
we shall describe M. Farcot’s servo-moteurs in detail 
shortly when dealing with another of his engines 
shown at Paris. 

The adoption of the servo-moteurs for shifting the 
valve gear renders the work to be done in stopping, 
starting, or reversing the engines very small, and 
advantage is taken of this to connect the controlling 
mechanism by steel bands with a controlling lever 
mounted on deck or in any convenient position. 

We should add that to facilitate starting a by-pass 
cock is provided which admits live steam through 
reducing valves to the valve chests of the intermediate 
and low-pressure cylinders. This cock is opened when 
the starting gear is put into the ‘‘ stop ” position, and 
is closed again automatically after the engines have 
started. 

The bedplate, surface condenser, and back standards 
of the engines are cast in one piece, the general design 
being very neat. The air and circulating pumps are 
in one casting, securely fixed to the main bedplate, the 
latter having formed on it the suction passage from the 
condenser to the air pump and the delivery passage 
from the circulating pump to the condenser. The 
crankshaft has the eccentrics forged solid with it. 








SURFACING AND BORING LATHES. 

Ovr illustrations on page 291 represent two boring 
and surfacing lathes constructed by Messrs. John Lang 
and Co., of Johnstone. Fig. 1 represents an 8}4-in. 
headstock lathe arranged to produce chuckwork. The 
feeds are positive and continuous and admit of three 
changes, namely, 32, 20, and 8 revolutions of the spindle 
per inch of travel of the tool. They are alike both for 
surfacing, boring, and turning. The change of feed is 
effected by the handle in front of the headstock, with- 
out stopping the lathe. 

The wheels are all machine cut from solid blanks, 
and the spindle is of crucible cast steel with gun-metal 
bearings. The jaw chuck has four jaws and is 18 in. 
in diameter. The height of the centre from the bed is 
12 in.; the distance from the face of the chuck to the 
front of the slide, when the saddle is furthest back, 
18 in. The speed pulleys are 28 in. wide; the largest 
114in. in diameter ; and the smallest 5in. in diameter. 

Fig. 2 shows a similar lathe of larger size with a 
12-in. headstock. The feeds in this case are 18, 10, 
and 4 revolutions of the spindle to the inch of travel 
of the tool. The chuck is 30in. in diameter; the 
height of centre from the bed 18 in.; the largest 
diameter of the cone 18in.; and the smallest, 64in.; 
the breadth being 3} in. 





THE THREE-LIFT HOLDER AT DAWSHOLM 
STATION OF THE GLASGOW CORPORA- 
TION GAS WORKS. 

BesipEs the extensions carried out during last year at 

the Tradeston Works, and which have already been 

described in our columns, an addition was made to the 

gasholder capacity at Dawsholm Works by adding a 

third lift to one of the existing gasholders. This work 

was executed by Messrs. Clayton, Son, and Co., Limited, 

Hunslet, Leeds. The method of doing this work is shown 

on the accompanying illustrations. It must, of course, 
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be borne in mind that Mr. Foulis in this instance had 
not a free hand. To use a well-known Scotch saying, 
he had to ‘‘cut the coat to suit the cloth.” The 
details of the design were regulated toa large extent 
by the existing holder, so that it must not be forgotten 
by the reader that the third lift was an addition to 
the holder built sixteen years ago. That the adapta- 
tion of the third lift to the old structure is admirable 
will be made evident by an examination of the plans, 
and to many the fact that it is only an addition may 
render the work more interesting. 

Fig. 1 on our two-page plate shows a sectional eleva- 
tion of half of the holder and Fig. 2 an elevation of the 
gasholder as finished. The total height is slightly over 
125 ft., including the depth of the tank, which is 30 ft. 
under the ground level. The depth of each of the 
lifts is about 30ft. The diameter of the tank is 
163 ft., while the diameters of the outer, middle, 
and inner lifts of the gasholder are respectively 
160 ft., 157 ft. 8} in., and 154 ft. 63 in. The original 
framing consisted of sixteen cast-iron columns 65 ft. 
high, 3ft. in diameter at bottom, tapering to 2 ft. 6in. 
at top, tied together at top by lattice girders, and 
having guide runs bolted by distance brackets to the 
inner side of columns. These columns had to be 
heightened to the extent of 30ft. For this purpose 
the top pieces with caps marked A on Fig. 1, and 
girders marked C, were removed, and two new lengths 
BB, each 15 ft. long and 3l4in. in diameter, were 
bolted to the remaining part of each column. The 
pieces removed with the caps and the girders were then 
replaced on the top of the new lengths, the joints oe 
made by internal flanges turned true, and securely boltec 
by eight 1§-in. turned bolts in each flange, having 
strengthening brackets between each bolt hole (Fig. 3). 
Bolted to the inner side of each column, as indicated on 
Fig. 1, is a wrought-iron lattice girder (Figs. 4, 5, and 
6), which extends from the top of the pedestal to 18 in. 
above the capital of the column. The outer and inner 
members of those girders are formed of two angle-irons 
4in. by 3hin. by 4in., with diagonal bars 2in. broad 
and ;;in. thick rivetted between them as shown. The 
angle-irons of the inner member are set to suit the curve 
of column, and firmly bolted thereto. Fig. 7 illustrates 
the guide-runs, which are of channel iron 5in. by 3in. 
by }in., and are fixed to the lattice girder by bolts 
with countersunk heads. 

Besides the top row of girders, two additional rows 
of girders were constructed at equal distances between 
top and bottom. These are of the lattice type, and 
3ft. deep (Fig. 2), and of the same design as the top 
girders. Fig. 8 shows an elevation, Fig. 9 a plan, and 
Fig. 10 an enlarged cross-section of these girders. 
Figs. 4, 5,6, and 9 show the construction at the columns, 
the top and bottom members being neatly fitted and 
carried round each of the columns, thereby forming a 
continuous girder. 

The top and bottom members of the girders are formed 
of two angle-irons 44in. by 44 in. by 4 in. and plates 
12 in. broad and gin. thick forming flanges. Diagonal 
bars 4in. broad and 4 in. thick are rivetted between 
the angle-irons as shown on Fig. 8. Wrought-iron 
brackets formed of #-in. plates and angle-irons, are 
bolted to the girders and columns at top and bottom 
of each end of the girders, and also at the base of each 
column (Figs. 5, 6, 11, 12, and 13). At top of each 
column a malleable iron strap is securely fixed, fitting 
tight round the column Fig. 5. To these brackets and 
straps one end of the bracing bars are secured, the other 
end being connected by wrought-iron rings, 18 in. in 
diameter, with nuts and washers on the inside and out- 
side, and over all is an ornamental plate (Figs. 14, 15, 
16, 17, and 18). 

In describing the holder itself we will proceed in the 
same way by narrating the successive steps in its con- 
struction. Thecovering having been removed the top 
row of plates of the middle lift was cut to a breadth of 
15 in. and a grip formed of 4-in. steel plates bent so 
as to form a sort of lip, 1 ft. 8 in. deep and 1 ft. wide, 
as shown on Fig. 19, page 295, having rivetted to the 
outer edge a bar of half-flat iron 14 in. by fin. The 
same figure shows an upright bar which is fixed soas to 
connect the grip just described with a similar arrange- 
ment at the bottom, Fig. 20, page 295. These also 
serve as guides to the inner lift. The inner lift is 
entirely new, with the exception of the crown sheets 
and framing. 

The top curb is formed of three angle-irons and two 
%-in. plates, 18in. broad, the whole forming a con- 
tinuous ring (Fig. 22). The corner plates, which are 
attached to this curb, are of steel 4 in. thick bent to 
the curve shown (Figs. 22, 23, and 24) and strengthened 
by angle-irons of mild steel 5in. by 4 in. by } in. 
rivetted to curb and plates, and to these angles the 


_ main principals are attached. These are made parti- 


cularly strong, as against them are fixed the pulleys 
and their brackets. Figs. 23 and 24 show the arrange- 
ment of attaching the intermediate and smaller prin- 
cipals of roof to the curb. 

Thirty-two semi-tubes removed from the middle lift 
of holder, and lengthened as indicated by Figs. 25 and 
26, are fixed to the side sheets to connect the grip and 
topcurb. The bottom of these tubes is fixed to a plate 





4 in. thick and 22 in. broad, carried all round, and 
rivetted to the bottom grip of the lift and fished at the 
joints, thus forming a continuous ring. The bottom row 
of plates next the grip and the plates at each upright 
semi-tube are tin. thick, the row next the corner plates 
are 3; in. thick, and the row below 3 in., the’ interme- 
diate rows are sheets No. 12 B.W.G. Opposite each of 
the upright bars of themiddle lift a friction plate of cast 
steel (Fig. 20) is fitted to the outside of the grip of the 
inner lift. Figs. 22, 19, and 30 show elevations, and 
Figs. 27, 28, and 29 the plans of guide brackets and 
pulleys of inner, middle, and outer lifts respectively. 
They are so complete that it is not necessary to describe 
them at any length. 

The extensions of the Glasgow Corporation Gas 
Works which we have illustrated and described in 
the present and recent issues, including the principal 
parts of the plant needed in the manufacture and 
storing of coal gas, reflect the greatest credit on Mr. 
Foulis, who has designed them, and has himself super- 
intended their construction. 

In concluding this series of articles, descriptive and 
illustrative of the recent extension of the works of the 
Glasgow Gas Corporation, it may not be inappropriate 
to refer briefly to the progress made from a commercial 
point of view. Gas was supplied first to the citizens 
of Glasgow in September, 1818, by the Glasgow Gas 
Light Company, who continued without opposition 
until 1844. No record of the quantity of gas made 
was kept until 1827, as it was only in that year that 
meters were first utilised in Glasgow. In 1827 the 
quantity manufactured was 79,234,000 cubic feet. For 
two or three years the new light did not make much 
advance, if the make is to be regarded as a good indi- 
cation of this, for in 1830 it did not much exceed 
82,000,000 cubic feet. From this year onwards, how- 
ever, the progress was very marked, and in ten years 
the quantity consumed was more than doubled, or to 
be precise, it was 173,863,000 cubic feet. In 1843, 
when a new company was organised, the consump- 
tion was about 217,000,000. The new organisation of 
the City and Suburban Company started their works 
in 1844, and the effect was to greatly increase the con- 
sumption by widening the area of supply, &c. In 1844 
the make was 276,500,000, 60,000,000 more than ‘in 
1843, and it increased to 333,000,000 in 1845. In 1860 
the total reached 451,000,000, an addition in ten 
years of more than 200 per cent. The progress con- 
tinued most marked as the following figures show : 


# 
Year. Make in Cubic Feet. | Price per 1000 Cubic Feet, 
| = 


| s. d. 
1355 | 593,181,000 | 
1860 769,241,000 5 0 
1365 | 990,094,000 4 2 
1869 | —_1,206,921,000 4 7 


' 


In 1869 the corporation took over the works of the 
companies, and it is interesting to note that the loss 
by leakage was 20 per cent. of the total make, and 
that since that time it has been at most a half of that 
loss. Ina Table appended we give statistics as to gas 
made by the Glasgow Gas Corporation. From this it 
will be seen at a glance that as the quantity of gas 
made increased the revenue decreased. In other 
words, the citizens are now consuming 600,000,000 
cubic feet more per annum than they did in 1885, and 
yet they are paying 36,000/. less for it. The figures 
testify to the care with which the works are managed : 











| | 

| Quantity of Gas made in | Price per 1000 Total 
Year. |? Cubic Feet. Cubic Feet. Revenue. 

s. d. | £ 
1870 1,295,863,000 47 235,701 
1875 | 1,649,616,000 5 5 | 378,392 
1880 | 1,859, 582,000 310 | 341,274 
1885 | 2,368,131,000 36 | 428,227 
1886 | 2,442,880,000 3.3 | 401,306 
1887 | 2,596,470,000 30 | $386,246 
1888 | 2,705,444, 000 210 383,566 
1889 | 2,905,796,000 28 392,896 








Note.—The gas works were transferred to the corporation in the 
year 1869. The price of gas is now 2s. 6d. per 1000 cubic feet. 





THE LAGERMAN COMPOSING AND 
JUSTIFYING MACHINES. 

Tue Lagerman composing machine is not one which 
aims at entirely a manual labour. The 
compositor is still employed to pick the type out of the 
case in proper sequence. But instead of arranging 
them in words and lines in a ‘‘stick,” he merely 
drops them one after another intoafunnel. After this 
he has no further care; the machine takes each type 
as it is received ; if it is the wrong way up it turns it 
end for end, and if the letter is upside down it turns 
it the right way about. The letter is then passed for- 
ward into the line, and as soon as the line is nearly 
complete a bell is rung to warn the compositor to drop 
a special space down the funnel as soon as he has com- 
pleted the word he has in hand. He has no further 
care to pay about the filling of the line, and goes on 





just as before. As the lines are completed they are 
automatically delivered into a galley, but, of course, 
they are not all exactly of the same length. 

The galley is then carried to a justifying machine, 
where all the lines are made exactly to fill the column. 
Each is taken separately, and is automatically mea- 
sured, a scale showing whether it is above or below 
the standard length. The spaces are then taken out 
and replaced by others, thinner or thicker as the 
case may be, the index showing all the time how the 
adjustment of the length is proceeding. The at- 
tendant keeps his eyes on the index, and by a touch of 
his finger determines the size of the new spaces which 
are being inserted. He can vary these at any part of 
the line, and as he practically has twelve sizes of 
spaces at command, he can adjust the line exactly. 
One justifying machine, managed by a boy, serves for 
four composing machines, and each of these latter 
enables a compositor to turn out about three times the 
ordinary amount of work, provided he can read his 
‘“copy” at the required speed. The type is of the 
usual kind with a nick added on one side; this can be 
readily cut on existing type at a very cheap rate. 

It will be seen from the above brief description that 
the adoption of the Lagerman apparatus does not re- 
quire any radical changes in the plant of a printing 
works. The composing machine is attached to the 
existing cases, and occupies but little space. It 
requires no special education for its use; a man or a 
woman who can compose in the usual way can work 
with the machine without more than three minutes’ 
instruction, the only change being that the output is 
very greatly increased and much less care and skill are 
required. The justifying machine is managed by a 
boy, and although it needs some practice if it be run 
at full speed, yet its management is not difficult to 
acquire. Corrections, both reader’s and author’s, are 
made in the usual manner by hand, and occupy neither 
more nor less time than under the ordinary system of 
working. There is, however, this advantage, that if 
the author’s corrections are very heavy it is easy to 
recompose the entire article and distribute the first lot 
of type. The distribution is done by hand. Should 
the machine break down the compositor can take up 
his ‘“‘ stick” and continue his work without a moment’s 
delay, using the same type as before. 

The Lagerman composing machine is illustrated on 
page 302, Fig. 1 showing it as applied to a com- 

sitor’s ‘‘ case,” and Fig. 2 giving a clearer view of 
the details, the funnel down which the type is dropped 
being removed. The motive power is pre by 
means of a cord which passes over the two guide 
pulleys shown in Fig. 2, and around a pulley on the 
underside of the cam which partly hides the pulleys. 
From the axis of this cam all the motions are obtained. 
The types which are dropped down the funnel, pass in 
succession along an inclined shoot from which they are 
extracted, one by one, by a pawl shown in Fig. 1, but 
not in Fig. 2. The type is received in a trap 45 
(Fig. 6) where it is held by a small gate, which is 
pivotted on a pin and pressed upon by a spring. It is 
then pushed through the gate by the shouldered arm 
33 (Fig. 7), and if it has come from the funnel edge- 
wise it is turned sidewise. This isdone by mechanism 
shown in detail in Fig. 7, and part of which can be 
seen in Fig. 2. The curved bar 30 is moved backwards 
and forwards by being pivotted to a crank-pin on the 
face of the upper cam and acts in conjunction with the 
piece 34. On each of these there is a shoulder; one 
shoulder holds the type while the other slides past its 
other edge, and catching on it, turns it round, if it is 
not already in the right position. The type is held 
during this operation, between the frame and the 
spring operated arm 38 (Figs. 1 and 6); as soon as it is 
set right the arm is pressed back to release the type 
by the tail 40 coming in contact with the cam. The 
type thus always starts on its journey through the 
machine with its greatest width in the proper direc- 
tion, that is, with the body standing edgewise to the 
fixed sill 37. 

The arm 38 (Fig. 6) is provided with a laterally 
projecting feather on its inner side, facing a corre- 
sponding rib on the sill 37. These ribs are so arranged 
that either the one or the other will engage the nick 
of the type, after it leaves the gate, according to the 
way that the type may be turned. The nick is always 
placed nearer one end of the type than the other, 
generally near the bottom ; if the type happens to go 
right side up through thefunnel the nick will fall a little 
baee the projecting ribs, and it becomes necessary to 
shove it up until the nick will engage with one of 
the ribs. This is accomplished by the pusher shown 
in Fig. 8, which is connected by a spring attachment 
to a rock-shaft. At the proper moment this pusher 
presses against the type, which slides upward, if it is 
wrongly placed, until the nick engages with the rib. 
If the type has gone down the funnel face downwards, 
and has been received in that attitude in the trap, its 
nick will be above the projecting ribs, and no engage- 
ment with these will take place. The type will then 
be forced up further by the pusher until it attains 
a position in which it will strike in its forward 
movement against the stop-plate 57 (Fig. 8). But 
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before the type reaches this stop-plate it is grasped 
between the jaws of a pair of pincers, which are de- 
signed to reverse it, end for end, if necessary. 

he pincers shown in Figs. 2, 9, and 10, consist of 
two jaws 63, 64, pivotted together, and fixed at the 
end of a short rotating spindle 60. The end of this 
spindle carries a poe 61, which gears with a rack 
on the underside of the bar 62 (Fig. 2). This bar is 


mounted on the sliding arm 25, and when it engages | 


with the pinion the pincers make a half revolution. 
The bearings of the pincer spindle 60 are mounted on 
the diding bar 22 (Fig. 2), which is moved backwards 
and forwards by the connecting-rod 21 pivotted on a 
crank-pin in the cam. At the moment when the type 
has reached the open space shown on Fig. 6, the pincers 


advance endwise, the jaws being kept in a vertical | 


sition. As coy Sean, a projection on the movable 
jaw strikes the 


is the right way up all that the pincers do is to carry 


it forward under the plate 57 and place it beneath the | 
spring lever 77 (Fig. 6). But if the type is the wrong | 


way up its apace end strikes against the plate 57, 
thus partiall 


spindle then gives half a revolution and reverses the 
type. The projecting lower end enters the channel 
between the arm 74 (Fig. 6) and the fixed sill 37 ; the 
upper end is held by the jaws with sufficient pressure 
to nyene the jaws to slide off; they are withdrawn at 
right angles to the sill by the retrograde movement of 
the arm 25, due to the action of the cam. 

As shown in Fig. 11, the nick of the type now pro- 


|a quarter of a revolution with the nick looking 


velled piece 73 (Fig, 8) and opens | 
the jaws to pass at each side of the :ype. If the type) 


y rotating the pincer jaws until the teeth | 
on the segmental pinion 61 engage with the rack. The | 
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jects below the ribs in the holding parts 74 and 37, | 
and the type must be pushed up from below a sufficient 
distance to cause its nick to engage with one of the 
ribs. This is done by another pusher 79. All that 
now remains to be done is to place the nick face the 
proper way, so that the letter will be printed right 
side up. The nick is either against the lever 74 or 
against the sill 37; in its passage it meets with an 
offset, which catches one corner, and obliges it to turn 


towards the gate (Fig. 6). The forward motion of 
the type is caused by the lever 81 (Figs. 2, 9, and 10), | 
mounted on a stand on the slide 22, and partially 
operated by the connecting-rod 21. The type is — 
forward by the short arm 83, or rather by the shoe 89, 
which bears against it sideways. At the end of the 
stroke the type is deposited just in front of the inlet to 
the type gutter. The slide 22 then starts onits return 
stroke and the connecting-rod tilts the fork, causing it 
to leave hold of the type, which is ready to be fed to 
the composing galley. This is done by the bar 92 
(Fig. 2), which forces the types one at a time into the 
gutter and feeds the entire row towards the galley. 
When the compositor hears the bell ring, as men- 
tioned above, he puts in a space long enough to pro- 
ject above the line of this type ; this space as it passes 
through the gutter catches the cam shown in Fig. 2, 
and in turn rings the bell as the signal for the insertion 
of another space. When a complete line has been 
nearly pushed into the galley, a long space catches the 
hook to be seen close to the edge of the galley, drawing 


ooDoBeSeBH 





it forward. This hook is connected by a rod to the 
wheel in front of the machine and rotates it sufficiently | 
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Fig.13. 




















to bring it into gear with a constantly running friction 
wheel. As soon as the engagement takes place the 
hook is pushed forward to carry the line completely 
into the galley, the catch holding the galley on its 
sliding bed is withdrawn, and the galley slides down 
the depth of one line. The wheel at the front of the 
machine stops at the end of one revolution, because a 
part of its circumference is cut away. 

As shown in Fig. 2, the lines thus formed are not all 
exactly of the same length, and need to be ‘‘ justified” 
before they can be made up into columns or pages. 
This is done by the machine illustrated in Fig. 3 on 
page 302. The galley is placed on a slide in the front 
of the machine, and each line is pushed out of it in suc- 
cession; it is held between two feelers or callipers, which 
are connected with an index which shows, to an exag- 
gerated scale, how much the line is longer or shorter 
than the standard. The spaces between the words 
are then successively pushed out sideways, and are 






ESEBSEEEEEER 














Marcu 7, 1890. ] 


ENGINEERING. 


299 








BRISTOL’S MINERS’ 











LZ 
SLID £2, 


tt Wt: 
a 
Z 


BN 
eZ 


Z 
ZZ 















SASSILIDA 


MQ HH 
SS 


SS 
KKK 


P2222 SSS 


SSS 


7 TT 
Meet a PAA LLP PPPPTPOPLOE 








\’ azz ecccectcceccccccccccccccccccceeie 
SAN SSO 








replaced by others, wide or narrow as the case may be, 
until the index comes to the fiducial mark, when the 
line is pushed completely forward into the page. There 
are three spaces available for insertion in the line, 
respectively 3s, #4, and ;%, of anm quad. By combin- 
ing these, as shown in Fig. 13, any space varying 
between 33; and 74 can be obtained without difficulty 
and the line can be brought to the exact length re- 
quired. It is assumed, of course, that the original 
discrepancy does not exceed a certain amount. If the 
bell were to ring when the compositor had commenced 
a very long word he would not be able to complete 
it without going beyond an admissible length ; he 
would, in such case, divide it and put the remainder 
at the commencement of the next line. 

The spaces are contained in channels K!, K?, K° set 
at such an angle that they will slide downthem. The 
channels end at a slide L (Figs. 15 and 17) which has 
a reciprocating motion. This slide terminates in a 
wedge L! behind which is a transverse slot L? to re- 
ceive some or other of the space types from the 
channels K!, K?, K*. There is also pivotted to Lan 
arm L’, which terminates in a fork projecting upwards 
with its prongs one on each side of a thinned part of 
the slide L, and a foot L® under the fork L’, as the 
slide L moves to and fro, glides over the top of three 
vertical slides M!, M?, M®. These slides (Figs. 15 and 
16) rest on the top of a notched bar, which is moved 
to and fro transversely to the slide L. When the slide 
Lis at the extreme of its stroke to the right the slot 
L? (Fig. 17) is immediately under the channel K*, and 
the fork, if it were then in its highest position, would 

revent a space entering the slot, and consequently as 
moved to the left it would carry no space with 
it. If, however, under M® there is a notch of the 
bar N, the depth of a K* space, or of several 
of them, one or more of them will drop into the 
slot L?, and will be carried forward by the slide. 
If M! and M? have the same depression as M®, as indi- 
cated in Fig. 17, no spaces will be taken from K' and K?, 
because the slot L? is already charged from K*. If, 
however, M! and M? be lower than M® one or more 
spaces, as determined by the depressions, may enter 













ELECTRIC LAMP. 











a 


the slot L? from K? K!, while the slide L rests for a 
moment opposite each of these channels. Thus the 
selection of the separate or combined spaces received 
in the slot L? depends upon such of the notches in the 
bar N as are brought for the time being under the 
slides. 

As the wedge L! advances it pushes a space out 
from between two words of the composed line of type, 
the channel up which the line is pushed having open- 
ings to admit the wedge. On this wedge there are 
ribs which cause the upper part of the line of type to 
lift to admit the deepest of the spaces contained in the 
slot. When the slide has fully advanced it operates, 
through intermediate mechanism, an arm P P! (Fig. 16) 
| which lifts the tail of the slide M', and also the slides 
| M? M*. This causes the fork L’ to move the spaces 
| out of the slot and to put them in the line of matter. 
| The slide then retracts the fork, preventing any spaces 
| dropping into the slot. 
| The position of the notched bar N, which determines 

which spaces are to be selected, is fixed by the handle 
| shown to the left of the vertical slide in Fig. 3. This 
| handle is likewise connected to an index (Fig. 18) 
moving over a scale marked with the different sizes of 
| space ; accordingly as the attendant sets the index so 
are the corresponding spaces selected. The scale to 
the right in Fig, 18 is that which shows how much the 
line is too long or too short, and consequently it is by 
its indications that the operator fixes the position of 
the left-hand pointer. The dark and light spaces 
crossed by the index on the right-hand dial show which 
of the space types should be introduced at any space 
of the line in order to make it of the right length for 
the justified forme. The index is locked during the 
removal of a space by the cam E*, curved rack T®, and 
lever T’ (Fig. 14.) The machine is operated by the 
handle D, one space being removed and replaced at 
each revolution. The line is fed upwards by means of 
a counterweight, and to insure it being arrested at 
the end of each word, the spaces inserted in the com- 
— machine are very short, so that they leave a 

eep nick above them into which a feeler drops. 

From the above description it will be seen that both 
machines are marvels of ingenuity. They perform 
their work with celerity and with unfailing accuracy, 
and turn out pages of matter which cannot be discerned 
from the best hand-work. They can be seen at work 
in London on application to Mr, G. Hagborg, of the 
Lagerman Typotheter and Justifier Company, Limited, 
Cornwall Buildings, 35, Queen Victoria-street, E.C. 
Several machines are being regularly worked at the 
pas offices of Messrs. Richard Clay and Sons, 

imited, 





Bread-street-hill, Queen Victoria-street, E.C., 
and the company has supplied machines to other lar 
rinters, while they have many in hand nearly ready 
or delivery. 





MINERS’ ELECTRIC LAMP. 

WE illustrate on the present page a very neatly 
amenged miners’ electric lamp devised by Mr. L. 
Bristél, of Acacia Villa, Park End, Bromley, Kent. 
The current is provided by a four-cell accumulator 
inclosed within a polished wood box, on the face of 
| which the a 4 is fixed within a strong glass dome 
D, and backed bya reflector. The box has a metal lid 
with a projecting lug which covers one of the charg- 
ing terminals, so that when the lid is closed the battery 








cannot be short-circuited. The lid also carries a lock 
a by which it can be secured ; a pin on this lock fixes 
the glass dome against being unscrewed. There is a 
spring holder for the glow lamp, with two terminal 
holders. These holders are attached the one to the 
positive terminal P of the battery, and the other to an 
independent — n, between which and the negative 
terminal N of the battery, circuit is made and broken 
by the spring sliding switch S passing through a groove 
behind the plate C. 

The battery plates B are of special construction, de- 
signed to give them such a degree of self-cohesiveness 
and rigidity that no additional metallic support is 
required. There is mixed with the active material a 
suitable proportion of fibrous substance, and the whole 
made into a paste. This is cast in moulds, a con- 
ductor being inserted in each plate to aid the flow of 
the current. The plates are then gently pressed and 
dried. A hollow plug b is provided for the escape 
of the gas given off during charging. 

These lamps are stated to t much lighter than 
electric miners’ lamps as hitherto constructed, the 
following being their weights : 


Candle- Hours of 


Power, Light. Weight. Height. 
Ib. 02. in. 
if 10 3 6 o 
1 15 5 4 6h 
1 5 112 4 


The lamps and batteries are well made, and appear 
excellently adapted for their purpose. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 20, 1890. 

A FURTHER step has just been taken to reduce the 
cost of southern pig iron in north-western markets in 
a cut of 30 cents per ton freight, on a haul of from 300 to 
500 miles. The effect of this cut will be to stimulate 
demand, and for this reason, that it is the very best 
rate railroad managers can make; and on the other 
hand, the miners of the Southern States are in a 
turbulent frame of mind, and have already induced their 
employers to advance wages 10 to 12 per cent. There 
is a very strong feeling at Chattanooga, Birmingham, 
and other southern points, regarding the future of 
iron. Some believe that prices will advance a dollar 
within thirty days; 5000 tons of iron have been 
shipped from Sheffield, in Northern Alabama, to 
Pittsburg, a distance of about 1000 miles. This is the 
first shipment from that point to Pittsburg, by water, 
and a heavy traffic will now set in by water from 
Northern Alabama points, and northern markets. 
This virtually stimulates competition between southern 
roads running northward, and the new iron lines that 
will be established. Other important improvements 
are being made in southern rivers, and when com- 

leted, the lumber and iron interests of the south will 

e placed upon a much more favourable footing. 
Orders are being received for large lots of ore at Cleve- 
land. Buyers of ore are engaging transportation for 
pny during the summer. Last week charters for 
100,000 tons of ore were engaged. Southern iron- 
makers have been greatly encouraged with the 
inquiries from northern markets for iron, and there 
is undoubtedly a very large consumption in progress. 

Steel rails are selling at 35 Nols to 36 dols.; 
southern forge at 17 dols. to 17.50 dols. in northern 
markets ; ‘spiegeleisen in New York markets has 
a to 35 dols.; ferro-manganese has dropped to 
90 dols. 

There is nothing of importance in northern crude 
iron markets, and a weekly production of 175,000 tons 
is all disappearing, leaving the market strong, and 

rospects for the spring and summer very favourable. 

western markets car iron orders are plentiful. In 
Chicago one contract was taken for 130,000 dols. 
worth of steel beams. Large orders for wrought-iron 
pipe are under consideration. Barbed wire has been 
advanced owing to the improving conditions of trade, 
and a still further advance is indicated by the activity 
with which the late advance has been followed. 

All of the larger American iron mills are increasing 
their capacity, and some of the orders placed have 
been for the heaviest machinery ever constructed. 








ON STEAMSHIP PROPULSION, &c. 
To THE Epiror or ENGINEERING. 

S1r,—A Spanish proverb suggests: “* When you can’t 
get a fish by the head, then take it by the tail,” which, in 
cases where there seems to be no very definite head or tail, 
becomes somewhat illusory ; and, on first principles, we 
have to “‘catch on” to the most salient feature offered. 
In the particularcase of Mr. Edmond, this seemed to be 
his personal claim founded upon the ae gs naive state- 
ment, some fourteen or sixteen years ago, he had been 
induced to give the law of geometrical progression a trial, 
“but the paucity and unsatisfactory character of the data 
made it difficult to form an opinion on the state of the 
case”! Claims on such a basis are not likely to be met 
with respect; more so from the obvious fact, Mr. 
Edmond is only tentatively groping in the dark, without 
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the slightest notion of the real meaning of the formula 
he is writing about ; as to its being, merely, the expres- 
sion of mechanical principles underlying certain repre- 
sentative symbols. ft has been very properly observed, 
by one of the great masters of analytical mechanics" : 
‘* Primary causes are unknown to us, but are subject to 
simple and constant laws, which may be discovered by 
observation, the study of these being the subject of 
natural philosophy.” Again: ‘‘ Mathematical analysis 
has therefore necessary relations with sensible pheno- 
mena; its object is not created by human intelligence, it 
is a pre-existent element of the universal order, and is 
not, in any way, contingent or fortuitous ; it is imprinted 
through all nature.” 

To illustrate this, it having been observed that a funda- 
mental relation of certain of the principal elements, in 
the problem of steamship propulsion, was expressible by 
the formula : 


q d?s 
Log = = V slg — —n)V. 
oe eee ey ee 
If, 
d? s 
v by W. 
21,010 SN be denoted by 
Obviously, 


Log E=log W+ceV; 
and, consequently, 
E = W .10°V. 
The physical interpretation of this being: 

“he gross indicated power E, necessary to propel a 
vessel at the speed V knots, is equal to the product of the 
work done by the engines, at their speed of piston ; and, 
supposing a gross unit piston pressure f, acting upon them; 
when multiplied by the basic number 10, raised to a 
power, obtained by multiplying the speed, by a small 
coefficient, c = a—n. The quantity f is known in mechanics 
as ‘‘Morin’s constant ;” @ and n are small coefficients, 
satisfying the subsidiary equations : 

K = b V log aV, 
N = mV log—nV. 


Where E and Nare the gross indicated powers, and re- 
volutions per minute, corresponding to the speed V of the 
vessel. It is further understood, that a, b, m, and n are 
all conditioned constants, subject to alteration, when the 
circumstances of trial are altered, by known or unknown 
causes. 

The difference, a-n=c, employed to form the quan- 
tity 10°’. I have proposed for this latter the name 
Poncelet’s current factor. Long since and repeatedly, if 
have pointed out that the distinguished mechanician, the 
late General Poncelet, is entitled to the credit of havin 
in his essay ‘* Des Résistances Mécanique Industrielle,” 
first placed the subject in its rational and proper light. 
And, although, so far as known to me, kar ed M 
Morin nor Poncelet ever made special application of their 
investigations to steamships, not the co are they en- 
titled to the credit of their labours when so applied. Mr. 
Edmond’s claims are founded upon his mere opinion that 
log A and log r are preferable, as a notation, to C and ¢, 
which is the net amount of his contribution to the ques- 
tion. And in the formula, with this trumpery altaration 
effected, and the entire meaning dis nsed with, he con- 
gratulates himself as having obtained ‘‘a potent formula 
of interpolation,” ‘‘if nothing else.” Again, horribly 
shocked by the idea of three discontinuous values for the 
quantity f—as he seems to have studied my letters—Mr. 
Edmonds might have tried the simpler cases where there 
were only two. When he had got over the shock of one 
discontinuity, probably, a second would have been en- 
countered with more equanimity. He could scarcely fail 
to observe, although three values are a property pertain- 
ing to every eepul boat examined, there are numerous 
well-defined cases, where only two values are apparent. 
Take, for example, the exceedingly valuable data of the 
Italian Royal Navy warship Lepanto (communicated by 
Major Soliani to the Institution of Naval Architects), we 
have as follows : 


Trial Data ** Lepanto” (400.6 x 72.9 x 28.4=13,851 Tons 
Displacement). 


Speeds V. Powers E. Revolutions N. 
2.7 158.6 15.0 
7.25 1,004 38.8 
10.0 2,403 55.0 
13.7 5,230 70.53 
15.89 10,330 80.95 
16.78 12,010 85.0 
18.38 16,150 93.5 


These figures distinctly indicate: in this vessel, up to 
15.1 knots, we have 


Log © =.7980+.0838 V, 
N 


but for all speeds above 15.1, this is changed into 
Log FE = 1.2635 4.003 v. 


Hence, it follows, the ratio of the quantity f below and 
above this s , is: Log! 1 2635+log—! .7980 = log—! 
.4655=2.921. That is to say, about three times greater, a 
fact certainly peqeriee some thinking over, though not so 
alarming as Mr. Edmonds found the—about twenty-seven 
times—difference between the first and third values with 
the Sunderland. Let us now test the far more important 
deduction. Is the gross power for different s 8, as 
stated, respectively, directly as the products of the works 
done on Morin’s constant by the quantity 10°V? The 
true trial speeds, slightly different from the observed, 
seem to be as follow : 


* Fourier: ‘‘ Traité Analytique de la Chaleur.” 











Values V =2.7 7.84 10.05 13.7 15.89 16.73 18.375 

Since ¢ = .0838 =.053 

rk A «. = .2262 .6151 .8422 1.1481 | .8422 .8867 .9741 

Add C .. = .7980 .7980 .7980 .7980 | 1.2635 1.2635 1.2635 
» Log N.. = 1.1761 1.5888 1.7404 1.8484 | 1.9082 1.9294 1.9708 

Then: Logs 

workdone = 2 2003 3.0019 3.3806 3.7945 | 4.0139 4.0796 4.2084 

And : By formula. 
power doing 

ess .. = 2.2003 3.0017 3.3808 3.7945 | 4.0140 4.0795 4.2084 

By data. 





Here, in each respective case, the ratio between the 
work done and the power doing it (predicted by Newton 
two centuries ago, as a necessary consequence ‘‘in any 
machine”) comes out as near unity as fallible human 
observation, and calculation, are likely to attain. Thus, 
to compare the observed speeds to those indicated by 
Newton’s criterion, we have: 


For speeds =2.7 7.25 10.0 13.7 | 15.89 16.78 18.38 By obser- 
| vation. 
By Newton's 
criterion 
16.73 18.375 ornee to 
—.05 —.005) slightly mo- 
ify the 
speeds, 

Here, at 15.1 knots, ‘‘simply horrible” though it may 
be to Mr. Edmond’s notion as to fluid motion, we have 
distinct evidence, Morin’s constant, which he assumes 
“to be something quite definite, representing the friction 
of the machinery,” suddenly trebles its value through the 
higher range of speeds. I discussed this matter with the 
late Dr. Froude many years ago, and there is a published 
letter of mine to that gentleman, when, under date 
October 9, 1876, I wrote: ‘‘A machine in motion de- 
veloping power has a constant deduction from the acting 
pressure, which is independent of the velocity of its 
motion. I have denoted this defect of pressure by the 
symbol f, and you will notice I affirm that this quantity 
is not the measure of the moving friction alone ; but this 
friction, in most cases, very much modified by external 
circumstances, of which, except by the resultant effect, 
we possess no definite measure.” 

From the spring of 1875 the same subject had been in 
dispute between the late Mr. William Denny and 
myself. I incurred the hostility of this gentleman for 
endeavouring to show him ‘‘there was more than friction, 
I could prove it,” or, rather, the consequences; the 
aphical process to determine this quantity, which Dr. 
roude had proposed, was altogether incorrect, and a 
misconception of the problem. Mr. Edmonds, in the 
Sunderland and Lepanto, will find samples of the proof. 


True speeds =2.7 
0 


7.34 
Differences =0.0 +.09 


Ny 


$11 have simply pointed out facts, and Mr. Edmonds ought 


to know ; I am not called upon to give reasons for a fact ! 
However, if he revises my letters, in several places he will 
find indications, as to the direction in which explanations 
were to be looked for. Tersely re-stated, in Poncelet’s 
current, viz., the retrograde flow past the vessel, of the 
water displaced in her progress, and in the following cur- 
rent in her wake, induced by the power ‘expended on the 


friction on the immerged hull, in minor degree, augmented t 


by the closing, in replacement movements at the stern ; 
we have two antagonistic currents, and at particular 
speeds we seem to have the one masking or getting the 
mastery over the other, with the effect upon the propeller 
working in their resultant ; equivalent to a marked altera- 
tion in its pitch. The resultant effect upon the power 
expenditure, is indicated in the equation : 


Log 5 = C+ eV. 


By alteration in the value of ©, which involves like 
changes in log f; the other element, the cylinder, being 
constant. Also, an inverse alteration onc. That is to 
say, the one increasing, the other diminishes, and vice 
versd. 

We have precisely similar effects following; When we 
make alterations in the pitch of the screw, alterations in 
the draught, or trim, and in any circumstances of trial ; 
which, in like manner, may be made evident and definite 
to us, by the effect upon these quantities. I do not think 
it necessary to add more at the present. Only this: should 
Mr. Edmond desire to be treated with courtesy, he ought 
not to be so precipitate in his assumptions. The matters 
on which I write were known to me many years before I 
was aware of his existence. 


February 20, 1890. Rosert MAnseEL. 





THE NORTHWICH BOILER EXPLOSION. 
To THE Eprtor oF ENGINEERING. 

Str,—I have read with much interest the articles on 
above which have appeared in your valuable journal, and 
now have an official copy of the inquiry before me, and 
as I have had several years’ experience on the River 
Weaver as a boiler inspector, I should be failing in my 
duty to many honest men if I did not rebut the statement 
made by Mr. Falk and Mr. Stubbs before the Com- 
missioners, ‘‘that it is a common practice for engineers 
on the River Weaver to tamper with safety valves.” The 
statement is only too true when applied to some of 
the then existing firms, but there were several (and are 
two to-day) firms and fleets of steamers plying on the 
River Weaver where “‘ pegging,” “plugging,” or ‘‘tamper- 
ing” with safety valves never ei been resorted to. his 
statement I make fearlessly, having travelled (on foot and 
on deck) scores of times from Weston to Winsford, day 
and night, like a thief in the dark, and in the four fleets 
(about 40 boilers in all) that I had to do with, I never once 
had cause for suspicion, although I well knew the practice 
was followed in some of the other fleets, and more than 
once when I have been having a friendly ride from lock 





to lock have I remonstrated with engineers who I have 
seen following the practice, but of course, being on 
sufferance, to remonstrate was I could do, and then 
get ashore at the first lock I came to. Now, Sir, the 
public will be of opinion that pees the man Penny 
died by the act of his own folly, but there are many who 
know the circumstances of similar cases who will bear me 
out when I say it is doubtful whether he did or nct. 
Engineers on these barges do not always do these reckle:s 
things of their own free will. The truth is, probably, that 
the captain is epeagrwe d master of the situation, and the 
pressure brought to bear on the engineer is more than an 
ordinary engine driver can resist unless he is prepared to 
leave his situation. The root of the evil is, or was, 
in the “‘ trip and egy ” system of payment. Theengi- 
neer and ‘‘his train” home are only secondary considera- 
tions, and can have no ring whatever on the racing 
which takes place between Weston Locks and Liverpool. 
With the captains it is often “‘ who can get first in and 
out,” or in other words who can earn his money in the 
shortest time; and as many an authority must know the 
engineer who will not ‘‘ peg” to suit the captain has an 
unpleasant time of it. It is certainly ‘*news” to me to 
hear of engineers getting 3/. weekly. Surely this is nota 
regular wage. It may bean occasional wage or payment 
asa result of “‘pegging.” Of course it is easily seen how 
a man may be isant to an evil practice, when in 
an irresponsible position and not care to afterwards divulge 
all he ax to his directors. In conclusion, I may sa 
this explosion was not a surprise (to me, at least), and 
fairness to honest firms and engineers is my only apology 
for writing this letter, the truth of which can be fully 
borne out by other inspectors if necessary. 
I am, Sir, yours truly, 


Manchester. SAMUEL BoswELL. 





INDUSTRIAL PARTNERSHIP. 
To THE EpiToR oF ENGINEERING. 

S1r,—I see with much interest that the system of indus- 
trial partnership begins to gain ground in England. 
Instances of its application appear now and then in the 
columns of your valuable journal. 

The general application is somewhat hindered by the 
want of asimple rule for dividing the profits according 
to the rate of interest current in the market and the value 
of labour at a = moment. 

An attempt has been made by me to supply this want, 
and the elementary formula given by me was published 
in the “‘ Bulletin de la Participation aux Bénéfices,” 1885, 
3rd Part. I inclose a copy of this paper, in which you 
will find an exposition of the principle on which the for- 
mula is founded. 

Without repeating what you will find in the inclosed 
notice, I will only point to the character of the pro- 
posed formula, that it is not a dogmatic rule making 
all industries on the same footing, but simply a form of 
calculation in which are introduced the principal factors 
of the problem, viz : 

I. The amount of capital embodied in the manufac- 


ory. 
II. The yearly amount of wages paid to the workmen 
and foremen, as well as to the clerks and other employés. 

III. The net profit of the business after deduction of 
common interest on capital. 

These three quantities are perfectly definite in a given 
manufactory. The formula depends on these and on two 
variable numbers : 

1. The current rate of interest to be paid for capital. 

2. The capitalised value of the manual and intellectual 
labour embodied in the enterprise, in other words the rate 
of interest to be paid to labour. 

These two numbers vary with the state of the market, 
and with the special character of each manufactory. 


A. HUET. 
Delft, Holland, March 3, 1890. 





CARTRIDGES. 
To THE Epitor oF ENGINEERING. 

Srr,—I observe in your list of patents in this week’s 
issue of ENGINEERING, and under the name of Romanel, 
for an internal tube in cartridges for the purpose of com- 
peed burning the powder within the barrel of the gun. 

t might save this gentleman some trouble if he were in- 
formed that in 1879, I registered the very same thing for 
the very same purpose. 

Yours, &c. 


J. W. ve V. GALWEY. 
Canal Foundry, Preston, February 25, 1890. 








BATTLE OF THE BRAKES. 
To THE Epitor or ENGINEERING. 

S1r,—I am glad tosee Mr. Clement Stretton turning his 
attention towards Indian railways, but he is rather late in 
the field, as the battle of the brakes was fought and won 
some eighteen months ago, and as the fittings for the 
winner are arriving in the country very fast trains should 
soon be running. I have no doubt Mr. Stretton will be 
surprised to hear that the vacuum won the day at the 
trials, but this was due to their having taken place on 
grades of 1 in 25. The victory was apparently to be 
awarded to the best all-round brake, and as the Westing- 
house could only stop the quickest, and was simply not in 
the trials as to graduating the trains down the grades—a 
most important desideratum—the delegates appointed to 
witness and report on the trials had no alternative but to 
give their decision, which led to the vacuum brake being 
adopted for Indian railways. 

M.I.M.E, 


Saharunpur, India, February 11, 1890. 
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UNDERGROUND RAILWAYS. 
To THE Eprror oF ENGINEERING. 

Sr1r,—Home Rule for Scotland at the present time is a 
dead letter. As your scientific journal in London is 
always open to ventilate new projects, I write in the 
interest of underground railways for the Scottish capital. 
Princes-street, at the Registered Office, has become so 
congested with tramcars, omnibuses, and other vehicles, 
that an underground railway station in that vicinity 
would not be desirable. St. Andrew’s-square is sur- 
rounded with banks, stores, and other places of business, 
with Melville’s monument in the centre of the square. 
We propose to form a roadway for carriages on each side 
of the monument, and which is in a direct line with 
George-street, and on each side of thisroadway handsome 
buildings will be erected to cope with the British Linen 
and other banks in architectural grandeur; thus the 
amenity of the surroundings will & utilised, and the 
square turned into a profitable investment. However, 
prior to these buildings being erected we propose to form 
an underground railway station, driving a tunnel or 
tunnels westward under George-street, joing the Cale- 
donian and North British Railway system, beyond Donald- 
son’s Hospital. Eastward we intend to pierce a tunnel or 
tunnels under the Calton Hill, and which will effect a 
union with existing lines in the vicinity of St. Margaret’s 
on the North British system. The North British Rail- 
way Station at the Waverley is in a hole, and is the worst 
station in the kingdom, entailing a deal of exertion to 

ple ascending the flight of stairs. The residents in 
edinburgh are accustomed to climbing, but the general 
travelling public coming to Edinburgh periodically, or 
daily, are not. 

St. Andrew’s-square is about 200 ft. above Ordnance 
datum, and the surrounding country 100 ft. above datum. 
Modern locomotives can rise to the occasion. We can 
ventilate tunnels cheaply, notwithstanding the opinion 
of others. Sleepers can be laid with pads of india-rubber 
to prevent vibration in a tunnel under a town, in fact, 
Sir, we should be much pleased should you lay down this 
railway in your pages. 

Tam, &c., 
Portobello, February 26, 1890. JOHN G. WINTON. 








100-TON CRANE AT BELFAST. 
To THE Epitor or ENGINEERING. 

Srr,—It is only to-day I noticed in your valuable 
journal of the 31st of January last the letter from 
Messrs. George Russell and Co., Motherwell, and would 
thank you to allow me space in your next issue to say 
that I did not happen to-see the design, specification, nor 
the 60-ton crane at Port-Glasgow alluded to by that firm ; 
but supposing I had, I would not have worked to them. 

Yours very truly, 
JAMES TAYLOR. 

59, Hamilton-square, Birkenhead, Feb. 24, 1890. 





THE BOURDON PRESSURE GAUGE. 
To THE Eprror oF ENGINEERING. 

Str,—In a recent letter to Nature, Professor Worth- 
ington truly remarks that there is not any simple expla- 
nation of the action of the above to be found in the ele- 
mentary text-books; and he shows that the internal 
pressure gives rise to a tension of the outer and a com- 
pression of the inner wall of the tube. As this would 
cause the tube to coil up instead of uncoiling, it cannot be 
accepted as an explanation of the latter as an effect of the 
internal pressure. 

The action, however, might easily be explained if the 
following assumptions be allowed to be approximately 
correct. Suppose instead of the usual elongated elliptical 
shape that the section of the tube is a parallelogram 
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A BCD, s0 that a portion of the tube is formed by the 
intersection of four cones having a common axis 
Suppose, further, that the change in the shape of the sec- 
tion is due to bending at the corners, and that the tube 
has the section A} B! C! D! after the pressure is applied, 
a portion of the tube being formed by the intersection of 
four new cones having the same common axisPN. 

Tf we consider the side of which A D is a section, it is 
easy to see that the generating line PD will be equal to 
P! D1, for both would be the radius of the edge D if the 
side of the tube were developed into a plane. 

The same will apply to the other sides, and from pro- 
portional triangles we have at once 

DN _DB 
DINi DIB? 

or the radius of curvature of the tube varies directly as 
the shortest diameter of its section. 





If the tube were of the above section, the change from 
one shape to the other would be accomplished without 
any buckling action, and all the strains would be simple 
bending ones in the direction of the thickness of the 
metal. The curved section, though necessary for resisting 
the pressure, causes more complicated strains. 


ours we 
J. H. Hamirton, 


BOILER INSPECTION. 
To THE Epitor or ENGINEERING. 

Srr,—In_ his letter in your issue of February 7, Mr. 
Fletcher claims that ‘‘through the intervention of the 
Manchester Steam Users’ Association, a dangerous set 
ef boilers was exchanged for a safe one,” an s into 
italics over the warnings which were given by the Asso- 
ciation to the owners of the boiler whose flue collapsed in 
1874 ; but if similar warnings had not previously been 
given by a joint-stock boiler insurance company, Mr. 
Fletcher might not have got so favourable ahearing. Be 
that as it may, the system of inspection and guarantee 
adopted by the Manchester Steam Users’ Association 
failed to prevent this ‘“‘unfortunate explosion,” which 
‘*showed the correctness of the joint-stock company’s 
reports ” equally with those of the Association. I am 
not one who despises the Association system of inspec- 
tion ; on the contrary, I believe it to be a good one, and 
if Mr. Fletcher had bestowed as much pains upon its 
development as he has done upon attempts at legislation, 
the Association would not have become what it is at 
present—-one of the smallest boiler inspecting agencies in 
the kingdom. Yours faithtull : 

R. Cuartes LoncRiper. 

Buxton, February 19, 1890. 


February 18, 1890. 








DECORTICATING MACHINES FOR RAMIE. 
To THE Eprtor oF ENGINEERING. 

Str,—I observe in this week’s ENGINEERING a com- 
munication from Mr. J. R. Shearer on the subject of the 
much vexed question of getting rid of the gummy matter 
from ramie fibre. 

Five years ago, being in New York, I was consulted 
by a syndicate who contemplated taking up an invention, 
or rather combination of inventions, for the treatment of 
ramie, one of which was the expulsion of the gum. This 
ome of the process was certainly the very best thing of its 

ind I ever saw. 

The ramie was subjected first to this process (not 
chemical and not retting), dried, which it did rapidly, 
and the bark and gum ‘hen rubbed out in the form of a 
coarse powder, leaving the fibre perfectly clean and un- 
injured in any way. 

Moreover, the process, which I can and shall obtain 
details of, was cheaper than any chemical process or 
bath could possibly be. 

Yours, &c., 
J. W. ve V. GALwey. 
Canal Foundry, Preston, February 25, 1890. 





COLLIERY EXPLOSIONS. 
To THe Eprror or ENGINEERING. 

Sin,—Presuming that in some instances colliery explo- 
sions can be traced to the furnace system of ventilation, 
in conjunction with safety lamps, which allow the miners 
to work in a mine more or less charged with inflammable 
gas, which I have stated in a former letter may be igni 
by passing through or coming in contact with the live 
po ys the furnace, which to me appears like placing a 
fire in a huge gasometer, fed with gas and air; the most 
explosive mixture is when the gas is one-eighth to one-ninth 
of the whole. 

In all modern plants in Scotland, the mines by no 
means being of a fiery nature, the suction fan is at 
fitted to a shaft quite independent from the shaft by 
which the coal is brought tothe surface, the former bein 
of course the upcast, and the latter the downcast. 
think in any system for promoting ventilation, mixing up 
the gases given off by blowers and allowing the gases to 


flow along the main air courses, is erroneous. The 
ases at the headings should be drawn into eS 
ormed in the old workings, placed in connection 


with passages leading to the upcast shaft, to form, as it 
were, a partial vacuum in their passage by means of the 
suction fan, placed at the surface, and in some instances 
underground ; allowing the inward current of fresh air to 
flow up to the headings, is not so expensive an arrange- 
ment as some would suppose. With the old workings 
properly built up with brick partitions as the coal is won, 
a very small metallic pipe of light construction will draw 
the gases out of the headings, which passing through the 
brick walls, and ag gd connected, the foul air is 
entirely isolated from the roadways the miners traverse 
daily. A means of regulating the supply of fresh air is 


N. | by fitting a sluice to the metallic suction pipes. I may 


add that pipes formed of thin sheet iron have been adopted 

in some of the mines of Midlothian to promote ventila- 

tion. I trust others may see their way to throw aside the 

former system of ventilation. JoHN G. WINTON. 
Portobello, March 3, 1890. 





LAUNCHES AND TRIAL TRIPS. 
Tue largest tank steamer yet built in Sweden or Den- 
mark was recently launched from the Lindholmen slips, 
and on February 8 proceeded on her trial off Gothenburg. 
The vessel is named the Blesk, and is of the following 
principal dimensions: Length, 325ft.; breadth, 40 ft. ; 
and depth in hold, 274 ft. She attained a speed of 114 
knots on her trial, carrying a load of 3400 tons, on a 





draught of 21 ft. 


Messrs. Barclay, Curle, and Co., Limited, launched on 
the 20th inst., from their yard at Whiteinch, a steel screw 
steamer named the Benares, which they have built for the 
Hamburg Calcutta Line. The vessel is of the following 
dimensions: Length, 340ft.; breadth, 42 ft. 3 in. ; 
depth, 29 ft. The builders are constructing engines of 
the triple-expansion type having cylinders 244 in., 37 in., 
and 64 in. in diameter respectively with a stroke of 48 in. 





On the 21st ult. a steel barque named Bankturn was 
launched from the yard of the Grangemouth Dockyard 
Company. The vessel is 1400 tons register, and will 
carry 2300 tons deadweight. The dimensions are: 250 ft. 
long, 37ft. 6in. breadth moulded, and 21 ft. depth of 
hold. The owners are Messrs. Just and Co., Liverpool. 





On Friday, the 21st ult., there was launched from the 
yard of the Sunderland Shipbuilding Company, Limited, 
a steel screw steamer ss the Denia, and built to the 
order of the Compania Valanciana di Navigazion, of 
Valencia. The vessel is of the following dimensions: 
Length, 249 ft.; breadth, 35 ft.: depth of hold, 24ft. The 
machinery is by Messrs. Black, Hawthorn, and Co., of 
Gateshead-on-Tyne, and of the tri-compound type having 
cylinders, 19in., 3lin., and 51 in. in diameter respec- 
tively, by 36 in. stroke; steam will be supplied from two 
large steel boilers working at a pressure of 160 1b. per 
square inch, 





Messrs. David J. Dunlop and Co. launched from Inch 
Works, Port-Glasgow, on the 21st ult., the s.s. Cyrnos, 
built by them to the order of Messrs. Fraissinet and Co., 
of Marseilles. The dimensions of the boat are: Length, 
225 ft.; breadth, 29 ft.; and depth moulded, 23 ft. 4 in. to 
awning deck. The engines, which will be fitted on board 
at the builders’ wharf, are of the three-cylinder type, and 
will develop about 1700 indicated horse-power ; day are 
fitted with Morton’s patent valve gear and are expected 
to give the steamer a high rate of speed. 

On Saturday, 22nd, a screw steamer named Banes was 
launched from the same yard on behalf of Messrs. Har- 
loff, Bergen. The dimensions are: ‘Length, 180 ft. ; 
breadth, 28 ft. ; depth of hold, 12ft. 9in. The engines 
are — — y Messrs. Hutson and Corbett, Kel- 
vinhaug orks, Glasgow. The cylinders are 16in., 
26 in., and 40 in. in diameter by 33in. stroke. Steam is 
generated in one single-ended boiler, 14 ft. in diameter by 
1lft. long, having three furnaces. The engines are 
expected to indicate 700 horse-power, and to give the 
vessel a speed of 11 knots. 





On Saturday, 22nd inst., a new steamer named the 
Strathesk and owned by Messrs. Burrell and Son, Glas- 
ow, was launched from the yard of Messrs. Russell and 
Go., Greenock. The length between perpendiculars is 
294 ft. ; breadth, 384 ft. ; and depth moulded, 224 ft. The 
engines are of the tri oy es type, and are being 
constructed by Messrs, James Howden and Co., Glasgow. 
The cylinders are 224 in., 34 in., and 584 in. in diameter. 
Two boilers, 13ft. 9 in. in diameter by 10 ft. 6 in. long, , 
supply steam at a pressure of 160 lb. to the square inch. 





On Saturday, February 22, Messrs. Ramage and Fer- 
son, Leith, launched a twin-screw steamer named the 
eung Shan, which they have built for the Hong-Kong, 
Canton, and Macao Steamboat Company (Limited). The 


ted | Vessel in question is 300 ft. long by 54 ft. broad by 


28 ft. 6 in. deep to upper deck, and is driven by two sets 
of triple-expansion engines. 


Earle’s Shipbuilding and Engineering Company, 
Limited, Hull, launched on February 24 the s.s. ‘l'asso, 
which has been built by them for Messrs. Thomas 
Wilson, Sons, and Co. to the following dimensions : 
Length, 250 ft.; breadth, 32 ft.; depth of hold, 16 ft. 6 in. 





On Tuesday, ap sesnge 25, Messrs. Raylton, Dixon 
and Co. launched from their Cleveland dockyard a steel 
screw steamer named Yumuri, which has been built to 
the order of Mr. P. G. Patterson, Bergen, Norway, and 
is of the following dimensions : Length over all, 204 ft. ; 
breadth, 28 ft. ; depth moulded, 21 ft. 10 in., with a 
carrying capacity of 1070 tons. Her engines are being 
built by Messrs. Westgarth, English, and Co., Middles- 
brough, on the triple-expansion system, with cylinders 
174 in., 29 in., and 47 in. by 33 in. stroke, which will 
develop a speed of 114 knots. 





METROPOLITAN Fire Encine.—Captain Shaw’s request 
for more escapes and more men having been dealt with by 
the London County Council, its attention has now been 
given to the fire engines, and on Tuesday it was decided 
to accept Messrs. Shand, Mason, and Co.’s tender to 
supply two powerful steam fire engines for use on steel 
rafts on the river. The joint capacity of the new engines 
is 2700 gallons per minute. 





Tue DratnaGe or Carro.—We understand that Mr. 
Baldwin Latham, who left England early in November 
to advise the Egyptian Government as to the drainage of 
Cairo, has recommended a scheme for the sewerage of the 
city on the hydraulic system, at an estimated cost of 
565,700/. That sanitation is receiving very great atten- 
tion at the present time inthe East, is evidenced by the 
fact that Mr. Latham, whilst at Cairo, was requested to 
extend his journey to Bombay, and has since been asked 
to advise as to the sewerage and water supply of several 
other towns. Mr. Latham will have completed his inves- 
tigations at Bombay shortly, and is expected in England 





about the middle of April. 
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AGENTS FOR ‘“ ENGINEERING.” 


Austria, Vienna: Lehmann and Wentzel, Kiirntnerstrasse. 

CatcuTta: G. C. Hay and Co. 

Epinsur@H ; John Menzies and Co., 12, Hanover-street. 

France, Paris: Veuve J. Boyveau, Librairie Et re, 22, Rue 
de la Banque; M. Em. Terquem, 31bis Boule Hausmann. 
on Se a vertisements, Agence Havas, 8, Place de La Bourse. 

ee below). 

GERMANY, Berlin: Messrs. A. Asher and Co., 5, Unter den Linden. 

Leipzig: F. A. Brockaus. 
Mulhouse: H. Stuckelberger. 

Giaseow: William Love. 

Iraty: U. Hoepli, Milan, and any post office. 

LIVERPOOL: Mrs. Taylor, Landing Stage. 

MANCHESTER : John Heywood, 143, mee 
UEENSLAND (NortH), Townsville : T. Willmett and Co. 

AM: H. A. Kramers and Son. 

bee one Stats: Sole Agent, W. H. Wiley, 15, Astor-place, New 

ork. 

— MELBOURNE: Melville, Mullen, and Slade, 262/264, Collin: 

ree 





Mathematical Theatre, at University College, Gower-street, W.C., 
when the following Papers will be read: ‘On the Pleistocene 
(non-marine) Mollusca of the London District,” by Mr. B. B. Wood- 
ward, F.G.S.,&c. ‘‘ Notes on some Pleistocene Sections, in and near 
London,” by Mr. W. J. Lewis Abbott, F.G.S. ‘‘ Note on a Curious 
Appearance produced by the Natural Bisection of some Spherical 
Concretions in a Yoredale Stone Quarry near Leek,” by Mr. 
Wheelton Hind, M.D. Specimens in illustration of their papers 
will be exhibited by the authors; Mr. Abbott’s will include Jurassic 
fossils from the drift south of the Thames. The chair will be 
taken at 8 p.m. 

Tue Institute OF Patsnt AGENTS.—Wednesday, the 12th inst., 
at 7.15 p.m. precisely, Business: 1. To discuss further Mr. 
Owen’s paper. 2. To read and discuss a paper by Mr. Lloyd Wise, 
Fel. Inst. PA, and Mr. Herbert Lapage, M. Inst. C.E., on ‘‘ The 
Argentine Republic as a Field for Invention.” 3. And, if time 

rmit, to read and discuss a paper by Mr. A. P. Jones, Fel. Inst. 

.A., “On le Mark Practice.” 

INSTITUTION OF ELECTRICAL ENGINEERS.—Thursday, March 13th, 
at the Institution of Civil Engineers, at 8 p.m. Adjourned dis- 
cussion on the following papers: ‘The eory of Armature 
Reactions in Dynamos and Motors,” by James Swinburne, 
Member ; and ‘‘Some Points in Dynamo and Motor Design,” by 








NOTICE TO AMERICAN SUBSCRIBERS. 

We beg to announce that American Subscriptions to ENGINEERING 
may now be addressed either direct to the publisher, Mr. CHARLES 
GILBERT, at the Offices of this Journal, Nos. 35 and 36, Bedford- 
street, Strand, London, W.C., or to our Sole Agent for the United 
States, Mr. W. H. Wiley, 15, Astor-place, New York. The prices 
of Subscription (payable in advance) for one year are: For thin 
(foreign) paper edition, 10. 16s. 0d.; for thick (ordinary) — 
edition, 2/. 0s. 6d., or if remitted to Mr. Wiley, 9 dollars for thi 
and 10 dollars for thick. 

ADVERTISEMENTS. 

The charge for advertisements is three shillings for the first four 
lines or under, and eightpence for each additional line. The line 
averages seven words. Payment must accompany all orders for 
single advertisements, otherwise their insertion cannot be 
guaranteed. Terms for pen og ay advertisements on the wrapper 
and on the inside pss may btai on applicati Serial 
advertisements will be inserted with all practical regularity, but 
absolute regularity cannot be guaranteed. 

Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
6p.m, on Thursday. In consequence of the necessity 
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NOTICE—THE FORTH BRIDGE. 


In consequence of the number of “ENGINEER- 
ING” of February 28 having been completely ex- 
hausted on the day of publication, the Publisher 
begs to say that a reprint of the descriptive matter 
and illustrations of the above Bridge has been 
issued, printed throughout on special Plate Paper 
and bound in Cloth, Gilt Lettered, price 5s. (post 
free, 5s. 6d.) This reprint consists of seventy-two 
pages royal 4to, and is illustrated by nineteen Page 
and Two-Page Plates, and 157 Figures in the text. 


NOTICES OF MEETINGS. 

Tue INSTITUTION OF CiviL ENGINEERS.—Students’ meeting, Friday, 
March 7th, at 7.30 p.m. Paper to be read: ‘‘'Telephonic Switch- 
ing,” by Mr. C. H. Wordingham, A.K.C., Stud. Inst. C.E. Mr. 
W. H. Preece, F.R.S., Member of Council, in the chair.—Students’ 
visit, Monday, March 10th, at 12 (noon), to the s.s. Jumna, of 
the British India Associated Steamers, Limited. Meet at Shed 21, 
Central Station, Royal Albert Dock.—Ordinary meeting, Tuesday, 
March 1ith, at8 p.m. Papers to be discussed: ‘The Hawkes- 
oury Bridge, New South Wales,” by Mr. C. O. Burge, M. Inst. 
C.E. ‘The Construction of the Dufferin Bridge over the Ganges 
at Benares,” by Mr. F. T. G. Walton, C.LE., M Inst. C.E. ‘The 
New Blackfriars Bridge on the London, Chatham, and Dover 
Railway,” by Mr. G. E. W. Cruttwell, M. Inst. C.E. 

Tue JUNIOR ENGINEERING SocteTy.—Friday evening, 14th inst., 
at the Westminster Palace Hotel, Victoria-street, S.W. The 
chairman, Mr. W. J. Tennant, Grad. Inst. P.A., will take the 
chair at a quarter to eight. A paper on the following subject 
will be read and discussed: ‘‘ Hydraulic Machine Tools,” by Mr. 
A. H. Tyler, Stud. Inst. C.E. Visit on Saturday afternoon next, 
8th inst., the London Hydraulic Power Company’s pumping 
stations: No.1 at Falcon Wharf, Blackfriars, near the Bridge. 
No. 2 at Millbank-street, Westminster, near the Houses of Parlia- 
ment. The party will meet at 3 o’clock to view No. 1 pumping 
station, and will proceed thence to Westminster. 

GEOLOGISTS’ ASSOCIATION, LonpoN.—Friday, March 7th, in the 























W. B. Esson, Member. 

Nortu-East Coast INstituTION OF ENGINEERS AND SHIPBUILDERS.— 
Monday, March 10th, at 7.35 p.m., in the Lecture Hall of the 
Literary and Philosophical Society, Newcastle-upon-Tyne _ Dis- 
cussion on paper by Messrs. Kilvington and Taylor on “Boiler 
Furnaces.” Paper on ‘ The Institution’s Rule for the Normal In- 
dicated Horse-Power of Marine Engines and Boilers,” by Mr. R. L. 
Weighton.— Graduates’ Section, Wednesday, March 12th. Members 
of this section will meet on the above date at Gateshead East Rail- 
way Station at 2.15 p.m., and will visit the locomotive works of 
the N.E. Railway Company. The general meeting will be held in 
the reading room of the Institution at 7.45 p.m., when a paper 
will be read by Mr. Balfour Bramwefl on “‘ Steam Engine Trials,” 
to be followed by a discussion. 

Tue Sanirary INstTiTuTE.—-Wednesday, March 12th, at 8 p.m., at 
the Parkes Museum, a paper will be read on ‘‘ The Sanitary Con- 
dition of Japan,” by W. Kinninmond Burton, Professor of Sanitary 
Engineering at the Imperial University, Tokio, Japan. The paper 
will be followed by a discussion. 

Tue Surveyors’ Institut1Ion.—Monday, March 10th, a paper 
will be read by Mr. T. W. Wheeler, Q.C. (Associate), entitled 
** Betterments.” The chair to be taken at 8 o'clock. 

LIVERPOOL ENGINEERING Soctety.—Wednesday, March 12th, at 
the Royal Institution, Colquitt Street, at 8 o’clock. Adjourned 
discussion on Mr. Charles H. Yeaman’s paper, entitled ‘* Notes on 
Central Station Electric Lighting,” which was read before the 
Society on January 29th last. 
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HE OPENING OF THE FORTH BRIDGE. 

Prruaprs seldom, if ever, has public enthusiasm 
run higher on a great engineering production in 
this country than on the occasion of the inaugura- 
tion of the Forth Bridge on March 4, a date made 
historical by the opening ceremony, forty years 
ago, of the Britannia Bridge, the greatest work of 
its time, and the engineer of which, Mr. Edwin 
Clark, is still living; nearly every newspaper 
and journal in the kingdom has devoted con- 
siderable space to descriptions both with pen 
and pencil of this gigantic undertaking, now so 
successfully accomplished, that, as Sir John Fowler 
proudly remarked in his admirable after-luncheon 
speech, the scoffers, once so numerous and loud, 
are not now heard. To get together a more repre- 
sentative body of engineers, scientific and com- 
mercial men, connected with railways and other 
public works, would be indeed a difficult task, and it 
seemed as though the very elements desired to send 
their representatives to the inaugurative festivities. 
A severe storm lasted through the day, the re- 
corded pressures ranging from 11 lb. per square 
ft. on the large gauge, to 25 Ib. on the most exposed 
and elevated s gauge ; another gauge on the 
leeside of the bridge at Inchgarvie registered 21 lb. 





The carriages which were standing on the bridge 
rocked freely under the effect of the gale, but not 
the slightest movement was apparent on the grand 
structure itself. The long straight lines of hand- 
rails, and the rails themselves, would have shown 
any movement, but nothing could be detected 
with the most careful observation. In two special 
trains the distinguished company, numbering 
amongst them many foreign engineers and railway 
representatives, were conveyed from Edinburgh by 
the new route vid Corstorphine direct to and over the 
Forth Bridge, and the second of these trains was 
joined at the new Forth Bridge Station by H.R.H. 
the Prince of Wales and his party, who were here 
received by Sir John Fowler, Mr. B. Baker, Mr. 
Arrol, and most of the staff of officials engaged on 
the bridge. It was while awaiting the arrival of 
the train that the Prince was presented by a little 
grandson of Sir John’s with a copy of the Forth 
Bridge Special Number of Encrnzerinc. While 
the frst of the special trains passed over the bridge 
at a speed exceeding 20 miles per hour, the second, 
by special request, proceeded very slowly, to allow 
of a more careful inspection of the structure, but 
the severe gale kept all of the visitors within the car- 
riages. Inverkeithing was reached at about 11.45 
by the new line, which exhibits some very heavy 
tunnelling and cutting work through native rock ; 
the train was then shunted on to the old line and 
drawn to the North Queensferry landing stage, 
where two steamers, the Dolphin and the John 
Stirling, lay in waiting to give the visitors an oppor- 
tunity to view the bridge from various sides and 
from below. Owing to the storm which was still 
increasing this was by no means a pleasant task, 
but soon the visitors were again embarked on the 
two trains, and Inverkeithing was reached the 
second time, at 12.55, when the home journey was 
started. On reaching the middle of the central 
girder between Fife and Inchgarvie piers, the train 
halted, and the ceremony of closing the last rivet 
by hydraulic pressure was performed by His Royal 
Highness ; this occupied but very few minutes, and 
the train again moved slowly forward until the engine 
reached the south end of Queensferry cantilever. 
Here the opening ceremony was to be performed, 
but no doubt owing to the gale which, at this time, 
1.30, was at its height, it was extremely brief, and 
on again steamed the train into the Forth Bridge 
Station, from where the party walked into the 
building which for the last seven years had 
served as a drawing shed, and where on the 
blackened floor 60 ft. wide and some 200 ft. long, 
all the intricate details of the structure had 
been drawn out full size. Templates prepared 
from these drawings had afterwards been used 
to mark the particulars on the pieces of material 
previously to their being shaped, drilled, &e. 
In the handsomely decorated room some 600 
guests settled down to a cold collation, and it was 
after the luncheon that His Royal Highness 
made the following announcement, which was re- 
ceived with so much enthusiasm : 

‘*T have much pleasure in stating that, on the 
recommendation of the Prime Minister, the Queen 
has been pleased to create Mr. Matthew William 
Thompson, chairman of the Forth Bridge Company 
and of the Midland Railway Company, and Sir John 
Fowler, engineer-in-chief of the Forth Bridge, 
baronets of the United Kingdom. The Queen has 
also created, or intends to create, Mr. Benjamin 
Baker, Sir John Fowler’s colleague, a Knight 
Commander of the Order of St. Michael and St. 
George, and to confer on Mr. William Arrol the 
Order of Knighthood.” 

The festive ceremonies were brought to a fitting 
conclusion by a dinner, given to the staff and the 
men, on Wednesday, the 5th, at which Sir John 
Fowler took the chair, and after thanking the 
men for the endurance and industry shown through- 
out the execution of what he fitly described as most 
exceptional work, he made some appropriate words 
of farewell. About 600 of the men, who are, or 
have been, employed on the bridge, were present, 
but even now there are actually 1050 workmen, and 
a considerable staff is occupied in clearing away, 
finishing up, and painting. 

One of the specially interesting events connected 
with the opening of the Forth Bridge was the 
visit of a large body of distinguished French rail- 
way managers to this country. Invitations had 
been issued by the Forth Bridge Company to a 
number of representative French engineers to 
attend the ceremony, and most conspicuous among 
these was M. G. Eiffel. To the London, Chatham, 
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and Dover Railway Company fell the honour of 
conducting their distinguished guests from Paris to 
Edinburgh and back, and being under the personal 
management of Mr. William Forbes, the Continental 
manager, it is unnecessary to say that the excur- 
sion was eminently successful. The party, which 
returned to Paris yesterday, was entertained by 
the chairman and directors of the London, Chat- 
ham, and Dover Railway at a banquet given at the 
Grand Hotel on Wednesday evening. Besides the 
French visitors, a number of German, Austrian, 
and Dutch engineers were invited to the open- 
ing ceremony at Queensferry. 

For some time past goods trains have passed over 
the bridge, but regular traffic was only commenced 
on the evening after the opening ceremony, and 
some twenty goods trains rolled over the bridge 
during the night, disturbing the slumber of the 
good people at South Queensferry, who will have 
to become accustomed to the rumbling noise caused 
by the trains passing over the viaduct. 

Contrary rather to local expectation, the route 
vid the newly opened Forth Bridge, was thrown 
open to passenger traftic on the following morning, 
by the old line vid Ratho ; Dalmeny and South 
Queensferry cease to be passenger stations, and 
while the trains run to the Forth Bridge Station, 
and direct over the bridge to Inverkeithing, the 
ferry between Port Edgar, and North Queensferry 
no longer forms a link in the passenger traffic from 
Edinburgh to Dunfermline. All the connecting 
lines are rapidly nearing completion, and ere long 
the much talked of and much debated new short 
route from Edinburgh vid Corstorphine and Forth 
Bridge to Perth, and further north, will be an every- 
day occurrence. 

Since we have so recently as last week given 
our readers a very full account of the bridge which 
has been the most important link in this new 
route, we need not here refer to it any further ; 
suflice it to say, that although the Board of Trade 
report is not yet published, and we do not pro- 
pose to anticipate its numerical results, it was 
stated on good authority at the luncheon that it 
will be in every respect most satisfactory, and 
engineers and contractors alike have every reason 
to be highly satisfied with the result. 








NAVAL ENGINEER OFFICERS. 

A tecture delivered by Rear-Admiral Richard 
C. Mayne, C.B., M.P., at the Royal United Service 
Institution and somewhat fully reported in the 
United Service Gazette of February 22, calls atten- 
tion to the lessons to be learnt from naval 
manceuvres. The large meeting of influential naval 
officers, to whom the lecture was addressed, was 
»resided over by Admiral Sir R. Vesey Hamilton, 

.C.B., First Sea Lord of the Admiralty. Under 
these circumstances Admiral Mayne’s views acquire 
considerable — ; it therefore becomes 
correspondingly important, either that the ideas 
and conclusions expressed should be sound and 
well founded, or that any lack of these valuable 
characteristics should be clearly pointed out. 

The lecture travelled over almost the entire sur- 
face of naval policy and organisation, and conse- 
quently included a large number of statements. 
With the great bulk of these we are not for the 
moment concerned. But the gallant admiral has 
formed some conclusions as to the best means of 
officering the Engineer Department of our naval 
service, concerning which we find ourselves not 
only greatly at variance but feel it incumbent upon 
us, in behalf of the engineering profession, to point 
out wherein the admiral is gravely at fault and 
would—doubtless with the best possible aims— 
lead the way to a most serious weakening of the 
efficiency of our fighting ships. 

The admiral is reported to have said as follows : 
‘*As regards the engineers, as a separate class, 
they should disappear. We have never had a more 
valuable and more highly respected ofticer in the ser- 
vice than the old chief engineer. There is no reason 
whatever to suppose that if an executive officer 
devotes as much time, and no more, to learn engi- 
neer’s work as he does to learning torpedo work, 
he would not be perfectly competent to supervise 
the engine-room artificers, by whom the principal 
part of the engineer work is now performed, and 
the ‘engine-room lieutenant’ would bring to the 
discharge of his supervising duties the habits, con- 
stitutional and acquired, of supervision and com- 
mand, which are known to be characteristic of the 
class which he joined on first entering the service. 





The engine-room staff would thus comprise a ‘ mili- 
tary branch’ officer in charge, with one, or perhaps 
two, assistants of the same branch, and we should 
in this way be able to enter more officers available 
for many purely naval duties. Below these there 
would be the engine-room artificers,” &c. 

The conclusion that as a separate class, the 
engineers should disappear and be replaced by 
officers trained in ‘‘ general naval duties plus a 
brief,” and ‘‘no more,” insight into the duties and 
methods specially appertaining to engine-room 
work, is certainly the most extraordinary one we 
remember to have encountered upon naval topics. 
To appreciate its full value it is necessary not to 
lose sight of the history of the gradual adoption of 
mechanical appliances, and the application of steam 
power to nearly all the operations necessary to the 
working of our fighting ships. 

With the introduction of Whitehead torpedoes, 
the increased weight of guns and their projectiles, 
and the general advance of mechanical science, con- 
currently with the disappearance of crude hand- 
worked appliances and the total abolition of sails, 
our battle-ships have developed into a huge collec- 
tion of complicated machines, surpassing for com- 
plexity and intricacy any other production of 
modern times. In it are concentrated the produc- 
tions of the highest mechanical skill and ingenuity 
the country possesses, of Maudslay’s, Humphry’s, 
Napier’s, &c., among foremost marine engine 
specialists ; those of the hydro-mechanical spe- 
cialists of Elswick and Woolwich, as developed in 
every variety of improved gun mounting and their 
kindred appliances ; those marvels of ingenuity the 
combined efforts of the Whitehead torpedo estab- 
lishments at Fiume and Woolwich ; added to these 
are the air-compressing pumps of another school of 
specialists, and the dynamo-electric machines and 
engines of another. 

The tremendous change in materiel, resulting in 
the elaboration of machinery thus embodied in our 
modern battle-ships, and the gradual displacement 
of men by mechanism, has necessarily been accom- 
panied by corresponding change in the character of 
the duties of naval officers. It has also been ac- 
companied by the growth of a distinct branch of 
officers and men, separately and distinctly trained 
to meet the duties of caring for, repairing, and 
maintaining in a state of mechanical efficiency the 
various machines employed. 

Upon the adoption of armament machinery be- 
coming general in warships, the condition of the 
personnel, the undesirability and even impossibility 
of displacing the officers and men who already 
formed part of Her Majesty’s service, for an 
entirely new set specially trained to the use of 
machines, made it imperative that the new duties 
should be acquired by the men already at hand and 
accustomed to ship life. This has been found to be 
comparatively an easy task, especially when entered 
upon with that zeal and address so characteristic of 
our seamen and their officers. 

Obviously, then, one important addition to the 
duties of the ordinary naval officer has been to 
acquire an intimate knowledge of the use and action 
of some few of the many machines employed, and 
notably those employed for the working of guns 
and torpedoes. 

The important duties of care and maintenance of 
mechanical efficiency, however, still devolve upon 
the engineer branch, which is also charged with the 
propulsion of the ship, pumping, draining, flooding, 
and ventilating arrangements, together with the 
general care and maintenance of the hull and 
mechanical fittings. The officers of this important 
branch have hitherto been trained, not in the 
general naval duties of seamanship, navigation, use 
of explosives, signalling, tactics, &c., but after the 
manner most suited to engineer’s work, viz., partly 
in the study of the mathematical, physical, and 
mechanical principles which govern the design, con- 
struction, and action of machines. 

What, then, are we to infer from Admiral Mayne’s 
statement that the engineers as a ‘‘separate class” 
should disappear? Does he mean that he would, 
ina ship full of machines, dispense with trained 
engineer officers altogether? or does he mean that 
he would select from the young officers of the 
executive branch, train them for five years as the 
present engineers are trained, then superadd a 
training in the duties of navigating, signalling, 
tactics, ballistics, winds and currents, and in all 
the other professional knowledge requisite to the 
proper discharge of the duties of a naval captain, 
and then place these officers in responsible charge 





of the engine-room staff and the ship’s machinery ? 
In either case we cannot allow for an instant that 
the change would be either a wise or even a safe 
one. 

Admiral Mayne’s reference to the torpedo lieu- 
tenant can hardly be taken aw seriewe as deter- 
mining the possibility of an executive officer 
acquiring ‘‘ perfect competency” in ‘‘engineer’s 
work.” If the admiral has in his mind torpedo 
mining work, there can be no sort of comparison 
between that and the work of a mechanical 
engineer, since they have nothing in common. 
While if Whitehead torpedo work is taken as indi- 
cated, the whole responsibility for the correct 
behaviour, running and mechanical efficiency of 
that weapon, and the appliances for using it depend 
not upon the torpedo lieutenant but upon the engi- 
neer ; the duties of the lieutenant being confined 
principally to deciding as to the right moment for 
discharging the weapon and to its being correctly 
aimed at the enemy; or, in other words, to its 
correct use. Nor do we think those duties would 
be so well performed if the torpedo officer were 
also concerned with the mechanical efficiency of 
that intricate instrument. Further, the time de- 
voted by a lieutenant to acquiring the thin veneer 
of mechanical knowledge he is required to possess 
for the full discharge of his duties is counted in 
months. 

In considering this matter the question naturally 
arises, Upon what degree of intimacy with ‘ engi- 
neer’s work” does Admiral Mayne rely for his con- 
clusions? We submit with due deference to the 
admira! that the length and character of the train- 
ing necessary for insuring ‘‘ perfect competence ” 
in engineer’s work is a question requiring for re- 
liable answer a full knowledge of the subjects in- 
volved. It is in fact a question for marine engi- 
neering experts. 

But Admiral Mayne perhaps has some idea that 
a perfectly competent supervision of engineer’s 
work is an inferior accomplishment demanding 
only that small amount of insight obtainable in the 
few months ‘‘and no more” of the torpedo 
lieutenant, and herein we conceive to lie a grave 
danger, subversive of efficiency in our ships and 
threatening to degrade the naval engineer ofticer of 
the future, whatever his title, to the level of a poor 
amateurish, half-formed, invertebrate creature 
posing asa responsible ofticer, but really depend- 
ing for practical excellence entirely upon the 
superior training of his low-paid subordinates. 
Perfectly competent ideas and habits of accuracy in 
engineer’s work, perfectly competent knowledge 
of manufacturing processes and the uses of tools 
necessary in making repairs, perfectly competent 
knowledge of the thousand and one details of 
fittings, a sufficient knowledge of the nature and 
strength of the materials used, sufficient knowledge 
of machine design, so essential in appreciating the 
efficient condition, efficient working and efticient 
arrangement and adjustment of a machine, are only 
to be acquired by a long workshop training without 
which a bare knowledge of principles or a bald 
study of mere mechanical motions is utterly insufti- 
cient tomake aman anengineer. It cannot be too 
plainly insisted that supervision without knowledge 
is an impossibility, the affectation of supervision 
without such essential knowledge is a foolish and 
fraudulent pretence ; such supervision in our engine 
rooms and on board our warships would be nothing 
better than impertinent and offensive interference, 
quenching to zeal, inimical to discipline, and most 
destructive to efficiency. 

‘*The engine-room lieutenant,’ Admiral Mayne 
thinks, would bring to the discharge of his super- 
vising duties superior habits of command. It is 
highly probable if these habits are not irrevocably 
fixed, that one of the earliest lessons the young 
‘*military branch” officer would learn would be to 
entirely divest himself of his preconceived ideas of 
command in an engine-room. Any attempt to 
‘evolutionise ” or to import the style of the drill 
instructor would lead to utter disaster. The careful 
and deliberate habits of the workshop trained arti- 
ficer, the individuality and intelligent combination 
of cause and effect in the mind of the skilled artisan, 
would be utterly paralysed by any such proceeding. 

But have the manceuvres taught us in any way 
that there is a lack of ‘‘command”’ in the engine- 
rooms of Her Majesty's ships? They have certainly 
shown that with the present engineer officers, in spite 
of the utter want of training of the hands shipped as 
stokers and the want of seagoing experience among 
junier engineers and engine-room artificers, the 
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work of their department is sufficiently well ad- 
ministered and conducted as to leave no grounds for 
reproach. Any reform, therefore, that will insure 
the same attention being given to the training of 
stokers as is given to that of gunners, torpedo men, 
and seamen, will certainly result in their increased 
efficiency. Unfortunately, under the system of 
naval administration, the natural outcome of the 
Board of Admiralty as at present constituted, until 
the so-called executive is moreintimately responsible 
and associated with engine-room results than at 
present, the executive functions of the engine-room 
will receive for their due performance but scant 
aid from the present possessors of the supreme 
authority. 

Whatever possible changes may be shadowed 
forth in Admiral Mayne’s paper, apart from the 
comparatively unimportant questions of who shall 
be the official representatives of the profession of 
marine engineering in Her Majesty’s Navy, the 
importance of that profession is slowly though 
reluctantly being recognised among naval officers. 
Its growing importance has at last made it attrac- 
tive in the eyes of those officers who formerly gave 
it but a grudging recognition. Most disastrous 
wouldit be to the efliciency of that costly collection of 
machines which forms the essential feature of a 
modern man-of-war if that standard of technical 
excellence for which, as a body, the present naval 
engineer officers are conspicuous, should suffer 
diminution in an attempt to satisfy a too eager 
desire for the exercise of professional authority on 
the part of officers whose training ill adapts them 
for discharging the entire duties the responsibility 
for which they would perhaps be willing to assume. 

Under Admiral Mayne’s system the practical 
responsibility of deciding how and when the neces- 
sary repairs are best effected, whether the resources 
of a ship are being most judiciously utilised, what 
limit should be set upon the use of defective 
machines, the technical superiority or inferiority of 
the subordinates of the staff and their relative fitness 
for advancement, all these and many other similar 
weighty matters must practically rest on the 
shoulders of a subordinate: we venture to assert 
that such a disposal of responsibility would be one 
not only grossly unfair and unjust, but extremely 
mischievous and inimical to the general character of 
the public service. 

In the pursuit of his general design, Admiral 
Mayne would cause the engineer to ‘‘ disappear” 
and the paymaster to ‘“‘die out.” The medical 
officers of the fleet, however, he does not attempt 
to dispose of. This is a somewhat instructive 
abstention. Why is not a military branch officer 
also available for the surgeon’s work, assisted by the 
sick-bay attendants, by whom ‘the principal part 
of the work is now performed”? We venture to 
think that were popular opinion as sensitive and 
well informed as to the nature of engineer’s work 
as, from individual experience, it is of the work of 
the surgeon, the utter absurdity of Admiral Mayne’s 
proposal would be as instantly revolting and self- 
evident in the case of the duties of the engineer 
officer as they would be were those proposals also 
extended to the duties of the medical officer. In 
much the same way as the medical man cares for 
and administers to the health and well-being of 
the human machines on board our ships, and by his 
knowledge and habits of mind can detect the signs 
and causes of derangement that escape the ordinary 
untrained observer, so also the trained engineer 
deals with the intricate mechanisms of our fighting 
ships. The character of the training necessary for 
members of each profession is best appreciated by 
the experts of ak And while it is necessary to 
the health and relief of our fighting men that they 
should be within reach of the skill of the properly 
trained medical officer, so also is it equally neces- 
sary that for the maintenance or restoration of the 
efficiency of our fighting machines there should be 
available the services of an engineer officer tho- 
roughly trained in the manner which competent 
engineers know to be alone effective. 





THE UNITED STATES EXHIBITION 
OF 1892. 

THE struggle now going on in the United States 
among several of the larger cities of the Union, to 
secure the site of the Universal Exhibition which 
it is proposed shall be held in 1892, to celebrate 
the four-hundredth anniversary of the discovery of 
America, is being watched here with considerable 
interest. At the present moment the advantage 





inclines to Chicago, and the inhabitants of that 
wonderful city have been celebrating with Fourth of 
July energy, the large majority which declared in 
their favour the other day, at Washington. But it 
appears that the end is not yet, and a veto may be 
put upon this decision, which would shift the Exhi- 
bition to New York, Washington, or even to St. 
Louis. The chances, however, so far as we can judge 
them, are that the efforts made by the population 
of Chicago will be continued to the end, and that 
they will succeed in wresting the prize from her 
competitors. Whether she will know how to turn 
the victory to good account remains to be seen, and 
whether she will have ultimate cause to rejoice in, 
or to regret her enterprise, can only be proved by 
time. Assuming that the intended Exhibition is to 
be one of the first magnitude, one which can com- 
pare with that of Paris last year, we think that the 
enthusiastic citizens of Chicago are joyfully rushing 
on a responsibility of which they do not realise the 
proportions. It will be conceded without question 
that if so great a nation as the United States 
undertakes to create, for the admiration of the 
world at large, and for her own benefit, an Inter- 
national Universal Exhibition, it must be in all 
respects worthy of the country, and must not pro- 
voke unfavourable comparison with that of 1889. 
Perha; . comparison is not a fitting word ; for our 
own part we do not believe that until the time shall 
come for France to put forth her strength again, 
the world will see anything that can compare with 
the marvellous spectacle provided on the Champ de 
Mars and the Esplanade des Invalides last year. 
The brilliant success achieved at Paris has rendered 
the work of organising future great exhibitions far 
more difficult, while one of the chief reasons of 
success—the thousand nameless idle charms which 
make Paris sought by all, and beloved by most, do 
not exist in any Anglo-Saxon city under the sun. 
Certainly New York would have more to offer in the 
way of attractions to the general public, than 
Chicago, but even they are only exotics which 
do not flourish out of Latin soil. And in Chicago, 
whose greatness dates from yesterday, when the 
battle of life, and the struggle for wealth, are_so 
eagerly and ceaselessly fought that there is but 
little breathing time for rest or pleasure, the 
luxuries of out-door life and idleness, on which 
the greatest charms of Paris are based, may be 
looked for in vain. It is clear, therefore, that 
visitors from Europe to the Exhibition of 1892, 
must go to Chicago (if it be held there) with very 
different motives than those which drew the 
majority to Paris last year. They must adapt 
themselves as far as possible to the bent of the 
American mind, and go to learn rather than to be 
amused, with the object of making money, instead 
of spending it. There is no country in the world 
where so much may be learnt in a short time as in 
the United States, and—so the good people of 
Chicago maintain—there is no spot in the United 
States where so much may be learned as in their 
‘¢ Empire City of the West.” On the other hand, 
those responsible for the Exhibition must be care- 
ful not to imitate Paris, for if they do a doleful 
travesty must result; they must be equally sure 
that their Exhibition shall be, after its kind, the 
most imposing that has been held, for otherwise it 
would be unworthy of its object, time, and place. 
This isa problem so difficult of solution, that we 
can imagine New York might be glad to be relieved 
of the responsibility, and to have the privilege 
of ranking among the critics. 

But if the American city wherein the Exhibition 
will be held can offer nothing but solemn pleasures, 
and laborious distractions to the bulk of its visitors, 
the goodwill and hospitality displayed will be un- 
bounded, and the sincere welcome extended will not 
be too greatly alloyed by the consideration as to the 
amount of cash the visitor will leave behind. The 
opinion we advance now, and which we shall pro- 
bably often repeat, is that mere pleasure seekers 
should not entertain the thought of visiting the 
American Exhibition of 1892, while no one of 
serious purpose or possessing earnest objects in 
life, should stay away. We in this country can 
form no idea of the vast industries of that great 
nation, of its natural resources, and the way 
in which they are utilised to-day ; of its grow- 
ing power and of the character and condition 
of its enormous population. Signs are not 
wanting that the United States, hitherto devoted 
to internal affairs, will at no remote time occupy 
the position in foreign politics which belongs to a 
nation of the first rank. The idea of a unification 





of the northern and southern continents of the New 
World, though apparently a visionary scheme now, 
may become eminently practicalin a few years, to the 
loss of European trade, and to the vast benefit of 
the United States. It may be assumed almost with 
certainty that the republics of South America will 
take an even more important part in the United 
States Exhibition than they did in that of Paris. 
For this reason England, which commands the trade 
at present, should be careful lest she suffer by her 
absence, or partial representation. It is to be 
hoped that a temporary relaxation of the protection 
laws will be made so as to offer some special in- 
ducement for foreign exhibitors to come in; other- 
wise we fear, so far as this country is concerned at 
all events, but very few manufacturers will have 
sufficient enterprise to incur the trouble and ex- 
pense inseparable from attending an exhibition so 
far from home. We are under the impression, 
perhaps an erroneous one, that the United States 
1s more dependent upon foreign co-operation than 
France was, to produce a successful exhibition. 
Despite the wonderful progress in industry, art, 
and science that is being daily made in the United 
States, that country has a great deal to learn from 
France and England, Germany, Austria, and Italy, 
and there is no such popular instructor as an inter- 
national exhibition. With special privileges afforded 
by the temporary relaxation of the tariff, and by 
inducements and facilities given by the munici- 
pality responsible for the Exhibition, we believe 
that foreign exhibitors might be induced to attend, 
greatly to the benefit of the Exhibition, to the 
industry of the country, and, it is to be hoped, to 
their own profit also. 

We do not venture to offer an opinion on the 
superior advantages claimed for Chicago as the site 
for the 1892 Exhibition, but we may now very 
properly refer to the great objection raised by in- 
tending European visitors—the distance from the 
seaboard. One thousand miles of railway from 
New York, and the same length of journey 
back, means increased expense, and a formidable 
amount of travelling, the former objection being 
a more serious one than the latter. And this ob- 
jection will apply with much greater force to the 
exhibitor than the visitor ; so that to encourage 
foreign co-operation, the Chicago organisers will 
have to be prepared to make very considerable 
sacrifices to induce both exhibitors and visitors to 
face the long railway journey from New York to 
Lake Michigan. 

It may be somewhat premature to put forward 
these various considerations, but as they appear to 
us of vital importance, and more or less applicable 
to whatever city may ultimately succeed in securing 
the Exhibition, it can do no harm to place them on 
record. Certainly if the American Exhibition is to 
be held in Chicago, those responsible for its success 
will have before them a heavy work in obtaining 
the ample co-operation of Europe. To the obstacle 
arising from a doubt as to whether Chicago is 
really the proper site, will be added those of 
great distances, increased costs, and prohibitory 
tariffs ; to remove the first named, both this 
country and the Continent will have to be 
flooded with encouraging and reliable informa- 
tion ; to reduce the two last, the organisers will 
have to combat and overcome the commercial 
and political prejudices of their own people. 
Doubtless if it be definitely settled that Chicago is 
to have the Exhibition, the hostility hitherto dis- 
peer against her by competing cities, will give place 
argely to warm support, so that she will not have 
much to fear from home opposition, and doubtless 
many millions of Americans, despite enormous dis- 
tances and highentrance charges, will gather from all 
arc of the United States, and will assist the Exhi- 

ition treasury while they strain the reception capa- 
city of the ‘‘ Empire City.” As regards its ample 
physical suitability for holding the Exhibition there 
can be no doubt. Situated on the level borders of 
Lake Michigan, its location is asunique as its history, 
which commenced in a swamp only half a century 
ago, and records to-day a population of 1,100,000 
and a city limit of 165 square miles, an area which 
includes a series of large and well laid out parks, 
some of which encircle the city. The trade of this 
great centre of Western commerce is in keeping 
with its growth. Although 1000 miles from the 
eastern coast, it is the second port of the United 
States; during 1889 the tonnage that entered 
and cleared was 8,900,000. As regards communi- 
cations, there are 24 railways having terminal 
stations in Chicago, and representing about 55,000 
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miles; during 1889 nearly 1,000,000 passenger 
carriages entered and left the termini, and in the 
same period 4,248,769 freight cars were loaded and 
unloaded. The facilities for handling passenger 
traffic within the city are exceptionally good. There 
are 115 miles of cable car lines, which carried 
163,000,000 passengers in 1889, and this capacity 
could be increased to any desired extent by adding 
to the number of cars. The inhabitants of Chicago 
appear to have no misgivings on the subject of 
accommodating the crowds of visitors that would 
flock to their city ; possibly their confidence in this 
respect is increased by a want of knowledge of the 
difficulties of dealing with such vast crowds as 
would flock to the Exhibition. The facilities for 
transporting visitors to any part of the city leave, 
however, nothing to be desired, the aggregate 
capacity by popular means of conveyance being 
nearly 3,000,000 per day. Ample and thoroughly 
suitable space lies ready to the hands of the 
organisers of the Exhibition within easy access 
from all parts of the city. It is calculated that at 
least 640 acres will be required for the Agricultural 
Section, which would be located on the margin of 
the lake in the western end of Chicago, while near 
by is another area of 250 acres for the Machinery 
Hall, Fine Arts, and General Industries. Besides 
these sites, there are plenty of others that would 
be suitable for the purpose ; Jackson Park of 586 
acres, and close by, Washington Park of 371 acres; 
while in another part of the city are those of Hum- 
boldt, 200 acres ; Garfield, 185 acres ; and Douglas, 
179 acres. Space well adapted for the purpose 
therefore will not be wanting, while the facilities 
for a naval exhibition of exceptional interest are 
secured by the waters of Lake Michigan. In con- 
nection with this subject it is intended to reproduce 
the fleet that Columbus navigated across the 
Atlantic four centuries ago. 

It is estimated by the advocates for the Chicago 
site that the expenses of the Exhibition will be 
14,000,000 dols., which it is hoped would be met so 
far as 9,000,000 dols. are concerned by entrance 
money and various other sources of income, the de- 
ficit of 5,000,000 dols. being made good by public sub- 
scriptions, which it appears are already guaranteed 
by the Chicago citizens. The estimate of total cost 
appears.a somewhat small one, considering the enor- 
mous scale on which the scheme must be organised 
and carried out, but there is little doubt that Ame- 
rican energy would be prepared to meet any further 
deficiency if the necessity arose. One of the prin- 
cipal difficulties in the way of this enterprise is the 
short time available; two years is wholly insufti- 
cient for the successful completion of such an Exhi- 
bition as will do credit to the United States. It 
will be quite possible, of course, to cover all the 
space required with roofing, but buildings of a 
monumental character will be necessary, and the 
elaboration and completion of such work cannot be 
hurried beyond a certaindegree—at least in Europe. 
The simplest and not an improbable solution to this 
difficulty would be the postponement of the Exhi- 
bition for a year or two ; the occasion for the spe- 
cial celebration would have passed by, but the 
history of the United States is rich in materials for 
centennial ceremonies ; the real object of the Exhi- 
bition is to show the world the actual condition 
of American art and industry, and this can be 
done equally well without any association with 
the memory of Columbus. The other great 
difficulty will be with the foreign co-operation, 
and on this point it is impossible at present 
to offer any opinion of value. But it may be 
predicted without any hesitation that the United 
States Exhibition, whether of 1892 or of a year or 
two later, will be filled with objects of profound 
interest to foreign visitors, provided they under- 
take the journey—not in the same spirit which, as a 
rule, led them to Paris—but with the intention of 
learning more than they can otherwise acquire, of 
the power, wealth, and energy of the great North 


American Republic. 





THE CITY AND SOUTHWARK 
SUBWAY. 

From King William-street to the Elephant and 
Castle in 3 minutes and 40 seconds. This was done 
last Wednesday by a party of gentlemen invited by 
the directors of the City and Southwark Subway 
Company to take eat in an experimental run on 
their partly completed line. Two carriages, each 
capable of containing thirty-four passengers, s 
from the City terminus, and before the occupants 





had fairly settled themselves in their places, pulled 
up at their destination, having traversed the inter- 
vening space of nearly a mile and a half at a 
high rate of speed. The trip was made in perfect 
comfort in a pure atmosphere, and afforded a pleas- 
ing contrast to the various means of locomotion in 
the metropolis, both above and below ground. The 
possibilities of this novel line were fairly demon- 
strated, and none could resist the conviction that 
it is the pioneer of a new system which is destined 
to prove of immense service to the dwellers in the 
metropolis. 

In previous issues* we have given a full account 
of the route and method of construction of this 
line, but it will be advantageous to recall its prin- 
cipal features. It starts, as we have already stated, 
in King William-street, close to the Monument, 
and runs down Swan-lane to the Thames, under 
which it crosses. It then follows the main 
thoroughfares of Borough High-street, Blackman- 
street, Newington Causeway, Kennington Park- 
road, and Clapham-road, to the Swan at Stockwell, 
a distance of 3} miles. Unlike the existing under- 
ground railways in London, the line is laid deep 
beneath the surface, far below foundations, sewers, 
and pipes. The contractors have had to deal with 
virgin ground throughout. They have no relics to 
show either of the medieval city or of the oman 
occupation. Most of their work has been in the 
blue clay, and when they have been in the rifts 
formed in it by ancient watercourses they have 
been below the level where either human or animal 
remains are found. The advantages of thus locating 
the line at a considerable depth are apparent to all. 
Existing structures are not interfered with, and 
thus an immense source of expense, not easy to 
estimate, is avoided. The disadvantages are equally 
apparent, but by mechanical means these are so far 
reduced as to be almost unappreciable. Passengers 
will not willingly descend and ascend 40 ft. by stair- 
cases, but when powerful and capacious hoists are 
provided for them, it becomes a matter of no 
importance to them at what level the line is built. 
The experience of the Mersey Tunnel has shown 
that depth is no hindrance to the free entrance and 
exit of passengers, and that it takes no longer to 
ascend by a lift than to pass the barriers of an ordi- 
nary terminal station. 

The railway has been constructed on a system 
invented by Mr. J. H. Greathead, who is also 
engineer to it. The two lines run in separate and 
distinct tunnels formed of cast-iron tubes bolted 
together in segments. For the most part the two 
tunnels run side by side, but when occasion 
demands one is above the other, and the system 
— the utmost elasticity in adapting itself to 
ocal circumstances, An example of this is seen in 
Swan-lane, where, to avoid trenching on private 
property, the two lines which start side by side out 
of the terminal station, are one above the other, and 
again regain their former relative positions below 
the bed of the Thames. The tunnels are 10 ft. 2 in. 
in diameter from the City to the Elephant and 
Castle, and 10 ft. 6 in. beyond. The City Station 
is 28 ft. in diameter and accommodates both lines 
of rails. The intermediate stations are 20 ft. 2 in. 
in diameter and are in duplicate, each station com- 
municating with the general booking offices. At each 
station there is an iron lined shaft communicating 
with the surface. This is 25ft. in diameter and 
45ft. to 60ft. in depth. Two hoists will work in 
this shaft, and there is in addition a commodious 
staircase for those who prefer to ascend on foot. 
Each station is lined entirely with white glazed 
tiles, as are also the staircases. There are five 
stations in course of construction—King William- 
street, Great Dover-street, the Elephant and 
Castle, Kennington, and Stockwell. A Bill is 
before Parliament to authorise the extension of the 
line to Clapham Common. The stations are con- 
structed to accommodate trains of five cars, carry- 
ing 160 passengers in all, and it is proposed to 
commence with a three-minute service. 

The motive power is electricity, and two experi- 
mental locomotives are in use on the line, both 
designed by Drs. John and Edward Hopkinson, 
and built by Messrs. Mather and Platt, of Man- 
chester. Each engine is capable of exerting 100 
horse-power, and is carried on two axles. Each 
axle is driven by an independent armature, both 
armatures being in a single magnetic circuit. In 
one case spur gearing is interposed between the 
armature and the axle, and in the other the arma- 


tarted | ture is applied direct to the axle. We under- 
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stand that the final decision as to which type will 
be adopted has not yet been arrived at. At start- 
ing, resistances are put in circuit with the motor to 
reduce the rush of current, and reversing is effected 
by altering the connections to the brushes. The 
locomotive is under absolute command, and the 
safety of the train is further secured by the appli- 
cation of the Westinghouse brake to all the wheels. 
The compressed air is carried in tanks in the loco- 
motive, and is taken in at the terminal station in 
sufticient quantities to serve for sixty stops, besides 
supplying the whistle on the locomotive. The 
weight of the locomotive is 10 tons. 

It was anticipated that the line would have been 
opened before this, had the progress of 22 yards a 
week at each heading been maintained. But at 
Stockwell it passed through a bed of sand filled 
with water under a pressure of 15 lb. to the square 
inch, and the progress was reduced to 4 ft. 6 in. a 
day, the men working under air pressure. The 
sand was so porous that the expenditure of air was 
enormous, and a compressing plant of very large 
proportions has been required. Even with this it 
has been necessary to cover every foot of sand, as it 
was exposed, with grouting to minimise the waste. 
One tunnel is now complete, and the other only 
lacks 70 yards to finish it, so that the end is 
fairly within sight. The hydraulic and electric 
machinery will be placed at Stockwell, and mains 
will be laid through the tunnels. The electric 
current is conveyed, at a pressure of 250 volts, 
through a channel iron between the rails, the rails 
and tubes serving as the return conductor. It is 
conveyed to the motor through a sliding shoe. 

The starting of this railway will be watched with 
the greatest interest in all large cities. We have 
come nearly to the end of our present means of 
urban locomotion, and something new is needed. 
Overhead railways of the American type are out of 
the question here, the investing public look with 
distaste upon the usual type of underground line, 
and up to the present there has been no prospect 
of any escape from these two alternatives. The 
Greathead lines come as a solution to the difli- 
culty, and they are full of promise. Already it is 
proposed to construct one in Oxford-street, and if 
the directors are only fortunate in starting the 
present venture without any mishaps, we shall 
see several put on foot within the next few years. 





THE WEATHER OF FEBRUARY, 1890. 

PREVALENT easterly winds and high atmosphere 
pressure have rendered the weather of February 
cold and dry throughout all parts of the British 
islands, except the extreme north of Scotland, 
where the air has been mild. The mean pressure 
and temperature of the atmosphere, at extreme 
positions to which the Isle of Man is central, were 
as follows : 




















Mean 
. Mean | Difference Difference 
Positions. Pressure. anaes Normal. — from Normal. 
in. aioe deg. deg. 
North 30.16 above 0.44 42 above 3 
South 30.14 ie 15 43 below 1 
West ‘ 30.16 99 32 42 a 1 
East aes. Jee Perea 38 roe 
Central 30.23 | 99 «35 40 a pT 





The distribution of rainfall in amount and 
frequency may be inferred from the following 
results : 





Places. | Rainy bas | Amount. Perce vernal 








in. in. 
Sumburgh .. Si 18 1.50 below 1.79 
Scilly .. a “a 12 2.01 9 97 
Valencia “+ as 18 3.42 + . ee 
Yarmouth .. ve ll 0.65 3 Sa 





The daily general directions of the winds over 
these islands give a resultant from S.E. by E., the 
normal resultant being W.S.W. When the force 
of the winds is taken into the computation, the 
resultant is much the same ; and it agrees with the 
mean distribution of atmospheric pressure, which 
exceeded the normal in all parts, but most so in the 
east and north. From the 6th to the end of the 
month the winds were easterly, and account for 
the small amount of rain. The rainfall on the east 
of England was about one-third, on the north of 
Scotland less than one-half, on the south-west of 
England and the west of Ireland about two-thirds 
of the usual quantity, while the number of days on 
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which rain fell was generally small. On the 14th, 
1.55 in. of rain was measured at Roche’s Point, and 
on the 15th, 1.17 in. at Jersey. The highest tem- 
perature, 56 deg., was reported at Killarney on the 
19th ; the lowest, 12deg., at Braemar on the 15th. 
At 8 a.m. on the 3rd the temperature at Nairn was 
48 deg., while at London it was only 29deg; on 
the 5th, Scilly 45 deg., Parsonstown 26 deg. ; on the 


- 11th, Valentia and Scilly 48deg., Oxford 29 deg. 


The greatest atmospherical pressure, 30.7 in., 
occurred on the 28rd ;.the least, 29.4 in., on the 
the 16th. The weather notations indicate that 
clear days varied between seven in the west and 
two in the east ; overcast days between 21 in the 
north and 10 in the central district. Fog prevailed, 
especially on the east coast, from the 21st to the 
24th inclusive. During the four weeks ending 
March 1st, the duration of bright sunshine, esti- 
mated in percentage of its possible amount, was for 
the United Kingdom, 28; Channel Isles, 44; 
south-west England, 36; east England, 31 ; south 
Ireland and north-west England, 29; north and 
east Scotland, 25; north Ireland and central Eng- 
land, 22 ; north-east England and west Scotland, 21. 

The results of twenty years’ observations, 1867-86, 
made at Bidston Observatory, show that the mean 
daily temperature falls from January 5th to the 
21st, the coldest day. It then rises until March 
4th, when it falls until the 12th. The rise then 
continues until July 19th, the warmest day. It 
then falls slightly until the 30th. From the 31st 
to August 12th it again rises. Thence it falls con- 
tinuously to December 27th. From the 28th to 
January 4th it rises slightly. The mean daily 
range of temperature varies from 13.2 deg. May 31st 
to 7.9 deg. December 14th. The following curious 
rainfall results have been deduced from the data 
for the five years 1884-8 : 











Mean Duration of Rate per Hour of 
Months. Rain in Hours. Rainfall. 
in. 
January .. vs rr 57.7 -042 
February .. ey ed 41.9 034 
March... «e es 61.5 -037 
April... os sol 33.4 .089 
May ola iis 46.2 041 
June Be Px es 30.9 -046 
July re ve é 56.4 -058 
August .. =C =e 40.3 059 
September ae 43 47.3 061 
October .. EP ee 60.1 053 
November ne ~ 54.7 048 
December aa Pe 50.1 044 
Year oe oe ae 570.5 047 











The time occupied by rain falling has been taken 
from the time scale of the self-recording rain gauge. 
People will be surprised to find that all the rain of 
an average year, if it fell continuously, would be 
over in twenty-four days. Probably the gauge fails 
to register drizzle and small showers, as well as the 
first hour or so of most rains, and thus gives no 
account of a large number of rainy hours. Over- 
looking June, which appears to have had a succes- 
sion of fine weather, April shows the least number 
of rainy hours, October the greatest. The monthly 
hourly rates of rainfall appear to have a remarkably 
well-defined periodicity, having a minimum in Feb- 
ruary and a maximum in September. As a general 
result the rate of rainfall is .047 per hour. A con- 
tinuous rain for twenty-four hours at this rate 
would put into the gauge more than an inch of 
water. This is not a very unusual occurrence in 
the British Islands. What does it import ? A square 


2 A 5280 x 5280 x 62.5 
le of water lin. d hs - 
mile of water lin. deep weighs 12 x 2240 


= 64,614 tons; hence an inch of rain gives to an 
acre 101 tons very nearly ; and since a gallon of 
water weighs 101b., an inch of rain is equivalent 


0 —e 22,624 gallons per acre. 








NOTES. 
New Zeatanp Rattways. 

THE Railway Commissioners of New Zealand 
have issued their first report. As the Act creating 
the present management was only brought into 
operation on January 28, 1889, the report neces- 
sarily deals with the results obtained under the 
control of the late Department of Working Rail- 
ways, The gross earnings for the year were 
997,6151., and the working expenses 647,0451., 
leaving for profit 350,5701. This profit on a capital 
cost of 13,472,8371. on 1777 miles, giver a return of 
21. 12s. per cent., as against 2/. 6s. per cent. on 





13,352,9781. and 1758 miles in the previous year. 
The earnings were only 2772l. more than the 
year before, but the expenditure was 40,2831. less. 
There was an increase of tonnage on nearly every 
section, principally in grain, minerals, timber, and 
merchandise. On the other hand the passenger 
traffic showed a falling off of about 9 per cent. 
Several important modifications in the direction 
of lowering goods rates for long distances have 
been made with the object of encouraging settle- 
ment in the remote districts. For the last twelve 
months ending March 31, 1890, the gross estimated 
revenue is 1,030,000/., and the working expenses 
660,0001., giving an estimated net revenue of 
370,0001., or 19,4307. more than for the year end- 
ing March 31, 1889. 


Mr. W. J. McALpPINE. 

We regret to have to announce the death of Mr. 
William Jarvis McAlpine, a distinguished Ameri- 
can engineer, which took place on Sunday, the 
16th ultimo, from exhaustion following an attack 
of bronchitis. Mr. McAlpine was born in New 
York in 1812, and was educated in the city schools. 
When about fifteen years of age he began work 
under Mr. Jervis, on the Delaware and 
Hudson Canal, and later on became resident engi- 
neer in charge of a division of this work. Still 
later he became chief engineer on the resignation 
of Mr. Jervis, and held this position till 1846, 
when he was appointed chief engineer in charge of 
the construction of the Brooklyn dry dock. In 1852 
he was elected State Engineer for New York, and 
became State Railroad Commissioner two years 
later. Amongst other work in which Mr. McAlpine 
was engaged, may be mentioned the improvement 
of the River Danube, for which he prepared plans 
at the request of the Austrian Government. He 
was the first American to be elected member of 
the Institution of Civil Engineers, and was awarded 
a Telford premium for a paper read before the 
Institution. Mr. McAlpine was, moreover, Pre- 
sident of the American Society of Civil Engineers 
in 1886, and in 1888 was elected an honorary 
member. 


A Sreprep Piatrorm Ratiway. 

Messrs. Rettig, two German engineers, have re- 
cently evolved a new idea in the matter of street 
railways. Observing that even a fat man can 
manage to mount a tramcar in motion, Messrs. 
Rettig propose to use, as their rolling stock, three 
continuous platforms moving along the streets side 
byside. The lowest of these platforms is 4 in. high 
and moves at a uniform speed of 5 ft. per second. 
Any ordinary pedestrian can, they state, mount 
this platform from the ground without difficulty, 
and from this he can with equal ease step on toa 
second platform, 4in. higher than the first, and 
moving twice as fast. The passenger thus acquires 
a speed of 10 ft. per second, and stepping on to the 
third platform in the same way he is carried at a 
speed of 15 ft. per second or ten miles an hour 
to his destination, where he steps off in the inverse 
order. The inventors claim that with their system 
no time is lost from stoppages, and the passenger 
steps off wherever he wishes, and is not compelled 
to mount or dismount the train at fixed stations 
only. Onthe other hand it would seem that as the 
moving platforms are to be several miles long and 
in triplicate their first cost and working expenses 
would be prohibitive—to say nothing of the diffi- 
culty of finding a site for them— though mechani- 
cally speaking there is nothing impracticable in the 
idea. 

Wynne’s Exectric TRAMWAY SysTEM. 

The system of electric tramways invented by Mr. 
Frank Wynne, of 5, Westminster Chambers, Lon- 
don, aims at connecting a moving tramcar with 
an electric conductor buried beneath the roadway, 
without the use of an open slot. To effect this 
there is laid in the centre of the track a crenellated 
contact plate or rail, in short sections, of the form 
shown in the annexed engraving. It is 4 in. wide 
on the surface, and about 44 in. deep, the form 
being such as to follow the junction line of the sets. 
It will be seen that the contact plate will be quite 
different in its effect upon vehicles from the tram- 
way rail; wheels will cross it without difficulty at 
any angle, since they cannot slide along it for more 
than a few inches ; horses will also find a good foot- 
hold upon it. The plate is laid in short sections 
entirely disconnected from each other, and each 
piece is coupled by a wire to the electric conductor 
beneath. In this wire is an automatic switch which 
makes circuit between the section and the conduc- 





tor as the car comes over it, and breaks the con- 
nection when the car has passed. Only three sec- 
tions are ever connected to the conductor at a time, 
and generally there are only two. A strong wire 
brush on the car rubs along the sections, and conveys 
the current from them to the electric motor, whence 
it flows to the rails and to earth. The automatic 
switch is exceedingly simple ; it consists merely of an 
electro-magnet, an armature, and two contact pieces. 
Supposing the car brush is in contact with No. 1 
section, the current will flow from the main con- 
ductor across one contact to the armature, through 
the armature to a second contact, thence through 
the magnet coils to the section and the motor. A 
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fine wire connects the armature to the magnet of 
the next section, but as no current flows through 
it the armature of that magnet is not attracted. 
But immediately the car brush touches that section 
the current flows, the armature is attracted, and 
the section is connected directly to the main con- 
ductor. At the same time, the armature of the 
section over which the car has just passed drops 
and breaks the circuit. Thus, as the car proceeds, 
it successively takes sections into circuit and drops 
them out. The details of the system have been 
very carefully worked out with the view of meet- 
ing every contingency that may arise in working, 
and it is estimated that the system can be applied 
to an existing tramway for an expenditure of 22001. 
‘rd mile of single line, that is, for about the cost of 

orses and horse cars. This seems one of the most 
poms schemes for electric tramways which has 

een yet brought out in this country, and it is well 
worth a trial. The astonishing success of electric 
trams in America will be repeated here as soon as a 
system has been developed suited to English tastes 
and ideas, 











MR. JOHN STANDFIELD, M.1I.C.E. 

Ir is with great regret that we notice the death of 
Mr. John Standfield, senior partner in the firm of Stand- 
field and Clark, of 11, Victoria-street, and Grays, Essex, 
who lost his life in connection with the wreck of the 
8.8. Ville de Calais, off Margate, on Sunday morning 
last. It may be pete in connection with this 
ill-fated ship, which was specially built for carrying 
petroleum in bulk, that some fifteen months ago thecom- 
— of her first voyage was signalised by an appal- 

ing explosion in her petroleum tanks, by ie Ac several 

of her crew lost their lives, and the whole midship 
portion of the ship was totally blown away, leaving 
only the stem and stern portions intact. The wreck 
as it lay in Calais Harbour was sold by auction, and 
Mr. Standfield unfortunately became its possessor. 
os the state of the wreck he decided to cut her 
completely into three portions, the stern, with the 
boilers and engines forming one, the bow another, and 
what was left of the midship plating a third. Greater 
difficulty in cutting her up was met with than was 
expected, and it was not till last Saturday that the 
stern portion was in a state to be removed to the de- 
ceased’s yard at Grays. 

In tow of the tug Challenger, and assisted by her 
own engines, the ill-fated ship left Calais Harbour at 
about seven o’clock. The weather was perfect, there 
being no wind and no sea whatever; all went well till 
about 2 a.m., by which time the North Sandhead light- 
ship was reached; here a terrible snowstorm was 
encountered, shortly followed by a severe gale from 
the N.N.E. Against this they could make but little 
headway, the flat bulkhead which terminated this 
portion of the wreck ong considerable resistance 
to the seas. When abreast the North Foreland the 
increasing sea and wind broke the tow-rope, and the 
short length of the vessel caused her to pitch and 
scend so violently that she soon practically ceased to 
be under control. Every endeavour was made by the 
master of the tug to get a fresh line on board, but so 
violent were the sea and the wind that it was found to 
be impractical, and in its efforts the tug had the mis- 
fortune to carry away the ship’s lifeboat. The plung- 
ing of the —_ into the waves soon carried away the 
hatches on the main deck, and the vessel shipping 
large quantities of water began to settledown. It was 
then decided to abandon her, and take refuge on board 
the tug, and with this idea fifteen out of the seventeen 
hands that formed the crew took to the small ship’s 
boat. With that strange fatality that seemed to have 
attended this vessel through all her career, the order 
to lower was either wrongly given or misunderstood, 
with the result that, while the bow falls were let go 
with a run, the after ones jammed, and one end of te 
boat being thus hung up, the whole crew were pre- 
cipitated into the water; four managed to scramble 
back into the boat, amongst whom were Mr. Stand- 
field’s son. Seven were picked up by the tug, but Mr, 
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Standfield himself, the cook, and two seamen were lost 
to sight in the blinding snowstorm. Every effort was 
made by the master of the tug to recover them, but as 
it was three-quarters of an hour before he succeeded 
in hauling the last of the survivors on board, the 
bodies by this time had either sunk or were carried 
away beyond reach. The six survivors on the wreck, 
deprived of boats, then headed the sinking vessel for 
Margate and hoisted a signal of distress, which was 
promptly answered by the surf boat at Margate, and 
they were successfully taken off the Ville de Paris as 
she sank, about a mile from Margate Jetty. 

The body of Mr. Standfield, attached to a lifebelt, 
was picked up by the fishermen off Deal on the follow- 
ing morning, and examination of the body showed 
that a heavy blow had been inflicted on the right 
temple, probably in falling from the boat. The evi- 
dence of the survivors showed that death had dealt 
mercifully with its victim, as within a minute or two 
after his immersion, the deceased gentleman was seen 
to be perfectly unconscious. When it is remembered 
that Mr. Standfield suffered from congestion of the 
liver, and that the sudden contact of cold water at any 
time acted instantly on the heart, there can be no 
doubt that death followed almost instantly on immer- 
sion, and that he was spared all suffering. 

The deceased gentleman, who was well known to all 
about Westminster, had carried out many large and 
important engineering works. He was employed by 
Messrs. Peto and Messrs. Brassey on the x ht 4 
Bridge, and the pneumatic railway at Whitehall. He 
was on the Victoria Bridge at Montreal, and superin- 
tended the erection of Edwin Clark’s hydraulic dock 
at Bombay, the largest specimen of its kind. On the 
completion of this work he entered into partnership 
with Mr. Latimer Clark, F.R.S., and made the con- 
struction of floating docks a speciality, many patents 
on this subject being connected with his name. His 
firm constructed the Sebastopol depositing dock, and 
also similar ones at Vladivostock and at Barrow. 

An off-shore dock was also built for Cardiff, and the 
firm designed and superintended the erection of a 
similar one at Hamburg. At the present time a large 
depositing dock is under construction for Zaralé in the 
Argentine Republic, and a large floating pontoon for 
Tilbury. The deceased was professionally connected 
with regard to the successful raising of the Orient in 
Sydney Harbour, and numerous smaller works were 
from time to time undertaken by him. Amongst others 
must be mentioned the ipaantie canal lift, perhaps 
the largest hydraulic works ever constructed, at Les 
Fontinettes, in France, and La Louviére, in Belgium, 
of which, in conjunction with Messrs. Edwin and 
Latimer Clark, he was consulting and inspectin 
engineer, The deceased leaves a widow, a son, an 
three daughters to mourn his loss. 





RAILWAY BRIDGES. 

At the fourteenth ordinary meeting of the session of 
the Institution of Civil Engineers, held on Tuesday, 
March 4, Mr. Berkley, Vice-President, in the chair, three 
papers were read on railway bridges : 


I. ‘‘ Tue Hawkessury Bringer, New Sourn WALEgs,” 
by Mr. C. O. Burge, M. Inst. C.E. 

The railway system of New South Wales had hitherto 
consisted of two separate divisions—the one starting from 
Sydney and branching thence in a westerly, southerly 
and south-westerly direction, while the other origina 
at Newcastle, on the sea coast, about 100 miles north of 
Sydney, and communicated with the northern part of the 
colony and with Queensland. The Hawkesbury Bridge 
was situated upon the connecting link of railway which 
was designed to unite these two systems. It crossed the 
main channel of the Hawkesbury between Long Island 
and Mullet Head, at a point where the channel had a 
width of about 2800 ft., and a maximum depth of 77 ft., 
while its bed consisted of a deposit of mud extending to 
adepth varying from 60 ft. to 170 ft. below high-water 
mark, and overlying the sand. For the construction of 
this difficult work, the Colonia’ Government invited 
tenders accompanied by competitive designs, and took 
steps to make the competition world-wide. A committee, 
consisting of Mr. W. H. Barlow, Past-President Inst. 
C.E., Mr. G. Berkley, Vice-President Inst. C.E., and 
Captain Douglas Galton, R.E., Assoc. Inst. C.E., was 
appointed to adjudicate on the tenders; and when the 
report of this committee had been supplemented by others 
from Sir John Fowler, Past-President Inst. C.E., and 
Mr. John Whitton, M. Inst. C.E., engineer-in-chief for 
railways, New South Wales, it was finally decided to accept 
the tender of the Union Bridge Company, of New York, 
who undertook to complete the i vithin two years 
and a half, for the sum of 327,000/. The accepted design 
consisted of seven spans of 415 ft. (from centre to centre 
of the piers), the foundations being carried down in steel 
caissons filled with concrete, while the upper portions of 
the piers and the whole of the abutments were of masonry. 
The girders were formed of built steel compression mem- 
bers, and solid steel eye-bar tension rods, all the connec- 
tions being made by steel pins. The cross-girders and 
rail-bearers were of rivetted steel plate. The two main 
girders of each span were 410 ft. long from end pin to end 
pin, and 58 ft. deep at the centre, and were placed 28 ft. 
apart from centre to centre, the bridge carrying two lines 
of railway. In the execution of the foundations, it was 
found very difficult to sink the caissons in a truly vertical 





position through the great depth of mud that had to be 
amg before the sand could be reached. .. The ten- 

ency of the caisson to assume an inclined ition, and 
to draw away from its true place during the process of 
sinking, gave rise to a great deal of trouble and delay, and 
in somecasescould not beentirely overcome; andthe author 
was of opinion that this difficulty was in great measure due 
tothe form in which the caissons were constructed. In plan, 
the caisson formed arectangle with rounded ends, itslength, 


transversely to the bridge, being 48 ft., while its outside | 45 


width was 20 ft. The outer shell of the caisson, having 
this contour, formed a vertical prism for the greater por- 
tion of its height ; but in the lowest 20 ft., the walls were 
splayed 2 ft. outwards at the base by inclining them at a 
batter of 1 in 10 at the sides, and also at the rounded ends. 
Each caisson contained three circular dredging wells, 8 ft. 
in diameter, placed along its axis at distances of 14 ft. 
from centre to centre, the wells being splayed outward at 
the base in conical form, so as to meet the outer shell, and 
to come to a cutting edge at the periphery of the caisson 
and also between the wells. The lower part of the caisson 
was built on shore, and, being temporarily fitted with a 
false bottom, was floated out and sunk to the bed of the 
river. The space between the wells and the outer skin 
was then loaded with concrete, and the caisson was 
sunk through the mud by dredging the material from the 
bottom of the three wells. If the caisson showed any 
tendency to cant transversely to the bridge, it could be 
righted by dredging one or the other of the wells in 
vance of the remainder; but when it canted trans- 
versely to the axis of the caisson, the central position of 
the well precluded the use of any such means of righting 
it. It was also believed that the oes form given to 
the base of the caisson enhanced the tendency to cant 
over, as the sinking of the splayed shoe would leave 
around the walls of the upper portion an empty space, 
which would afterwards become filled up in an irregular 
manner, depending upon the consistency of the mud. 
For the Bhs: a erecting the main girders, a pontoon was 
constructed of sufficient size and stability to carry a 
complete span of the superstructure elevated above 
the deck upon staging high enough to command the 
piers, whose summit was 40 ft. above high water, 
the range of the tide being 7ft. At a convenient point 
on the shore, a gridiron was built at a distance of about 
half a mile from the bridge, and on this gridiron the 
pontoon was scuttled and allowed to remain, while the 
steelwork of a complete span was put together upon 
ths top of the elevated staging above the deck. For the 
voyage of this craft out to the bridge a favourable con- 
junction of tide and weather was selected, and, the 
scuttling valves of the pontoon having been closed at low 
water, the vessel fluated off the gridiron at the rise of 
the tide, and was warped out to the bridge by 6-in. 
hawsers worked by steam windlasses, the operation being 
facilitated by the assistance of steam tugs and by the flow 
of the tide. At the top of the tide, the pontoon was in 
‘lace between the piers, the ends of the main girders 
ing then a few inches'above the bearings on the piers, 
and the vessel, being moored in this position, was allow 
to fall with the ebbing tide until it left the girders sup- 
pena upon the piers. In some cases the process was 
astened by partially scuttling the pontoon. The author 
described the numerous vicissitudes of the voyage, which 
was repeated in similar manner for each span, and also 
the endeavours that were made to correct or to remed 
the canting of the caissons. It was worthy of remar 
that although the successful tender was made by an 
American firm, yet the whole of the steel and ironwork 
was provided and manufactured in the United Kingdom, 
except only the swelled heads of the eye-bars. 


If. ‘THE Construction oF THE DUFFERIN BRIDGE OVER 
THE GANGES AT BENARES,” by Mr. F. T. G. Walton, 
C.I.E., M.Inst. C.E. 


The Dufferin Bridge was constructed by the Oude and 
Rohilkund Railway Company, in order to connect their 
line with the East Indian Railway, and was the fourth 
bridge erected by the same company across the Ganges. 
The site of the bridge was immediately below the ancient 
city of Benares, where the river was confined in a com- 

aratively narrow and deep channel, the left bank being 
ormed of a thick bed of clay which resisted the abrasion 
of the stream, and which extended below the river bed as 
far as the middle of the channel, while the remainder of 
the bed and the right bank wereformed entirely of sand ex- 
tending to agreat depth. In the rainy season the river was 
subject to floods rising 50 ft. above lowest river level, and 
submerging the district on the right bank for a distance of 
five or six miles inland. But from the cessation of the 
rains in October the stream generally fell gradually, until 
the recommencement of the rainsin June. During the 
dry season the current lessened 7 degrees, until its 
veloel was not more than one mile an hour, and the 
channel then silted up considerably ; but during the rains 
the velocity of the current was occasionally fifteen miles 
an hour, and the bed was sometimes scoured to a depth 
of 70 ft. below low water, or 120 ft. below flood level. The 
yg consisted of seven spans of 356 ft., and nine of 
114 ft. (from centre to centre), and was built for a single 
line of 5 ft. 6 in. gauge. The railway was carried between 
the main girders of the large spans, and on the top of the 
girders of the smaller spans. The height from low water 
to rail level was 79 ft., and the clearance under the main 
spans at highest flood was 25 ft. A metalled road, 22 ft. 
in width, was provided at rail level, and was used for cart 
traffic, between the passage of the trains. A footway, 
5 ft. wide, was carried on cantilevers outside the main 
— on each side. Both abutments were built as 

lock houses to contain troops for the military defence of 
the bridge. The river piers carrying the 356 ft. spans 
were each founded on a single well of elliptical shape, 
65 ft. across the major axis, and 28 ft. across the minor 





axis. For each well an iron caisson, of similar elliptical 
form, was provided, the height of the caisson varying 
from 10 ft. to 50 ft., according to the depth of water in 
which the pier had to be built. The caissons were con- 
structed with three internal excavating chambers divided 
by cross-walls 5 ft. in thickness, and surrounded by the 
elliptical wall of the caisson, which was also 5 ft. in thick- 
ness. The outer shell was vertical throughout, while the 
inner skin inclined inwards from the base at an angle of 
deg., thus forming a cutting edge, which was 
strengthened by a cast-steel shoe 1} in. t ick. Three of 
the piers were situated on, or very near to, the dry bank 
of the river, and these wells were sunk toa depth varying 
from 48 ft. to 133 ft. below low water. e remain 
ing four caissons were built on pontoons and lowered to 
the bed of the river ; and were sunk by means of Bruce 
and Batho’s dredgers worked from staging erected on the 
pontoons, the depth of these foundations varying from 
62 ft. to 141 ft. below low water. The wedge-sha 
portion of each caisson, above the cutting edge, was filled 
in with cement concrete ; and above that height the space 
between the inner and the outer shells was filled with 
brickwork in mortar. Above the top of the caisson, the 
brick well and cross walls were carried up in similar 
elliptical form, and the work was bonded with the brick- 
work below by an iron crate of angle bars contained 
within the thickness of the walls. In sinking through 
the great depths above mentioned, it was frequently 
pe that the well exhibited a tendency to cant over in 
one direction or another ; but this tendency was corrected 
without any great difficulty, and the wells were success- 
fully got down in their true positions with no greater 
divergence than 6in. in any case. Two of the wells, 
when passing through a hard stratum, canted over con- 
siderably from the vertical. No. 6 was 4 ft. 9 in. out 
of perpendicular when 109 ft. in the ground, and No. 7 
was 5 ft. 3in. out when 135 ft. in the ground. To right 
these wells a weight of about 1000 tons, in rails, was first 
brought on so as to cause the greatest pressure on the high 
side. The earth outside the well was then excavated on 
the side towards which the well was leaning, leaving the 
slope of the excavation at 1to1. This slope was covered 
with, wooden sleepers, on which rails were laid in the 
direction of the slope 6 ft. apart. Again, on these rails 
were laid cross-sleepers close together, and the whole 
excavation was then filled in with bricks, forming a 
wedge-shaped mass which pressed continuously against 
the side of the well as it sank. In this way No. 6 was 
brought upright while sinking only 5 ft. 8 in., and No. 7 
was righted in sinking 20ft. The main girders were 
entirely of steel, the allowed working stress being 
64 tons per square inch. They were 355 ft. 6 in. in 
length with a uniform depth of 35 ft. 44 in. The 
lattice web consisted of vertical posts and inclined ties 
crossing three bays at an angle of 45 deg. The weight 
of a pair of main girders was 491 tons, and of the 
complete span 746 tons. For the erection of these girders 
the smaller girders for the 114-ft. spans were used to form 
a temporary bridge of three spans extending across each 
opening, and carried upon two temporary piers consisting 
of twelve iron screw piles driven into the bed of the 
river. The piles were braced together above water level ; 
but in some cases they were situated in 65ft. depth of 
water, and to insure the stability of the temporary pier 
the group of piles was embedded in a raised mound of 
aa contained between walls of sand bags. The cost of 
erecting one of the — spans was Rs. 57 per ton. The 
execution of the works gave employment to a large 
number of natives, as many as 7000 having been employed 
at one time. The bridge was the joint design of Mr. 
Hederstedt, the company’s chief engineer, and Mr, 
Batho, their consulting engineer in England, Mr. W. H. 
Barlow, Past-President Inst. C.E., having been consulted 
in the first discussion and arrangement of the design. 


III.—‘‘ THe New Bripcr or THE Lonpon, CHATHAM, 
AND Dover Rattway CoMPANY OVER THE THAMES AT 
BLACKFRIARS,” by Mr. G. E, W. Cruttwell, M. Inst. 
C.E 


The new bridge, which had been erected by the London, 

hatham, and Dover Railway Company across the 
Thames at Blackfriars, immediately alongside their older 
bridge, together with the new station in Queen Victoria- 
street, formed an important extension, which was long 
needed for the increasing traffic of the railway. The 
bridge was designed to carry, in all, seven lines of rail- 
way, and had aclear width ofl ft. between the parapets; 
but this width was increased to 123 ft. at the northern- 
most span, where it was necessary to provide space for 
the platforms as well as for the lines of way. In conse- 
quence of the great width, and the occurrence of numerous 
cross-over roads upon the bridge, it was impossible to 
adhere to a construction like that of the older bridge, 
consisting of main girders rising above the rail level; 
and it was considered preferable to adopt a series of arched 
ribs placed entirely beneath the rails. The bridge had 
five spans; the shore span on the Surrey side being 
183 ft. ; the centre span and the Middlesex shore span, 
185 ft. each; and the second and fourth spans, 175 ft. 
each ; the lengths of the three middle spans being fixed 
so as to correspond with those of the old bridge alongside. 
The foundations of the abutments were carried down to a 
depth of about 25 ft. below Trinity high water, the work 
being executed within cofferdams composed of a single 
row of sheet piles of sawn pitch-pine. The foundations 
of the river piers were all carried down to 46 ft. below 
Trinity high water, and were laid in the London clay, 
the depth below the river bed varying from 164 ft. to 
234 ft. Piers Nos. 1, 2, and 3 were each founded upon 
three rectangular caissons spaced 6 ft. apart ; whilst for 
the long pier on the Middlesex side four caissons were 
penetra Immediately above low-water level arches 
were turned across the 6 ft. openings, and above these 
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the piers were carried up solid. The caissons were 
about 30 ft. by 30 ft., and consisted of a single skin 
of wrought iron varying from 4 in. to 3; in. in thick- 
ness, stiffened by vertical angle and tee-bars spaced at 
intervals of about 7 ft., and also by temporary horizontal 
stiffeners. In each case the lower portion, or permanent 
caisson, was 21 ft. in height, and above this a temporary 
caisson was carried up to a further height of 28 ft., this 
portion being bolted to the permanent caisson and 
removed after the building of the pier was sufficiently 
advanced. For sinking the caissons a staging was erected 
around the side of each pier, and to regulate the descent 
each caisson was suspended from the staging at the four 
corners by wrought-iron rods 2} in. in diameter. The rods 
were in lengths coupled together by pins, and the ~~ 
length of each rod was cut with a square screw thre 
23 in. in diameter, by which the caisson was lowered 
uniformly at the four corners, the nuts being simulta- 
neously turned by four spanners coupled together. The 
silt and ballast were excavated downto the clay by Priest- 
man’s grabs worked by movable jib cranes; and as soon 
as the caissons had been sunk well into the clay, the water 
was pumped out, and the digging was continued in the dry, 
At first, this could only be done during low water, and, as 
the tide rose, the water was admitted into the caisson; but 
as the caisson penetrated to a safer depth into the clay 
the time of working was extended, watt on reaching the 
full depth, the tide was kept out altogether, and the con- 
crete work wasthen commenced. The permanent caissons 
were filled with concrete to within 4 ft. of the top, and 
above this level the brickwork and granite facing of the 
piers were carried up for a few feet inside the temporary 
caisson. The latter was then removed, and the masonry 
of the piers was continued by tide work. The super- 
structure of the bridge consisted of a series of arched ribs 
of segmental form, having a rise of 18 ft. 6in., anda 
depth of 4 ft. 6in. At each end the bearing of the ribs 
was taken upon a cylindrical pin of wrought iron, 8 in. 
in diameter, which re:ted in a semi-cylindrical socket 
formed in the bedplate. The arched ribs had sufficient 
transverse stiffness inthemselves, and there were no braced 
spandrels between them and the upper longitudinal 
girders carrying the floor of the bridge, which were simply 
supported upon the arched ribs by vertical posts. The 
longitudinal girders were fitted between the cross-girders 
which were rivetted upon the tops of the posts, the joints 
being connected by cover plates and also by the flat floor 
plates, 44 in. in thickness, which were laid over the whole 
surface. The longitudinal member might therefore be 
considered as continuous, and was made so in order to 
counteract the effect of unequal loading of the various 
spans upon the piers and foundations of the bridge. The 
continuity was unbroken throughout the entire length of 
987 ft., the member being contained between abutments 
of sufficient stability to withstand the thrust due to any 
probable rise of temperature, while it was also tied back 
at each end to anchorages of sufficient stability to with- 
stand contraction. The longitudinal member was rivetted 
up at a temperature of 50 deg. Fahr.; and before it was 
finally closed, observations were taken of its actual con- 
traction when the thermometer stood at 26deg. Fahr. 
The contraction resulting from this fall of 24deg. was 
2in., which corresponded nearly with the amount by 
which a length of 987 ft. of iron should contract according 
to calculation. The joint engineers for the works were 
Mr. William Mills, of the London, Chatham, and Dover 
Company, and Messrs. J. Wolfe Barry and H. M. Brunel. 
The author of the paper was their resident engineer. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a firm tone in the 
warrant market last Thursday morning, but the move- 
ments were Lge speculative. Some good buying orders 
were to hand, which sent prices up all round, but in the 
afternoon there were received a large number of orders to 
realise, the effect of which was to send prices down again. 
Scotch iron was at one time 7d. per ton up, 52s. 3d. having 
been reached, in the belief that a strike in the county of 
Durham was assured. The price of Cleveland iron was at 
one time 8d. per ton up, of which 6d. was subsequently 
lost, and hematite iron advanced 104d. per ton in the 
forenoon, and afterwards fell 9d. The settlement prices 
at the close were—Scotch iron, 51s. 74d. per ton; Cleve- 
land, 52s.; hematite iron, 63s. 6d. per ton. On the 
following day there was probably the heaviest settlement 
on record, but it was got through satisfactorily, and the 
market was in better tone in consequence. There had 
been fears that all would not go smoothly. Prices 
advanced all round, and the top quotations were main- 
tained. The closing settlement prices were—Scotch iron, 
52s. 3d. per ton; Cleveland, 52s. 6d. ; hematite iron, 64s. 6d. 
per ton. Monday’s market was characterised by a quiet 
tone, but there were very few legitimate buyers about the 
exchange. Speculative dealers were also comparatively 
few, and sellers had to accept reduced prices, and even in 
the face of another large withdrawal of stocks during last 
week, an increase of some 2000 tons in the shipments, 
general briskness in the trade, and some more favourable 
reports from abroad. There was, however, the absence 
of new contracts to stimulate legitimate business to cover 
such requirements. The price of Scotch iron closed 64d. 
per ton, that of Cleveland 64d., and that of hematite iron 
also 64d. per ton under last week’s closing prices. Yes- 
terday’s market was very flat, being depressed in some 
measure by rumours of a probable increase of 10,000 
tons in the stocks at Middlesbrough. The unfavourable 
Caledonian Railway dividend, which caused a severe 
fall in the value of that stock, also had a depressing 
effect. Scotch iron fell in gay 8d. per ton during the 
forenoon, and 7d. additional in the afternoon, or 1s. 3d. 
in all, to 50s. 5d. cash buyers, the lowest quotation for six 





months, and 15s. 10d. under the highest price paid on 
January 6. Cleveland iron declined in price 44d. per ton 
in the forenoon, and had a further drop of 1s. 9d. per ton 
in the afternoon, or 2s. 14d. on the day. The price of 
hematite iron was also depressed, a fall of 1s. 8d. per ton 
being registered. Cleveland iron, which had been keeping 
a turn higher in price than Scotch iron on the strength of 
revious returns, closed 8d. per ton under the price of 
tch iron, and 16s. 44d. under the best price in the 
month of January. The price of hematite iron was 19s. 9d. 
under the highest quotation of a couple of months ago. 
he warrant market was weak at the opening this morn- 
ing, partly owing to some dissatisfaction with the Cleve- 
land returns for last month. Warrants later on hardened 
in price, mainly, it is said, on account of “‘ bears” covering. 
In the afternoon there was heavy selling all round, large 
lots being offered, and the buying was fairly good. Scotch 
iron changed hands down to 50s. 04d. pis ton, but the 
close was 50s. 1d., showing a decline of 44d. per ton on 
the day. A local trade writer says that ironmasters 
who have hitherto stood out against making monthly 
returns of the quantity of pig iron in makers’ yards, 
may probably come to see some reason for changing 
their views—that is to say, always assuming that the 
contention lately put forward that pig iron was going 
away as fast as it was being turned out was correct. 
The assumption is all the other way, and the only plan of 
settling the point is for the ironmasters to issue monthly 
returns. Unless they do so speculators will continue to 
believe that the quantity of iron taken out of the warrant 
stores is more than balanced by the accumulated stocks 
in makers’ yards. Last week’s shipments of pig iron 
from all Scotch ports amounted to 9242 tons, as com 
with 6307 tons in the corresponding week of last year. 
They included 225 tons for South America, 150 tons for 
India, 210 tons for France, 1410 tons for Italy, 140 tons 
for Germany, 515 tons for Holland, 250 tons for Belgium, 
200 tons for China and J. apan, smaller quantities for other 
countries, and 5826 tons coastwise. There are still 89 
blast furnaces in actual operation, against 81 at this time 
last year. The stock of iron in Messrs. Connal and Co.’s 
public warrant stores yesterday afternoon stood at 865,066 
tons, as compared with 875,587 tons yesterday week. 


Foreign and Colonial Shipments of Machinery, &e.— 
The foreign and colonial shipments of machinery, &c., 
from the Clyde, reported last week, included the follow- 
ing: One locomotive engine for Calcutta, of the va'ue of 
10507. ; machinery of various kinds, valued at 9600/., 
chiefly for Calcutta, Rio de Janeiro, Japan, Melbourne, 
New York, France, Demerara, and the Cape; sewing 
machine parts, of the value of 6020/., for Rouen, Lisbon, 
Italy, Nantes, Gibraltar, and New York ; blooms, billets, 
rails, plates, bars, and other steel goods, valued at 9700/., 
for Japan, Melbourne, Italy, Boston, Calcutta, Bombay, 
and the Cape; pipes and other castings, plates, sheets, 
bars, tubes, and miscellaneous iron manufactures, of the 
value of 30,0002. 


Coal Trade.—Business continues good in all depart- 
ments, the tone being, if anything, more favourable than 
it was a week ago. Shipments are satisfactory, and, in 
view of an improvement, buyers are more ready to con- 
cede terms to the sellers. Main coal is very firm at 9s. 9d. 
f.o.b. at the terminus; while business has been done, in 
a few instances, over this figure. Ell and splint un- 
changed at former rates. At Ayrshire, shipments keep 
go at old prices, coal being less plentiful than it was. 

he house trade has been kept active through the cold- 
ness of the weather, and merchants are still free buyers 
of all the different grades in the market. For steam pur- 
poses, best Slamannan is in exceptional demand for this 
season of the year, and at 11s. 6d. per ton at ship’s side, 
producers have every reason to feel satisfied. For public 
works both coal triping and dross continue in requisi- 
tion at full rates, 

Clyde Shipbuilding Trade—Launches in February.— 
The output of new shipbuilding on the Clyde during the 
month of February was on a greater scale than in any 
former corresponding month. There were 26 vessels 
launched of a total of 38,647 tons, being an increase of 
20,897 tons, or 118 per cent., over the output for February 
last year, and exceeding that of February, 1883, hitherto 
the highest, by 4997 tons. In no corresponding two 
months of any former year has there been a greater out- 
put than that of the past two months, which was 57,629 
tons, as compared with the output of 51,590 tons in the 
corresponding period of 1883. In the same two months 
of last year the output was 32,420 tons, and in the 
same period of 1886 it was only 18,850 tons. There 
have been comparatively few new orders booked 
during the past two or three months, but the num- 
ber of vessels on the stocks is still very consider- 
able. Last month’s launches included the Normannia, a 
steel twin-screw steamer of 8500 tons built by the Fairfield 
Company for the Hamburg-American trade ; the Palam- 
catta, a steamer of 4000 tons, built for the British India 
Steam Navigation Company, by Messrs. A. and J. Inglis; 
and the Bellagio, a steamer of the same tonnage, built b 
Messrs. D. and W. Henderson and Co. for Messrs. Bell 
Brothers and M‘Lelland, Glasgow. The other steamers 
ranged from 3010 tons downwards, and there was one 
sailing vessel of 2200 tons. 


Contract for Four Elec’ric Launches.—It is stated that 
Messrs. T. B. Seath and Co., shipbuilders, Rutherglen, 
have secured an order to build four electric launches from 
Messrs. Morton and Williamson, Glasgow, acting, it is 
understood, on behalf of the Electric Traction Company 
in London, who will supply the electrical apparatus for 
— the launches, which are intended for service on 
the Seine. 


New High-Speed Passenger Steamer for the Caledonian 
Railway Company.—The Caledonian Steam Packet Com- 





pany have, it is stated, purchased from Messrs, Morton 
and Williamson, age oy a paddle steamer now in course 
ot construction in the shipbuilding yard of Messrs. 
William Denny and Brothers, Dumbarton, and which 
steamer was intended for the Australian colonies. The 
steamer and machinery are designed to attain a high rate 
of speed, and the Caledonian Company intend to run the 
vessel between Ardrossan and Arran, in connection with 
a service of fast trains from the city. It is expected that 
the run from Glasgow to Arran will be accomplished in 
an hour and a half ¢ and, looking to the success uf paddle 
steamers built by Messrs. Denny recently, there is every 
likelihood of this expectation being realised. As in 
speed, so in the luxury of the fittings, the new craft 
will take a high rank in the great flotilla of Clyde 
steamers. 


Society of Chemical Industry.—At a meeting of the 
Glasgow branch of the Society of Chemical Industry held 
last night, a paper by Mr. George MacRoberts was read 
on «'Bhe Manufacture of Blasting Gelatine,” and one 
was read on “‘The MacArthur Forrest Process of Gold 
Extraction.” They were both very interesting communi- 
cations. 

Glasgow Central (Underground) Railway.—Tenders are 
now being solicited for the construction of this new rail- 
way. The work will be done in four sections. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Leeds Forge Company.—The directors of the Leeds 
Forge Company (Limited), in their first annual report, 
intimate a dividend on the ordinary shares of 174 per 
cent., and after paying the 7 per cent. dividend on the 
ore shares, = carry 10,000/. to reserve, and 

ring forward 3258/. This is the result after carrying to 
reserve account the amount of profit which acerued for 
a months ended December 31, 1888, amounting to 

1140. 


The New Midland Railway Station at Bradford.—The 
splendid new station which the Midland Railway Com- 
pany has been engaged for a long time past in erecting, 
was opened this week. The iron and glass roof, which in 
two spans over six platforms, springs from massive 
walls that bound the station on each side, and in the 
centre rests upon fluted metal columns. Some idea of the 
capacity of the new terminus en be gathered from the 
fact that part of the six platforms are nearly three- 
quarters of a mile long, three passenger trains of ordinary 
length may draw up on each side of the three or four 
island platforms, and when excursion or market day traffic 
is heavy, fifteen or more regular or special trains, arriving 
or departing, may be dealt with simultaneously. The 
platforms are built of concrete cement and stone. 


Hull Dock Company—The Proposed Bill Rejected.—The 
adjourned Wharncliffe meeting of the Hull Dock Company 
was held on Monday at the dock offices, Hull, for the 
purpose of receiving the report of the scrutators as to the 
recent poll that was demanded with reference to the voting 
for the proposed new Bill, authorising the company to 
borrow money of the North-Eastern Relos Company 
for the construction of a deep-water entrance to the 
Albert Dock, &c. Mr. J. R. Ringrose, the chairman, 
presided. Mr. Holden, solicitor to the company, read 
separate reports from the scrutators. That of Mr. Priest- 
man gave: For the Bill, 581,140/.; against the Bill, 317,862/. 
In this return Mr. Priestman had included proxies, which 
stamps did not bear date of signature. This did not 
include a proxy from the Manchester, Sheffield, and 
Lincolnshire Railway, which Mr. Priestman did not 
admit owing to the stamp not having been cancelled 
according to the provisions of the Stamp Act. If this 
was valid the voting would be—for the Bill, 631,140/.; 
against, 317,862. A resolution was, however, passed that 
the meeting was opposed to any attempt being made this 
session to proceed with the Bill in any way. 


The Coal Crisis.—The greatest uneasiness is felt here 
because of the failure of the negotiations with a view to 

revent the colliers’ strike. About 55,000 notices have 
see served in this district, and with three exceptions 
these expire on the 15th. Already proprietors here have 
commenced serving fourteen day’s noticeson the topmen to 
uit, so that there is every indication of a struggle. 
Stocks of coal in the district are very large and public 
feeling generally is with the masters, that feeling being 
euectally exhibited by manufacturers. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
very good attendance on ’Change, but the tone of the 
market was dull, and the amount of business transacted 
was exceedingly small. Information from other iron- 
producing centres was the reverse of encouraging, and 
this had the effect of greatly depressing the Cleveland 
market. Some sellers in the early part of the day 
asked 52s. for prompt f.o.b. delivery of No. 3 g.m.b. 
Cleveland pig iron, and it was stated that one or two 
small lots of that quality changed hands at 51s. 9d., 
but as the day wore on quotations fell very con- 
siderably, and be ers were not to be found. At the 
close of the oes oe it was reported that some mer- 
chants were willing to take as low as 50s. 3d. for No. 3, 
Middlesbrough No. 3 warrants dropped a good deal. 
They opened at 51s. 6d., and were rather steady for a 
while, ut later in the day they fell rapidly, and at the 
close of the market the ae a was 49s. 9d. cash. 
Yesterday morning affairs looked a little brighter, and a 
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good deal of business was reported done at 50s. 6d. for 
pany delivery of No. 3 g.m.b., but later in the day 

usiness was practically suspended and the price at 
the close was nominally 50s. 3d. Middlesbrough warrants 
were 50s, 1d. in the early part of the day, but at the close 
of the market they were quoted 49s. 74d. cash, which is 
the lowest price we have had for some time past. Pro- 
ducers, of course, will not look at the above quotations, 
For some months they have been holding out for 60s. per 
ton for early delivery of No, 3, but it is reported that one 
or two of them would now be willing to accept contracts 
at a slightly lower rate. Shipments of pig iron have been 
very poor recently, but with fine weather there is every 
reason to believe that they will now improve. Should the 
exports of pig iron for March reach 60,000 tons, and most 
people expect that they will, and the local consumption 
continues as great as it has been of late, we shall certainly 
see some reduction in the stocks at the end of the month. 


Manufactured Iron and Steel.—These two branches of 
the staple industry are exceedingly quiet. Inquiries 
concerning new contracts are very few, and several firms 
are rapidly getting through the orders on hand. Quota- 
tions are easier than when we last reported, iron ship- 

lates being nominally 7/. 5s., less 24 per cent. discount 
or cash. Heavy steel rails are quoted 6/. 5s. at works. 
Less than the above quotations, however, would be 
taken. 

The Make and Disposal of Pig Iron in Cleveland.—The 
returns of the Cleveland Ironmasters for February, show- 
ing the make and disposal of pig iron for the month, were 
issued from the offices of the y Re neetae Lae Association, 
Middlesbrough, on Tuesday. The returns show that the 
number of furnaces blowing at the end of the month was 
106, and the number damped down or out 47, as compared 
with 99 blowing at the end of February, 1889, and 56 
damped down or out. Three furnaces were blown in 
during the month, viz., one each by the Seaton Carew 
Tron Company, Limited ; Sir W. Armstrong, Mitchell, 
and Co,, Elswick; and Bell Brothers, Limited, at Walker. 
All three are on hematite. The number of furnaces on 
Cleveland pig iron at the end of the past month was 61, the 
same number as at the end of November and December, 
while 45 were on hematite, compared with 42 at the end 
of October, November, and December ; increase on the 
month, three. The make of Cleveland pig iron in the 
port of Middlesbrough during February was 98,409 tons, 
compared with 106,688 tons in January, a decrease of 
8179 tons. Outside the port the make of Cleveland pig 
iron was 20,038 tons against 22,676 tons in January, a 
decrease of 2638 tons. The total for the whole district 
was 118,447 tons, against 129,264 tons in January, a 
decrease of 10,817 tons. The total make of other kinds 
of pig iron (including hematite, spiegel, and basic) was 
203,070 tons compared with 107,063 tons in January, 
showing a decrease of 3993 tons, The product of 
all kinds of pig iron during the month amounted to 
221,517 tons against 236,327 tons in January, a decrease 
of 14,810 tons. The makers’ stock of pig iron in the port 
of Middlesbrough amounted at the end of the month 
to 69,007 tons as against 51,555 tons a month previously, 
an increase of 17,452 tons. Outside the port the stock 
in makers’ hands amounted to 26,123 tons against 28,261 
tons at the end of January, showing a decrease of 2138 
tons. The total for the whole district is given as 
95,130 tons, compared with 79,816 tons at the end of 
January, an increase of 15,314 tons. In the makers’ 
stores there were 5536 tons of Cleveland pig iron against 
6797 tons at the end of the previous month, showing a 
decrease of 1261 tons. The public stores of pig iron at 
the end of the month were as follows: North-Eastern 
Railway Company 607 tons, against 607 tons on January 
31. Connal’s stores 177,756 tons, against 184,672 tons at 
the end of January, a decrease of 6916 tons. The total 
stocks of all kinds at the month’s end amounted to 
279,029 tons, against 271,892 tons at the end of the pre- 
vious month, showing an increase of 7137 tons. 





NOTES FROM THE SOUTH-WEST. 

Cardif{.—The steam coal trade has shown considerable 
animation ; the supply appears to fall short of the demand 
and quotations have an upward tendency, ranging from 
15s, to 16s. 6d. per ton according to quality. Colder 
weather has increased the demand for household coal, 
and No. 3 Rhondda has been firm at 16s. per ton. Patent 
fuel has continued in steady request, but the inquiry for 
coke has been scarcely so good ; fuundry coke has ove 
quoted at 28s., and furnace coke at 26s. per ton. The 
Spanish iron ore trade is still active. Quotations have 
shown continued firmness in the manufactured iron and 
steel trades. 


Penarth Dock and Railway.—The reat ene 
of the Penarth Harbour, Dock, and Railway Company, 
was held at Cardiff, on Thursday Lieut.-Col. the Hon. 
G. H. W. Windsor-Clive in the chair. The chairman, 
in moving the adoption of the report and statement of 
accounts, observed that the directors proposed a dividend 
at the rate of 5} per cent. per annum. The er 
had been doing less business at Penarth, a fact whic 
was accounted for by the opening of the Barry Dock. He 
noticed, however, that the chairman of the Taff Vale 
Railway was hopeful that the decrease was only a tem- 
porary one. 

Gas at Bristol.—The half-yearly meeting of the Bristol 
United Gas Light Company was held on Thursday, Dr. 
Highett, in the chair. The chairman, in moving the 
adeption of the report and accounts, said they were not 
so satisfactory as on the last occasion, for then the 
directors were able to announce a reduction in the price 
of of 2d. per 1000 cubic feet. But since then there 
had been a great rise in wages throughout the country, 
and the company was paying more for coal. In iron, 





bricks, and other materials similar advances had taken 
place, and the directors had given the men a considerable 
increase of wages, besides other advantages. This accu- 
mulation of increased charges had, as a matter of course, 
made a difference in the expenditure ; and, consequently, 
the directors had been obli to raise the price of gas 
3d. per 1000 cubic feet. That increase was not so t 
as it appeared at first sight, because they lowe the 
price 2d. per 1000 cubic feet in July. The directors had 
increased the illuminating power and they had been 
iving attention to the efficiency of the works. <A divi- 
end at the rate of 10 per cent. per annum was declared, 
the chairman observing that the directors had been 
obliged to take 9500/. from the reserve fund. 

Barry Dock and Railways.—The half-yearly meeting of 
this company was held at Cardiff on lang The report 
of the directors stated that the revenue for the second 
half of 1889 had been 82,617/., while the working expenses 
had been 29,3121., waning a balance of 53,305/. After 
provision had been made for fixed charges, &c., a balance 
of 31,763l. remained available for dividend, admitting of 
a distribution of 54 per cent. per annum upon the ordi- 
nary stock and shares. The chairman, in moving the 
adoption of the report, referred to a current which was 
said to exist in front of the dock gates, and which by 
some persons was considered an inconvenience, and even 
adanger. Anembankment which was proposed to be 
made at the east side of the entrance had now been com- 
pleted, and the current no longer existed, or at any rate 
could not be found. The directors had had under con- 
sideration the question of constructing another gravin 
dock, and it was intended, he might say to proceed wit 
the work. The report was adopted. 


The Tin-Plate Trade.—On Saturday the South Wales 
Tin-plate Workers’ Union disc the question of a re- 
striction of production. There were 103 delegates pre- 
sent, representing 72 works. It was decided that the 
second week of this month should be an idleone. The 
stoppage of works will, it is believed, reduce stocks to the 
extent of 250,000 cwt. 





MISCELLANEA. 

Tue Council of the Sanitary Institute have accepted an 
invitation from the Town Council of Brighton to hold 
the autumn Congress and Health Exhibition in that 
town in Saptember next. 


The Bath and West and Southern Counties Society 
will hold its annual exhibition this year at Rochester, on 
June 5, 6, 7, 9, and 10. Intending exhibitors can obtain 
full particulars from the secretary, Bath. 


The receipts of the 23 principal railways in the 
Uni Kingdom, for the week ending February 23, 
amounted, on 16,1424 miles, to 1,221,994/., and for the 
corresponding period of 1889, on 16,030 miles, to 1,178,494/., 
an increase of 1124 miles, or 0.7 per cent., and an increase 
of 43,500/., or 3.7 per cent. 


The directorate of the St. Gothard Railway state that 
the life of rails in the long and badly ventilated tunnels on 
this line is scarcely one-third of that obtaining in the open, 
and they have therefore determined to lay these portions 
of the line with much heavier rails. Those now used weigh 
75 lb. per yard, and are 5 in. high, which will be replaced 
with rails weighing 88 lb. per yard, and 5.6 in. high. 


We are requested by Messrs. Siebe, Gorman, and Co., 
of 187, Westminster Bridge-road, London, to state that 
the recent fire in the Lambeth-road has not stopped busi- 
ness at their works, the only damage done being con- 
fined to the brass foundry and stores. The engineering 
ee remains intact, and work is being carried on 
as usual, 


Mr. W. Saunders has proposed to modify Sir Joseph 
Bazalgette’s plans for the Blackwall Tunnel by substitut- 
in lifts for the long inclines, originally included in the 
scheme. In this way the length of the tunnels could be 
reduced from 6085 ft. to 1125 ft., and thus a material 
saving could be effected so far as initial outlay is con- 
cerned, as the lifts would not cost more than about 54,000/. 
A similar plan to that pro: by Mr. Saunders has been 
adopted for the Glasgow Harbour Tunnel. 


We have received a communication from Messrs. Oscar 
Moenich and Co., of 8, Coleman-street, London, statin 
that many manufacturers of wire and wire nails are sti 
executing orders to the old B.W.G. They point out that 
contracts made on this basis are illegal, and should, more- 
over, the manufacturer mark the wire with the old 
B.W.G. numbers, he is liable to be charged with false 
marking under the Merchandise Marks Act of 1887, and 
to heavy penalties. 


At the meeting of the Leeds Association of Foremen 
Engineers and Draughtsmen, held on Thursday, the 27th 
ult., at the Wheatsheaf Hotel, Mr. J. A. Tempest gave 
an account of a visit to the Manchester Ship Canal, and 
when he had concluded Mr. J. F. Elsworth read a paper 
on ‘The Journals, Footsteps, and Thrust Bearings of 
Shafting,” in connection with which he gave an interest- 
ing account of Mr, Beauchamp Towers’ important experi- 
ments on journal friction. The reading of the paper was 
followed by a discussion. 


At the meeting of the Junior Engineering Society, held 
on Friday, the 14th ultimo, Mr. i. L. Seneme read a 

per on ‘‘ Cylinder Ratios and Heating Surface in 

arine Engine and Boiler Efficiencies.” ter in the 
evening Mr. P. Marshall read a paper on ‘‘ Newspaper 
Printing Machinery,” both papers being afterwards 
fully discussed by the members. On the Wednesday fol- 
lowing the meeting a party of the members visi the 
Times printing office, through the kindness of Mr. Walter, 
and examined the machinery there used. 


At3a.m. on Tuesday ers a disastrous railway acci- 

dent, resulting in the loss of four lives and serious injury 

to a number of poate, occurred at Carlisle, to the 
t E 


Scotch express which left Euston at 8 p.m. on the previous 
evening. This train stops at Carlisle, but on the occasion 
in question it overran the station and came into violent 


collision with a Caledonian engine which was approaching 
the station in order to take the train on to Glasgow. As 
the official inquiry has not yet been held we shall not at 
— enter into any discussion of the disaster, which, 
owever, is reported to have been due to the failure of 
the vacuum brake with which the train was fitted. In its 
main features the accident appears to have been almost 
identical with that which occurred at the same station— 
also to a Scotch r= grater December 21, 1886, when, 
however, no loss of life occurred. Quite apart from any 
failure of the continuous brake, it has yet to be explained 
how it was that the train was not under the control of 
the hand brakes, Carlisle being, we believe, re ed as a 
‘terminal ” station into which trains should be brought 
at such speed as to be controllable by hand brakes only. 


The gunnery trials of the Trafalgar took place last 
Saturday, and passed off most successfully. The main 
armament consists of four 13}-in. 67-ton guns, mounted 
in ge in a couple of turrets built along the middle line 
of the ship. Considerable changes have been made in the 
hydraulic controlling gear of the guns, and owing to these 
improvements the pressure in the various cylinders never 
exceeded 1000 1b. per square inch during the tests, as com- 
pared with 3400 lb. in some of the previous vessels, The 
projectile used was a Palliser shell 40 in. long, and 
weighing 1250 lb. These were fired with half, three- 

uarter, and full charges straight over the bow of 
the vessel, as well as at other angles. As the gun is 
only 3 ft. 6 in. above the deck, this fire has severely 
tested the strength of the deck, but no particular 
damage was done till the firing with full charges com- 
menced, when the rush of gas bent down the deck, 
bending one of the beams and breaking a stanchion, but 
the injury can be repaired without much difficulty. 
Seme interesting experiments were tried upon the 
rapidity with which these guns could be fired, and it was 
found that four aimed rounds could be fired in 9 minutes 
7 seconds. The secondary armament of the Trafalgar is 
largely made up of 4.7 in. Elswick quick-firing guns, and 
the trial of these proved perfectly successful, ten rounds 
being fired from each gun in from 1 minute 15 seconds to 
1 minute 19 seconds. 


On Wednesday, March 5th, Mr. Edwin Lucas read 
a paper before the Civil and Mechanical Engineers’ 
Society (Mr. H. Adams in the chair) on a new 
medium for fresco painting, called ‘‘ Fresco Cement.” 
The ye geen invented by Mr. Kremeyer, consists 
largely of tufa together with Portland cement and lime, 
and the patentee claims for it that, being hydraulic, 
absorptive, and acid-proof, it is absolutely unaffected by 
the severest climate. The author gave a highly interest- 
ing resumé of the history of the art of fresco painting, and 
of the various methods employed by great Italian masters, 
by the modern German school, and by artists in this 
country, dwelling on the great difficulties with which vota- 
ries of the art had to contend, on the elaborate nature of 
the processes required, and the want of permanence in 
the completed work. He then proceeded to quote a 
favourable report from Mr. H. Faija, M.I.C.E., who, 
moreover, tested the strength of specimens which had 
been immersed in water for 23 days. The average tensile 
strength of five specimens was found to be 312 lb. per 
square inch, The paper concluded with a practical 
demonstration of the extreme simplicity of the process by 
means of the portable fresco panels, which form a striking 
feature of the new invention. 


_ The twenty-eighth and final quarterly report of the 
inspection of the Forth Bridge has been_ prepared 
by Major-General Hutchinson and Major Marindin. 
In concluding their report the inspectors say: ‘‘In 
conclusion, we think it right to record our opinion that 
this great undertaking, every part of which we have 
seen at different stages of its construction, is a wonderful 
example of thoroughly good workmanship with excel- 
lent materials, and that both in its conception and in 
its execution it is a credit to all who have nm con- 
nected with it, bearing testimony to the ability of the 
engineers who have designed it, to the skill and 
resource of those who have superintended and con- 
structed it, and to the zeal and courage of the work- 
men who have been or upon it.” The follow- 
ing certificate, signed Sir John Fowler and Sir 
Benjamin Baker, is appended: ‘‘ We hereby certify that 
the whole of the steel used in the Forth Bridge has been 
made on the Siemens-Martin ‘open-hearth’ system, and 
has been subjected to the following specified tests : Strips 
cut lengthwise or crosswise to have an ultimate tensile 
strength of not less than 30 tons and not exceeding 33 
tons per square inch of section, with an elongation of at 
least 20 per cent. in a length of 8in. for all steel subject 
to tensile stresses, and of not less than 34 tons nor exceed- 
ing 87 tons, with an elongation of at least 17 per cent. for 
all steel subject only to compression. Strips cut cross- 
wise or lengthwise 14 in. wide, heated uniformly to a low 
cherry red and cooled in water of 82deg. Fahr., must 
stand bending double in a press to a curve of which the 
inner radius is one and a half times the thickness of the 
steel tested. The results of the many thousands of tests 
made showed the steel to be of toughness and 
ductility considerably in excess of the specified require- 
ments.—February 14, 1890, 





Dovustk-TRACKING THE GRAND TRUNK,—A contract for 
double-tracking the Grand Trunk Railway of Canada 
from Belleville to Ganaxoque has m awarded to 





Messrs. McArthur Brothers, of St. Paul, Minnesota, 
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COMPOUND LOCOMOTIVES. 
On the Compounding of Locomotives burning Petroleum 
Refuse in Russia.* 

By Mr. THomas Urquuart, Locomotive Superintendent, 
Grazi and Tsaritsin Railway, South-East Russia. 
(Concluded from page 210.) 

Air-Inlet Valve.—When the first passenger compound 
was put into regular train service, 1t was noticed that, 




















proving that an increased internal resistance existed in 
the compound locomotive, which was traced to the large 
area of the low-pressure piston creating a strong vacuum in 
the receiver. This was overcome by placing on the receiver 
an air inlet valve opening rete 


| enabling the large piston to draw in air when required, as 


even greater ease than a non-compound locomotive. As 
for the objection that such a valve cools the low-pressure 







































































(Fig. 11, page 312) for | 


is invariably the case when the steam is shut off. Since | 
the addition of this valve the engine runs down hill with | 


ting this mixture into the low-pressure cylinder at a tem- 
perature of from 120 deg. to 180 deg. Fahr.; this can 
easily be done without risk of injury to the valve faces 
and piston rings, because no solid particles such as cinders 
or ashes exist in the smokebox of these engines burning 
petroleum refuse. The plan adopted is shown in Fig. 14, 
and consists in placing upon the receiver R a short per- 
forated pipe P of 2hin. bore, projecting into the smoke- 
| box, the te area of the perforations being double 





| the area of the pipe. In order that the hot gases alone 
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where an ordinary non-compound ran easily down hill | cylinder, the author had to choose one of two incon-| may not get into the cylinder and cause damage by their 


with the regulator closed, the compound ran very stiff, | veniences ; either to keep steam on when running down | 
and even required the regulator opening a little; thus 





* Paper read before the Institution of Mechanical 


Engineers, 


hill, or to cool the cylinder. The latter proves the more 


profitable method, and is accordingly ado 


ted. 
Subsequently the author has arranged for mixing part 


t heat, a couple of air holes are made in the flap valve 
which closes the top of the stand pipe above the high- 
pressure valve chest ; the joint area of the two holes is 
about one-quarter that of the gas-pipe P, so that the air 


| of the hot smokebox gases with the cold air, and admit- | and gas get mixed in the proportion of about one to four, 
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which as far as the author’s experience goes is quite suffi- | author’s locomotives retaining their original boilers, it 
cient for preventing over-heating. The results are very | must be borne in mind that his whole attention was 
ood, the cylinders no sn, get cooled as they did | directed simply to obtaining from old engines compounded 
ot tad and when the regulator is opened afresh, less| with 8} to 9 atmospheres pressure the nearest and 
steam is condensed, or possibly none at all. The flap | cheapest approach to modern compounds having 12 atmo- 
valve F is closed by a light spring, and is at once blown spheres pressure, As to any possibility of a wasteful 
wide open whenever the engine is made to work non-com- | expenditure of steam through abuse of the starting valve, 
pound at starting. | this is sufficiently guarded against by the drivers being 
Starting Valve.—The starting valve on the receiver, for paid a premium for saving fuel; they are, as a rule, fully 
admitting boiler steam direct to the low-pressure cylinder | alive to their own interests, and never use the starting 
for starting, is worked by hand by the driver, and is not | valve more than is absolutely necessary. In Figs, 12, 13, 
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TABLE IX.—MI Eacr, Consumption CF PrIRGLEUM ReEFvusk, AND Cost CF ENGINE AND TENDER REPAIRS, IN 
ComPpounD AND Non-CompounD PASSENGER AND Goops LOCOMOTIVES ON THE GRAZI AND TSARITSIN Raliway, 
puRING Five SumMER Monvtus, APRIL TO AUGUST INCLUSIVE, IN 1889, PASSENGER LOCOMOTIVES WITH 81X 

WueEr.s, Four CoupLtep. Goops Locomotives with Six WHEELS, ALL COUPLED. 
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The boiler pressure in all these engines, both compound and non-compound, was 135 lb. per sqnare inch above the atmosphere. 
The trucks were each about 16 tons gross load. In the three columns of Economy, the five compound and five non-compound goods 
engines are compared severally according to their order of sequence : Compound No. 35 with non-compound No. 48, and so on to 
compound No. 58 with non-compound No. 63. The mean results show the comparison between the two groups collectively. 


Mileage. ees ey Cost of Repairs! ~~ ee FE: 
; ° 
| | | 3 | 2 & 
Description and ae | #4 S & 1.8 | fe = Fuel. Repairs. g 
Number of Locomo- z, FI a i £ 4 ies | P| ie Pa ee 
tives. ‘Ag = e gd ita | & 8 = ees MOOR ie 
Sse : ‘ re | 32 “to 2 le | 8 s |8 
SE) a8 | o8 i ch [6S] Gg (G1 Ga!) g [Bs Mes 8] 8 [8 
che| 2 | 3h ER [ech] £ (|b 15 > 8S |SalsER S| & OS 
-—" & & & a a a a ma A = A 
Passenger: —No.| percent} tons. Ib, | Ib. £ / 4. Ib. | | 
Compound .. 110, 11.87 202,640 17,066 | 17,460 2.26 | 159.19 20.89 | 20.42 17.740 | 0.243 4.55 18.22; 49.2 110) 
Non-compound 115) 11.70 | 171,808 | 14,685 | 14,863 1.20 | 165.66 25.27 | 24.97 29.585 | 0.478 oe oe ve | 15 
Goods : | } | 
€5) 27.39 | 351,698 | 12,847 | 14,195 9.50 | 145,09 25.29 | 22.90 22.196 | 0.376 | 4.88 | 17.57 48.8 35 
40, 27.47 | 291,686 | 10,615 | 12,181 12.86 | 120.59 25.44 | 22.17 12.356 | 0.243 | 5.04 18.52 4.0 40 
Compound ..4 43] 27.78 | 145,171 | 5,224 | 6,388) 18.22 | 60.93 | 25.82/91.13 4.585 |0.170| 7.26 25.57| 241 43 
62) 25.55 282,157 | 11,045 12,951 14.72 | 138.33 28.06 | 23.93 19.977 0.369 | 4.14 14.75 27.7 52 
58) 24.43 | 271,974 | 11,132 | 12,865 | 13.47 | 130.14 26.19 | 23.09 31.756 | 0.590 6.21 | 18.41; 39.2 58 
— = ———— | — ma 
Means and totals 26.52 1,342,586 | 50,863 | 58,580 | 13.75 | 594.38 26.16 | 22.64 90.870 | 0.350 | 5.31 18.96 | 28.8 
48) 26.70 | 283,280 10,609 | 12,560 | 15.53 | 155.75 32.89 | 27.7 38.570 | 0.735) .. | «. Toa 
34) 26.81 | 184,463 6,880 8,363 | 17.73 | 101.61 | 33.08 | 27.21; 8802 | 0.253) .. ee 34 
Non-compound 61) 26.53 | x 12,598 | 14,371 | 12.34 | 182.08 32.38 | 28.39 | 13.420 | 0.224) .. es | 61 
60) 30.31 238,763 7,878 | 10,768 | 26.84 | 134.92 38.37 | 28.07 | 23.857 | 0.510] .. oe 60 
63! 30.44 | 208,248 | 6,442 | 9,012 | 24.08 | 113.87 37.28 | 28.30 36.450} 0.970) 2. 8. | 63 
Means and totals | 28.16 | 1,249,044 | 44,897 | 55,074 | 19.30 | 688.23 34.80 27.95 121.108 ' 0.539 | | 


automatic in closing, its only merit being that it is ex- and 14 are shown a side elevation on the high-pressure 
ceedingly simple. In fact, these valves were already in | side, a plan, and a transverse section through the smoke- 
stock, having formerly been used for steam brakes on the | box and cylinders, of a compounded passenger engine 
locomotives. It cannot therefore be pretended that they | having a hand interchanging valve, in addition to the 
present the same excellent features as the special auto-| hand intercepting valve; the two together enable the 





‘and the interchanging valve, when the intercepting valve 


is either open or closed, serves also as an air-inlet valve 
for both cylinders in running down hill with the steam 
shut off. in Fig. 11 is shown the arrangement of these 
valves, which are indispensable for starting heavy trains 
without jerks. ‘ 
Receiver.—The first compounded passenger locomotive 
had a receiver capacity equal to the volume of one stroke 
of the high-pressure piston; but in two recently com- 
pounded the receiver has been enlarged to 1.3 times that 
capacity, by the addition of the pipe A in the smokebox 



















i aa me] an an Soe te 
gr aw eeameone — am REY 55 NS ; 
Fic, 12a. Fic. 15. 


| as shown in Fig. 14. Both these engines have the high- 
| pressure crank leading in forward running. ‘The enlarge- 
| ment of the receiver is found to be a step in the right 
| direction, by more nearly ee power in the 
| cylinders. A marked difference can be noticed in the in- 
dicator diagrams taken, as well as in the available power 
of the engines. There is less back pressure in the high- 
| pressure cylinder, and a greater quantity of steam in the 
|receiver for charging the low-pressure cylinder; and 
although this steam is of slightly lower pressure, yet the 
diagrams from the low-pressure cylinder come out fuller. 
In other words, before the receiver capacity was increased 
it was found that the pressure in the low-pressure cylinder 
dropped at once on the piston starting at the beginning of 
its stroke; but with the enlarged receiver the pressure 
does not drop so fast, owing to the increased quantity of 
steam in the receiver. 
In the compounded goods locomotive No. 28, recently 
ve into service, with the low-pressure crank leading in 
orward running, the receiver has been further enlarged 
to 1.8 times the capacity of the high-pressure cylinder. 
The result is that not only is the pressure well kept up in 
the low-pressure cylinder from the beginning of the 
stroke, but also the influx of steam from the high- 
pressure cylinder takes place before the admission 
to the low-pressute cylinder is cut off at some notches 
of the valve gear. Thus a pretty even pressure is 
obtained in the —_ cylinder, giving a good diagram 
for this cylinder, while at the same time, owing to the 
sequence of cranks, less resistance is offered to the exit of 
the steam from the high-pressure cylinder, except at the 
first notch or greatest expansion. From three months’ 
performance, during September, October, and November, 
1889, engine No. 28 seems to work very well ; and for this 
result three reasons may be assigned. Firstly, the hangers 
to the link motion are made 8 in. longer on the low-pres- 
sure side than on the high-pressure, causing a later cut-off 
in the gh sag >-wart cylinder than in the high-pressure. 
Secondly, the blast-pipe is set 12 in. lower down in the 
smokebox than in the other engines, keeping its nozzle at 
about the height usual in English engines, say about 8 in. 
above the top row of tubes. Thirdly, the receiver as 
already sta’ is made 1.8 times the capacity of the 
small cylinder. Any one of these three points may have 
a useful effect upon the better working of the engine; 





matic starting valves which have been introduced else- | engine to continue working non-compound for any length 
where and have proved so efficient in working. In the! of time, instead of for only the first stroke at starting ; 


and the combination of all three together has undoubtedly 
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the effect of saving a trifle more fuel ; but to which of the ‘tives are the engines of the future in all countries. Plans | friction of the slide valves. What is really wanted is to 
three it would be right to assign the benefit it is impossible arealreadyin hand forcompounding theeight-wheel coupled | mature a thoroughly efhcient two-cylinder compound, 
at present to say from so short experience and with only 48-ton goods locomotives’; and advantage will be taken of | with moving parts as light as possible and well balanced. 



































one engine. : | the alteration of these and other engines to substitute also|The Government railway authorities have decided in 
{ The results of the author’s experience are such as to the relieved slide valves above described, so as to save the | future to order all new locomotives on the compound 
4 leave no doubt in his own mind that compound locomo- | extra 5 or 6 horse-power at present absorbed by the | principle. One railway has already ordered twenty-two 
q Fig.16. Non-compound Passenger Engine N° 115. See Table 7, Fiig.18, Non-compound goods Engine N° 63. See Table 8. 
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TABLE X.—Comparative ConsuMPTion OF Perroteum REFUSE IN 1889 1x Comrounp AND Non-Comrounp Srx- | Taste XI.—Setting of Slide Valves in Forward Running 
WHEEL CovuPLteD 36-Ton Goops Locomotives Doing EquaL WoRK ON THE SAME SECTION OF THE GRAZI AND | with High-Pressure Crank Leading, in Compound Goods 
Tsaritsin Rattway. See Diagram, Fig. 22. Locomotive No. 40. 

| Stroke, 24 in. Full travel of each valve, 43 in. High-pressure 

| valve, outside lap 0.79 in., inside clearance 0.06 in. Low-pressure 





































































































bop rarer | eubamaetiees | valve, outside lap 0.61 in., inside lap 0.08 in. See sections of 
oo - —_—--——— valves in Figs. 7 and 8. 
: Petroleum | . Petroleum Ps " " : 
Mileage. i | Mileage. ; 5 High-Pressure Cylinder, Low-Pressure Cylinder, 
aon Consumption. | Consumption. - Right Hand. , Left Hand. : 
prey Woy pea re ion toe: nie Unremu 4 a s ere oH atone 
Total | Total | ~ Dremu Per : Total | Total roo Per | Cut-off. Per- Cut-off. Per- 
a, Train- | Engine-| ar Total. | Engine- Pry med Train | Engine- Soe Total. | Engine- | % ,. Lead. centage of Lead. centage of 
lin Train.* | Miles. | Miles. | Miles | Mile. | in Train,*| Miles. | Miles. | ‘yrijes, Mile. % 3 Stroke. | Stroke. 
| percent.| tons | Ib. | per cent. tons. Ib. es a3 ‘ . * VAR! | oo tes 7 % Piieied 's 
January ..  ../ 21.52 | 9,138 | 10,295 | P0.02 144.46 | 31.65 | 22.16 9,237 | 10,872 | 15.03 | 174.76 | 36.01 Es Front | Back | Front |Back | Front Back | Front Beck 
A February ....| 21.36 6,165 | 7,949 | 22.44 | 100.12 | 28.21 | 21.48 6,196 | 8,089 | 23.40 124.11 | 34.37 |4%%| End. | End.| End. | End. | End. | End.| End. | End. 
March .. «| 21.21 | 6,561 | 7,822 | 16.10 | 101.06 | 28.94 | 20.81 6,184 | 7,303 | 15.83 | 115.09 | 35.30 . ily ta Des 
: April .. ..| 2282 | 7,491 | 9,308 | 920.27 | 96.07 | 22.90 | 24.79 8,170 | 9,791 | 16.56 | 125.68 | 28.75 in. | in | pc | pc. | im, | in. | p.c. | p.c. 
4 May.. x --| 25.60 16,634 | 18,305 9.13 | 195.02 | 23.86 | 24.83 16,109 | 18,273 | 11.84 229.93 | 28.18 1 0.31 | 0.30 40 36 | 9.49 | 0.49 | 50 46 
June... —..| 24.61 | 15,741 | 17,873 | 11.92 | 177.62 | 22.26 | 24.76 | 16,304 | 18,818 | 13.36 | 234.56 | 27.92 | 2 | 0.29 | 0.28) 55 | 52 | 047 | 047 | G6 | GL 
July .. as} 25.69 | 13,929 | 15,817 | 11.93 | 162.10 | 22.96 26.03 | 13,849 | 15,397 | 10.05 | 195.39] 2843 | 3 | 0.25 | 0.24) 69 | 64 | 0.43 | O43 | 77 71 
August ..  ..| 26.01 | 15,566 | 17,940 | 13.23 | 178.22 | 22.96 | 25.35 | 15,C09 | 18,177 | 17.42 | 216.74| 26.71 | 4 | 0.20 | 0.19 | 80 | 76 | 0.39 | 0.39) 84 80 
September +-| 25.60 | 19,186 | 22,174 | 13.48 | 254.33 | 25.69 25.32 | 21,513 | 24,790 | 13.22 | 321.83 | 29.08 | 
October | of 24.25 , | 22,085 | 26,007 | 15.08 | 292.98 | 25.23 | 24.01 | 23,924 | 26,868 | 10.95 | $80.85 | 81.75 | ound eight-wheel coupled goods locomotives to work 
December | | | | | at 12 atmospheres absolute or 160 lb. per square inch 
i | } —_—_—— above the atmosphere. 
) Means and totals..| 23.83 132,496 |153,510 | 13.69 1701.93 | 25.40 | 23.95 196,495 158,378 | 13.82 2,118.94) 30.65 | 
4 , | Nova Scortan Coat Mininc.—The output of coal in 








| os * Trucks each 16 tons gross weight. Nova Scotia last year is computed at 1,205,000 tons, 
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INDUSTRIAL NOTES. 

Some of the Socialist leaders were wont to say that 
it was their duty to sow the seeds of discontent, as 
that was the only way in which attention could be 
called to labour questions. Whether from discontent 
or from other causes labour questions are just now, 
and have been for some time past, well to the front. 
The Eight Hours’ Question and the Berlin Labour 
Conference have occupied the attention of the House 
of Commons, and a vote was taken thereon by way of 
an amendment to the address. But, as the supporters 
of the amendment urged, the proposals did not pledge 
or commit anyone to anything ; it seems, therefore, to 
have been a profitless performance altogether, the 
very supporters declaring that for all —. pur- 
poses the vote would be meaningless. However, two 
results are the outcome of discussions of this nature, 
whatever else may or may not be attained, namely, it 
raises false hopes in the minds of the workmen, and it 
cause a great deal of uneasiness in the minds of 
capitalists, so that discontent is sure to follow, whether 
sought and intended, or not. What the harvest will 
be no one can at present foresee, but that there will 
be a plentiful crop of troubles when trade slackens 
again into depression it requires no prophet to prognos- 
cate. It is inevitable. Indeed, even now, a reaction 
has partially set in, and prudent men are re-consider- 
—— position. 

he text of the German Emperor’s note as to the 
proposed labour conference sets aside all speculation 
with respect to the extent of the proposals and their 
nature. We now know the lines upon which the dis- 
cussions will be conducted and the general programme 
of subjects, The official programme consists of six 
divisions, as follows: 1. Regulation of work in mines: 
Under this head the question of limiting the hours of 
adult males is distinctly shadowed forth in the follow- 
ing question: (b) ‘‘Are the working hours to be 
limited in mines in which the work is particularly 
dangerous to health?” (a) Deals with the employment 
of women and children, a matter which we have long 
since decided by law. It is further asked whether the 
work in coal pits should be subject to international 
regulation, 2. Regulation of Sunday labour: Under 
this head it is suggested whether Sunday work shall 
be prohibited, or regulated, and how to be decided 
je enforced. 3. Refers to the regulation of children’s 
work. 4. To the work of youths. 5. To the women’s 
work. To a very great extent all these questions, 
under the last three heads, have been fairly well and 
satisfactorily dealt with by English legislation already. 
The sixth subject is the putting into practice of the 
regulations adopted and the question of periodical 
conferences. What we can gain by the conference no 
one seems to understand ; possibly we might be able to 
help the Emperor to induce his own people to adopt 
some remedial legislation which, in the end, may 
indirectly be favourable to us. So far as we are con- 
cerned we have practically solved the problems. 





In Lancashire industrial activity is well maintained 
in all branches of engineering, but it is said that in 
-some departments a falling off is reported. If this be 
so, it has not affected the demand for labour nor 
lessened the pressure for deliveries to the full extent 
of the output. That there is a decreasing weight of 
new work coming forward is true, as, indeed, how 
should it be otherwise with the present uncertainty 
hanging over the heads of employers as to the supply 
of fuel, and of consumers as to possible prices in the 
near future? No very serious disturbance in the labour 
market is reported, the coal industry alone excepted ; 
this, however, is serious enough to affect all the other 
industries in busy Lancashire. There has arisen, how- 
ever, a dispute at Bolton, where the ironmoulders 
demanded an increase in wages of 2s. per week, and 
on refusal, all left their work. 





In the Sheffield and Rotherham district there has 
been a succession of small disputes, mostly with ulti- 
mate advantage to the workpeople. The strike of the 
spring-knife cutlers for 10 per cent. advance has ter- 
minated by the concession asked for being granted. 
This was a kind of test case, as many employers had 
given the advance without a strike. The remaining 
employers who refuse the advance are to be taken 
singly unless they give the 10 percent. The moulders, 
to the number of about 100, the pa‘tern-makers, the 
fitters, and turners, the blacksmiths, and the labourers 
at Hadfield’s Steel Foundry, protested against some new 
rules and regulations issued by the firm. Some inter- 
views followed with the view of averting a strike. 
The ironmoulders at Messrs. Ashforth and Co.’s works 
struck work against the alteration of the hours of 
work from 6 a.m. till 5 p.m., to7 a.m. till 6 p.m. 
The men say that quite 850 work by the first rule, 
while it is said 750 work by the latter rule. The men 
would not perhaps have objected if the former rule of 
the firm to pay extra for overtime after 5 p.m. had 
been continued. But this the manager refused to do. 
As the dispute was at its height at about 5 o’clock, 
when a large casting had to run, and as no con- 





cession was made, the foreman was left with the cast- 
ing to do as best he could. 





One branch of the shipping trades, which for some 
time has been rather quiet, is now stirring for an 
advance in wages, namely, the shipwrights. At Sun- 
derland the employers have conceded to them an 
advance of Is. 6d. per week, to date from the 13th 
inst. The ship carpenters of London memorialised 
for an advance of 6d. per day on December 13 
last, to commence on March 1. No reply was given 
to the memorial up to the last week in February, when 
a deputation was appointed to wait upon the shipping 
firms. Some of the smaller firms gave way. The 
P. and O. Company yielded towards the end of last 
week, and was immediately followed by Messrs. 
Donald Currie and Co., the Trinity Building Yard 
——— to follow the other firms. Seven of the 
arge firms refused up to the end of last week, when 
the men determined to fetch out their tools on Mon- 
day if no settlement was effected. Some of the firms 
offered the advance on repair work, but not on con- 
tract work and new work ; to this the men would not 
agree, 





The bargemen of Sittingbourne went out on strike on 
Saturday last, but along the Medway a strike was 
averted at the last moment by the increased pay being 
granted. The strike of the dock labourers at Belfast 
was settled on Friday last, their demands being con- 
ceded. 





The railway employés on the Furness Railway Com- 
any’s works have petitioned for 5 per cent. advance 
in wages, which the directors have refused. The 
directors of the Lancashire and Yorkshire Railway Com- 
pany have not granted the requests of the goods 
guards and pilot engine shunters, as embodied in their 
memorial of January 13. 





The most absorbing industrial topic for the last 
fortnight has been what is called the crisis in the 
coal trade. Are we to have a strike? This question 
is put by all sorts and conditions of men, from the 
extensive coalowner in the British House of Commons, 
to the poor underpaid workman of 15s. to 18s. per 
week, as he looks at the snow-covered ground. Matters 
certainly had assumed a very serious aspect, and the 
difficulty is not yet quite over. The number of notices 
given in are stated to affect nearly half a million of 
persons, and most of these notices terminate with the 
llth, 12th, or 15th instant, or with the pay-day 
nearest thereto. The National Miners’ Federation 
alone is said to represent 400,000 men and boys, apart 
from districts not yet federated. The conference of 
this federation has really to decide the momentous 
question whether or not there shall be a strike. 

The demand generally isfor10 per cent. advance, and 
the Lancashire notices of some 50,000 men have been 
sent in intimating that the men will cease work on the 
15th instant if the advance be not conceded. 

The Yorkshire Miners’ Association is reported to 
have issued 54,335 notices, and so determined are the 
men that it is said that they are virtually agreed not 
to touch the funds of the Association until the third 
week of the strike. 

In Nottinghamshire notices have been issued to 
nearly the whole of the collieries, demanding the 
10 per cent. advance. Between 12,000 and 13,000 men 
and boys are affected in this district ; and they too are 
in favour of keeping off the funds of the Association 
during the first three weeks of the strike. 

The Bolton Miners’ Association decided to give in 
their notices unless the 10 per cent. was conceded. 
They contend that while their wages have been ad- 
vanced 15 per cent. the price of coal has gone up 70 
percent. But they forget that 15 per cent. on miners’ 
wages, and 15 per cent. on the price of coal, would 
about equal the proportions stated. If the rise in 
price was only to be equal to the advance in wages, 
where would the anxiety be to raise prices at all? 

The Midland Counties Federation of Miners held 
a meeting recently in Birmingham, when it was re- 
solved to give in their notices to terminate all con- 
tracts on March 1. In Derbyshire the notices will 
expire about March 11 or 12, but arrangements are 
made that in the event of a strike all shall cease work 
on the same date, namely, March 15. There was 
evinced a disposition at the recent meeting of coal- 
owners and miners to avert a strike if possible. 

In the Cleveland district the miners met the repre- 
sentatives of the mineowners and asked for a definite 
10 per cent. advance for the three months of February, 
March, and April. About the middle of February a 
similar demand of 10 per cent. advance was made, 
which the employers refused. At the recent meeting 
they stated that they might possibly be disposed to 

ive 6} or 74 per cent. up to the end of June next. 

ut no definite offer was made because the men’s 
representatives came only with a demand, but with no 
power to negotiate, or discuss terms other than those 
presented. Under these circumstances the interview 


concluded without any settlement ; but another meet- 
ing will be held in the course of a few days when 
negotiations may be opened with the view of an 
amicable settlement. 

The Durham miners demanded a rise of 15 per cent. 
in wages, and notices were accordingly given for that 
amount. The employers deemed it wise and prudent 
not to give a blank refusal, and thus to close the dis- 
cussion, which would have meant a strike. They 
therefore offered, as a compromise, 5 per cent., to be 
given to all classes of workmen, bringing up the total 
advance to 30 per cent. for miners, and in the case of 
surface men to 27 per cent. upon old rates. If the 
men refused this offer the coalowners said they were 
prepared to submit the whole matter to free and open 
arbitration. The offer was thereupon referred to the 
entire body of the miners, with the result that the 
men decided to accept the coalowners’ offer of 5 per 
cent. advance by a majority of 2873, there being also 
1307 for arbitration on the general issue. The actual 
voting was as follows: For accepting the offer of 5 
per cent., 17,251; for astrike, 14,378; for arbitration, 

307. The owners have agreed to give the advance 
as from last Monday. 

In North Wales the Miners’ Federation had given 
notice of a cessation of work on Saturday last, March 1, 
unless the advance demanded of 10 per cent. was con- 
ceded. Some 10,000 men were concerned in this 
general notice. The coalowners at their recent meet- 
ing at Chester refused to concede the terms demanded. 
Before the actual expiry of the notice the men for- 
warded a communication to the Nerth Wales Coal- 
owners’ Association, withdrawing the notices which 
had been given in, to terminate on the following day. 
The underground men and the surface men conse- 
quently remained at their work. The cause of this 
change of front was said to be owing to the threatened 
fall in the price of coal. The recent concessions and 
agreements have so changed the aspect of affairs in 
South Wales that the miners generally are not exten- 
sively affected by the demands of other districts, 





The miners of Northumberland have decided by an 
almost unanimous vote against an Act of Parliament 
eight hours’ day. Thus the two oldest and best 
organised of the miners’ unions, Durham and Northum- 
berland, have pronounced against legislative interfer- 
ence with the hours of labour of adult males in mines. 
This decision will not perhaps shake the confidence of 
those who look rather to legislation than to self-help 
for an improvement in the social condition of the 
people. But it will strengthen the determination of 
those who believe in self-reliance and in mutual help 
by associative effort to resist by all reasonable means 
all attempts to regulate adult male labour by Act of 
Parliament. 





Mr. George Livesey, the chairman of the South 
hg agen Gas Company, admits that the strike 
cost the company some 30,749/., and that it reduced 
the dividend by 14 per cent. from 134 to 12. He 
further stated that the adoption of the eight hours’ 
system, together with the increase in wages, made a 
difference of about 40 per cent. in the wages list alone. 
Some are contending that a good deal of this increase 
is due to the inefficiency of the new men. If the 
statement be true that all the old hands are being 
quietly draughted into the works, it would seem to 
show that there is some truth in the allegation that 
the new men are very inferior to the old hands. At 
any rate the strike is now over, the cost is counted, 
and peace is generally restored. The circumstances 
of the strike ought to be an object lesson to both sides 
and a warning to the aggressors. 





CATALOGUE.—We have received from Messrs. Crompton 
and Co., Limited, of Chelmsford and London, a very 
handsome catalogue giving particulars of their manufac- 
tures, including dynamos for arc and incandescent light- 
ing, motors, arc lamps, fittings, projectors, measurin 
instruments, electrical cranes, switchboards, electric: 
trains, hoists, and accumulators. The volume ends with 
a number of specimen estimates, among which we notice 
one for a central station on the alternate current trans- 
former system, 





JOINTING WASHERS FOR PrrE FLANGES.—We have re- 
ceived from Messrs, Peters, Bartsch, and Co., of Derby, 
a specimen of a new jointing ring for flanged pipes. It 
consists of a tubular ring of copper filled with asbestos 
yarn. The ring is of U section, the open end of the U 
forming the outer periphery, and the semicircular end 
the inner periphery ; the two flat sides come against the 
oe t will be understood that the asbestos is en- 
tirely guarded from contact with the fluid in the pipe, 
and that it cannot be blown out by the pressure. It 
forms an elastic cushion for the copper and enables it to 
adjust itself to the inequalities of unplaned flanges. 
This jointing ring has been quite recently brought out 
and appears to us to be a very promising invention. The 
rings can be made of any metal and be filled with any 
kind of packing; they can also be made oval for man- 
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RECORD. 


CompiLteD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883, 

The number of views given in the ification Drawings is stated 

Me saab cues aftr the prise: none are mentioned, the 


Specification is not illustrated. 

Where Inventions are communicated from abroad, the Names, 
é&c., of the Communicators are given tn italics. 

Copies of Specifications may be obtained at 38, Cursitor-street, 
Ghananyp tone, E.C., ett a toe or —— enclosing 
amuunt d / — and postage, add to H. ER LACK, Esq. 

The date advertisement of the acceptance of a spe- 
seg Ay in each case, given after the abstract, unless the 

fatent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the adverti. the acceptance of a complete specification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


MANUFACTURE OF GAS. 


15,426. M. A. Morse, Chicago, IIL, U.S.A. Improve- 
ments relating to the Manufacture of Gas and to Ap- 
paratus therefor, (8d. 1 Fig.] October 1, 1889.—The opera- 
tion of the apparatus for generating producer gas is as follows: 
Fires are kindled in the fixing chambers A! and BI, and in the 
coking and distilling chambers A and B, and a with coke 
until deep bodies of incandescent fuel are formed, the lids a}, b1 
and a, b, and the ash-pit doors 2, y being 7. The coking and 
distilling chambers A and B are then well charged with a low 
grade of bituminous coal or slack, and all lids and ash-pit doors 
are closed. Currents of air and steam are now caused, by the 
action of injectors, to pass up through the fuel in the chambers 
A, B, and B!, resulting in the generation of producer gas, and 
also coking and distilling the coal in chambers A and B. The 
producer gas containing oil and tarry vapours passes from the 
chambers A and B, into the pipe K, and thence into the top of the 
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fixing chamber Al, and down through the incandescent coke 
therein, whereby the hydro-carbon vapours and any free steam 
are converted into fixed producer gas and water gas, and any car- 
bonic acid is changed to carbonic oxide. The fixed or dry pro- 
ducer gas passes off through the pipe L toa holder or a furnace. 
After running in this manner for from five to ten minutes, the air 
and steam are shut off from the chamber Bl, and steam and air 
are injected into the fuel in chamber Al, where combustion takes 
place, the resulting products passing out through p+ I, tomingle 
with the gases and vapours from the coking and distilling cham- 
bers A and B. These mixed gases and vapours then pass down 
through the incandescent fuel in the chamber B1, where they are 
converted into fixed gas, which is conducted off from the base of 
the ash-pit by a pipe M. At the end of from five to ten minutes 
the valves are again reversed and the gases and vapours passed 
through the fuel in the chamber Al, where they are fixed and 
conducted off as before mentioned. (Sealed February 4, 1890.) 


ANCHORS, CHAINS, &c. 


1353. J. F. Hall, Norbury, and J. Verity, Bramley, 
Yorks. Improvements in the Construction o 
Anchors. [6d. 3 Figs.) January 25, 1889.—This invention has 
reference to Patent No. 3461 of 1886, nted to present inventors. 
According to the present invention, the arms or flukes and horns 
or trippers are made in one piece, the horns or trippers being 
arranged in front of the centre of the axis of the crosshead. The 
crosshead is hollowed out for the reception of the trunnions of the 
shank. The trunnions consist of a spindle shrunk in the head, 
and are held in position in the crosshead by transverse pins, whilst 
allowing of radial movement of the shank and flukes. The trippers 
are prolonged the full width of the flukes, so as to serve the pur- 
pose of a stock bar. The anchor, on being dropped overboard, 
will fall into position immediately on reaching the ground. The 
improved anchor was fully illustrated in ENGINEERING of August 9, 
1889, page 184. (Sealed February 4, 1890). 


13,605. R. S. M. De Ricci, St. Al 

Improvement in the Manufacture of 

an and Metal Rings, and other 
Similar Articles. [(6d.] August 29, 1889.—This invention 
relates to the manufacture and use of a new form of blank for links 
of chains, cables, and metal rings, consisting of one or more pieces 
of metal rod diminishing gradually in thickness from the middle 
to the extremities, so that when the extremities of the piece of rod 
are bent round till they meet, they will overlap each other for a 
considerable portion of the circumference of the blank. The over- 
lapping ends are then welded together. (Sealed February 4, 1890). 


STEAM BOILERS AND PUMPS. 


13,059. J. Girdwood, Leith, Midlothian. Improve- 
ments in and Machinery or Apparatus for Heating 
and Evaporating Water for team Boilers. (8d. 7 
Figs.) August 19, 1889.—This invention refers to means for heat- 
ing water from the circulating pump of condensing engines by 
exposing the same to the action of the heat of exhaust steam. 
The water to be heated is passed through a copper pipe D depend- 
ing within the exhaust pipe A of the engine, which leads to the 
condenser B. The water thus absorbs the heat of the exhaust 
steam and has its temperature raised before being conveyed to an 
evaporating apparatus such as illustrated in Patent Specification 
No. 8314 of 1889. In Figs. 2 and 3, the tubes D are arranged in two 
sets in the box C. The water to be heated enters at C!, passes through 
the upper set of pipes and back to the lower exit by the other 
set of pipes. The water having become heated by its passage through 
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the tubes D, it may be conveyed to a vessel E (Fig. 4) connected 
with the condenser, and then allowed to fall in ae. The vessel 
E is provided at its upper part above the normal level of the water 
therein with an outer jacket space F. G is the pipe communi- 
cating between the condenser and the vessel E ; the admission of 
the water into the vessel E is regulated by a float I in a vessel H, 


and by valves J in a chamber K. When opened the valves J admit 
the water to be vaporised into an annular tube L from which the 
Rene SU reese 3 . 
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water passes in the form of spray into the chamber E. The outer 
jacket space F is supplied with steam by the pipe M. A tube 
connecting the upper part of the float chamber H with the vesse 
E, serves to equalise the effects of the action of the vacuum in the 
said chamber H and vessel E. The impurities are deposited at the 
bottom of the vessel E, where they are periodically blown off. 
(Sealed February 4, 1890). 


15,134. B. Willcox, London. (J. Belleville, St. Denis, 
France.) Feed Pumps for Steam Generators, [8d. 
7 Figs.) September 25, 1889.—The improved bed or support E 
connecting the steam and pump cylinders A and B, and carrying 
all the other parts of the apparatus, is of tubular form, and is pro- 
vided at its ends with two circular plates e,e, to which the 
flanges of the steam cylinder and of the pump body or cylinder 
are bolted. By this means the strains are equally distributed 
around the axis of the pump and cylinder, thereby obviating 
flexure capable of interfering with the alignment of the axes. The 
steam cylinder being attached at one end only, is free to expand 
and contract. The pump is provided with an ejector condenser F, 
whereby the steam employed in the cylinder A can be con- 





densed by the water which is drawn into the pump. Thus the 
whole of the heat contained in the steam escaping from the cylinder 
is returned to the boiler. The pump is also furnished with a 
steam starting device G which enables the suction pipe and pump 
body to be filled with water before the apparatus is started. The 
coupling D between the pump and steam piston-rods is provided 
with a rack m gearing with a pinion n inserted in the place of the 
slide valve lever d, and worked by means of a handle nl. This 
arrangement enables the pump to be worked by hand so that the 
parts can be moved from time to time when oe is not 
required for regular working for a considerable period. e bear- 
ing sides of the pistons in the cylinders can be changed, and stick- 
ing and rusting proceeding from a lengthened contact prevented. 
(Sealed February 4, 1890). 


RAILWAY PERMANENT WAY. 

16,738. P.M. Justice, London. (The Long Spring Truss 

Joint Co., Chicago, Il., U.S.A.) An Improv Rail Joint 

Support. . 7 Figs.) October 23, 1889.—A and B are the 
adjacent ends of two rails resting upon the sleepersC. The sprin 

truss J constitutes the support for the adjacent ends of the rails, 
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and consists essentially of a rigid member F and a spring member 
G In Figs. 1 and 2 the rigid member F consists of a plate of 

form, the extended limbs of which rest upon the spring member G, 
which in this case consists of rods, bars, or strips of slightly 
tempered steel. In Fig. 3 the rigid member F of the truss con- 
sists of one or more rods, bars, or strips in the form of a U- 








shaped bolt or yoke piece, the ends of which are connected to the 
baseplate by nuts f. The pe member G is a plate of elastic 
metal preferably arched, the upper or central portion of the 
former resting beneath the ee directly under the point of 
junction of the rails, and the ends of which bear upon the (J frame 
or yoke piece. In Figs. 4and 5 the spring member G consists of 
one or more curved plates arranged on either side of the rails 
above the baseplate, the ends being secured to the baseplate by 
bolts g. The other or rigid member consists of a bolt F extending 
from the head of the arched or spring member through. the 
baseplate, and being provided with an adjusting nut f. (Sealed 
February 4, 1890). 


MISCELLANEOUS, 


83. W. Lawrence, R. C. Garton, and C, H. Garton, 
London. Improvements in Apparatus for Distilling, 
Evaporating or Concentrating Liquids, [lld. 9 Figs.| 
January 2, 1889.—The improved apparatus comprises a set of 
vessels arranged in such a manner that the liquid which is being 
distilled or evaporated Sage from vessel to vessel, the apparatus 
working on the multiple effect principle. In the arrangement 
shown in Fig. 1 the inner cylinders down the interior of which the 
liquid flows are waved or corrugated at right angles to the plane 
of their axes. Two vessels are shown, but more may be u 
ding to the ber of evaporations or “effects” to be ob- 
tained. The first vessel is at a higher level than the second. i are 
the outer vessels, g their steam inlet pipes, and g! the steam 
outlet pipes leading to the next vessel, or in the case of the last 
vessel to a condenser. Dare the inlet pipes, and f the outlet pipes 
for the liquid, the outlet pipe f of the one vessel being connected 
with the inlet pipe } of the next. hare outlets for condensation 
water. a is the inner cylinder waved or corrugated. ¢ is an upper 
annular distributing trough into which the liquid supplied by the 
pipe b empties. d are orifices around the trough through which 
the liquid flows so as to enter the uppermost corrugation of the 
cylinder @ in films; the liquid passes down the inside of the 
cylinder @ in contact with the corrugated wall of same. During 
its passage it is heated by the steam in the jacket between the 
cylinder and the outer vessel i. The vapour or steam evolved 
from the liquid rises in the cylinder @ and passes off by the pipe g! 
to the jacket of the next vessel, or to a condenser. When the 
liquid to be evaporated or concentrated is viscous, or has a ten- 
dency to adhere to the sides of the cylinder, this corrugated form 
of cylinder of comparatively large diameter is particularly suit- 
able, because it permits of the use of a revolving brush ¢ for 
cleaning the wall of the cylinder, operated by a shaft wv and an 
external wheel or handle v. In Fig. 2 the inner tubes down the 
interior of which the liquid flows are spirally twisted. i are the 
outer vessels, g their steam inlet pipes, and g! their steam outlet 
i leading to the next vessel (or to a condenser); b are the 
inlet pipes for the liquid, and f the outlet pipes forsame. h are 
outlets for condensation water. a are the inner spirally twisted 
tubes connected to top and bottom tubeplates k, tis a pipe 














for conducting to the upper part of the vessel i, such portion o 
the steam or vapour as issues from the bottom of the tubes a. 
m is a perforated cylinder, open topand bottom. x a baffle dome 
for directing the steam or bp med downwards so as to enter the 
annular space between the domes j and ». p is a perfora 

annular plate between the cylinder m and the wall of the vessel. 
The arrangement of the perforated cylinder m, baffle dome n, 
and perforated plate p is intended to prevent any liquid which 


| the vapour may contain from passing into the dome j, and thence 


to the next vessel ; this liquid is intercepted and returns through 
the perforated plate p. Fig. 3 shows the upper part of some of 
the twisted tubes a, and the means of feeding them with liquid in 
a film. The heads of the tubes above the plate k have movable or 
fixed tubular continuations q open at top, and having feed slits d 
cut in them so as to leave projecting baffle pieces (Fig. 4). 
The liquid, which is —_— by the pipe 6, surrounds these con- 
tinuations g and flows through the slits d so as to enter the tubes 
a. If the excess of pressure in the first vessel i is insufficient to 
force the liquid from the bottom thereof to the tops of the tubes 
a of the next vessel, the first vessel may be placed on a higher 
level than the next. An alternative form of tube is shown in Fig. 5, 
in which, instead of the tube itself being spirally twisied, it is 
som but has metal pieces attached to its inner surface so as to 
orm aspiral way for the flow of the liquid film. iis the outer 
vessel or jacket, a the inner tube, and a! the spiral form of metal 
sng attached to the inner surface of the tube al. /is the pipe 
or the outlet of the liquid to the next vessel of the series. 6 
shows a form in which the outer vessel or jacket i and the inner 
twisted tube @ are run into, or connected to, one cap or casting at 
top and bottom. ris the top casting with annular feed ¢ having 
a screw-threaded end or nozzle, and with a screw-threaded steam 
outlet g'. clisaring in the casting constituting the inner wall 
of the annular feed trough, and also carrying a directing pipe d 
for the liquid film to the top of the tube a, which liquid passes 
through slots c? in the casting. m is a perforated pipe for collect- 
ing the steam. s is the bottom casting receiving the lower ends 
of the tube a, and vessel or jacket i; this casting is threaded to 
receive the bottom cap sl. ( February 4, 1890). 


859. H. F. Jackson, London, and D. Sinclair, Glas- 
gow. Improvements in Telephonic A tus. 
(8d. 8 Figs.} January 17, 1889.—This invention re to im- 
provements in switchboards and “‘ jacks” for a exchanges 
whereby operators may work on ite sides of the boards, and 
a largely increased number of subscribers’ lines may be operated 
from a board cnmgetege iven space. The improved switchboard, 
which may be of the usual shape, is constructed with wood facings 
A, Al, on each side, into which the jacks B are so fitted that the 
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plugs for making connections between subscribers may be inserted ' 
therein from either side, operators being seated on both sides of : 
the board. The jacks in the arrangement shown, extend through 
the board, and long plugs C are used, which, when inserted from 
one side of the ee at A to make connection to subscribers, pro- 
ject through or elose the opening in the jack at the opposite side 
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A! of the board and indicate to the operators at that side that the 
subscriber is already connected through the exchange. This in- 
vention also comprises improvements in switches for use on 
switchboard tables to enable the operators to call subscribers or 
connect them to the exchange telephone and to each other. 
(Sealed February 4, 1890). 


T. Whitaker, Horsforth, Yorks. Improve- 
ments in Ap tus for Excavating, Part Ap- 
plicable to es. . 38 Figs.) January 18, 1889.—A is 
the carriage and B the jib of an ordinary portable crane. To the 
tail of the crane is affixed a drum C supported by the bracket c, 
and rotated by a worm and wormwheel d from the handwheel D. 
The drum C carries one or two winding or hoisting chains E which 
extend down and engage with the track F. The track is made in 
short lengths, so that a portion of any given length may be lifted 
without disturbing the other parts. hen it is desired to move 
the excavator forwards, the hooks e on the chains E are caused 
to engage with one of the sleepers or other part of the track at the 
rear of the machine, the track is raised and suspended at the tail 
of the crane, and by rotating the crane on its central pivot, the 
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portion of track which has been picked up from behind is 
relaid in front of the machine as work Referring to 
Fig. 1, the arm H of the bucket is form with a slot A, in which 
is adapted to slide the pivot I upon which the arm oscillates. To 
the arm is attached a rack L gearing with the wheel ! of the train 
of wheels m actuated by the handwheel M. As the bucket G is 
drawn up the face of the excavator by the chain, it is caused to 
recede by the attendant moving the handwheel M; thus a perpen- 
dicular face may be cut. Fig. 2 illustrates an apparatus designed 
for excavating sewers. The bucket G is pivotted at the end of the 
arm H on the ping. The bucket is held in a position beyond the 


to the bucket, and the other end engages with a small catch P 
pivotted to the arm H. The catch P is held when the bucket is in 
the position shown in dotted lines by the bar R, which can be 
withdrawn by the cord r. The arm H is formed with a series of 
teeth at each side, which form racks L gearing with the wheels /. 
Instead of the pin I and slide h shown in Fig. 1, a small cradle 2 
pivotted to the shaft ¢ with rollers i!, hold the racks in with 
the pinions 7. The bucket is held in the position shown in dotted 
lines until it reaches the bottom of the excavation, when the catch 
P is released, and as operations begin the bucket is pulled forward 
on its pivot g by the haulage of the chain, until it assumes the 
position shown in full lines at about right angles to its previous 
position. It is here stopped by a stop g! against the arm H. As 
the excavation proceeds the handwheel is released, and the bucket 
travels approximately in a straight line up the face of the cutting. 
(Sealed February 4, 1890). 
8866, W. H. Chamberlain, London. (EF. J. Lumiey, 
Washington, D.C., U.S.A.) AnImproved Bullet and Shot 
e. (8d. 5 Figs.) May 28, 1889.—The front or feeding 
end of the frame A is open-notched at a to receive the journals of 
a roller adapted to hold a ribbon of lead a* of which it is desired 
to — spherical shot. A bed b causes the ribbon a* to lie flat 
and evenly after it passes the anti-friction roller a). Behii 
this roller are rollers c, cl with parallel axes; their object is 
to spread the ribbon evenly upon the bed b, and to feed the 
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ribbon forward, and also to compress and condense the ribbon. 
Guides D serve to prevent the ribbon from buckling laterally after 
leaving the rollers c, cl. At this point x the ribbon is cut into 
strips or shot blanks by a knife G! which receives vertical a 
cating motion from eccentrics g keyed on the main shaft B. h 
shot blank is presented evenly to the shot-forming rollers H, H}, 
by means of a peculiarly constructed hopper F having a vibrating 
wall h!, which is actuated at proper times by a tappet k fixed to 
the shot-forming roller H!. (Sealed February 4, 1890). 


12,115. H. H. Lake, London. (H. FE. Fowler, New 
= gg lig An improves sented of — 

pparatus for Bending an filing Pipes. 4 
4 Figs.) July 30, 1889.—The object of this invention is to bend 
thin or fragile pipe, such as brass or copper piping, without re- 
ducing it in size or crushing or indenting it. The operation of the 
machine is as follows: A straight length of pipe has its forward 
end entered between the guide 9 and the die 8, being projected 
between the curved faces of the gripping jaws. Power applied 
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to the pulley 26 operates through worm gearing 24 and cam- 
wheel 22 to impart a forward movement to the block 20, the 
initial of which is to spread the toggle arms 29 at their rear ends, 
and cause their forward ends to impinge upon the gripping jaws 
16. A further movement in the same direction causes the front 
edge of the block 20 to impinge upon the rear edge of and impart 
a forward movement to the block 18, thereby carrying forward the 








end of the arm H by a small chain O, one end of which is attached 


gripping jaws and pipe, and causing the latter to engage the die 
13. To bend a coil ol the exact diameter of the die 8, the die 13 


nd —— according to the pressure at which t 
le 





is adjusted in the plate 10, and the latter prc around into such 
a position that the die 13 will cause the advancing pipe to follow 
closely the periphery of the die 8. If a coil of larger size is re- 
uired the must be moved through a smaller angle. When 
the plate 10 has been advanced by the action of the pawl 32 to a 
position jee agp ase to the production of a coil of the desired 
size, the pawl is disen from the ratchet 15. The plate is 
locked inst reti ie movement by the engagement of a 
ra pom — 104 with — “ ng! the ~: os of a 
le 5. e coiling p! e p is gui yy the roller 
33, so as to clear the die. Kt the close of the working stroke the 
stud 21 will have into the return portion of the cam slot 
22a , thereby effecting the backward movement of the block 20 
and the release of the gripping a. When the stud 21 reaches 
the outer end of the slot in the block 18 during this return move- 
ment, the block will be caused to move prone gap enor the jaws 
took the pipe in position for a fresh attack. (S February 4, 


15,075. B. Willcox, London. (J. Belleville, St. Denis, 
France.) Improvements in or jucing 
Valves. (8d. 5 Figs.) September 24, 1889.—The piston C is 
loaded either by means of a counterweight or ane which are 

e steam is to be 

ivered. The steam after passing through the valve B enters the 
passage a! and acts under the piston C which is depressed by the 
adjustable load. When the pressure rises beyond the normal 
limit in the eduction passage a! the p of the load on the 
piston C is for the moment insufficient to counterbalance the pres- 
sure of the steam, so that the piston C is forced upwards and raises 
the piston valve B. The area of the passages formed by the ports 
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in the iston, and in its seat or cylinder B®, is consequently con- 
tracted in proportion as the piston C is elevated, and the volume 
of steam bear! through these ports into the passage a! is conse- 
quently diminished until the normal pressure is restored in the 
said passage. When the pressure of the expanded steam in the 
passage a! diminishes, the action of the load on the piston C pre- 
ponderates, and this piston gradually descends into the valve case 
so as to lower the piston valve B and enlarge the sectional area of 
the passage through the ports. Thus the delivery of steam is in- 
creased until the normal pressure is re-established in the passage 
a, A wow A is added to the load on the piston C for the 

Sealed 


urpuse of obviating abrupt movements of the piston. 

‘ebruary 4, 1890). 

16,829. A, Nicho! Manchester, and W. D. Taylor, 
Nottingham. pg te Sp: Hook. Ah 4 


tgs.) October 25, 1889.— According to this invention a piece of 
wire of suitable length is doubled together in the centre so that 
the two halves lie parallel and close together, and on each half, 
about one-third from the end, an eye ais formed by making an 
outward loop in the wire (Fig. 1). The ends b of the wire beyond 
these eyes are then bent upwards and backwards to form a spring 
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a, _2 

a 16329 
tongue (Fig. 2), and the looped part ¢ at the opposite end is then 
turned upwards and backwards (Fig. 3) so as to form a hook, 
which lies over and presses against the end b of the tongue that 
springs upwards against it, and thus closes the hook. ie two 
extreme points b of the wire forming the tongue are bent down- 


wards to facilitate the of the eye into and out of the hook. 
9 two ends may be soldered together. (Sealed February 4, 
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A Cuinesz Trecuntcat Boox.—Perhaps the first Chi- 
nese translation from the English of a technical work on 
railway and harbour construction consists of eight chap- 
ters of Mr. Mathieson’s ‘“ Aid-Book to Engineering 
Enterprise.” The title of the translation would read in 
English, ‘‘ Essay on Construction. Englishman Mathie- 
son gave the idea. Englishman Fryer and Chang Tien 
translated it.” Printed on fine thin rice paper, from 
large type, this book is inclosed in loose boards of polished 
rosewood, held together with silk ribbons, each chapter 
being separately stitched into a silk cover. The original 
engravings have been faithfully, though quaintly, repro- 
duced on a larger scale.—The Atheneum, 
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HARBOUR WORKS, NEAR SALTBURN- 
BY-THE-SEA. 


THE application of blast-furnace slags in the con- 


chilled while in a red-hot condition, in order to 
bring the silica into a soluble or gelatinous form. 
The slag after this preparation contains the lime in 
' the form of a silicate or a double silicate, and in this 


struction of piers and breakwaters, and similar form a perfect cement cannot be made from it 
works, is regarded as an economical mode of pro- alone, and a certain portion of free lime has to be 
viding harbours, and it has been proposed in several | added to bring about the required conditions. The 
important schemes, including one for a harbour of lime is added in the form of calcined, slaked 





refuge at the mouth of the River Tees. There is powder, and is ground dry with the slag. The 


at present in course of construction, a small harbour 
situated about eight miles south of the Tees mouth, 


| necessity for the presence of free lime is not peculiar 
| to slag cement, it having been proved that Portland 


which offers an example not only of the employ- cement will not set without it. The lime after 
ment of slag, but in which also the use of slag being burnt, is crushed to powder while dry, and 
cement is being put toa practical test on an ex-| then watered to insure complete hydration, after 
tensive scale. This harbour has been undertaken | which it lies until thoroughly slaked. It is then 
by the Skinningrove Iron Company, Limited, and | screened and delivered in the form of a fine dry 
adjoins their works; from these the slag is being powder ready for mixing with the ground slag. The 
obtained, and there also the cement is being manu- | granulated slag, after being first crushed in a mortar 
factured. The harbour works, which we illustrate | mill, is ground to a very fine powder in a horizontal 
on this and the next page, are now well advanced, cylinder having a corrugated interior, and con- 
and we purpose describing them, prefixing some | taining a large number of cast-iron balls. It is 
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32,000 holes per square inch. Todevelop a high 
tensile strength it is essential that the cement be 
very finely ground. 

b. The tensile strength has steadily increased 
with age, in both sand and neat tests. 

c. It is peculiarly a ‘‘ hydraulic” cement, and is 
not so well adapted for work exposed to air as Port- 
land cement is, the ‘‘skin” after such exposure 
being easily disintegrated. This is probably owing 
to the high percentage of alumina it contains. 

d. Sea-water appears to have no injurious action 
upon it as far as actual experience up to this 
time, and the chemical tests show. Its chemical 
composition appears also to be well fitted to resist 
such action. 

e. It may be termed a ‘‘slow-setting” cement. 

f. It is liable to some degree of contraction 
during setting, also due to its highly aluminous 
character. It is, however, incapable of expansiun 
or bursting, as the slag cannot blow and the lime 
is slaked. 

The following results showing the tensile 
strength, are the averages of a very large number 
of tests. The test briquettes were 1 in. by 1 in. 
section : 


Briquettes of 1 part of slag cement to 3 parts of standard 
sand by weight. Mortar prepared with 9} per cent. of 
water, and beaten into moulds. Put into sea-water 24 
hours after moulding. 

__Breaking Strain in Pounds per Square Inch. _ 
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remarks on the manufacture and properties of the| then screened in order to remove any remaining 
new cement which has been successfully used in| coarse particles. The slag and lime having been 
their construction. | thus separately reduced to fine powders, are ready 

As manufactured, the cement is essentially hy- to be mixed and finally ground together, which part 
draulic, and it is made by the thorough admixture, of the process may be compared to the mixing of 
mechanically, of granulated, finely-ground, Cleve- the chalk and clay in the wash mill in the manu- 
land blast furnace slag, and finely-ground slaked facture of Portland cement, the object in both 


sand are broken through in many instances. It 
will be seen that the averages of the series of 
briquettes mixed with sand give results much above 
those obtained under the same conditions with good 
Portland cement. It should be noted that slag 
cement is somewhat lighter than Portland cement, 
so that in the sand briquettes there would be cor- 
respondingly more cement in the mortar. All the 
briquettes on being removed from the sea-water 
and broken show a fracture of a deep blueish- 
green colour, which also is the colour of the con- 
crete in the pier where exposed to the action of sea- 
water. Where exposed to the air only, it turns 
white after a short time. The original colour of 
the cement is greyish-white. 

The chemical composition of slag cement com- 
pared with Portland cement is, chiefly : 


: : : ; ; : 3 Pipe Slag Portland 
lime. Among the a slags, the chief con- | cases being to bring the lime into intimate contact Content: Canent: 
stituents in the chemical composition of those most | with the silica and alumina. The slag and lime, Per Cent. Per Cent. 
suitable for making cement are — | having been weighed in the proper proportions, are Lime wee ne 45 to 47 59 to a 
; Per Cent. _| finally ground and mixed in a machine similar to po cr = ” A * ” 7 
Lime wee ae ae ee BO to 33 | that for grinding the slag, and delivered thence in woe hel ae ” 
Aienies ab de SR AES artic tiie - 555 = | the form of finished cement. For marine works some engineers have expressed 
F eek tad ia 


= An extensive series of tests has been made for 
It will be observed that these likewise form the the ascertainment of both the mechanical and 
chief constituents of Portland cement. To adapt chemical properties of the cement ; it has also been 
it for the manufacture of cement the slag requires used for all’the concrete executed at the. harbour 
a special mode of treatment, entitled ‘‘ granulation.” works sinee May, 1887. The mechanical tests have 
While in a molten condition it is treated with a been applied in the same manner as in testing 
stream of water and jets of steam and air. This, Portland cement, and the chemical tests were 
causes the slag to form into a light, frothy, crisp devised with the object of ascertaining the action 
substance, known as granulated slag. The moisture of sea-water upon it. From these it has. been 
absorbed in the process has to be driven off previous found that the cement has the following proper- 
to grinding being commenced. The object of the ties : 
“granulation” treatment is to prevent the slag| a. It possesses a very high tensile strength when 
forming into the crystallised condition which takes mixed with sand, but relatively an inferior strength 
lace in the ordinary course of slow cooling, it mixed neat, due to its extreme fineness, the residue 
baie chemically essential that the slag be suddenly | being only 10 to 12 per cent. on a sieve having 


the opinion that Portland cement contains too 
large a proportion of lime, and that this is one of 
the chief causes of certain failures which have 
taken place in concrete exposed to the action of 
sea-water. While he has found that there is un- 
doubted danger in overliming, the engineer for 
these works does not accept the view that there is 
any inherent defect in the chemical composition of 
Portland cement—where it is of sound quality— 
which would lead to the failure of concrete in sea- 
water. ,He believes that the failures alluded to 
were due rather to an injudicious proportion of 
cement to the various aggregates, especially in 
there being too much sand in the matrix, thus ren- 





dering it very permeable and consequently readily 
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acted upon by the sea-water. However, the differ- between Rockcliff and Huntcliff, which is open to | effected by executing the wall in 20-ft. lengths up 
ence in the chemical composition of slag cement the heavy gales between north and east. The pre- ‘to the ground level by first driving wrought-iron 
appears to be on the side of safety, it having alow | vailing sea is from the north, a direction in which | piles 2 ft. 6in. wide round the sides of a timber 
percentage of lime to a high one of silica and there is an unbroken “ fetch” from the North | frame 20 ft. square. The sand was excavated by 
alumina. The experiments which have been made Pole ; the works are consequently assailed by very | men working in the interior, the piles being driven 
ya to bear out its high capability of resisting heavy seas, and they are being largely executed of | as the excavation proceeded until they reached the 
chemical action. These experiments were of two concrete in situ carried down to the rock forming rock ; the large quantity of water finding its way 
kinds; one in which the cement was subjected to the substratum. They consist (Fig 1) ofa north pier into the bottom being pumped out by an 8-in. centri- 
the action of densely concentrated sea-water at 850 ft., and asouth pier 900 ft. long, which together | fugal pump. This work was, of course, all ‘tide- 
varying and extreme temperatures, the other in form a small inclosed harbour, having an area | work,” each ‘‘tide” or working period being about 
which it was placed in solutions of magnesia. In| of 7 acres. The depth of water at the pier-| four hours. A 20-ft. length was usually completed 
the first, a large number of 3 to 1 briquettes were— heads will be 5 ft. below low-water level of ordinary | and the concrete raised to the ground level in five 
after being placed in hot water (130 deg. Fahr.) for spring tides, or 20 ft. at high-water ordinary spring working tides, including the drawing of piles and 
28 days and tested for tensile strength—subjected to | tides, a depth sufficient to meet the requirements timbering. By these means the foundation concrete 
the action of boiling sea-water for 13 days, the | of the small class of vessels by which the trade will | was tipped dry into place in the excavation. After 
solution being gradually strengthened meanwhile | be conducted. The interior of the harbour can, of a long length of the foundations had been brought 
until it attained seven times its natural density. | course, be excavated to the same depth, over as| up to the beach level, the timber framing was 
At the end of this period they were found to be much space as is necessary. erected and the superstructure completed in lengths 
perfectly sound, and no sigu of bursting or decom-| The north pier is the most important work, and of 60ft. When the wall had thus proceeded to 
position could be detected. Re-examination, after | it is intended to complete it before commercing the about half-tide mark, the level of the beach had 
remaining in the same solution for 16 months, | other. It has been in progress since March, 1887, fallen so much that but little time was left for 
showed equally favourable results. Neat briquettes | and is now completed for a length of about 700 ft., | carrying on the foundations by ‘‘ tide-work ”—and 
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Other means had conse- 


subjected to the same treatment were attended 
with similar results. In the other experiments 
briquettes were placed in solutions of sulphate of 
magnesia containing 20 per cent. of the salt, or 
about thirty-five times the amount of all the mag- 
nesium salts present in sea-water. For a consider- 
able time no signs of decomposition were apparent, 
and at the end of 18 months there was only a slight 
appearance of failure, whereas experimental bri- 
quettes made with a high percentage of lime (60 
per cent.) placed in similar solutions became com- 
a disintegrated and burst within a short 
period, the sand briquettes more completely so and 
in shorter time than the neat ones, doubtless owing 
to their greater permeability, 
The cement is being manufactured by the com- 
any, under the care of the managing director, Mr. 
. C. Hutchinson. That gentleman gives abun- 
dant proof of his faith in the good qualities of the 
cement in the fact that he is responsible for its use 
in the harbour works. He has stated that it can be 
sold profitably at the rate of 20s. per ton ; if that 
can be done it means a saving in the cost of 5 to 1 
concrete—similar to that being put into the piers— 
of about 2s. 6d. per cubic yard as compared with 
Portland cement. 
The site of the harbour is in an open bay, lying 


or to within 140 ft. of the pier-head. The section | then only at spring tides. 
(Fig. 2) down to low-water mark, consists of an | quently to be devised. After considering various 
inner wall of concrete with a mound of slag tipped | methods the engineer decided to employ a crane, 
upon its seaward side of suflicient width to afford and grab for the removal of the sand in the founda- 
space for traffic. The slag is further protected | tions; and afterwards, by the aid of a diver, to 
from the sea by a slope of concrete on the seaward | deposit the whole of the concrete in the lower part 
side. Seaward of low-water mark, the section | of the wall under water in sitw throughout the re- 
(Fig. 3) consists of a wall of conorete in situ, of in- mainder of the length seaward, lowering it to the 
creased thickness in order resist the heavier seas bottom through the water in hopper _ ht thus 


oils ee ia nla 


and their greater impact, due to the deeper water 
and to the curve in its direction. 


run out first, and is of sufficient section to resist 
the sea—which is there received at a very oblique 
angle—without the slag backing. It is 20 ft. thick 
at the base, 14 ft. at the coping level, and 30 ft. 
high, the coping being carried up to 13 ft. above 
high-water level ordinary spring tides, This wall, 
as also the portion seaward of low-water mark, is 
founded upon the natural surface of the shale at a 
depth varying from low-water level to 8 ft. below 
the same. The rock is covered with sand of vary- 
ing thickness, being 10 ft. deep at the shoreward 


The inner wall of the first portion (Fig. 2) was | 


forming a ‘‘reef” up to above low-water level. 
Accordingly a 5-ton locomotive steam crane (Fig. 4) 
by Messrs. Stothert and Pitt, with a Wild’s half- 
yard grab, was provided. These removed the sand 
over a length of 20 ft. from the end of the com- 
pleted work, the sides of the excavation being 
allowed to assume the natural slope under water of 
'about 1 to 1; a diver was afterwards sent down to 
clean the surface of the rock thoroughly to receive 
the concrete. During the past season the sand has 
been very successfully removed by means of an 8-in. 





centrifugal pump having a flexible suction hose 
| directed by the diver ; this enables the surface of 
‘the shale to be thoroughly and rapidly cleaned, a 
int proved to be of much importance, as the shale 









end of the work and decreasing towards low-water | 
mark, but varying with every storm. In the inner | is not hard. By these means the concrete ‘‘ reef” 
part of the work the removal of the sand proved a /| has been successfully formed without using bags or 
matter of some difficulty ; it was all successfully other means of protection, so that the heavy plant 
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In the finished pier there is a notable difference in 
the ‘‘ skin” of the concrete above and below the 

tide level, the surface not being so hard in the 
upper part. Below the water level the concrete 
assumes an extremely hard surface, and its power 
to resist very severe attrition has been severely 
tried by the prolonged action of the large sharp 
lumps of slag rubble being thrown against it by the 
sea ; this it has resisted remarkaby well. Above 
the water, on the other hand, after lengthened 
exposure to the air, the skin assumes a white 
colour and is much less satisfactory than similar 
work executed with Portland cement; only the 
skin is so affected however, an inch below there 
is no difference below and above water. In an ex- 

sed situation with frequent storms, the concrete 

as proved itself to possess a high power of resist- 

ing the destructive action of storm waves while 
still fresh, Frequently, as in all such works, the 
work has been assailed by severe storms within 
twenty-four hours after completion, and it has 
passed through all these (sometimes of several days’ 
duration) without any injury whatever, even though 
—as in some cases—the temporary timber framing 
was carried away. 

The results attendant upon the use of slag 
cement in these works have so far proved success- 
ful, and some of the concrete has now been two 
and a half years in place. Probably nothing less 
than ten years’ actual experience can be accepted in 
settlement of so important a question as that of the 
actual action of sea-water upon a new and pre- 
viously untried cement, but it will be seen that the 
results of the experience here and of the investi- 
gations which have been made are of a satisfactory 
kind so far as they have gone. 

The engineer for the harbour works is Mr. 
William Kidd, Assoc. M. Inst. C.E., by whom 
they were designed, and they are being executed 
by the company’s staff under his personal 
direction. Mr. P. J. Messent, M. Inst. C.E., 
Tynemouth, was consulted in finally determining 
the direction of the outer portions of the piers and 
the form of the entrance. 





MODERN FRENCH ARTILLERY. 
No. X. 
THe St. Cuamonp Works, 

Some time since (see ENGINEERING. vol. xlviii., 
page 297) we gave some detailed particulars of the 
works belonging to the Compagnie des Hauts 
Fourneaux, Forges et Aciéries de la Marine et des 
Chemins de Fer, known generally as the works of 
St. Chamond. We need only therefore repeat as 
briefly as possible a few facts connected with its 
history and importance. The group of great 
establishments amalgamated into a single company, 
whose principal offices are at St. Chamond, forms 
one of the principal centres of the iron and steel 
industries in the basin of the Loire. (See Fig. 117.) 


Fig. 117. P 





The works were started at Rive-de-Gier by MM. 
Petin and Gaudet between 1837 and 1842, and these 
were supplemented by other works at St. Chamond 
in 1852. Two years later the undertaking was 
changed into a company with a capital of 22,500,000 
francs, when the steel and iron works of Assailly, 
the iron works of Lorette and Persan, and the 
charcoal iron blast furnaces of Claviéres and of 
Toga were added. At various intervals since 
1854, further extensions were made and modifica- 


limited company with a capital of 13,000,000 francs 
afterwards raised to 20,000,000 francs ; blast fur- 
naces and iron works at Givors were established, 
coal mines were acquired at Unieux, forests pur- 
chased in Sardinia, and new works were started at 
Boucau, on the Adour, near Bayonne, to save the 
carriage of the enormous quantities of Spanish ores 
that the company were obliged to make use of 


blishments, which in all employ 6000 men, has its 
speciality. Thus rails and metallic permanent way 
are made at Boucau, the Bilbao and Bidassao ores 
being wholly employed ; the output of steel rails is 


is made at St. Chamond, Rive-de-Gier, and 
Assailly ; carriage and engine tyres and steel 
frames being manufactured at St. Chamond, wheel 


Steel ship-plates, beams, and angles are produced 
at St. Chamond and Boucau ; at the former branch 
charcoal iron plates for ship works are also turned 
out in large quantities, while the manufacture of steel 
angles, T’s, and special sections belongs to Boucau. 
Steel forgings for ship construction are made at 


9330 0 


St. Chamond and Rive-de-Gier, the former branch 
having a 100-ton, and the latter a 35-ton hammer. 
It was there that a number of 15-ton screw shafts, 
with three cranks, made in a single piece, were 
turned out at St. Chamond. War material—tubes, 
rings, jackets, armour plates, and to a smaller 
extent, finished guns—constitute a large part of 
the company’s industry, St Chamond "Taka one 
of the few works from which the French Govern- 
ment purchases steel parts, which are put together 
at the State arsenals. The ingots from which 
the various pieces are made, are produced at 
Givors and at Boucau, whence they are sent to St. 
Chamond for completion. We shall have occasion 
to consider later on, the manufacture of armour 
plates by this firm, but for the present we shall con- 
fine ourselves to the steel used for guns, and the 
objects produced. The pig irons from which the 
steel ingots are made for gun construction, are very 
carefully made and selected ; those produced in the 
blast furnaces of Givors are from oxydulated mag- 
netic Sardinian ore, mixed with selected ores from 
Spain and Algeria; the mines of Bilbao and 
Bidassao furnish the ores for the blast furnaces at 
Boucau. The pig iron employed contains on an 
average one ten-thousandth part of sulphur, and 
less than this proportion of phosphorus. All steel 
is made in the Siemens-Martin furnace ; the plant 
is sufficiently extensive to produce and handle 
ingots of 100 tons, the subsequent appliances for 
the operations of forging, &c., being on the same 
scale, while a range of steam hammers from 10 to 





tions effected ; the society was converted into a 





100 tons are employed for dealing with gun tubes 


every year. Naturally each of these various esta- | 


Fig. 118, ~ 





,and jackets from 100 Ib. to 50 tons of finished 
work, the rough ingots being of course at least 
'double this weight. The work of annealing and 
tempering such large masses, involves the necessity 
| of special plant, and as both these operations are 
carried out vertically, furnaces nearly 80 ft. in 
height, and tanks of the same depth, are required ; 
there are three of these great installations at St. 
Chamond ; the tanks being connected together, and 
requiring for one operation about 6000 cubic feet 


| of oil. Fig. 118 gives some idea of the furnace and 


tempering pit, which are combined in the same 


| building. 
about 70,000 tons a year. Other railway material | 


The general conditions under which the steel is 


| manufactured to enable it to pass the very stringent 
| specification of the French Government, are generally 
| as follows, though it should be mentioned that the re- 
bodies at Rive-de-Gier, and springs at Assailly. | quirements of the War Department have, this year, 
| been made somewhat more stringent. The mean 
| cross-section of the ingot must be at least four times 
| greater than that of the forged ingot before turning ; 
_ the weight of the forged piece is never more than 50 
| per cent., and is often only 40 per cent. of the weight 
of the ingotemployed. The ultimate tensile strength 






TEMPERING PIT AND ANNEALING FURNACE ; ST. CHAMOND. 


of the steel before tempering varies, according to cir- 
cumstances, from 25.40 to 38.09 tons per squareinch, 
with a minimum extension of 18 per cent. ; after 
tempering, the tensile strength must amount to from 
34.28 to 50.79 tons, with an elongation of from 12 to 
14 per cent. These results must be obtained from 
test bars cut out of discs removed from each end of 
the steel block at right angles to its axis. Before 
these tests are made, a number of experiments are 
carried out with the steel, which, indeed, is tested 
at every stage, commencing with the selection of 
the ores, and continuing with analyses of the pig ; 
tests—physical and chemical—of the crude ingots, 
and the final tests of the finished block. The re- 
inforcing rings for large ordnance and field guns 
are made of cast or puddled steel, the latter being 
produced at Saint Chamond from charcoal pig made 
at the Corsican Iron Works of Toga, which belong to 
the company. Rings for naval ordnance are almost 
exclusively of cast steel ; they are rolled ina manner 
analogous to railway tyres, and are tested with the 
same minute precaution as the gun tubes. Steel- 
framed carriages for all calibres are also made by 
the company, and the production of chrome-steel 
shells is a speciality, shared also by the Holtzer, St. 
Etienne, St. Marrel, Chatillon et Commentry, and 
the Firminy Works. 

It was as long ago as 1848 that the St. Chamond 
Works first commenced the delivery of guns to the 
French Government ; these were, of course, cast 
iron, and of small calibre, but since that date the 
production of ordnance and war material has been 
continued with constant development, and always 
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keeping to the front of the industry in France ; we 
have mentioned in a previous article the famous 24- 
centimetre steel gun ‘‘Jeanne-Marie,” made of steel 
supplied by this firm in 1864, and which did such 
good service at Mont Valerien during the siege of 
Paris. Withimprovement in manufacture came an 
increase in the power of production, until the works 
have arrived at their present proportions which are 
ample enough to turn out all classes of finished 
arms, from the repeating rifle of the Daudeteau 
type, to the large guns of 16.54 in. bore. The ex- 
tent and completeness of the various installations 
enable the company to include and to follow all 
the successive stages of manufacture from the mine 
to the trial grounds, without having to apply to any 
other manufacturer for material or processes that 
enter into the production of the various elements 
of which modern artillery is composed. For this 
reason, no less than for the skill and care that are 
introduced into every branch of the manufacture, 
the St. Chamond Company enjoys a high and well- 
deserved reputation among the industrial works of 
France. The following list comprises the various 
classes of guns and parts of guns manufactured by 
the company : 

Repeating rifles. 

Quick-firing guns. 

Mountain artillery. 

Field guns. 

Siege and garrison guns. 

Coast defence and naval ordnance. 


As the St. Chamond Works were among the 
earliest to supply the French Government with 
cast-iron guns, they also claim to have taken the lead 
in the manufacture of steel for modern artillery ; 
in 1864, when the old cast-iron ordnance was syste- 
matically being strengthened, they furnished, from 
the Assailly branch, large quantities of tubes and 
hoops for the purpose. Even so early as 1865 they 
were producing steel parts for naval guns of 
5.51 in., 6.29 in., 7.47 in., and even 9.45 in., and 
it was one of the last named guns which, during 
the siege of Paris, did excellent service at Mont 
Valerien. They were also one of the first French 
companies to make guns for foreign customers, as 
soon as the prohibitory law was removed, which had 
done so much to cripple home industry and to give 
every advantage to English and German makers. 

We are indebted to our contemporary, the Genie 
Civil, for the following paragraphs on the history of 
the company since 188V. In that year it received 
from Mexico an order for sixteen batteries of field 
guns and eight batteries of mountain guns to be 
delivered with carriages, caissons, ammunitions, 
and accessories complete, and ready for action ; 
these guns and carriages were of the De Bange 
system, as adopted by the French Government. 
This order arrived while the prohibitive law was 
still in force, and it was partly in order to prevent 
the order from falling into foreign hands, that the 
Government conceded the necessary privileges that 
have since had such important results. As a neces- 
sary consequence the company made every effort to 
extend its trade for war material abroad, with signal 
success. In 1885 the Anciens Etablissements Cail, 
with which to a certain extent it was associated, ob- 
tained from the Servian Government an order for 
fifty-four batteries of field guns of the reglementary 
De Bange French system. The St. Chamond Com- 
pany shared this contract so far as the manufacture 
of the material was concerned, as well as the entire 
completion of one-third the order ; the Cail Com- 
pany finishing the other two-thirds with the material 
supplied from St. Chamond. The French Govern- 
ment also, despite its conservative system, of 
making all its guns at its own factories, while 
it is dependent for steel upon private makers, 
was compelled to lean upon St. Chamond, and 
when the pressure of military necessities was felt 
during the Tonquin compaign, it gave the company 
extensive orders, amongst which were sixty guns of 
16 centimetres (6.29 in.) and a large number of 
carriages, As wasto be expected, and as had been 
the case with the Cail Company, St. Chamond 
did not long confine itself to the execution of 
standard guns, whether of Freuch or foreign types; 
in 1880, M. Darmancier, the engineer in charge of 
the ordnance department of St. Chamond, per- 
fected a new type of carriage for reduced embra- 
sures, and this, after having been tested at the fort 
of Giromagny by a Government commission, was 
adopted as a standard type, and an order for sixty 
such carriages was given to the company for placing 
in the forts and armoured casemates that were at 





that time being built by the French military engi- 
neers. A short time after, M. Darmancier invented 
anew form of hydraulic brake, and after some 
years of experiment, it was finally adopted by 
the company for all their siege guns of 6.10 in. 
and 4.72 in. bore ; this arrangement, known as the 
St. Chamond brake, has been largely introduced in 
France, where no less than 1800 guns are mounted 
on carriages fitted with the brake, and a consider- 
able number have been supplied to foreign powers. 
A further modification of this system, for bringing 
the gun back to firing position, found a useful 
application for barbette and minimum embra- 
sure mountings. In other directions, such as 
the construction of rifled mortars, modified types 
of mountain guns, in which weights were 
reduced and recoil practically avoided, without 
reducing the efficiency of the gun, the able director 
of the St. Chamond gun factory has made some 
remarkable experiments for developing the con- 
struction of heavy ordnance, and the guns of 
large calibre to be manufactured by the firm will 
now be designed upon what is called the Darman- 
cier system. By this system it is claimed that 
longitudinal and transverse strength is fully se- 
cured, while the mode of connecting the various 
parts is effective and practical. The interior tube, 
which is made of steel sufficiently hard to resist, as 
far as possible, the erosive action of the powder and 
the shearing strain of the projectiles, is surrounded 
by one or two rows of hoops in the ordinary way ; 
it is then reinforced by a series of longitudinal steel 
staves laid around the gun from the breech to 
beyond the trunnions, or in some cases extending 
for the full length of the gun; these staves are 
locked into the hoops at each end, and form a com- 
plete envelope. Over this again are placed more 
hoops in one or two tiers according to the size of 
the gun. 

The quick-firing guns made by the St. Chamond 
Company are on a system invented jointly by M. 
Daudeteau and M. Darmancier, which has the fol- 
lowing characteristic features. The closing of the 
breech is effected by means of a block with 
interrupted threads, but of a light section ; the De 
Bange obturator is generally employed, and the 
metallic cartridge case is replaced by a charge in a 
canvas bag. The breech is opened and closed by a 
simple mechanical device, for which considerable 
rapidity of action is claimed, and which will be 
described in detail later on. The calibres of this 
type made by the company are 1.46 in., 1.85 in., 
2.24 in., 3.94 in., 4.72 in., and 6.10 in.; they 
are in two classes, light and heavy, the former 
giving an initial velocity of 1640 ft. per second, and 
the latter more than 2000 ft., the same kind of 
ammunition being used with both. The standard 
1.85 in. gun is adapted for the metallic cartridge of 
the French marine ; it is 45 calibres in length of 
bore, and fires a projectile of 3.38 lb. with a 
velocity of 2030 ft. per second. The breech-block is 
carried on a bracket, which can be lowered against 
the breech of the gun, and is operated by a hand ring, 
which is moved to and fro for opening and closing a 
safety bolt that prevents the hammer from striking 
the fuze till the gun is completely closed, and two 
extractors are employed for moving the cartridge ; 
the sighting arrangements present no speciality. 
The gun may be mounted on any type of carriage ; 
in its simplest form the latter consists of a cradle 
with trunnion brackets, the pivot resting in a socket 
which forms part of the fixed stand. By this 
arrangement the gun can be trained to any desired 
angle of the horizon. The cartridge holders are made 
to contain a number of rounds, and are fitted with 
springs, which lift each cartridge from the holder, 
so that it may be quickly removed. Three classes 
of ammunition are fired from this gun, all of which 
are of the same weight (3.38 Ib.) ; the steel shell 3.5 
calibres long ; a large capacity shell of 4.5 calibres in 
length and containing a bursting charge of .77 lb. 
and shrapnel loaded with 35 balls of hardened lead. 
The standard mountain gun made by the St. Cha- 
mond Company hasacalibre of 3.15 in. ; its weight, 
including the breech mechanism, is 273 1b. It 
throws a projectile of 12.32 lb. with a velocity of 
1000 ft. per second, representing a striking energy 
of 212 metric tons per ton weight of gun. The 
piece consists of two sections, which can be con- 
nected by means of an interrupted screw thread and 
nut, a metallic packing being introduced to secure 
absolute tightness, while safety wedges are also 
used to prevent either of the sections from slipping 
on the other when the gun is fired. The De Bange 
system of breech closing is adopted, the proportions 


corresponding to the standard in the French service. 
The carriage can be divided into four parts ; the 
body, the frame carrying the trunnions, and the 
axle; the hydraulic brake and the two wheels. 
The body of the carriage is made of thin steel plate 
and the elevating gear is bolted to it ; the frame, in 
bearings on the top of which the trunnions of the 
gun rest, is supported on the axle of the carriage, 
and is free to oscillate upon it. This oscillation 
after each discharge is controlled by the brake 
mechanism, which by a reaction device brings the 
gun back again to firing position. The system of 
brake is one patented by the company. The body 
of the carriage and the axle casing are connected by 
means of keys ; the brake is fixed at one end to the 
lower part of the gun frame, and to the body of the 
carriage also, by keys. This arrangement of secur- 
ing the various parts together is therefore very 
simple, and the whole operation of mounting or 
dismounting the piece can be completed in one 
minute by trained men. At ordinary angles of firing 
the amount of recoil is limited to a few centimetres; 
the width of wheel-base, and the efficiency of the 
brake, however, keep the piece always steady under 
fire. The heaviest weight of any single part of this 
artillery is 137 Ib. (that of each gun section), so that 
for mule transport no difficulty is effected. The 
3.15 in. mountain gun throws four classes of pro- 
jectiles, all of the same weight—12.3 lb. Common 
cast-iron shell ; shells with large bursting charge— 
2.62 lb.—and 4.5 calibres in length ; shrapnel, filled 
with steel balls and case shot. We must reserve for a 
further article particulars of the war material made 
by the St. Chamond Company ; it is to be regretted 
that the data available are somewhat meagre. 








OIL-TESTING MACHINE. 

THE oil-testing machine shown by the Eastern 
Railway Company of France at the late Paris Exhibi- 
tion, is designed to determine the lubricating power 
of different oils employed for railway axle-boxes and 
the journals of shafts. The arrangements of the 
machine permit the trials to be made under various 
conditions, so as to reproduce as nearly as possible 
the conditions of actual practice, at least in regard 
to the nature and dimensions of the surfaces in 
contact, the method of applying the lubricant, the 
intensity of the pressure, and the speed of the 
rubbing surface. The machine is further provided 
with appliances for lowering the temperature of the 
rubbing surfaces and the oil, when desired, for the 
purpose of extending the scope of the researches 
which can be made by its aid. 

The lubricating power of an oil being, at a given 
pressure and speed, inversely proportional to the 
tangential resistance developed at the circumference 
of the shaft to which it is applied, the machine is 
constructed to automatically register a quantity 
which is proportional to this resistance. This 
quantity, multiplied by a constant resulting from 
the particular construction of the machine, gives 
the total value of the frictional force, and by 
dividing this by the pressure exercised upon the 
surface of contact, there is obtained the coeftlicient 
of friction, that is, the characteristic of the oil under 
the conditions of the trial. 

The machine consists of a shaft A (Fig. 1) of 
the same quality and make as the axles of the roll- 
ing stock of the railway. It is carried by two 
journals in two bearings B B', fixed on cast-iron 
frames C C! bolted to a foundation plate D. The 
shaft A has in its centre a journal F turned exactly 
to the same dimensions as the axle neck. Upon 
this bearing is placed a bearing G, held be- 
tween axle-box bearings of corresponding dimen- 
sions. The shaft A is pierced axially with a hole 
1 in. in diameter, for the passage of water, which 
can be sent through it at various speeds and quan- 
tities. The oil to be tested is placed underneath 
the journal F in the reservoir E, as in certain types 
of axle-boxes, and serves to supply a greasing pad. 
Fast and loose pulleys H H' and I I serve to drive 
the shaft, the loose pulleys being } in. less in dia- 
meter than their fellows, in order to relax the 
belts when running idly. The motion is derived 
from a countershaft fitted with a speed cone pulley 
having six steps, and driven from a line shaft. 
When the latter is running 100 revolutions per 
minute the speed of the shaft A can be varied from 
42.9 to 255.8 revolutions per minute with four inter- 
mediate stages. This would correspond, in the 
case of an axle 3.54 in. in diameter, with wheels of 





35.78 in. in diameter, to a speed of 12.4 miles per 
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OIL-TESTING MACHINE; EASTERN 


Fig. 1. Half Section on C. D. 
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hour in the first case, and 74 miles an hour in the 
last case. 

The bearing G is held in a sort of upper box L 
(Fig. 5), which is itself embraced by a double 
frame M. This is prolonged into two horizontal 
levers, diametrically opposite. A tempered steel 
plate a is fixed to the frame, and serves as a 
table for the knife-edge b, let into the lower 
side of the beam N. This beam transmits to 
the bearing, exactly through its axis, the pres- 
sure brought to bear on a lower beam P, and 
transmitted through the bolts OO. The lower 
beam carries on its upper face a manometric 
cylinder Q, of annular form, upon the plate R of 
which there rests, by the intermediary of two 


bearing pieces c and c', and two knife-edges d and | 
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d', a nut S on a vertical screw T. This screw 
passes through the manometric cylinder and its 
cover, as shown in Fig. 2. The screw T is con-| 
nected to another screw U by a differential nut, as | 
shown in Fig. 2. The screw U is fixed to the 

foundation of the machine, so that it cannot rotate. | 
The screw T is also unable to rotate, in consequence | 
of a prolongation f being fitted with a sliding key 

into a recess bored in the screw U. When the nut | 
V is turned the screw T rises or descends. The 

threads in the double nut are of the same kind, | 
but they are of different pitches (7 mm. and 9 mm. | 
respectively), and consequently the motion of the, 
upper screw is very slow. Under the head of the | 
fixed screw U is a spring formed of a pair of dished | 
discs h ; this arrangement is adopted to give some 
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elasticity to the apparatus, and to imitate the con- 
ditions of practice, when the oil boxes are loaded 
through springs. 

The manometric cylinder Q consists of an annular 
cup-shaped vessel filled with water, and covered 
with a diaphragm of rubber, securely held at the 
edges under rings. Through this water the pres- 
sure, caused by the screw, is transmitted to the 
beam P, and thence to the journal F. A Richard 
gauge, in communication with the water, registers 
the variations of pressure during the trial. The 
annular cover of the manometric cylinder is of the 
following dimensions : 

Exterior diameter 
Interior $5 
Durtack.. et 


7.5mm. (13.29 in.) 
110.0 mm, ( 4.32 in.) 
800 cm,? (124 sq. in.) 
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The total load brought to bear upon the bearing is | 
equal to 800 times the pressure read on the gauge 
in kilogrammes per square centimetre (1 kilo. per 
square centimetre equals 14.223 lb. per square inch). 
The following are the weights of the different parts: 


Ib. 
Bearing, upper box, and frame ... ee 40.6 
Lower box with oil and grease ... oa 12.5 
Upper pressure beam ix oe eo 10.4 
Rods between beam and pressure appa- 
ratus... ee rite Ks a wis 16.4 
Pressure apparatus with cylinder and 
cover... ee or eh si = 94.7 
Spring for measuring force of friction, 
&e. ... Me ses a “tg ans 2.2 
Rod to registering apparatus... 2 
Total 177.0 


The minimum pressure under which the appa- 
ratus can work is, therefore, 177 lb., which for a sur- 
face of 112 square centimetres (17.36 square inches) 
give an initial pressure of .717 kilog. per square 
centimetre (10.19 Ib. per square inch). If lower 
pressures are to be used the rods O O must be dis- 
connected and weights applied directly tothe bearing. 

The friction between the journal F and the bear- 
ing G causes a resistance acting tangentially to the 
circumference of the journal. This resistance is 
measured and registered automatically. To this 
end the frame M which embraces the upper box L 
to which the bearing is fixed (Fig. 2) is prolonged 
by two diametrically opposite levers X and Y. 
The first of these carries a slider by which the 
weight of the second lever and its attachments 
can be exactly balanced. The lever Y is situated 
between the two stop screws Z and Z, and hasa play 
of 1 millimetre (3; in.) These screws prevent it 
being carried round in either direction by the forces 
applied to it. At a point W, distant from the centre 
of the journal by a space equal to ten times the 
radius, there is jointed a hook to which is sus- 
pended a coiled spring m, attached by the inter- 
mediary of a flexible steel band 0o0!, to the end of 
the circular sector pp’. By partially rotating the 
sector the spring can be loaded to any extent 
between zero and the maximum. The spring is so 
proportioned that at a given moment the tension 
produced in it, and transmitted by it to the point 
W, balances the effort exercised by the friction, 
and if its elongation is exactly proportional to the 
effort, this serves as a measurement of the force, 
from which can be calculated the coefficient of fric- 
tion. The spring m, which serves to measure the 
force of friction, is alternately stretched and relaxed 
by the oscillatory rotation of the sector pp’, to 
which it is attached. This alternate movement 





is given by a rod s, pivotted at one end to the 


/ 





lever r carried by the sector spindle, and at the 
other end to a crank-pin in the gear wheel ¢t, which 
is driven from the pinion Z keyed on the shaft A. 
The proportions of the wheels are such that the 
sector makes a complete double oscillation for ten 
revolutions of the shaft A. The amplitude of the 
oscillation can be varied by means of a slide in the 
lever 7. 

The registering apparatus (Figs. 6 to 10) is a 
cylinder 1, having a helical rib of triangular 
section making one complete turn in its length of 
110mm. Upon the axis of the cylinder is mounted 
a wheel 2, which gears, through an intermediate 
wheel, with a toothed sector 3 connected to the 
sector pp’. Consequently the cylinder 1 moves 
with the sector pp’. It will, therefore, be seen 
that if the rib on the cylinder 1 be inked by an 
inking roller 4, and if a band of paper 5 be dis- 
posed in such a way that, stretched upon a frame 
set parallel to a generatrix of the cylinder, it 
stands momentarily still in contact with the helix, 
the different points of the helix in passing suc- 
cessively to the level of that frame, will imprint 
their trace onthe paper. The line thus traced will 
have a length equal to that of the cylinder, if the 
frame remains const -\tly in contact with the helix. 
The length of the e will depend, on the con- 
trary, on the angle -hrough which the cylinder 
turns during contact, if the two are separated at a 
given moment. If then the apparatus is adjusted 
so that the paper is in contact with the origin of 
the helix at the commencement of the movement, 
that is, when the tension of the spring m is wil, and 
if the paper be withdrawn automatically at the 
precise moment when the tension of the spring 
balances the force of friction, the helix will trace a 
line of a length proportional to the total extension 
of the spring just at the moment when equilibrium 
is produced, and consequently proportionate to the 
force of friction. 

These conditions are obtained in the following 
manner: The band of paper 5, after having been 
stretched vertically, is bent around the horizontal 
edge of a plate 6, movable about an axis 7 at its 
lower part. The paper then passes round the feed 
roller 8. The plate 7 is drawn constantly towards 
the cylinder 1 by a spring 9; it can, further, be 
held away from the cylinder by a pawl 10, carried by 


'a lever on the axis 7 of the plate ; this pawl engages 


with a fixed stop xontheframe. The plate 6 being 
thus maintained separated from the cylinder by the 
pawl, when the sector p p' commences its motion, 
a tappet 11, fixed to the cylinder 1, acts on a pro- 
longation of the catch 10, and unlocks it. The 
plate 6, under the action of the spring 9, is applied 
to the cylinder in such a position that the origin of 
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Fig. 7. 





the helix coincides with the edge of the paper. An 
ordinate is then marked on the paper, the length 
depending on the duration of contact of the plate. 
The removal of the plate is effected by a rod y, 
jointed at one end to the lever Y, and at the other 
to the lever 12. This latter oscillates about a fixed 
axis, and carries a stop screw, which in its move- 
ment meets a projector 13 fixed to the axis 7 of the 
plate. A downward movement of the rod y pro- 
duces a pressure of the screw upon the projec- 
tion 13, removes the plate from the cylinder, locks 
the pawl 10 upon its stop «, and maintains the plate 
in this position until the next oscillation of the 
sector p p!'. The rod y produces its action at the 
precise moment when the spring m_ balances 
the force of friction, that is, when the lever Y leaves 
one of the stops Z. 

In order that successive ordinates may be traced 
it is necessary that, after each imprint, that the 
paper shall be displaced by a certain amount. This 
movement is obtained by means of the feed roller 8, 
which for each oscillation of the sector, turns 
slightly under the action of a pawl 14, which ope- 
rates a toothed wheel 15 keyed upon the feed-roller 
shaft. The pawl 14 is itself moved by a lever 
mounted loosely on the same shaft. Upon the 
lever 16 is jointed a rod 17 held at the other end by 
an adjustable slide i. By means of this slide the 
stroke of the pawl can be varied, and the distance 
between the ordinates adjusted as desired. The 
registering apparatus is mounted on a beam J, 
which is adjustable on the brackets K K’. 

The liquid by which the shaft is sometimes 
cooled is an aqueous solution of glycerine circu- 
lating through a worm surrounded by ice and salt. 
The temperature caused by the friction is measured 
by meansof a thermometer plunged in acavity formed 
in the side of the piece L and filled with mercury. 
The bearing is forced into the piece L and probably 
the two are of the same temperature. The fluidity 
of the oil at different temperatures needs to be 
determined by aid of another instrument, as for 
instance, by the ixometre, invented by M. Barbey, 
under-manager of the laboratory of material and 
traction of the Compagnie de l'Est. A description 
of this will be found in the Hevue Générale des 
Chemins de Fer (October, 1885). 

(To be continued.) 





FAIRLIE ENGINES FOR THE MEXICAN 
RAILWAY. 

Messrs. NEILsoNn AND Co., of Hydepark Locomotive 
Works, Glasgow, have recently completed some 
‘* Fairlie” engines for the Mexican Railway to the 
designs of Sir Alex. M. Rendel. Of these engines we 
give on page 319 an engraving from a photo by Mr. J. 
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Stuart, Glasgow, and on our two-page engraving 
several sectional views, which fully explain themselves, 
so that itisonly necessary here to mention one or two 
of the leading features. The engines are carried on 
double bogies, having each six coupled wheels 3 ft. 
6 in. in diameter, and a wheel base of 8 ft. 3in., the 
total wheel base being 32 ft. 5in. Each bogie is fitted 
with two cylinders 16 in. in diameter with a stroke of 
in. 

The boiler is of the regular Fairlie type with two 
central fireboxes, and it ce a heating surface in the 
tubes of 1532 square feet, and in the fireboxes 180 
square feet, making a total of 1712 square feet. The 
grate area is 33 square feet. The boilers work to a 
pressure of 165 lb, to the square inch. The tanks— 
which are at the sides, and the fuel crates on the top— 
of the boiler contain 2850 gallons and 300 cubic feet 
respectively, and when they are full and the engine is 
in working order it weighs upwards of 92 tons, With 
the boilers working under full pressure the engine is 
capable of drawing on a level the enormous weight of 
rn tons, or a train of 240 ordinary carriages of 15 tons 
each. 

The section of the road on which these engines have 
to work has, for fourteen miles, constant grades of 
1 in 25, in combination with curves of 330 ft. radius— 
curves which the engines under notice freely traverse 
—and it has been found from a lengthened experience 
that the ‘‘ Fairlie” is the only class of engine made 
—- iscapable of doing really satisfactory work on 
this line. 








THE STANDARD OF EFFICIENCY IN 
STEAM ENGINES. 
To THE Eprror or ENGINEERING. 

Srr,—In Mr. Bodmer’s interesting article on this sub- 
ject in your issue last week, the following paragraph 
occurs : 

‘* As a substitute for the Carnot cycle it is proposed b 
its opponents to use some thermodynamic process whic 
represents what would be attainable under the most 
favourable conditions with steam engines as at present 
constructed.” 

I agree with Mr. Bodmer that in order to obtain a just 
idea of the economy of existing steam engines, it is not 
enough merely to ascertain the ratio of heat utilised to 
heat received, but to take into account the available fall 
in temperature in the same way as in hydraulic engines, 
the available fall of water is an essential element in the 
calculation. 

I go, however, one step further than Mr. Bodmer, and 
think that it is necessary to take account of the fact that 
in an ordinary steam engine the heat is not all supplied 
at the higher temperature, but in part to the feed water 
at temperatures varying from the condenser to the boiler 
temperature—say from ¢ to T. 

The heat supplied may be divided into that supplied to 
the feed water to raise it to the steam temperature=q and 
that supplied to convert it into steam=Q. 


From the latter the return is Q (T-t), and from the 


former it is the sum of the return from each increment of 
heat meee at t), te, ty, &c., until “* T” is reached. 
The whole expression is : 


Possible return om) Possible return from sen- 
“he 
j 


jatent heat L supplied sible heat supplied to 
at steam temperature. feed water. 


N ¢,-1)+ Ciy-t)+ 
Qer-y + B-o+ : (ty—t) + : 
(ts—t), &e. 


I 


For 1 lb. of steam this in thermal units= T (T-t)+T 


~t—tlog, q. 


It is not a new, or inferior, or even different thermo- 
dynamic process, but the same process applied to each heat 
unit su clied to the feed water. 

Mr. mer, while willing to allow that what we call 
relative efficiency should be calculated as results, and 
while willing to calculate the possibilities from the tem- 
peratures as he finds them on the diagrams from the 
cylinder, is not willing to take account of the fact that the 
heat supplied is not all supplied under the same condi- 
tions as to temperature, and consequently that all the 
heat units have not the same value. 

If, to take his hydraulic analogy, we have two sources 
of water supply, one higher than the other, feeding two 
cylinders connected to the same crankshaft, surely the 
available power would not be taken as G (H — h), but as 
G (H — h) + G, (H, — ). . 

This is the whole point in dispute. Is the heat, what- 
ever the range of temperature through which a steam 
engine works, to be assumed to be all received at the 
higher temperature, or are the conditions under which 
the heat is supplied and rejected, and by which the pos- 
sible work is unalterably fixed, to be ised? | 

Surely the latter is the only plan, unless we wish to 
make out the engine to be more wasteful than it really is. 
If we do not take account of these conditions, it is 
better by far to be content to ascertain the absolute 
=~ as calculated from heat utilised and heat sup- 

lied. 
. We should hardly compare without qualification the 
result from an engine using steam at 200 lb. pressure with 
that from an engine using steam of 20 Ib. pressure ; and 
that is why we are not content with the absolute etficiency 
only—the matter however is only one of degree, for part of 


the heat in a non-condensing engine using 200 lb. pres- 
sure steam is supplied to the feed water at the tempera- 
ture of steam at 20 1b. pressure. Because a og is sup- 
plied at the temperature answering to 200 lb. pressure 
there is no reason why we should assume that it 1s all so 
supplied. But Mr. Bodmer might reply, ‘‘ it could be all 
supplied at the higher pars a And, therefore, 
the Carnot cycle should be taken as the standard. 

If there was any reasonable probability that the 
Carnot cycle would give good results, there might be 
something in this argument, but do the best one can with 
the Carnot cycle, some part of the power of the engine 


must be used to raise the feed water from the condenser | 0 


to the boiler temperature, and as long as there is a boiler 
there will be waste gases to do the same thing more 
economically. 

do not think that the main objection to the Carnot 
cycle is that it cannot be carried out in practice, but that 
it is a wasteful process compared with the other method 
of heating the feed water. 

P, W. WILLANS. 





THE STEEL OF THE FORTH BRIDGE. 
To THE Epitor oF ENGINEERING. 

Srir,—As some few thousand tons of that part of the 
steel that Sir John Fowler told the assemble ests at 
the recent inaugural ceremony ‘‘had come from dear little 
Wales,” were manufactured under my management, you 
will perhaps kindly allow me to make a few observations 
on the nature of the material that the inspecting engi- 
neers call throvghout ‘‘Siemens-Martin ” steel, in their 
final report just presented to Parliament. alt 

In a general sense it matters little what name is given 
to a material that has amply proved its excellence by suc 
cessfully undergoing the most searching and rigorous tests, 
and it is besides quite a common thing to designate open- 
hearth steel of any kind as ‘‘Siemens-Martin.” Sti!l in 
these days when a mere change in the position of the 
tuyeres in the Bessemer converters has been found so to 
modify the conditions of manufacture as to constitute a 
new process, it will not be thought hypercritical to wish 
to distinguish between ‘‘ Siemens-Martin” steel pay 
so called, and ‘‘ Siemens” steel pure and simple, to whic 
as a matter of fact Sir John Fowler referred. 

In the earlier or ‘‘Siemens-Martin process, malleable 
iron, wrought scrap, or scrap steel is melted in a bath of 

ig iron, from which the impurities are eleminated solely 
am the action of the flame, and the addition of spiegel or 
ferro-manganese. Wrought metal, or steel scrap, 1s an 
essential element of the process, and no ore is used. In 
the ‘‘ Siemens ” process, on the other hand, a much larger 
relative quantity of pig iron is employed, and although 
scrap is hoe generally worked up, the process can very 
well go on without it. Then, again, the impurities are 
driven out from the pig-iron by the addition to the bath of 
a properly selected iron ore, which becomes reduced whilst 
its oxygen carries away the carbon and assists in the 
formation of a silicious s'ag. Both processes require 
Mushet’s addition of ferro-manganese at the end, a com- 
mon need of most steelmaking operations. 

It will require little further explanation to show that 
the ‘‘ Siemens ” process lends itself more readily than the 
‘*Siemens-Martin ” does to the continued production of 
large quantities of a high-class material of uniform nature, 
as pig iron and iron ore of the necessary quality can readily 
be obtained in any quantity, whe:eas wrought-iron scrap 
and scrap steel of the proper kind are always difficult to 
procure when the amount needed is large. 

At a time when not Britain alone, but the entire world 
rejoices over the accomplishment of one of the greatest 
feats of engineering ekill that dignifies the human race, it 
may not be inopportune to call to mind that it was at the 
Landore Steel Works that those methods were perfected 
which have furnished 51,000 tons of suitable material to 
build the giant structure that now spans the Forth. May 
its endurance during many centuries keep the name of 
Sir William Siemens in grateful memory, even as the 
design and construction of the bridge already insure this 
for the names of Fowler, Baker, and Arrol. 

Yours seas 


. J. R, CARULLA, 
Derby, March 8, 1890. 





RETROGRESSION IN MARINE 
ENGINEERING, 
To THE EDITOR OF ENGINEERING. 

Srr,—The letter in your issue of the 14th inst., re Retro- 
gression in Marine Engineering, would, were it to catch the 
eye of other than a professional reader, create a mistaken 
impression as to the intelligence and ability of the engi- 
neering and constructive branches at the Admiralty, and 
therefore should be answered to point out the errors into 
which your correspondent has fallen. He states that if 
1624 indicated horse-power is required to propel a ship at 
a = of 13.15 knots, then 5800 indicated horse-power is 
sufficient to propel it at a speed of 20 knots ; to arrive at 
this result one must assume that the horse-power requi 
varies as the cube of the speed, an assumption which at 





high speeds is known to be very far from the truth. At|TI 


low speeds the resistance depends mainly on the skin fric- 
tion of the vessel and is very nearly proportional to the 
square of the speed ; as the speed increases the wave- 
making resistance of the ship becomes the principal 
factor, and the resistance increases very fast, varying as 
the third, fourth, and higher powers of the speed, so that 
the horse-power required to propel the vessel in question 
at 20 knots would be greatly in excess of 5800. 

As regards the model experiments of the Admiralty, if 
your correspondent were to see the close agreement which 
exists between the points on the resistance curves as cal- 





culated from the model experiments, and those obtained 





by actual observation on the vessels themselves, he would 
probably alter his opinion as to the value of the experi- 
ments, and the great saving that would accrue to the 
public purse in abolishing them. 

It is also assumed that the excess horse-power required 
over and above that necessary on the ‘‘cube of the speed” 
theory is due to the faulty design of the screw propeller. 
This assumption is also incorrect. Of course the resist- 
ance of the vessel is augmented by the action of the pro- 
peller, but this augmentation is small compared with the 
total resistance, and the proportions and shape of the 
op ayer can have noeffect on the wave-making resistance 

f the ship, which is almost wholly the cause of the great 
horse-power required. 
T am, Sir, yours faithfully, 
Portsmouth, February 19, 1890. INDEX. 


To THE Eprror oF ENGINEERING. 

Srr,—In your issue of February 14 there appears a 
letter amet Wm. Bury, giving the author’s ideas of the 
relation of power to speed that ought to exist in certain 
steamers provided his advice were taken, and further his 
estimate as to the intelligence of engineers and naval 
architects generally, who do not listen to said advice. 

He quotes the case of a steamer of 3440 tons displace- 
ment, that attained a speed of 13.15 knots with 1624 
horse-power, and proceeds to say, ‘‘ consequently 5800 
indicated horse-power would have propelled the vessel at 
a speed of 20 knots per hour.” 

tt is reported that Lord Melbourne once said, referring 
to the great essayist and historian, that he wished he 
could be as sure of anything as Macaulay was of every- 
thing. As one whose business it is to design high-speed 
steamers, and who has had a reasonable amount of 
success, [ wish I could be as certain of the additional 
indicated power to allow for increasing the speed of a 
given ship by a single knot as Mr. Bury is for increasing 
it seven knots. But to come to figures. I fancy any builder 
would guarantee a steamer of the size of the thirty-year 
old one referred to, to run 13.15 knots with 1624 indicated 
horse-power. I have before me the report of the trial of 
a steamer of 600 tons more displacement and a fuller 
model than the above that ran 134 knots with a trifle less 
than 1500 indicated horse-power. There is not much 
‘* retrogression” here, considering that the laws of nature 
as regards wave resistance are not claimed to have altered 
in the interval, and that steamers are now tried over an 
accurately measured course, instead of one defined by a 
tree at one end and arock at the other, as was not un- 
known thirty years ago. 

Why then cannot modern naval architects with 5800 
indicated horse-power get a speed of 20 knots out of a 
steamer 2500 tons displacement, eight beams in the length, 
and drawing less than half her beam of water ? 

Mr. Bury works this little question in simple arith- 
metic, 


13.153 
1624x =< =O71b 
x : 7 


calls it 5800 to be safe, and, as he cannot bring himself to 
believe that nature could have had the heart to make the 
law of relationship between power and speed of steamers 
more complex than 

HRP ..ve 


HP, V2? 


he lays all the blame on the modern designer. 
Yours truly, 
NAVAL ARCHITECT, 





Glasgow, February 22, 1890. 





To THE Eprror or ENGINEERING. 

Srr,—I am pleased to send the following reply to the 
remarks of Mr. Slade in your issue of 21st inst., as it will 
help to further point the moral of that which I am trying 
to enforce in writing on the above subject. 

I know of a vessel which when tested at the highest 
speed the result showed a deviation of about 30 per cent. 
from the accepted theory for speed ; but I could alter the 
propellers, prevent the deviation, and the result at the 
same speed would then agree with the theory. The 
deviation was produced by the proportions adopted for 
the screw propellers, and there was a consequent waste 
of about 30 per cent. of the indicated horse-power at the 
highest rie 

et the saddle be put on the right horse. When the 
practice is in default, the remedy will not be found in 
assailing the theory. Having always found in my expe- 
rience the accepted theory for speed to be sufficiently 
correct for all practical purposes, I still adhere to it ; and 
when the results attained do not agree with the theory, I 
look for the cause in some practical defect. 

I therefore maintain that the letters I have written on 
the retrogression in marine engineering are correct. 

T am, Sir, your obedient servant, 

London, Feb: uary 24, 1890. Wm. Bury. 





To THE Eprror or ENGINEERING. 

Srr,—I beg to thank you for publishing in your issue 
of the 21st inst. my second letter on this subject, in which 
ve a few not very abstruse calculations to show that 
it is not difficult to arrive at fairly approximate conclu- 
sions on the efficiency of screw propellers. I also alluded 
to the monetary importance of the subject. 

The retrogression in marine engineering derives further 
importance from the consideration that if 3500 indicated 
horse-power can be saved on the indicated horse-power 

rovided for a single vessel, the — of machinery to 
carried by the vessel, allowing only 1 ton per 10 indi- 
cated horse-power, would be uced by 350 tons; anda 
considerable saving in the space occupied by the ma- 
chinery would likewise be effected. 
Now I presume that even in war vessels these conside- 
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rations are of importance, for the space and weight saved 
could be utilised in carrying an additional quantity of 
35¢ tons of coal, thus increasing the steaming capabilities 
of the vessel by four days; taking the consumption of 
coal for 5500 indicated horse-power to be 85 tons for 
twenty-four hours, added to this the saving of 40 per 
cent. on the consumption contemplated originally for the 
vessel, would add another 40 per cent. to the original 
steaming capabilities of the vessel. 

I attribute the retrogression which I am discussing to 
two causes principally, but I propose in this letter to con- 
fine my remarks to the first cause, which I consider to be 
that for the last twenty years or more the types of vessels 
have varied very considerably from the almost single t 
prevailing, about thirty-five or forty years ago when Mr. 
Atherton propounded the displacement formula; and 
that no attempt has been made to add to the formula the 
necessary corrections that are required by the variations 
in the types of differently proportioned vessels. 

The only true test of efficiency is, work done with the 
minimum amount of power. It therefore follows that the 
efficiency will vary inversely with the power required, as 
I showed in my second letter, so that if 9000 indicated 
horse-power be required to do the work that should be 
done with 5500 indicated horse-power, the efficiency will 
only be about .6—showing a waste of power of about 40 

r cent. 

The truth I wish to point out in the following re- 
marks is, that the resistance of vessels of different 
id is far from being all included in the expression 
D*, 


and it is strange that I should here appear to be 


attacking the expression Di, when in another letter of 
this same date I have done my little best to defend the 
expression V*, 

The work done in propelling vessels of the different 
types that have been constructed varies from 1 to more 
Ka 4 for vessels having the same displacement and 
going at the same speed. It consequently seems almost 
ridiculous that the members of a scientific profession 
should waste their time in calculating, by a formula that 
takes no account of this vast difference in the work done, 
coefficients of performance, and then to attempt seriously 
to compare them. 

The formula requires to be modified as follows to be of 
any theoretical or practical value: 


p3 x length x draught x V3_ O 
I. HP. x type P 


ges means the necessary correction for the propor- 
tion of the length of the beam of the vessel. 

Draught means the necessary correction for the propor- 
tion of the draught of the beam of the vessel. 

Type means the necessary correction for the proportion 
of the effective horse-power to the indicated horse-power. 

When the above corrections have been accurately made, 
the coefficients calculated by the formula will be of prac- 
tical value for comparison. 

I prefer to make my calculations by the following 
formula, as the results obtained convey a clearer impres- 
sion to the mind. 

Resistance x I.H.P. x V?=normal I.H.P. required for 
vessel, the indicated horse-power is the proportion of 
indicated horse-power corrected for type, required per 
unit of work. 

In working out the necessary corrections for the dis- 
placement formula, I do not think that the results ob- 
tained from toy ships with toy propellers should be con- 
sidered sufficient to meet the requirements of the case; 
when there are at actual work thousands of steam vessels 
from which the most reliable data can be obtained. 

I am, Sir, your obedient servant, 

London, February 24, 1890, Wm. Bury. 











TUBULAR FRAME RAILWAY WAGONS. 
To THE EpiTor or ENGINEERING. 

Sir,—Permit me to call your attention to the revolu- 
tion that is being effected in the railway world by the 
substitution of wagons of high-carrying capacity and 
light weight for the old-time equipment, the load of 
which has been but little, if any, greater than the weight 
of the wagon itself. 

The tendency to decrease deadweight, or tare, has 
been manifest in some degree in the wooden and channel 
iron frame wagons of recent construction, but it is now 
receiving its highest development in the construction of 
rolling stock made almost entirely of tube iron, which 
permits of a marked reduction in the weight of the 
vehicle itself, and a still more remarkable augmentation 
of its carrying capacity. 

The average weight and gee a. capacity of wagons 
used upon English railways will aiford a very satisfac- 
tory basis for the subject of deadweight in railway trans- 
——. and it will be interesting and profitable to 

ollow my diagnosis of the subject. For this purpose I 
offer the following comparisons : 


Table Comparing the Number of English Wagons and 
Deadweight with the Number of Tube Frame Wagons 
and Deadweight required to move 1000 Tons 50 Miles, 


Wagons re'urning empty. 
English Tube Frame 


Wagons. Wagons. 
Number of wagons required 125 34 
Average weight of wagons 54 tons 84 tons 

” capacity of ” 8 , 29 
Number of wheels required 500 272 
Length of train... saa 2250 ft. 1156 ft. 
Mileage required for the 

transportation of 1000 
tons 50 miles, wagons 
returning empty ad 12,500 3,400 





Dead tonnage required for 


the movement of the 1000 
tons and return ... aa 1,375 578 
Live mile-tons moved _ ... 50,000 50,000 


Dead mile-tons moved in 


weight of wagons ame 68,750 28,900 
Percentageof live mile-tons 44.10 63.37 
” ” ” 57.90 36.63 
Man power required tomove 
single wagon loaded 5 4 
Total man power required 625 126 


——- cost (all classes of 

frei a moving 1 ton 

1mile English practice... 0.65d. 
A cost (all classes of 

freight) of moving 1 ton 


1 mile American practice Sn 0.21d. 
Total cost of moving 1000 
tons 50 miles .. 1350.8s.4d. 437. 15s, 


Average cost of all classes 

of freight rolling stock per 

ton of carrying capacity 8l. 61. 
Average cost per annum for 

repairs compared with 

original cost of wagons 84 p.c. 1 p.ec. 


From the above it will be seen that no railway com- 
pany can afford to keep the old type of freight rolling 
stock in motion if it can get its business done in the light 
"4 high capacity tube frame wagons. 

The intrinsic character of these wagons has ceased to be 
a matter of controversyin America, where many thousands 
of them are in use. In point of permanency they remain 
the same year after year, always ready for the severest 
service. They have been vine I on the Providence and 
Boston line for over six years without other expense than 
that of an occasional coat of paint. On the Chesapeak 
and Ohio Railroad the record shows that these wagons 
have been carrying for over four years average loads of 
30 tons of coal to Newport News, with a mileage some- 
times exceeding 2700 miles per month; yet never once 
out of commission and not a cent expended on them for 
repairs, although loads exceeding 40 tons have been 
carried by them. They will bear up a load that will 
break in two the best wooden frame wagon ever built. 

The peculiar feature of the tube frame wagon is the 
combination of wrought iron tubes with malleable iron 
clamps in such a manner as to form a light truss of 
enormous strength, the breaking strain of the material 
being ten times greater than the carrying load assigned 
to the structure. The construction is such that an 
appreciably less weight of material than is required in 
wood or channel iron, gives a structure of immensely 
cone strength, and of greater permanency and dura- 

ility. ‘The wagon will stand several fold more bunting 
“re than any frame possible to be constructed of 
wood, while the usual elements of disintegration resulting 
from exposure to the weather are entirely absent, No 
wood is employed in the tube frame wagon except for 
floor and side pieces. These constitute simply a box to 
receive the load, but are not an element in the strength of 
the wagon. 

Graduated springs of high capacity are used, and the 
wagon rides as light as a coach. Light coils carry the 
empty wagon, but when loaded the weight settles down 
upon heavy coils of an ultimate capacity of over 100 tons, 
so _— even when overloaded the load never pounds the 
rails. 

I am, your obedient servant, 
M. R. JEFFERDS. 





CALEDONIAN ENGINE ‘‘No. 123.” 

To THE EpIToR OF ENGINEERING. 
Sir,—Referring to Mr. Acworth’s book ‘‘ The Rail- 
ways of Scotland,” just published, I have previously in 
correspondence with him challenged the accuracy of the 
statement which occurs on page 180, that the above- 
mentioned engine built by Messrs. Neilson and Co., was 
designed by the Caledonian Railway locomotive superin- 
ceadiiat, r. Acworth has not seen fit to withdraw this 
statement, and I must ask the privilege, through the 
medium of your columns, of contradicting it, as the general 
design and the whole of the detail drawings were made in 
Messrs. Neilson’s drawing office under the immediate 
supervision and authority of the head of this firm, without 
any intervention on the part of the Caledonian locomo- 

tive superintendent. . 
Tam, Sir, yours truly, 
EDWARD SNOWHALL, 


Chief Draughtsman. 
Glasgow, March 12, 1890. 








BATTLE OF THE BRAKES. 
To THE EpiTor OF ENGINEERING. 

S1r.—I notice a letter from ‘‘M.I.M.E.” in your last 
week’s issue, in which it is stated that the vacuum auto- 
matic brake has been adopted by the Government of 
India for the State Railways. Is it not a fact that this 
is the brake which failed so lamentably at the recent 
accident to the Scotch express at Carlisle through the 
brake freezing? I find upon looking through the Board 
of Trade returns for the six months ending June 30, 1889, 
that on the North-Western Railway alone no less than 
seven failures of this brake are reported due to frost, in 
the first three months of the year 1889, although fortu- 
nately no accident occurred and therefore the matter was 
not brought to the notice of the travelling public. To 
give one extract on February 11, 1889:—‘“‘ The 3.0 p.m. 
train from Holyhead to Crewe overshot the pistivne 
at Llandudno Junction owing to failure of the automatic 
vacuum brake. This was due to the pipe between the 
engine and tender being blocked with ice.” The other 


cases are reported as being due to the pipes being frozen. 
On the Lancashire and Yorkshire Railway five failures 
are reported due to frost in the same months, on the Great 
Northern Railway thirteen failures are reported due to 
the same cause in the same months, on the London and 
South-Western Railway two failures due to the same 
cause in the same months are also recorded. 

I cannot find a single failure of the Westinghouse 
brake due to frost reported in the same return. Does this 
not look as if the vacuum brake was a most unreliable 
one in the winter months? In fact, is it not a species of 
refrigerator, the production of a vacuum being one of the 
steps towards icemaking ? 

t appears to me that the Indian Government have acted 
with precipitation in their decision. 

Your correspondent does not give any details of the 
experiment made on the Frontier Railway as to the time 
over which they extended, the lengths and weights of 
trains tested, &c. He admits that as a stopping machine 
or brake the Westinghouse was the better of the com- 
petitors, but he states that the Westinghouse brake was 

‘not in the trials as to graduating the trains down the 
grades.” Is thisafact? As I noticein the Westinghouse 
instructions to drivers in the same Board of Trade 
returns, ‘‘To apply the brakes lightly, the tap must be 

rtiall mat and gently closed, when the pressure has 

n reduced from 4lb. to8 lb.” Again, ‘“‘ The brakes are 

fully set when the pressure shown on the gauge is reduced 

25 1b.” Does this not look as if the brake was capable of 

being gradually applied from a low pressure up to full 

pressure. There appears to me to be some further expla- 

nation required before the statement as to graduation can 
be accepted, Can your correspondent give this? 

Yours, &e., 
AL. B. anv 8. Coast PAssENGER. 





COLLIERY EXPLOSIONS. 
To THE EprTor or ENGINEERING. 

Sir,—The letter in your last week’s issue from Mr. 
John G. Winton is rather amusing, and altogether so 
impractical that, to my mind, proves at once that the 
gentleman has never been down a coal mine, and is there- 
fore unacquainted with .the difficulties of coalmining or 
even the different systems. 

Mr. Winton insinuates that now miners work with 
safety lamps they are allowed to work in a more _— 
mixture than formerly. This I deny. Miners will admit 
that they never worked in such pure air as they have 
now, and if Mr. Winton will refer to the Coal Mines 
Regulation Act of 1887, he will find that a manager’s 
certificate is not worth much who would allow such a 
state of affairs to exist. 

Allow me also to state that all the modern plant in 
England and Wales (and a good many ancient ones too) 
are not behind Scotland in the matter of fans, &c. 

With regard to Mr. Winton’s scheme for ventilating 
fiery mines, I am sure he would confer a boon on colliery 
managers and miners if he would kindly show on a plan 
how he proposes to deal with it, and also describe how he 
is going to build all the brick walls required and prevent 
them crushing, and also how he is going to make and 
maintain the innumerable passages in the old workings 
which he would have for the metallic air pipes, and last, 
but not least, how he proposes to collect the gases given 
off in the mine before it mixes with the air. 

Iam, &c., 
A CoLiieRyY MANAGER. 





100-TON CRANE AT BELFAST. 
To THE Epiror or ENGINEERING. 

Srr,—We observe in ENGINEERING of yesterday a letter 
from Mr. James Taylor, of Birkenhead. 

We have no doubt that Mr. Taylor is quite correct in 
saying that he did not see our original design and specifi- 
cation. But all the same the crane has been made in 
accordance therewith. The Harbour Commissioners 
issued to several firms a specification and design dated 
October 26, 1887, obtained tenders, and subsequently 
accepted that of Mr. Taylor. On November 19, 1887, we 
addressed a letter of protest to the Commissioners in 
which we said “‘ the printed specification dated 26 ult. 
and outline drawing issued by your engineer is virtual] 
the same as we sent you dated July 21 last, and wash 
was laid before you at the meeting of July 26, when one 
Mr. Russell was present by request. The design is ours 
and ought not to be circulated without acknowledg- 
ment.” Yours truly, 

Gro. RUSSELL AND Co, 

Motherwell, N.B., March 8, 1890. 





Tue Savtr Sainte Marie Canat.—The traffic passing 
through the Sault Sainte Marie Canal last year was 18 per 
cent. greater than in 1888, measured by freight tonnage, 
and 40 per cent. greater measured by vessel tonnage. 





Mexican Procress.—The Mexican Government has re- 
cently undertaken an inquiry into the internal condition 
of the country. It appears that the population of Mexico 
has increased between 1880 and 1888 by 1,487,701 persons, 
or an average annual increase of 2 per cent. The revenue, 
which amounted in 1880 to 4,389,033/., reached 6,425,321/. 
in 1888, an increase of 2,038,068. Landed property in 
Mexico was valued in 1880 at 73,211,010/., and at 
94,703,9747. in 1888, At the close of 1880 there were 
fifteen railway lines in working, with a length of 655 
miles. At the end of 1888 the lines numbered forty- 
seven, with a total length of 5063 miles. In 1880 there 
were 10,501 miles of telegraph line. In 1888 the telegraph 
system, including the coast cables, comprised 27,704 





miles, 





i asenoniaas stot samt eae maa 
- ae 


326 





ENGINEERING. 


[Marcu 14, 








PLANING MACHINE; PARIS EXHIBITION. 


CONSTRUCTED BY MESSRS. WILLIAM SELLERS AND CO., ENGINEERS, PHILADELPHIA. 
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Ar the Paris Exhibition Messrs. William Sellers | 
and Co., Incorporated, of Philadelphia, U.S.A., exhi- | 
bited a planing machine which attracted very great | 
attention on account of the many interesting features | 
which it possessed. For some years it had been tried | 
experimentally in the works of the makers, but this | 
was the first time that such a machine had been shown 
in public. The problem which the inventors, Mr. | 
William Sellers and Mr. John Sellers Bancroft, had set 
themselves to solve, was to design a planing machine 
which would turn out work without any evidence of | 
jarring or ‘‘ chattering,” so that it could be used with- 
out scraping or polishing, and yet present a good sur- 
face. n other words they sought to give planed 
surfaces as good a finish as those from the lathe. They 
had also other subsidiary objects. Among these was : 
the attainment of a greatly increased rate of travel on 
the back or idle cut ; the ability to render the table 
self-stopping at the end of its stroke ; to provide means 
for controlling the direction of the table movement 
and the operation of the feeds upon both sides of the 
machine ; to effect the operation of the feeding and 
tool-lifting devices at a uniform speed, whether the 
table was moving in one direction or the other, and 
while the table was at rest. 

To prevent a chattering motion being given to the 
table, the use of ordinaryspur and bevel wheels, gearin 
into each other, is abandoned altogether. In place o 
them there are used pinions having the contact sur- 
faces of their teeth arranged spirally around the axis. 
One such pinion gears with a straight toothed rack on 
the table, its axis being inclined to the axis of the 
table at the necessary angle, while another on the 
pulley shaft gears with a straight toothed wheel on 
the axis of the first pinion. The angles of the teeth of 
the pinions are such that the pulley shaft lies parallel 
with the table. By means of this system of gearing 
motion is communicated to the table without shock or 
jar, and the production of chatters is avoided. To 
gain a greatly increased rate of travel on the back cut, 
as compared with the forward cut (in the machine 
illustrated it was 8 to 1), the part subject to reversal 
at ~~ speed is kept as light as poudite, The — 
run always in the same direction, the reversal being 
effected by a clutch between them, which engages 
alternately with each. The table, the pinion shaft, 
and the clutch shaft are the parts which suffer re- 











versal; the first two move at comparatively slow 
speeds, while the latter is kept as light as possible, | 
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and special means are provided for absorbing its | (Fig. 5) connected to a rod h passing through the shaft ; lever J' (Fig. 19), and this presses against the forked 


momentum. When the table strikes the stop at the | 
end of its stroke, it draws the clutch out of engage- | 
ment with one pulley, and presses it lightly against 
the other, which is, of course, running in the opposite 
direction. In this way the pulley and pinion shafts 
are quickly checked, and the table moves forward, in 


H, and ending in a slotted head (Fig. 14) working 
opposite to a bolt gq (Fig. 16). In the slot h there 
engage the ends of bell-crank levers //, which are 
se on a sliding fulcrum piece » bored to fit 
oosely on the shaft H, and limited in its motion by 
the stop collar p. The fulcrum piece x is connected 


lever I’ on the shifter shaft G' (Figs. 1, 3, and 11), 
| turning the shaft in its bearings. On the end of this 
| shaft is the lever N' (Figs. 9, 11, 12, and 19) connected 
| by the rod O! (Fig. 2) to the lever u already described. 

It will thus be seen that the contact of the stop with 
| the shifter lever directly operates the lever u, the cam 


relation to them, so far as to take up the backlash of | by a pin ¢ to the bolt g (Fig. 7). The long arms of the m, and the clutch through a part of their travel. 


the teeth, with the result that when the pulley shaft is 
reversed there is no jar. The reversal of the pulley 
shaft is not directly effected by the contact of the stops | 
on the table with the tappet levers. All that is done | 
by them is, first, to knock off the driving power, and 
to apply the brake, and simultaneously to set in gear | 
an escapement motion by which certain wheels and a’ 
cam are made to give a semi-revolution and nothing 
more. The cam compresses a spring which bears on the | 


bell-crank levers have projections fitting in the grooves 
p? (Fig. 7) of the sliding cam m. This cam is moved 
backwards and Sawiale along the shaft by the lever u; 
in Fig. 5 it is shown in position for putting the clutch 
into engagement with the ore r ; in Fig. 6 the 
clutch is in engagement with the pulley K, while in 
Fig. 7 it is shown out of engagement. The ends of the 

rooves p” are straight, and in the positions shown in 

igs. 5 and 6 there is no friction on the collar of the 


| The remainder of their stroke is produced by an 
|escapement mechanism, which runs at a constant 
speed. This is driven as follows: On the boss of 
| the pulley I is a pinion (Figs. la and 5) gearing 
| through an intermediate wheel c! with a wheel d! on 
the end of a shaft M. At the other end of this shaft 
(Fig. 10) is fixed the internal ratchet wheel T (Fig. 12), 
and loose on the shaft is the spurwheel V carrying the 


| escapement pawl ce. This pawl is in the form of bell- 


reversing clutch, and forces it to engage firmly with | lever w, all the strains about the end of the shaft H | crank, is pivotted to the hub of the wheel V, its outer 


the pulley against which it has been running in light 
frictional contact ; the wheels put on the various feeds, 
which thus occur between the end of one stroke and 
the commencement of the next. By an ingenious 
device on the hand-lever at each side of the machine, 
the escapement motion can be thrown out of action, 
and then, when the stops meet the tappet levers, the 
machine stops, and no feed takes place. 
The details of the mechanism are illustrated on 
pages 326, and 330. 
he gearing for driving the table A is shown in| 
Figs. 1 to 3. Upon the pulley or ag shaft H | 
(Fig. 1) isa pinion G with spiral teeth. This gears | 
with a straight toothed wheel F (Fig. 2) on the shaft | 
D; at the other end of this shaft is the pinion C gear- | 
ing with a rack under the table B (Fig. 3). All these | 
parts are subject to reversal. Upon the reversing 
shaft H are the loose pulleys I and K, the latter being 
for the return motion (Figs. 1 and 3). These pulleys 
are driven in contrary directions, and between them is 
situated a clutch L (Fig. 5), which is put into engage- 
ment with each pulley alternately to convert it into 
the drivin sep for the time being. This clutch 
rotates with the shaft, although it can be moved end- 
wise along it, its pressure against the pulleys being 
taken by the collarskk. The angle of the clutch is 
such that it will come away the moment the pressure 
is relaxed, while its hold is increased by the cones in 
the pulleys being lined with wood blocks O (Fig. 5a), 
fixed by Lats, | and bolts R. 
The means for shifting and holding the clutch are | 
shown in Figs. 5, 6, and 7, and are designed to pro- | 
duce, first, contact between the clutch and a pulley 


being self-contained. 

In Fig. 7 the cam m is shown in its middle position. 
The clutch L is free from both pulleys, and the shaft 
H is at rest ; the sliding fulcrum x is balanced between 
the two springs 7 and s, the former of which tends to 
draw it to the right and the latter to push it to the 
left. ‘The movement of the cam m in either direction 
will first move the bell-cranks / and the rod / until the 
friction clutch bears against the cone in either the 

ulley Tor K. Further movement of m in the same 

irection will compress one of the springs, and thus 
gradually increase the pressure between the clutches 
until the maximum pressure required for driving is 
obtained, in which position the ends of the bell-cranks 
rest in the parallel parts of the grooves. The pressure 
on the clutch is obtained from one of the springs r or s. 
For instance, in Fig. 6 it will be seen that the sliding 
fulcrum has been drawn away from the stop collar p, 
and is now arrested by the compression of the spring 7, 


‘with which it is connected by the pin ¢, bolt q, and 


adjustable nuts v and w. In Fig. 7 it is the spring s, 
fitting outside the sliding fulcrum n, and compressed 
between the collar p and a shoulder on n, that applies 
the pressure. In both cases the pressure, which holds 
the clutch in gear, is always the same, so the conditions 
of driving are uniform. 

We have already said that the reversing is done at 
two operations ; a stop on the table comes in contact 
with a tappet lever, and withdraws the clutch from 
one pulley and applies it with light pressure to the 
other; then other mechanism compresses the spring 
and makes the clutch engage. The first operation is 
very simple. When the cut ends the stop L’ (Figs. 1a, 


end resting on the stop h' on the escapement plate W. 
| The spring plunger /’ presses against the inner end of 
the pawl e!, and whenever the stop /! is removed, will 
|throw it into gear with the ratchet wheel T, and 
thus drive the wheel V, since the ratchet wheel is 
fast on the shaft, and the wheel V is loose. The 
outer end of the pawl e' comes alternately in contact 
with the stops g' and /! on the escapement plate W, 
which is moved up or down at each end of the travel 
of the table, by the lever B! (Fig. 19) fixed to the shifter 
shaft G!, which is moved by the stopping levers J! 
and I! as already described. Consequently as soon 
as the table reaches the end of its travel the escape- 
ment plate W (Figs. 12 and 19) is moved, the pawl e! 
is released from one of the stops /' or g’, falls into 
|the ratchet wheel T, and makes half a revolution, 
| carrying with it the wheel V till it meets the other 
| stop, when it (the pawl) comes out of gear and the wheel 
|V stops. It isthe motion of this wheel V that com- 
pletes the reversal of the driving gear, and also puts 
on the cut, the motion being transmitted through the 
combined spur and bevel wheel A! on the shaft U* to 
the bevel wheel A? on the thaft D? (Fig. 10, which is 
a sectional plan in line x x of Fig. 9). 
On the shaft U is fastened the slotted crank-plate 
V1, which, by a connecting-rod, moves the toothed 
|segment W! (Fig. 3) gearing into the ratchet-box X! 
| (Fig. 10). ‘fae owes end of the segment W' is con- 
nected by a rod to a similar segment on the other side 
of the machine (Fig. 3), and thus a feed motion can be 
imparted to slide rests on each upright of the planer. 
| The bevel wheel A? has also a slot across its face, in 
| which is a crank-pin B? coupled by a rod C? (Fig. 12) 





and, next, engagement. Through the clutch is a pin o | 2, and 19) comes in contact with the tappet or shifting to the gear segment which operates the ratchet-box 
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—— end of the feed-screw or feed-rod (Figs. 2 
and 3). 

We will now describe the mechanism which com- 
pletes the reversal of the driving clutch. On the inner 
end of the shaft D? is a cam E?* (Figs. 9, 10, 17, 18, 
and 19), which serves to give motion to the lever F?. 
This lever is pivotted on a pin G? and is connected by 
the rods H? and O! to the cam lever u (Fig. 5). It is 
formed in two pieces (Fig. 18) capable of slipping in 
relation to one another, if an excessive strain is 
brought to bear upon them. Sometimes the construc- 
tion in Fig. 20 is substituted for that in Fig. 18, the 
result being the same. On the same pin G? is the cord 
segment J, which serves to operate the tool liftin 
mechanism in the crosshead. It is moved up an 
down by the curved connecting-rod K? (Fig. 17) pivotted 


on the segment at L?, and to the cam E? at M, so|/ w, 


that one half-revolution of the cam E? throws the 
segment up in the position shown, and the next half 
revolution draws it down, thus giving the necessary 
motion to the tool-lifting rod at each end of the stroke 
of the table. The cam E?, besides operating the seg- 
ment wipes one of the jaws of the N? or O? of the lever 
F, and through the rods H, O', lever u, cam m, sliding 
fulcrum w, and one of the springs 7 or s brings the 
clutch L into engagement with one of the pulleys I or 
K, and starts thetable in the opposite direction. There 
is absolutely no shock in the gearing because the brak- 
ing action caused by the running of the clutch against 
the pulley, in opposite directions,‘has already brought 
the opposite an of the teeth into gear, and takes up 
all the backlash. 

Although it takes considerable time to describe the 
operations of reversing the machine, the action takes 
place, to all appearance, instantaneously, the over- 


— of the table being exceedingly small. To pre- 


vent all jar and chatter from the contact of the stops 
with the stopping levers the shaft G! is provided with 
& brake which absolutely stops the recoil. Upon the 
shaft is fixed a double friction clutch F' (Fig. 11) run- 
ning in contact with a clutch 8, which cannot revolve, 
and which is forced towards the left hand by the coun- 
terweight Q. This clutch S forces the clutch F, with 
the shaft G', endwise towards the clutch B', which 
is connected to and forms the boss of the lever 
BI (Fig. 19). The frictional surfaces are not all of the 
same material, there being less friction between F and 
S than between F and B!. The former two effectively 

revent the recoil due to the inertia of the shifting 
en while F and B’ prevent any breakage of the 
escapement gear. 

These cams also enable the attendant to stop the 
machine exactly at the end of its stroke by throwing 
the escapement mechanism out of action. On each 
end of the shifter shaft isa handle Q or R! (Figs. 1, 
9, 10, and 19). The handle R' has a cylindrical end 
(Fig. 9b) fitting in a socket fixed on the end of the 
shaft. At two parts this end is flattened (Fig. 9c), 
and opposite these flats is a plunger S', the other end 
of which just clears the bearing T! (Fig. 3). If the 
hand lever be turned through 90 deg. in its bearing, 
one of the full parts between the flats pushes out the 
plunger S' until it abuts against the bearing T', when 
the further revolution of the handle draws the shifter 
shaft through its bearings, thus bringing the friction 
clutch F! out of gear with the lever B' without releas- 
ing it from the retaining clutch S. The opposite handle 
Q (Fig. lla) pushes on the end of the shaft without 
the intermediary of the plunger. 

From the foregoing description it will be seen that 
the machine contains many parts which are worthy 
of close study. Every detail appears to have been 
most carefully considered, and novelties have been 
introduced lavishly. Even the guides of the bed have 
been modified. One is made flat (Fig. 4), while the 
other is Y shaped, but is at a very obtuse angle to 
reduce the friction. This angle is so obtuse that the 
table rides up the Y under very heavy roughing cuts, 
and the pressure is then taken against the vertical 
edge /; in finishing cuts the table is guided solely by 
the surfaces 7 g. At the Paris Exhibition the machine 
was run at 18 ft. a minute for cutting, and 144 ft. a 
minute on the return stroke. It attracted constant 
visitors, who were as much surprised at the heavy 
cuts it took, as at the fineness of the finished surface. 


THE ACCIDENT ON BOARD H.M.S. 
** BARRACOUTA. ’ 

On Tuesday morning, Mr. W. J. Harris, coroner for 
the district of Sittingbourne, resumed an inquiry at 
the Fountain Hotel, Sheerness, relative to the death of 
Henry Ovenden, second-class stoker on board H.M.S. 
Pembroke, who succumbed to the injuries he received 
from the explosion in the port stokehold of the new 
cruiser Barracouta, at her contractor’strial on February 7. 
County Councillor E. W. Brightman was foreman of the 
jury, which was composed of fifteen of the principal rate- 
payers in the town. 

fr. T. A. Crompton, of Crompton, Ullstrom, and 
Crompton, marine engineers, &c., of Gracechurch-street. 
London, sat with the coroner as assessor. 

Mr. Geo. W. Manuel, superintending engineer of the 
Peninsular and Oriental Steamship Company, attended as 
expert on behalf of the Admiralty. Mr. William Parker, 








chief engineer, Lloyd’s Register, London, was present on 
behalf of the contractors for the machinery (the Palmer 
Shipbuilding Company), who were also represented b 
Mr. Ince, of the firm of Ince, Ingledew, and Colt, solici- 
tors, of London. Lieutenant Haggard, R.N., watched 
the proceedings on behalf of the commander-in-chief at 
the Nore. r. Baker, of the firm of Essell, Knight, 
Arnold, and Baker, Admiralty solicitors, of Rochester, 
watched the proceedings on behalf of the Admiralty. 
Mr. Durston ie weg Py memeyd of the Navy, was also 
present on behalf of the Admiralty. 

Commander John Osborne deposed : I am commander 
of the steam reserve at Sheerness. On February 7 I took 
command of the Barracouta on her trial trip. We left 
the moorings in Sheerness about seven o’clock that morn- 
ing. Wekept nolog. As soon as we were clear of the 
harbour we went full 8 , and information was sent to 
the engine-room that they might work up for the trial. 
e commenced the trial at twenty minutes to eight. 
About 8.20 I was on the poop, and the navigating officer 
(Mr. Steele), who was on the bridge, asked me if he should 
stop the engines, as there had been an accident. I told 
him not to stop, but to turn the ship round at once in the 
direction of the harbour. I then tried to find out what 
had occurred, and was at first informed that there was a 
fire in the stokehold. I gave an order for hoses to be 

ot ready ; but almost immediately afterwards I was in- 
ermed that the fire was out and that it was all right below. 
Shortly afterwards I interviewed Mr. Spyer, the official 
who attended the trial on the part of the Admiralty, 
whom I asked the cause of the accident. He inform 
me that he believed some canvas gear had caught fire in 
the stokehold, but expected there was a else the 
matter. Almost immediately he pointed to the funnel 
and said, ‘‘I thought so,” or words to that effect. Atthe 
same time I observed steam coming up the funnel. I 
was shortly afterwards informed of the more probable 
cause of the accident. We proceeded with all possible 
despatch for the harbour, making signals for medical 
assistance and preparation of a tug to take the injured 
men to Chatham. We were met on our arrival in the 
harbour by boats with surgeons and medical stores. The 
tug came immediately alongside, to which, as soon as 
possible, nine men, who had been injured, were removed. 
Whe deceased, Henry Ovenden, was too severely injured 
to go with the rest to Chatham and he was taken to the 
Naval Barracks. I landed and reported the accident to 
the Admiral and Captain Superintendent of the Dock- 
yard. [The Coroner here 
representative of the contractors when the application was 
made for the trial, which set out that the machinery had 
been examined, and that the contractor was ready to take 
the responsibility of the trial, The form was signed by 
John Dodds on behalf of the Palmer Shipbuilding Com- 
pany. Another form signed by ‘‘M. Sharp ” (who was in 
charge at the trial) certified that the valves, &c., had been 
tried since steam was got up. }}-Commander Osborne: The 
wind was blowing east-south-east. 

By Mr. Crumpton: I can’t swear what was the draught 
of the ship at the time, but I can get the information for 
you. messenger was despatched to the Steam Reserve 
office for the information.] I should think that roughly the 
speed was 144, but we had not hove the log. I made a 
verbal report to the Admiral, but sent a written report 
to Capt. Stephenson. The conversation between Mr. 
Spyer and myself is not mentioned in that report. We 
arrived at Sheerness Harbour about 10.15. heard no 
remarks from the men who were injured. 

By Mr. Baker: The weather was fine, and the ship 
steady. She was going straight ahead at the time of the 
accident and steering an E.N.E. course. I did not 
notice any noise from the funnel. After the accident I 
sent word to the engine-room to go as fast as they could 
with safety to the engines and boilers. I can’t say for 
certain what was the cause of the accident. 

Mr. Gordon (to the Coroner) : Shall we have the benefit 
of the experts’ opinion before the jury are called upon to 
give an opinion ? ‘ 

The Coroner: Yes; it would not be fair to call the 
experts until they have had the benefit of hearing all the 
evidence, : 

The foreman asked Commander Osborne if there was a 
good supply of medical stores on board at the time of the 
accident.—Commander Osborne: I believe there was a 
shortness of lint ; but we had sufficient »il in the ship. 

Arthur Syper deposed : I am an assistant engineer at 
the Aaaheiiey. I was on board the Barracouta on the 
morning of the 7th February to watch the performance 
of the machinery on behalf of the Admiralty. I was re- 


sponsible for nothing. My duty was simply to watch and | m 


report. I went round the machinery compartments, and 
was about the machinery all the time. The engines 


Y | worked very well; the boilers fairly well, the feed being 


rather irregular. The ship commenced recording the 
results of her trial about twenty minutes to eight, and 
all went well until an accident happened at 8.15. I 
was then in the port engine-room. My attention was 
attracted by seeing some men come out of the port 
air-lock, one of them having his clothes severely 
burnt. I ran through the starboard engine -room 
and stokehold into the port after stokehold, and 
found it thick with smoke and the covering of the steam- 
pipe on fire. It was “a difficult to see anything on 
account of the smoke. To get rid of that I opened a 
eae | in the upper casing, and the smoke rapidly 
cleared away. I could see nothing apparently wrong, but 
I knew something was wrong. After two or three minutes 
I looked round, and then went up on deck; and whilst 
speaking to the commander, I saw steam issue from the 
port funnel top. Iat once went below and opened the 
firedoors. There was considerable leakage from the tube- 
plates of the boiler. The water was running down the 
tube-plates, and could be seen at the mouth of the 


a form submitted by the | feed 





furnace. There seemed to be no difficulty in keep- 
ing the water level in the boiler, in spite of the 
leakage. The ship steamed back at reduced pressure 
with both boilers. On getting into harbour, the silent 
“blow-off” was used to take off the excess of steam 
pressure and the fires were drawn in the port boiler and 
allowed to die out in the starboard boiler. I observed 
the water gauges five or six times. When I first went on 
board there was about half a glass in each boiler. The 
second time I went into the boiler-room it was about the 
same ; the third time the water in the port boiler was low. 
It was then about twenty minutes to eight. The next 
time I saw them, about a quarter of an hour afterwards 
there was about three-quarters in the port boiler an 

about one-quarter in the starboard boiler. The next time 
I looked was shortly before the accident ; there was then 
a little more than half a glass in each boiler. 

Mr. Crompton : I noticed that the steam pressure 
just before the accident was about 140 lb. I did not 
notice the condition of the fires except once—on my 
fourth visit. I saw oe wrong in the furnace at the 
time. I asked Saxton (a dockyard fitter) why the auxiliary 
feeder was put on, and he told me the water had been 
allowed to get low in the boiler, which I could see for 
myself. In the starboard boiler there was too much. 
I noticed that a contractor’s man named Beetie 
closed or partially closed the check valve of the 
starboard boiler. he water was then gaining in 
the port boiler, and I made no further remark. 
The auxiliary and the main feeds were working the 
port boiler when I left the stokehold. I called Beetie’s 
attention to the water being rather low in the port boiler, 
and he said, ‘‘ Yes, the valve is open.” He tried it an 
gave it just half a turn. My attention was then called to 
the engine-room ventilation, and I was occupied with 
that for about ten or fifteen minutes. Then I went back 
to the stokehold ; the auxiliary donkey had then been 
stopped, but the main donkey was working. I said to 
Saxton, ‘‘They have got too much water in the port 
boiler now,” but he made no reply. I was in the 
stokehold about four or five minutes, during which 
I made a general observation all round. I went 
into the port stokehold, but did not notice the 
gauge glass in the forehead. I also went into the 
star stokehold, but did not notice the glasses. 
All the gauges had lamps, but I did not notice whether the 
forward one wasalight. Theaft ones werealight. I could 
not say if there were any hand-lamps hanging about the 
donkeys. All four fans were working—itwo in each 
boiler-room. Ten minutes elapsed between my fourth and 
fifth visit. During that time I was in the engine-room 
making observations of the engines and was there when 
the accident happened. During my observations I noticed 
no trace of priming. I believe ashes were being got up 
just about the time of the accident. There was a man 
stationed in the starboard air-lock to attend the 
doors. No one was in the forehead air-lock, so far 
as I know. I passed through the air locks, but 
the port air-locks were not left open. After the occurrence 
the contractor’s men kept charge of the stokehold. I 
suggested to Mr. Sharp whether he should not shut the 
port boiler off, but he did not do so. Later on, when the 
ship was in harbour, I en that it should be shut 
off, and he said he thought he would rather use the 
“silent blow off.” The safety valves were not lifted on 
either boiler whilst I was on board. Neither of them 
lifted themselves automatically, but there was a slight 
leakage from the port waste steam. 

By Mr. Baker: The donkey had_ been eased.down on 
the starboard boiler when I visited the third time. All 
four donkeys could pump into either boiler. I cannot 
say if the valve in the main feed discharge pipe was open, 
but, from what I noticed, I should say it was. 

By Mr. Manuel: I am not sure as to the lamp at the 
forward gauge. There was no difficulty in seeing the 

lass gauges; I could see fairly well in the stokehold. 

here was no stoppage of the fans and plenty of air in the 
stokeholds. When the vessel was returning the fires in 
the port boiler were fired very lightly. told Beetie 
that the boiler should not be heavily fired. The star- 
board boiler did the most work coming back. The 
fire in the port boiler was deadened. There were 
ashpit dampers, but they were not put on. The port 
feed. engine seemed to work all right, but might have 
been driven faster. This was after the commencement 
of the trial. I presume the auxiliary donkey feeder was 
put on because the water was lowin theglass. The speed 
of the other one could have been increased. There was 
no sign of lack of feed in the starboard boiler—in fact on 
third visit they were able to partially close the valve. 
The water was rising and falling without being affected 
by the motion of the ship. When I noticed the water 
low in the port boiler, it was just as the trial was about 
tocommence. I heard no explosion. _I was satisfied, on 
seeing the steam come out of the funnel, that it was caused 
by a Teak in the combustion chamber. I sawno leak. It 
must have been a considerable leak to have shown at the 
top of the funnel. I had not seen any of the smokebox 
valves open. : 

[At this stage of the proceedings the jury adjourned for 
three-quarters of an hour for Sahien) 

By Mr. Ince: I did not examine the plans of the Bar- 
racouta, but saw the drawings, which were approved by 
the Admiralty. I was not present when the boilers 
were tested hydraulically on board the ship. I neversaw 
them until I went on the ship. The expression ‘fairly 
well” referred to the management of the feed and not to 
any question as to the construction of the boiler. By our 
specification there should be 24 in. of water over the 
highest surface of the combustion chamber. As far as 
the gauge-glass indicated, there was plenty of water in 
the boiler at the time of the accident. The quantity of 
water in the glass just before the accident may be taken 

















AEs Tiki & 


eve eae 














Sai E CSR fo 











Marcu 14, 1890.] 


ENGINEERING. 





329 





as 5in. or 6 in. Between the time I saw the gauge before 
the accident and the time I saw it afterwards, it would 
not be possible for the water to have evaporated (or boiled 
away). The details of design are worked out by the con- 
tractors and approved by the Admiralty. The manage- 
ment of the ford in the stokeholds was not what it might 
have been; but, with that exception, all the men appeared 
to be doing their duties. Usually when a vessel is new it 
is not so easy to regulate the feed as after it has been 
used a few times. So far as I saw the boiler was not so 
short of water as to cause an accident, If I had observed 
any danger I should have stopped the trial. Between 
70 lb. and 80 lb. pressure was maintained by both boilers 
on the return journey. Yor the steam to have shown in 
the funnel there must have been considerable leakage in 
the combustion chamber. P aan 

By Mr. Brightman: There was no sudden indication 
of a leakage in the boiler. 

By the Coroner: Mr, Phayer (foreman of Sheerness 
Dake’ represented the Chief Constructor of the dock- 

ard, and Fleet Engineer Hall attended on behalf of the 
Seeazn Reserve. 

John Hall deposed : I am a fleet engineer in the Royal 
Navy, and belong to the Steam Reserve at Sheerness. I 
was present on board the Barracouta at her trial on 
February 7. It was my duty to represent the Chief 
Inspector of Machinery at Chatham, and to ebserve the 
trial, which was to be an eight-hours’ natural draught 
trial. The trial commenced about 7.40. The first trial 
was over about 8.10. I visited both engine-room and 
stokeholds during the first half-hour, and had no reason 
to suspect anything was wrong. The engines were work- 
ing up to their required revolutions, and everything was 
going on satisfactorily. I left the engine-room about 
seven minutes before the accident occurred and went to 
breakfast. I had just sat down, when I observed men 
coming out of the engine-room. I at once saw that some- 
thing was wrong. Before leaving the ——— I was 
thoroughly satisfied that there was sufficient water in 
the gauge glasses on both boilers. The fires were burning 
brightly, and there was no appearance of leaks from 
tubes or any other parts of the boiler. They had appa- 
rently no difficulty in keeping steam, the steam pressure 
at the time being 150lb. per square inch. All the fans 
were working, and the pressure shown by the gauge was 
a little under half an inch. We only commenced 
the second half-hour of the trial when the accident 
occurred. The second half-hour commenced about ten 
minutes after eight, and the accident happened about 
five minutes after. I heard no explosion. After the 
accident the trial ceased, and the ship’s head was turned 
towards the harbour. The ship steamed back with both 
boilers connected, but at a gradually reduced pressure. 
The ship took about two hours to steam in. 

By Mr. Crompton: I did not go below until the trial 
commenced. As near as I can remember, the ship had a 
slight list to port, showing a difference in the gauge 
glasses of at least three inches. The water in the star- 
board boiler was a little higher than in the port. The 
boilers are fitted with three gauge glasses, one close to the 
middle line bulkhead, one at the wing side of the after end 
of the boiler, and one at the fore end of the boiler. The 
water was apparently a little more in the starboard than 
in the port Poller. here was very little motion in the 
vessel; she was remarkably Lemp The water at a 
quarter to eight was a good half-glass in the starboard 
boiler and 2 in. in the wing; the port boiler had about an 
inch at the middle line gauge glass and about 44 in. or 5 in. 
in the wing. I remained in the stokehold about three or 
four minutes after that; the principal part of my time 
was in the engine-room. During that time the men 
were carrying coal to trim the ship level. To the best of 
my recollection the lamps to the gauge glasses in both 
boilers were burning. I heard one man say, ‘‘ We have 
more water on that side than we want.” This refers to 
the port boiler. Iam not certain whether both donkey 
engines were working; but I know the four fan engines 
were going. In the engine-room I spoke to Mr. Sharp 
about the cylinders having a good deal of movement in 
them. I thought a little staying was required at the 
intermediate and low-pressure cylinder. I do not know 
that he made any particular answer, but I said there 
was more motion than was generally seen in the ship. 


I heard nothing of the boilers enemy there was no| 8 


appearance of it whilst I was there. e engines were 
working remarkably well and up to the revolutions 
expected of them. There was a man in the air-lock 
on the starboard side, but whether he was stationed there 
I could not say. I manipulated the door of the port 
side when coming out. The men were preparing to get 
the ashes out of the stokehold whilst I was there, but had 
not actually got them up. I left the stokehold about 
half-past eight and washed my hands in my cabin and 
was sitting down to breakfast when the accident occurred. 
Tat once got up, called out to a man in the engine-room to 
get some oil and call the doctor. The men ‘were removed 
to the captain’s cabin. There was quite a panic in the 
ship and I went to the captain’s cabin to see the men 
attended to. I did not go into the engine-room until 
after the ship returned in harbour.. We had some lunch 
on board and I went into the engine-room about three 
o’clock in the afternoon. A telegram was sent stating that 
the Chief Inspector of Machinery was coming on board, 
and I waited for him. I stated the circumstances of what 
had occurred, and the Chief Inspector, Mr. Hodgson, the 
foreman of boilermakers in the Teetcey, and Mr. Butler, 
inspected the boiler. I remained on board until about 
5.30, but heard no opinion expressed as to the cause of 
the accident. I did not express an opinion about it. I 
had only held my appointment about four weeks before 
the accident. One man came into the ward-room and 
told me the flames suddenly shot out of the ash-pits. 
I heard no noise or any explosion. 


By the Coroner : I have read the instructions as to the 
duties of officers on steam trials, but there are so many 
instructions that I can scarcely remember them.—The 
Coroner: It’s your duty to remember them.—By the 
Coroner : I did not take any steps to ascertain the cause 
of the accident immediately.—The Coroner : Why didn’t 
you ?—Witness: There was too much panic on board at 
the time.—The Coroner: Is it not your duty to allay a 
panic ?— Witness did not answer the question. 

By Mr. Howe: I made no report in writing to the 
Chief Inspector of Machinery, as he came down here 
himself ; I made a verbal report to him. 

By Mr. Baker: The engines were in charge of the con- 
tractors, and if I observed anything going wrong it was 
my duty to call attention to it. After the accident I 
went into the captain’s cabin to see the doctor attend to 
the injured men. The trial was virtually stopped after 
the accident occurred. I was not responsible for the 
machinery and thought I had nothing more to do to it.— 
The Coroner: In fact you did nothing after the accident; 
did not attempt to ascertain the cause or take any steps 
whatever. 

By Mr. Crompton: When men are “told off” as a 
steaming party they are under the control of the engi- 
neer of the ship, and he arranges them in watches.—B 
roc Baker: I was in the engine-room twice during the 
trial. 

By Mr. Manuel: At five minutes after eight the water 
in the starboard boiler was a little higher than the port, 
and the pressure was about 1501lb. On Feb. 17I examined 
the boilers in concert with the foreman of boilermakers in 
the dockyard and several gentlemen from London. The 

lates were bulged slightly between the stays; the tubes 
had been leaking by the appearance of the ends, and the 
seams and stays had been leaking. The plates appeared 
as ifthey had been hot, and presented a different appear- 
ance to the plates in the starboard boiler. hey 
appeared discoloured and seemed to have been hot. I 
should say the accident was not due to the shortness of 
water. 

By Mr. Ince: The crown plate of the combustion cham- 
ber was discoloured, and the bulging between the stays 
was downward. There were ten or twelve men in the 

rt stokehold, and about the same number in the star- 
a Had the ship been in commission and at sea there 
would have been five or six menin each stokehold. As far 
as I saw, all the men engaged on the trial appeared to be 
doing their duty. Had I suspected anything wrong, I 
should have reported it at once. When I was in the port 
stokehold, the feed-pump was working satisfactorily, but 
I cannot say if the auxiliary was working or not. 

By Mr. Brightman: There were thirty-seven men on 
board under the charge of the engineer of the ship. 

John Henry Hodgson, chief draughtsman in the steam 
factory at Sheerness Dockyard, who watched the trial on 
behalf of the chief engineer of the dockyard, produced a 
list of the men and apprentices serving under his direc- 
tion at the time of the accident and narrated their 
respective duties. He was making his way towards the 
port stokehold when the accident Sengunee. He saw 
the injured men, and was quite sure there was a good 
light in the stokehold. After the accident he went into 
the stokehold and opened the furnace door and observed 
water leaking from the tubes behind. There were no 
stokers in the stokehold when he did this. 

Mr. Crompton : I suppose everybody left the boilers to 
take care of themselves. Witness stated that the con- 
tractors’ representatives were present and took command 
of the engines. The stokers subsequently returned to 
the stokehold and attended to the fires. Witness was of 
opinion that the accident was due to leaky joints at the 
tubes. 

The inquiry was then adjourned until yesterday (Thurs- 
day) morning. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Y esterday the market was 
very well attended, and previous to the telegrams from 
Glasgow the tone was cheerful and business was recorded 
at 50s. 6d. per ton for prompt f.o.b. delivery of No. 3 
-m.b. Cleveland pig iron, but information from other 
iron centres was discouraging, and this had a detrimental 
effect upon the Middlesbrough market. Prices became 
easier, and the amount of business transacted was by no 
means large. Merchants were to be found who would 
sell No. 3 at 50s. 3d. for prompt f.o.b. delivery, and one 
or two small odd lots of that quality demand hands at 
50s. 14d. For forward delivery there was little or nothing 
doing, but buyers stated that they could purchase No. 3 
g.m.b. for April, May, June delivery at 51s. 6d. It was 
also reported that several of the makers were willing 
to accept 52s. 6d. for early delivery of No. 3, but some of 
the producers contradicted this statement. For a number 
of months makers have been holding out for 60s. for No. 3, 
and they have therefore booked no orders, as buyers have 
been able to purchase No. 3 from merchants at a con- 
siderably lower rate. Yesterday Middlesbrough No. 3 
warrants were steady at 50s. cash buyers. Forge iron 
continues dearer than No. 3, and was yeas | sold at 
prices varying from 52s. 6d. to 54s. per ton. ematite 
warrants were 62s. 11d. cash, but sellers here asked 70s. 
for Nos. 1, 2, and 3 east coast brands of makers’ iron. 
To-day there was not much doing on ’Change, and quota- 
tions were unaltered. If anything the market was a shade 
easier. 

Manufactured Iron and Stecl.—In the finished iron trade 
there is very little new to report. Producers complain of 
the lack of orders. Certainly the majority of them are 
still busily occupied, but the orders they have on hand are 
rapidly approaching completion. Quotations have been 














reduced, common bars now being nominally 7/. per ton, 
ship-plates, 7/.; boiler plates, 7/. 15s. to 8/.; and ship- 
angles, 8/. 10s. to 8/. 15s. ; all less the usual discount for 
cash. There are makers who would be willing to do 
business at a trifle below the above quotations. The steel 
industry is very quiet, and as in the manufactured iron 
trade, considerable difficulty is experienced in securing 
fresh orders. It is some time since any important con- 
tracts have been entered into. Prices are easier than they 
were last week. Heavy steel rails are quoted 6/. and 
steel ship-plates 87. per ton, both at works, but less might 
be accepted. 


Teesside Iron and Engine Works Company (Limited).— 
The directors of this company will submit at the ordinary 
eneral meeting of the shareholders to be held on Friday, 

arch 21, their report which says that the statement of 
accounts to December 31, 1889, presented therewith, 
shows the position of the company after reconstruction 
to be more satisfactory. The profit of 7563/. 16s. 10d. on 
the last year’s transactions is carried to the reserve fund. 
The cost of reconstruction when ascertained will be 
debited to the same account. The two blast furnaces 
which were restarted in April last have worked satis- 
factorily, and, owing to the improved condition of the 


Y | pig-iron trade, have yielded a fair profit. The other two 


are now being relined. Additional brick stoves are being 
erected, and other improvements made which, when com- 
pleted, will make the whole of this plant thoroughly 
efficient. It is intended to put these two furnaces in 
blast as soon as they are ready, should the state 
of the trade warrant such a course. The engineering and 
foundry departments are well employed at remunerative 
prices. The rolling mills remain closed. The shipyard 
is still let to Messrs. Raylton, Dixon, and Co. The busi- 
ness to be transacted at the meeting is to receive the 
accounts, to elect auditors for the present year, and to fix 
their remuneration. Mr. Edwin Waterhouse and Mr. 
William Barclay Peal were elected by the directors as 
first auditors in accordance with the articles of associa- 
tion, and offer themselves for election by the shareholders. 
According to the balance-sheet the total capital of the 
company is 174,339/. The amount owing to sundry 
creditors, including amounts received on account of con- 
tracts in hand, is 56,746/. The reserve fund amounts to 
18,8477 


Messrs. Bolckow, Vaughan, and Co. (Limited).—The 
following is an abstract of the twenty-fifth annual report 
of the directors of Messrs. Bolckow, Vaughan, and Co. 
Limited, which will be submitted to the ordinar general 
meeting of shareholders of the company at the Memorial 
Hall, Albert-square, Manchester, on the afternoon of 
Friday, the 21st inst.: ‘‘It is with pleasure that your 
directors are able to report an improved condition of the 
coal, iron, and steeltrades. During the earlier months of 
the year values were not so much affected although there 
was a large demand, but in the autumn prices rose 
rapidly, with the result that the company’s profits 
are larger than has been the case for some years 
past. Notwithstanding that the highest prices have 
not been maintained, the directors still regard the out- 
look as favourable. The amount of profit available for 
distribution, including the dividends received from the 
company’s operations in Spain, the Cleveland Salt 
Company, the Dephosphorising Company, &c., is 
305,193/. 4s. 7d. plus amount brought forward from last 
year 5633/. 6s. 4d. or 310,826. 10s. 11d., which your 
directors recommend should be disposed of as follows: 
For payment of interest on debentures, 23,816/. 2s. 7d. ; 
for dividend on preference shares, 23,604/. ; for dividend 
on 81,488 full paid shares at 6 per cent. or 1/. 4s. per share, 
97,7851. 12s. ; for dividend on 93,045 shares with 12/. paid at 
6 per cent. or 14s. 4.10d. per share, 66,992/. 8s. ; to be 
written off capital account, 45,000/. ; to be added to reserve 
fund, 50,000/.; balance to be carried forward, 36281. 8s. 4d.; 
total, 310,826/. 10s. 1ld. The stocks of materials have 
—— been verified by Mr. M. W. Hulse, and the value 
of these, as shown on the balance-sheet on December 31, 
has been certificated by him as correct. All the company’s 
plant and machinery are maintained at the highest point 
of efficiency, and every effort made to keep the works in 
all respects abreast of the times.” 





THE QUEENSLAND Matt Servicr.—The Queensland 
Government has accepted a tender of the British India 
Associated Steamer Company, Limited, for a four-weekly 
ten-knot mail service by steamer between London and 
Brisbane, and vice versd, vid Torres Straits, at the rate of 
19,800/, per annum, the Government reserving the right 
of altering the contract to a fortnightly 10-knot service at 
the rate of 32,500/. per annum, after giving six months’ 
notice. The contractors are in either case to have the 
et of carrying all immigrants bos out by the 

overnment at the rate of 16/. per head, according to 
the rules and regulations for the time being. The term of 
the contract is five years. 





A Fioatine Horet.—The Hong-Kong Marine, Limited, 
has secured a vessel which it is proposed to convert into 
a floating hotel. The vessel will have three decks ; on 
the lower deck there will be a dining saloon and bar, a 
billiard-room suitable for two or three tables, and a smok- 
ing and card-room. On the main deck will be a spacious 
music saloon and twenty-four bed-rooms, with all the 
necessary offices, store-rooms, and accommodation for a 
first-class hotel business. Each bed-room will have a 
separate bath and dressing-room, and an independent 
balcony on the water side, thus securing complete privacy 
for each guest. Above the main deck will be a promenade 
deck, 160 ft. long and 59 ft. wide, covered by a canvas 
awning. 
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PLANING MACHINE; PARIS EXHIBITION. 
CONSTRUCTED BY MESSRS. WILLIAM SELLERS AND CO., ENGINEERS, PHILADELPHIA. 
(For Description, see Page 326.) 
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LOCOMOTIVE (FAIRLIE SYSTEM 


CONSTRUCTED BY MESSRS. NEILSON AND CO., ENGINEERS, GLASGOW, 
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V, ROM THE DESIGNS OF SIR A. M. RENDEL, MEMB. INST. C.E, LONDON. 
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NOTICE.—THE FORTH BRIDGE. 
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NOTICES OF MEETINGS. 

THE INSTITUTION OF CiviL ENGINEERS.—Ordinary meeting, Tues- 
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ENGINEERS IN INDIA. 

Among other vexed questions of Indian adminis- 
tration the provision of adequate engineering skill 
for war time is approaching the burning condition, 
and forms a problem of no small intricacy as 
affecting the status of the technical professions at 
large. 

In early days it was a very simple matter for the 
Corps of Engineers to extend roads and build can- 
tonments in peace time, without hindrance to their 
efficiency in the field when war broke out. When 
the troops took the field they could well dispense 
for the time with barrack building operations at 
the base, and the suspension of improvements to 
cart roads, left the country no worse off than it had 
been, and meanwhile had the advantage of releasing 
large bodies of disciplined labour which constituted, 
when carried forward, a useful and indeed an indis- 
pensable adjunct to the soldiery proper—ready and 
able to clear away obstructions, throw up earth- 
works, and perform a whole multitude of auxiliary 
operations when led by the engineer officers who 
had previously acquired their confidence. 

Unlike the officers of the home army of these 
days, the Honourable Kast India Company’s military 
officers were, as a body, dependent on their pay and 
looked forward to spending their active lives in 
service. Consequently, as peace times increased, 
promotion stagnated, or would have done but for 
the outlet afforded by drafting officers into civil 
employ, as magistrates, administrators, political 
agents, and the like, while all civil engineering 
work was at first reserved for the Corps of Engi- 
neers which still dominates, and may be said to 
have entirely moulded, the Public Works Depart- 
ment of India as it now stands. 

Naturally enough the development of civil works 
soon entered a phase which involved undertakings 
that, unlike roads and barracks, could not possibly 
be left without supervision in war time. For 
example, the magnificent irrigation canals which 
were originated, if not absolutely perfected, entirely 
by John Company’s Royal Engineers, could not 
possibly be left in the care of native subordinates 
when the call to arms took the officers afield, and, 
moreover, field operations cannot possibly employ 
the proportion of senior officers that is proper to 
the greatest spending department of the realm, but 
demand a preponderance of young and energetic 
juniors, who, as before mentioned, should bring 
with them large bodies of common labourers. 

In short, the great bulk of the Corps of Royal 
Engineers became, in fact, civilians, though still 
soldiers in rank and in associations that made the 
rank much more than a mere name, for it became, 
and is still, a point of honour for men whose 
abilities and duties are of a specially civilian, or a 
specially administrative order, to volunteer and be 
accepted for field services, of which they possess at 
best, a more than half-forgotten practical know- 
ledge. So lately as even the last Cabul war a dis- 
tressing instance of the kind occurred, in which an 
officer of the utmost administrative promise, who 
had already made his mark in the government of 
India, literally threw away his valuable life in firing 





a mine with an improvised blasting fuze of his own 
making. 

Meanwhile, in India as elsewhere, the tendency 
to develop experts in the several branches of engi- 
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even a department whose organisation is deeply 
rooted in military and official traditions. The mili- 
tary works branch, whose engineers accredited to 
the commanding officers of military stations are all 
Royal Engineers, is now in effect a distinct depart- 
ment, and those Royal Engineers who occupy any 
but the very lowest rounds of the official ladder in 
canals and railways, are practically as much fixtures, 
and unable to be devoted to field operations as 
any civil engineer, and indeed more so, seeing that 
the senior Royal Engineers hold administrative 
offices as a rule, and are, indeed, held to be more 
fitted therefor by their early military training than 
the civil engineers, to whose lot executive duties 
and immediate contact with the working classes has 
fallen. 

To be in effect a civilian and yet to get pay, pen- 
sion, rank, the chance of distinction in the field, 
and the consideration in the matter of promotion 
that necessarily attaches to membership of a domi- 
nant military corps, is a form of both eating one’s cake 
and keeping it that cannot fail to induce dissatis- 
faction, and it cannot be long before civilian experts 
attain to their fair proportion of the good things of 
their department, now that John Company’s Corps 
of Engineers is dying out. 

But if so, where are the young engineers for field 
operations to come from? If they are experts in 
their proper line they will have to stick to it—or 
at least to it and to such works as can be dropped 
in war time and resumed at leisure. Even then, if 
they are not to be uselessly sacrificed like poor 
Captain Dundas, they must be kept aw cowrant with 
their proper duties, and it is very clear that neither 
irrigation, nor railway, nor municipal, nor adminis- 
trative duties can be intrusted to men who do not 
mean to carry them through, and, indeed, could not 
do so in war time without dishonouring their cloth. 

The Government of India’s first answer to this 
conundrum was to arrange with the Home Govern- 
ment to supply them with Royal Engineers for a 
definite term of Indian service, much as’soldiers of 
other armsaresupplied, now that the Hon. East India 
Company and its armyare things of the past. Graded 
on similar lines to the Public Works Department the 
salaries of the new Royal Engineers were distinctly 
better than those of line officers, and for a time the 
service was popular, especially as Royal Engineers 
of any mark came to the front at least as readily 
as civil engineers, and got outlets for the some- 
what vague gift of administrative ability which 
landed them through various short cuts to advance- 
ment,—such as the Audit Department, some years 
ago and as the railway management branch is now 
—in positions which combined, in many cases, 
affluence with an agreeable climate at comfortable 
head-quarters. As already stated, the tone, tra- 
ditions, and regulations of the department at 
large are distinctly military, and so long as its 
senior offices are filled by Royal Engineers a 
certain amount of leaning to juniors whose merits 
they know, is not to be wondered at, nor perhaps 
within bounds regretted. When twoveteran denizens 
of Downing-street discussed patronage, one said 
that ceteris paribus he always promoted men he 
knew, and the other replied that he did the same 
and ‘let ceteris paribus be d——d.” Probably the 
most the world expects of patrons is a due regard 
for the ceteris paribus clause, and it is quite certain 
that whatever class holds the power, selection will 
still be practised, and in spite of occasionally over- 
looking genuine merit, this will be justified by 
results in a majority of cases. 

Meanwhile the Government of India has advanced 
a step, and transfers from military to public works, 
except in the very lowest grades, are practically 
abolished; it is even in contemplation to stop 
military rank in the case of young soldiers who 
definitely adopt civil employ, and the military 
works career has, in short, been materially nar- 
rowed. 

Moreover there is seemingly a corps d’élite 
within the corps that designs and even executes 
most interesting pieces of work, such as fortifica- 
tions, and the average Royal Engineer finds himself 
reduced to mending and watering cantonment roads, 
whitewashing barracks, and hanging at one season 
or dismantling at another, the punkhas that fan 
the feverish brows of the European soldiery in the 
hot weather. Unlike a regimental officer he gets a 
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minimum of leave—no more than a civilian—and is 
in most stations, an isolated community consisting 
of one member. 

Is it to be wondered at if a soldier who has no 
joy of his life, and an engineer who can take no 
interest in his work, finds the position hardly good 
enough for an ambitious member of a distinguished 
corps of extra scientific soldiers, and leaves the 
Government of India in the unpleasant position of 

ailing to retain the service of an officer who had 
spent years in getting the knowledge he possesses 
of the language and customs of the country, one 
minute longer than he is bound to serve ? 

At this stage the Government of India saw fit to 
reopen a long-forgotten chapter of its dealings with 
its engineers. It seemed to hope that English 
Royal Engineers would pass their youth and early 
manhood in India, and then betake themselves 
to England or the colonies, when their value to 
India was least and their pay greatest, and finish up 
by depending solely upon a meagre English pension 
for their old age. Instead of this they not only 
left just after they became useful, but came back 
as colonels to claim positions commensurate with 
their rank and which could only be given them by 
virtually superseding those—mainly civilian experts 
—who had borne the burden and heat of the day. 
This position was so intolerable that, although for 
actual military purposes, India has little, if any, use 
for more than the first fifteen years of a Royal 
Engineer’s career, the Government offered to take 
them for life and put them on terms of equality 
with officers transferred from the native army, as it 
had formerly promised, when the Secretary of State 
vowed that every branch, civil as well as military, 
of the Public Works Department should have the 
same emoluments for the same work. 

Apparently this tardy concession had little, if any, 
effect upon the Royal Engineers whose retention 
was mainly desired by those in the military works 
branch, and seemingly few, if any, who are not in 
public works esp as distinguished from military, 
and indeed not all of these, are minded to elect for 
permanent service in India. Meanwhile many 
other solutions are offered about the difficulty of 
finding engineers for service in the field. Lord 
Wolseley favours the virtual abolition of the Corps 
of Royal Engineers by training all officers to such 
a point as shall make them all engineers in effect, 
but in India, at least, although such experts would 
necessarily know the language, they would have no 
following of labourers. Civilian assistant and junior 
executive engineers from the roads and buildings 
branch of the department, if enlisted in some form 
of reserve or militia, might, as some think, meet the 
case, but only after, at least, as much training as that 
acquired in the military art by volunteer officers. 
A larger employment of men in the non-com- 
missioned ranks is deprecated by commanding 
officers on many grounds, and it is quite certain 
that officers connected with administration of rail- 
ways and canals will, in war time, be more useful in 
their proper place than at the front. , 








COMMERCIAL EDUCATION. 

THE subject of technical instruction has received, 
until lately, a large share of public attention. 
The discussions in and out of Parliament having 
led to a Royal Commission, and the opening of the 
Central Institute in Exhibition-road, it was thought 
that little else could be done, at least for the time 
being, to secure a brighter future for our indus- 
tries and handicrafts. 

The next to claim a share of public attention 
was the cognate subject of commercial education; 
and it must be admitted that this, too, is an exten- 
sive and serious one. 

It isa matter of repeated observation that few 
of our young men on leaving school find ready and 
suitable employment. This is cften attributed 
to the rush of applicants there 1s for a paucity 
of vacancies ; but it is also due to other causes. 
The ‘‘graduates” of our colleges, after carrying 
away honours in the classical or mathematical 
schools, find some small difficulty in resigning 
themselves to the monotony and drudgery of 
ordinary office work. Besides, their training has 
not adequately prepared them for their new duties. 
They forsooth can write elegant elegiacs and may 
be expert in handling differentials and integrals ; 
but they are as unable to write a respectable busi- 
ness letter as to interpret the ordinary language of 
a City bank or the Stock Exchange. 

Of course they have “‘dipped” into one or two 





modern languages. The have read ‘‘Les Aven- 
tures de Télémaque,” and perchance ‘‘ Die Jung- 
frau von Orleans ;” but they will not venture to 
expose themselves to the much dreaded smile of 
their comrades by daring to mutter a few sentences 
in the language of Fénelon or of Schiller. The 
result is that they have no vocabulary, and no 
practical acquaintance with any foreign language. 

It is no wonder, then, that men of business turn 
away from such unbusiness-like applicants, and give 
the vacancies in their offices to other young men 
qualified to undertake French and German corre- 
spondence, ready to do any office drudgery, and 
willing to work for a moderate salary. English 
youths are gradually being elbowed out of City 
offices which ought to be their birthright ; and we 
must add that such a state of affairs is not eulo- 
gistic of our schools, any more than it is an en- 
couraging sign for the future of our boys. 

It is certainly time that this matter should be 
energetically dealt with it by our leading public 
men as well as by our City merchant princes. 

The London Chamber of Commerce has taken 
the initiative in the movement, and it is worthy of 
note that other cities have since thought it well to 
follow the example of the metropolis. A scheme 
of studies has been drawn up which will, it is 
hoped, insure general scholarship, and at the same 
time give the special kind of knowledge required 
in business. In the main, the scheme is good ; it 
is exuberant and will bear pruning. It is when a 
start is made that the defects of machinery best 
reveal themselves. 

The common cry is that there are already too 
many examinations. Yes, undeniably there are too 
many merely academic or preliminary examinations; 
but the one which was held a few days ago for the 
first time promises to have a substantial value that 
must tend to popularise it. It must certainly be an 
encouragement and a stimulus to boys to know that 
if they succeed in securing the commercial certifi- 
cate, more than 300 City firms offer to give them 
employment in preference to all other applicants. 
We may hope that this Spartan band may yet save 
their young countrymen from the consequences of 
an impending Thermopyle. 

We welcome this new movement in secondary 
education, because it will give a healthy fillip where 
much needed. It will tend, for instance, to 
improve the teaching of modern languages. What 
boys now get to study is little else than the 
skeleton ; what they want is the living language. 
The philological kind of grammar now in vogue is 
worth little except for examination purposes. The 
man in business cares little for the philology or 
philosophy of the language ; he wants a clerk who 
can read it easily, write it correctly, and speak it 
fluently. 

We must confess that we should like to see such 
subjects as classics, mechanics, natural science, 
omitted from the certificate programme, so as to 
leave time to acquire a good business style of writ- 
ing (an accomplishment totally neglected in schools) 
as well as a thorough knowledge of arithmetic, 
shorthand, book-keeping in all its branches, corre- 
spondence, and the elements of commercial law. 
Our American cousins are much ahead of us in 
all these matters. They have treatises on mer- 
cantile arithmetic, on book-keeping, and commer- 
cial law that dwarf the best that can be found in 
the English market. What, for instance, is Hunter 
to Crittenden, or Bell to Bryant and Stratton? 
It isno wonder that some business men have be- 
come quite sceptical, and smile a smile of disdain 
at the knowledge of their pet subjects which is 
given in schools, but let a few ‘‘ Business Colleges” 
be started in our large cities, such as Packard’s in 
New York, and Bryant and Stratton’s in Chicago, 
and we feel sure that their ‘ graduates” will com- 
mand the respect of the most sceptical of our bankers 
and City men. If the scheme did nothing else than 
lead to the opening of a chain of such Business 
Colleges, it would serve a most useful purpose. 

The scheme put forward by the London Chamber 
of Commerce was oflicially inaugurated at the Man- 
sion House, where its necessity and advantages 
were duly emphasised by the Lord Mayor, Sir John 
Lubbock, Sir Albert Rollit, and other influential 
speakers. 


THE NAVY ESTIMATES. 

THE time has once more come round when it is 
the duty of all responsible citizens of the realm to 
take an interest in the Navy Estimates; for Par- 
liament is about to vote the money to be expended 








in maintaining the first necessary factor of our 
national existence. It is a duty that all but a 
very few responsible citizens entirely neglect. 

At the end of last week the Navy Estimates 
were issued, minus the programme of shipbuilding, 
the most interesting part, which is behind hand, 
owing to the pressure upon the printers in having 
the estimates of each department of State on hand 
at the same time. In the mean time and until 
this omitted part of the naval programme is forth- 
coming, and in view of the discussion in the House 
of Commons which will take place, we will defer 
comment on the subject, giving only the chief 
items of the official publication as they most 
nearly affect those interests more within our 
province. 

The grand total for the Navy Estimates of 
the coming financial year (1890-91) amount to 
14,557,856l., which is an increase of 101,2001. on 
last year’s amount. The appropriations in aid are 
771,2561. The following are the net amounts of 
the votes (i.e., deducting appropriations in aid), 
which go to make up the total. 

Effective Services.—Vote 1. Wages, &c. (for 
68,800 officers and men including coastguard and 
marines), 3,312,5001. Vote 2. Victualling and 
clothing, 1,103,2001. Vote 3. Medical, 125,200. 
Vote 4. Martial law, 11,9001. Vote 5. Edu- 
cational services, 71,8001. Vote 6. Scientific ser- 
vices, 57,9001. Vote 7. Royal Naval Reserves, 
152,1001. Vote 8. Shipbuilding, repairs, mainte- 
nance, &¢.: Section I., Personnel, 1,659,300. ; 
Section II., Materiel, 1,670,0001; Section III., 
Contract Work, 1,300,700). Vote 9. Naval 
armaments, 1,463,5001. Vote 10. Works, build- 
ings, and repairs, at home and abroad, 445,8001. 
Vote1l. Miscellaneous effective services, 133,400/. 
Vote 12. Admiralty Office, 220,500/. Total for 
effective services, 12,425,5871. 

Non-Effective Services.—Vote 13. Half-pay, re- 
served, and retired pay, 793,5001. Vote14. Pen- 
sions and gratuities, 933,400/. Vote 15. Civil 
pensions and gratuities, 330,7001. Total non- 
effective services, 2,057,600I. 

Extra Estimate for Colonial Services.—Vote 16. 
Annuity payable under Additional Naval Force for 
service in Australasian Waters, 1200/1. 

Total net estimate, 13,786,600. 

A novel feature about the present estimates is 
that there will be a sum of 128,728I. brought over 
from the last estimates. This is in conformity 
with a provision contained in the Naval Defence 
Act. Hitherto the naval authorities have been 
careful to have no surplus, and a good deal of mis- 
directed ingenuity has been expended, at times, in 
expending the amounts voted up to the last penny. 
This was very natural, as otherwise the money was 
lost to the service. But by the new regulations 
the sensible course is sanctioned of carrying over 
to the following year, without re-vote, the sum 
not spent during any given financial year. Thus 
the expenditure in connection with new con- 
struction has, during the present year, fallen short 
of that estimated by the amount named, and this is 
simply carried forward to 1890-91. 

The total estimated expenditure upon new con- 
struction, without armaments, in 1890-91 is 
6,551,0311. This is exclusive of the cost of the 
Australasian squadron, and is made up as follows: 
For ships building and completing in the Royal 
Dockyards, 2,955,1011.; and upon vessels con- 
structing by contract, 3,595,9301. The latter sum, 
it must be remembered, is included in the pro- 
visions of the Naval Defence Act, and is not 
included in the ordinary estimates. The expendi- 
ture on the dockyard-built vessels is to be met 
under the unexpended balance of the financial year 
1889-90, from the votes and stores provided in the 
financial year 1890-91, and by advances made 
under the provisions of the Naval Defence Acts. 

Turning to the details of Vote 8, Shipbuilding, 
Repairs, Maintenance, &c., we do not find much 
in Section I. (Personnel) which requires comment. 
There is a decrease from the present year of 
52771. in ‘‘Salaries and Allowances”; whilst a 
new feature is the inclusion of salaries of chaplains 
in this vote in place of in ‘‘ Divine Services,” Vote 
6, as was formerly the case. In Section II. 
(Materiel) we find that in the dockyards the fol- 
lowing sums are estimated to be required : Timber, 
masts, deals, &c., 113,200/.; metals and metal 
articles, 729,5301. ; coal for yard purposes, 56,0001. ; 
hemp, canvas, &c., 95,0001.; paint, oils, pitch, 
tar, tallow, boats, furniture, &c., 245,000/.; elec- 
trical, torpedo, and other apparatus, 90,000/. ; 
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coals for vessels, 480,000/.; freight, 28,0001. ; 
rents, water, &c., dockyards at home and naval 
yards abroad, 8315/. In the total for these items 
there is a net increase of 194,500/. on the present 


ear. 
" The sub-heads of Section III. (Contract Work) 
are as follows: Propelling machinery for ships, 
711,198/.; auxiliary machinery for ships, 74,2301. ; 
hulls of ships, 137,101/.; repairs and alterations, 
by contract, of ships, &c., and their machinery 
and stores, 34,2001. ; inspection of contract work, 
10,000/.; gun mountings and torpedo carriages 
and gear, 236,971/.; machinery for shore establish- 
ments at home and abroad, 64,000/.; reserve of 
merchant cruisers, 42,2001. These items give a 
total of 1,309,900/., against which must be set 
92001., due to appropriations in aid, in order to 
give a net total of 1,300,700). This is a net 
decrease of 264,3001. on the present year’s (1889-90) 
estimates. 

Turning again to Section I. (Personnel) of Vote 
8, we find that admiral and captain superintendents 
for our dockyards, with their clerks and assistants, 
will cost the country during the coming year 
15,328/. This sum is not too great to expend in 
order to secure the efficient management of the 
Royal Dockyards ; but it is far too big an amount 
to spend in preventing the dockyards being efli- 
ciently managed, a result which is thoroughly 
provided for by our present system. The staff 
captains’ department, 6250/.; and the chief con- 
structors’ department, 53,188/., including five chief 
constructors’ salaries 35431., six constructors 
27111., and twenty-one assistant constructors at 
3818]. The chief engineers’ department will cost 
13,453/., including four chief engineers at 22961. 
and five assistants at 3937/1. The gun mounting 
staff is included in the engineers’ department, and 
this includes a staff engineer at 3661. and four 
chief gunners at 873/. The storekeepers’ depart- 
ment will cost 30,238/., the cashiers’ department 
10,104/., the Expenses Accounts Offices 23,5031., 
the medical department 4417/., and chaplains 23361. 
These figures, it will be remembered, refer to the 
Royal Dockyards at home and do not include the 
Admiralty, which comes under a separate vote. 

Of the 42,200/. for the right of pre-emption of 
merchant vessels, we find the sum of 7874l. 5s. 
paid for each of the ships City of New York and 
City of Paris, of the Inman line ; 57881. 10s. each 
for the Etruria and Umbria, and 54511. 15s. for 
the Aurania, of the Cunard line; over 35001. each 
for the Victoria, Britannia and Oceana, of the 
P. and O. Company ; and 7263/. 15s. each for the 
White Star Company’s Teutonic and Majestic. 
In addition to the above these four companies 
agree to hold fifteen of their vessels at the disposal 
of the Admiralty without further subsidy. 

Naval Armaments (Vote 9) include the following 
sub-heads for the coming year: Guns, 410,000I. ; 
projectiles and ammunition, 557,6711. ; torpedoes 
and gun cotton, 90,0001. ; small arms and miscel- 
laneous, 292,170/.; inspection, storage, d&c., 
70,0001. ; additional floating magazines, 20,0001. ; 
freight and incidentals, 25,2591. A page is devoted 
to ‘‘details of the foregoing,” 7.e., the last- 
mentioned sub-heads, but there is very little more 
detail than in the particulars already given; in 
fact, the matter is presented in such a manner that 
it is impossible to find out the cost of any indi- 
vidual type of gun, or any special kind of ammu- 
nition, &c.; for instance, we are only told the 
410,0001. ‘‘for guns,” is to pay instalments on 
account of 82 breechloading guns between 9.2 in. 
of 22 tons and 16.25 in. of 110 tons, &e.; 
but no attempt is made to split up the total sum. 
The same remarks apply to the other sub-heads. 
This vote is new to the naval estimates, but it is 
to be hoped the public may be supplied with par- 
ticulars as to cost of particular guns, as it is as to 
the separate cost °of machinery supplied by con- 
tractors to Her Majesty’s ships. 

In the vote for Works, Buildings, and Repairs 
at Home and Abroad (Vote 10), we find a new 
sub-head in estimated expenditure in connection 
with the storage and manipulation of ordnance 
stores, amounting to 49,290/. The items com- 
prising the various sub-heads are given in some 
detail, the various dockyards being dealt with 
separately. 

The number of vessels expected to be in com- 
mission in November, 1890, are as follows. The 
figures between brackets and in italics represent 
the numbers in commission last November, when 
any difference exists : 





Armoured ships. Battle ships, 1st class, 17 
(10); 2nd class, 9 (12); 3rd class, 2. Cruisers, 
1st class, 9 (4). Total armoured vessels, 38 (29). 
Unarmoured ships. Cruisers, 2nd class, 11 (8); 
3rd class, 28; sloops, 16; gun vessels, 1st class, 
2; 2nd class, 9; gun boats, 1st class, 10; 2nd 
class, 17 ; 3rd class, 21; torpedo boats, 1st class, 
12 (7); special service vessels, 17 ; torpedo ram, 
1; torpedo depét ship, 1: despatch vessels, 2 ; 
surveying vessels, 8 (7); tenders for coastguard 
service, 7; troop and store ships (Imperial) 7 ; 
troop ships (Indian) 4; royal yachts, 4. There are 
also other vessels of smaller importance. 





WIND PRESSURE. 

THE report of the Bidston Observatory for the 
five years, 1884-8, is mainly composed of meteoro- 
logical observations from which it appears that the 
anemographs furnish very questionable data. The 
velocity of the wind has been computed on the 
assumption that the motion of the anemograph’s 
cups is equal to one-third that of the air. The 
anemograph’s pressure-plate presents a surface of 
two superficial feet to the wind. Both these ane- 
mographs are about 210 ft. above the sea level. 

The investigations conducted by Sir G. Stokes 
tend to show that the constant for the cups is not 
3 but more probably 2.4; and the experiments 
made by Dines establish the relation between the 
velocity and the pressure of the wind to be 
P=V?x.0035 though hitherto it has been con- 
sidered to be P= V? x .005. 

On January 23, 1884, the pressure of wind re- 
corded at Bidston was 70.2 lb. per square foot, and 
the velocity 78 miles per hour. Other extraor- 
dinary pressures, with accompanying velocities, are 
as follows : 


Ib. miles, 
October 26, 1884 ... eae .. 40.6 and 64 
March, 30, 1886... at ia 41.9 ,, 62 
December 9, 1886 ... ee ot 40.4 ,, 69 
February 3, 1887 ... we nee 40.1 ,, 66 
aa)! 2 aR ae 
November 1, 1887 ... ZA Ss 40.0 ,, 57 
January 26, 1888 ... es ro 49.2 ,, 74 
May 3, 18838... eas = ea 44.4 ,, 66 
November 20, 1888 a ee 49.0 ,, 71 


The five maximum pressures about 40, averaging 
40.6, accompany consistently hourly velocities, 
averaging 64 miles. Now, if the constant for 
velocity must be reduced from 3 to 2.4, this 64 
becomes 51 miles. According to the old formula, 
the pressure corresponding to 51 miles would be 
13, and according to the new formula only 9 lb., 
which numbers are in startling contrast to 40.6. 
Conversely, accepting 40.61b., the velocity by the 
old formula would be 90, and by the new formula 
108, which figures are in startling contrast to 64 
miles. Hence, whichever way the data are con- 
sidered, the results are eminently unsatisfactory. 
For a pressure of 701b. the corresponding velocity 
would be 141 miles per hour by the new formula. 
Only the highest pressures have here been tested, 
but similar discrepancies prevail all through the 
series of these anemological statistics. Assuming 
these maxima pressures to be correct, then the 
given velocities are greatly in defect ; but, as the 
factor 3 has been employed, which is now con- 
sidered to be one-fifth too great, the given velocities 
are just as much too large. Hence that which is 
already great should be greater, an absurdity which 
leads to the inference that the instruments are 
unreliable. The mean velocity per hour is really 
given, whereas the absolute velocity, expressed as 
rate per hour, of the most violent gusts, lasting 
perhaps only a few seconds, is wanted. It seems 
too much of a stretch of confidence to accept the 
pressures as reliable, inasmuch as none so high 
have been obtained anywhere else. The inference, 
therefore, must be that the accuracy of the anemo- 
graphs at Bidston is extremely doubtful, and it 
becomes important to make these apparatus the sub- 
ject of critical investigation. Until this has been 
efficiently done no reliance whatever can be put 
upon their results, which is very much to be 
regretted, as the data extend over a long series of 
years, and if reliable, or could be made so, would 
be of the utmost scientific value. 








LOW-PRESSURE ATR FOR TRAMCARS. 

Since that erratic genius, George Francis Train, 
started a tramway in the public streets of the 
metropolis now over thirty years ago, the system 
has made vast strides in Great Britain ; for we are 





told that 10,000,000. has been invested in such 
property in England alone. 

ost middle-aged engineers can remember the 
outcry that was raised at the inauguration of Train’s 
first line which was laid down in Lambeth ; and 
no doubt the majority of those who were old 
enough at the time to make their voices heard, 
joined in this chorus of condemnation. It was not 
without reason they did so, for the lines stood up 
some distance above the roadway ; and we well re- 
member coming to grief when driving in an ordinary 
carriage through this objectionable feature. 

Hitherto the means of traction which have chiefly 
held possession of the field have been horses and 
steam. That the former must go to the wall sooner 
or later, just as the coach horse had to succumb to 
the locomotive, probably few engineers doubt, for 
there are few more trying, not to say cruel positions 
in which one can place a horse than to ask it to 
draw a tramcar. The question remains therefore 
what mechanical appliance shall replace the living 
motor. A great many engineers of the old 
school are incredulous of anything being able to 
compete with steam, and were tram lines laid 
on roads special to their own use, these critics 
would probably be right, so far as the present 
advances in engineering knowledge carries us ; but 
so long as tramways share the common highways 
with other classes of traffic, and so long as they run 
past the front doors and parlour windows of shops 
and dwelling houses, municipal authorities very 
rightly put limiting conditions on the use of me- 
Gated traction; and these conditions, for the 
most part, tell heavily against steam, whilst they 
affect but slightly other sources of motive power. 

Electrical engineers have made many courageous 
bids for public support in the traction of tramcars, 
and not by any means without success so far as 
pecuniary support is concerned. It would take 
many years successful working to pay a fair divi- 
dend on the money that has been spent in trials 
and experimental installations. In Europe we have 
yet to seek an example of an important tram line 
being worked successfully through a large city solel 
by meansof electricity. Still the electrical engineer's 
day may come ; but in the mean time there is no 
reason why we should not be on the watch for other 
methods of traction. Cable haulage we have treated 
exhaustively in these columns within recent times, 
and we have in the metropolis an example at High- 
gate, where the steep gradients offer a most favour- 
able chance for trial of the system. 

Compressed air, the subject of the present notes, 
has made but little progress hitherto as a practical 
—or shall we say commercial ?—vehicle for tramcar 
locomotion. Our readers are doubtless acquainted 
with the separate locomotive system of Colonel 
Beaumont, in which air of high pressure is used ; 
and also with the Mekarski system of medium 
pressure air and local heating on the car. In both 
these cases the system is based on the car being 
able to carry a sufficient reserve of energy in the 
compressed air to carry the car through a journey 
of some length ; in fact facility of recharging reser- 
voirs was not made a special feature as it is in the 
system of Messrs. Hughes and Lancaster, with 
which we are about to deal. 

The firm in question, whose works are at Chester, 
have been for some time steadily working to improve 
the low-pressure compressed air system which the 
have introduced. They have taken one of the ordi- 
nary Chester horse-cars, and by means of a certain 
amount of cutting and contriving have managed to 
produce a fair example of their invention; at any 
rate, sufficient to give a working example of the 
device. Underneath the car cylindrical reservoirs 
have been placed and a motor has been introduced. 
In other respects the vehicle has not been altered 
to any noticeable extent—in fact, it is only on close 
inspection that one realises that the car carries its 
own motive power. The reservoirs contained air 
compressed to a tension of about 170lb. to the 
square inch ; at least, that is the initial pressure 
when the car is first started after having been 
charged, but as thie total storage capacity of the 
car in question is but 50 cubic feet, it will be easily 
understood that the pressure falls with considerable 
rapidity as the journey is made, more especially if 
the car has to climb a fairly steep gradient, as was 
the case during some runs we recently made. It 
may be as well to state at once that there is ample 
space under seats and elsewhere to place other 
cylinders so as to very greatly increase the storage 
capacity. 

The motor on this car is a Rigg engine, but un- 
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fortunately this has not been found so far very suit- 
able for the conditions of driving tramcars. At 
any rate the leakage is very great, as was shown by 
the way the pressure gauge fell when the car was 
standing. 

As the car will travel but a short distance—we 
believe about two miles on the level—upon its 
initial store of energy, special arrangements have to 
be made to recharge the storage cylinders. To 
effect this there is an air-compressing plant erected 
at a central station ; and this supplies an air main 
which is laid along the entire route. At convenient 
intervals, greater or less according to the cy oe 
and storage capacity of the car—probably two 
miles would be the maximum distance of any two 
from each other—there are special valves, pre- 
sently to be described, attached to the main. 
These are placed in pits close to the outside of one 
rail, the pits being covered by iron lids level with 
the roadway and causing no obstruction to traffic. 
The car has to lift this lid in order that connection 
may be made between the male valve in the box 
and a female valve attached to the car, and of course 
in connection with the air reservoirs. In order to 
perform this opening operation there is a bent lever 
which pivots on the lower part of the car framing. 
When in a vertical position the toe of the lever is 
well clear of the ground, but upon being lowered it 
will be inserted into the channel of a grooved rail, 
a short length of which is placed alongside the re- 
gular car rail of the permanent way for a few feet 
before the valve pit is reached. The bottom of the 
groove is below the bottom surface of the lid, and 
as the car passes on, the toe of the lever is forced 
under the lid, the latter in that way—owing to the 
contour of the lever—being lifted up. Once lifted 
a guide rail on the underframe keeps the lid from 
again closing until the car has passed on. 

So far, we have only opened the lid; it is now 
necessary to explain how connection is made 
between the car valve and the valve on the main. 
We will first describe the latter. It consists of a 
gun-metal cross-piece, or four-branch pipe, the 
axes of the arms of the cross being in a vertical 
plane. The boss in the centre from which the arms 
radiate is shaped to form one part of the valve, or 
rather shell of the cock, whilst the horizontal end 
of the air main forms the plug ; in this case, how- 
ever, the plug is stationary whilst the shell is the 
moving part. It will be easily understood that the 
orifices in the cock can be so arranged than when 
any one arm points directly upwards the com- 
pressed air is free to flow through that arm, whilst 
in all other positions the orifices are closed. The 
valve on the car is ona similar principle, but the 
arrangement differs somewhat. In place of the 
four arms there are but two, and the orifices are 
only opened to one arm when it is in a vertical 
position and pointing downwards. These arms on 
the car valve form, as already stated, the female 
part of the connection, of which the arms in the 
pit are male part. 

Excepting when the reservoirs are being charged 
the arms of the car valve are in a horizontal posi- 
tion, and the arms of the air main valve lie dia- 
gonally. When it is required to recharge the 
reservoirs the lever is lowered by the attendant 
and the lid is raised to a vertical position as ex- 
' plained, the plane of its surface being, of course, 
parallel with the side of the car. On the inside of 
the lid, that being the side nearest the car, there 
is formed a nna groove, and to correspond with 
this there is a stud on the end of each arm of the 
car valve. As the car passes on, this stud engages 
in the groove, which, by its contour, causes the car 
valve to make a quarter turn on its centre ; that 
centre being the end of the air-pipe in connection 
with the reservoirs. The action is that of a cam in 
fact. As the car valve makes this motion it covers 
the end of one of the arms of the valve in the pit, and 
as the car travels on the former is forced on to the 
latter, the two then turning together. They are thus 
brought respectively into their open positions, and 
air flows freely from the street main to the car 
reservoirs. When the latter are charged the car is 
started, both valves make a further part of a 
revolution, until they are brought to the closed 
position, and the operation is completed by the lid 
of the pit closing by its own weight. 

It will be seen that the attendant, having gone 
through the extremely simple operations of lower- 
ing the lever, the rest of the operations are purely 
automatic, and the practical success of the device 
naturally greatly depends on the rapidity with 
which the reservoirs are charged. In the car we 


have described, to raise the reservoir pressure from 
60 Ib. to 165 Ib. per square inch took ten seconds, 
or about pete the time generally required to 
get an elderly [lady or stout gentleman from the 
provinces off the pavement on the footboard. 

As already stated, we had recently an opportunity 
cf inspecting at Chester this car and the air main 
connections, through the courtesy of Professor 
Henry Robinson, M. Inst. C.E., who is consulting 
engineer to the promoters of the system. Unfortu- 
nately at the time an extended run could not be 
made, as the car could only dodge out and home 
between the intervals of the passing of the horse 
cars at present working the regular traffic. The 
short runs we made, however, were conducted with- 
out a hitch, and enough was shown to prove that 
this system is quite practicable in its working, and 
that many of the objections to a steam motor are 
entirely absent. 

The total weight of the car and machinery is 
3 tons 14cwt., and the resistance has been esti- 
mated at not less than 271lb. per ton by Pro- 
fessor W. C. Unwin, who made some trials 
with this car. Unfortunately, the leakage through 
the motor, to which we have referred, to a great 
extent destroyed the value of the professor’s very 
careful and well-planned experiments. By observa- 
tion it was found that the reservoir pressure fell 
from 1401b. to 601b. per square inch in 303 seconds; 
which would be equal to a loss of nearly 8 lb. of 
air per minute at the initial pressure, or, say, 19 
to 20 per cent. of the whole of the storage capacity. 
A thermometer was placed in the air main near 
the motor, and in no case was a fall of temperature 
more than 5 deg. or 7 deg. observed, so that one of 
the objections to using high pressure is obviously 
removed. In the exhaust the fall of temperature 
did not exceed 40 deg. In the end, Professor 
Unwin came to the conclusion that about 12,000 
foot-pounds of work were obtained for every pound 
of air used ; but in this calculation allowance was 
not made for the leakage through the motor. 

Mr. D. K. Clark has also experimented with the 
car, and from the result of the observations taken 
he has constructed the following Table. We believe 
that in these later experiments the leakage through 
the engine was not so great. 


Table showing Amount of Air Consumed on Various Gra- 
dients with Messrs. Huyhes and Lancaster’s Low-Pressure 
Air-Driven Tramcar. 

Pounds of Air Used 


Gradient. per Yard Run. 
“ee . 0.0221 
lin 1000 :. 0.0240 
2 oo BP — 
ene... 0.0258 
gen 2. 0.0287 
1” 300°. 0.0282 
> a: 0.0312 
"= 0.0344 
117, ag 0.0404 
ec te 0.0424 
oe 0.0450 
1” 4 0.0466 
“hee 0.0483 
i” @ 0.0503 
1” 8 0.0526 
Vo ess 0.0554 
Liz 0E5O 0.0586 
yee 0.0627 
fea 0.0679 
i” 35 0.0745 
pe 0.0832 
i” Ss 0.0952 
7 imp 0.1138 
i” 5 0.1442 
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NOTES. 
Tue Fortu Bripce. 

THE provisions made by the engineers for cases 
of possible derailment on the bridge were satis- 
factorily tested on the morning of the 11th. A 
wooden box and a bale of cotton dropped from a 
goods train when crossing the South Inchgarvie 
cantilever and fouling the rails, threw all four 
wheels of one wagon, and the front wheels of 
another, off the rails. The wheels simply dropped 
into the rail-trough and ran along the bottom flange 
of the bridge rails so smoothly that neither engine- 
driver nor brakesmen became aware of the fact that 
two of the wagons were derailed, and only found 
it out after the train had left the bridge. 


Tue Nortu-East Coast Institution oF 
ENGINEERS AND SHIPBUILDERS. 

The North-East Coast Institution of Engineers 
and Shipbuilders isa flourishing society, numbering 
over one thousand members, among whom are 
many leading men. It produces papers of high 
merit, not a few of which have been reprinted in 
our columns, and have been read with interest in 
all parts of the world. The members are, however, 
desirous of still further raising the value of their 
Institution, and as a means to this end, three of 
them, Mr. C. Furness, Mr. Henry Withy, and Mr. 
R. W. Vick, of the firm of Messrs. Edward Withy 
and Co., West Hartlepool, have given a consider- 
able sum of money for the founding of a Gold Medal 
Fund, so that a valuable medal may be given each 
year for the best paper on engineering and the best 
paper on shipbuilding. Shipbuilders on the Tyne 
and the Wear have also given sums for a further 
fund for other subjects than those referred to. 
Experience shows that the medals and awards 
of the Institution of Civil Engineers are greatly 
valued and eagerly sought after, and no doubt the 
same result will follow in the north. Members 
having valuable information in their possession will 
lay it before the Institution, and thus knowledge 
which has been gained at great trouble and cost will 
be rendered available to all. The Institution has 


extensive offices and a good library in Newcastle, 
and reads papers both there and at Sunderland and 
Ren 
THe Unirep States EXxuIsIrvIon. 
We may look for very numerous and wonderful 
suggestions for the designs of the buildings in 
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which the United States Universal Exhibition shall 
be held, the leading characteristics of which must 
of course be that they shall be bigger and more 
original than anything hitherto attempted. The 
first of these, which is gravely reported in the daily 
papers, is nothing more elaborate thana tent. But 
such a tent! from the centre pole, which is to be 
1500 ft. in height, and so outdo the Eiffel Tower 
by 50 per cent., steel guy cables are brought down 
radially, to anchorages in the ground, so as to 
inclose a circle 3000 ft. in diameter ; the guy ropes 
are to be attached to the tent-pole, at a height 
of 1100 ft. from the ground, so as to provide for a 
flagstaff above. It is not stated what material is 
to be used for covering this inclosure, nor what 
would be the rates of insurance charged to exhibi- 
tors. This gigantic wigwam, 1100 ft. high and 
3000 ft. in diameter, would cover twice as much 
ground as the Paris Exhibition, and thus the two 
features of size and originality would be secured. 
After the Exhibition was over, the tent might 
remain—if indeed it stood through the summer— 
for holding Revival meetings of the larger sort. 
We place the proposal on record, on account of its 
daring grotesqueness ; there are, fortunately, plenty 
of able engineers and architects in America who 
will know how to acquit themselves properly in 
this great undertaking, when the time arrives. 


THE Discovery or CoaL NEAR Dover. 

Mr. W. Boyd Dawkins, gives in a recent issue of 
Nature, a résumé of the geological investigations 
which have finally led to the discovery of coal near 
Dover. Mr. Godwin-Austen, it appears, was the 
first to suspect the existence of coal in south-eastern 
England, and thirty-five years ago brought a paper 
before the London Geological Society, in which he 
argued, from the similarity of conditions in which 
coal occurs in Somersetshire and in the Belgian and 
French coalfields, that the mineral would also be 
found beneath the newer strata in the intervening 
regions. His conclusions were accepted by most 

eologists, with the important exception of Sir 

oderick Murchison, and the matter was tho- 
roughly thrashed out between them before the 
Coal Commission of 1866-67, Mr. Godwin-Austen’s 
views being finally accepted by this body. In 1872 
Mr. Henry Willett organised a sub-Wealden explo- 
ration committee, who sank a borehole in search of 
coal at Netherfield, near Battle, in Sussex. A 
depth of 1905 ft. was reached without finding coal, 
and owing to accidents to the lining and boring 
apparatus, the work was abandoned at this depth. 
The information then gained of the strata, how- 
ever, showed that greater success might be ex- 
pected further north, and combining the facts 
obtained here with those obtained by deep bore- 
holes in London, Mr. Boyd Dawkins in 1886, in a 
report to Sir Edward Watkin, advised the sinking 
of a borehole at the Shakespeare Cliff, Dover, 
where coal has at length been met with at a depth 


of 1180 ft. below the ground level. The strata 
passed through were as follows : 
ft. 
Lower grey chalk and chalk marl 500 
Glauconite marl zs - $34 500 
Gault 8 500 
Nexomian 500 
Portlandian 660 
Kimmeridgean 660 
Corallian 660 
Oxfordian 660 
Calorrian 660 
Bathonian 660 


Coal measures, sandstones, and_ shales 
and clays, with one good seam of blazing 
coal ... aes mae ae age ad 

INSTITUTE OF CoNSULTING ENGINEERS. 
Consistent with the tendency of the age, the con- 
sulting engineers in Glasgow have formed an Insti- 
tute, and their first annual meeting has been held 
and office-bearers appointed. Should the promoters 
of this commendable scheme be successful in secur- 
ing the adhesion of the foremost men in the pro- 
fession, and thereby give the public a distinct 
guarantee that in employing a member they are 

securing the services of a competent engineer, a 

useful career is before the Institute. The responsi- 

bilities of the profession are great, and it can only 
be by such combination and a consistent standard 
of excellence that unqualified men, of which there 
are a good number still in the field, will be ousted 
and sent to more appropriate occupations. ‘‘ The 
qualification for membership,” we note, ‘‘is not 
severe, nor are the fees heavy. The only restric- 
tion is necessarily on the point of experience.” 
Why the “necessarily” we cannot well understand, 





because the standard of qualification for member- 
ship is, in such an organisation, the only means of 
giving the desirable guarantee we have just indi- 
cated. But presumably the promoters consider 
that an engineer has established his position when 
he has been in practice for five years as a pro- 
fessional consulting engineer before becoming 
eligible for membership. Any one with a shorter 
experience may, however, join as an associate. 
One of the objects of the Institute, which marks it 
out as distinctive from almost all other kindred 
associations, is that it aims at ‘‘the establishment 
of a uniform rate of charge by the members for 
professional business in cases where no special 
agreement as to remuneration is made by 
the parties.” This is a matter to be discussed 
at an early stage, and probably when a client 
knows the exact cost he is incurring in con- 
sulting a competent engineer, and is sure he will 
not be imposed on, he may be much more ready to 
avail himself of skill and experience, and in this 
respect the Institute will doa great service. The 
idea is to draw up a uniform scale of fees on the 
lines of that adopted in the legal profession, and 
for the assurance of prospective clients it may be 
noted that the fees are to be such as will be con- 
sidered ‘‘ moderate” by the clients while commen- 
surate with the duties performed. Another subject 
for discussion is as to what means should be adopted 
to ‘‘ prevail upon manufacturing engineers, who 
make a suitable profit out of their own business, to 
abstain from performing work—out of friendship it 
may be, and is in many cases-—which belongs legi- 
timately to the professional consulting engineer, 
either in regard to giving skilled evidence before 
the Courts or making valuations.” By these and 
other means the Institute proposes to help the pro- 
fession ; but it has also a desire to afford mutual help 
and consequently to give better services to the clients 
of its members. To use the words of one of the 
speakers at the dinner which followed the annual 
meeting, there was previous to the formation of 
the Institute no member of the engineering profes- 
sion whose position was more isolated or more dif- 
ficult to define than that of a consulting engineer ; 
left fearfully alone he had to draw on his own re- 
sources entifely for guidance in all matters of busi- 
ness, and all suffered for want of the counsel and 
assistance that such an Institute as this is intended 
to afford. The first object of the Institute is to 
consider and discuss all subjects and questions con- 
nected directly or indirectly with the profession of 
consulting engineers ; and secondly to adopt such 
means as might be found necessary for the protec- 
tion of the interests of the members of the Associa- 
tion and for the maintenance of the usefulness of 
the profession for the public advantage. The other 
object refers to the scale of charges. 








HARBOUR IMPROVEMENTS AT MONTREAL.—The Montreal 
Council has authorised an expenditure of 200,000/. for 
harbour improvements. The Dominion Government is 
expected to contribute an equal amount. 





THE TRANSATLANTIC EmicrANtT SERVICE.—During last 
ear the following number of emigrants were landed at 
New York by the different steamer companies : 
Saloon. Steerage. 
North German Lloyd, Bremen. 16,436 60,469 
Hamburg-American Packet 


Company pa hae .. 5,806 34,672 
Cunard Line 16,028 26,858 
Inman Line _... as 12,962 26,055 
White Star Line &s -- 17,247 25,001 
General Transatlantic Com- 

pany, Havre ... ats -. 9,330 23,398 
Red Star Line, Antwerp... 4,091 22,318 
Guion Line xed Me ace ae 15,815 
Anchor Line _... ae .. 6,484 12,604 
Netherlands American Steam 

Navigation Company, Rot- 

terdam ... a on .. 2,209 10,163 
Anchor Line, Mediterranean.. 7 8,133 
National Line ... ee .. 1,347 8,120 
State Line is pe .. 93,071 7,702 
Fabre Line, Mediterranean ... 32 7,635 
Union Line, Hamburg.. aay 5,815 


Netherlands American Steam 
Navigation Company, Am- 
sterdam.. ny sea .. 1,368 5,753 

Thingvalla Line, Copenhagen 610 4,809 








Anchor Line, Liverpool <>. ee 3,409 
L. and V. Florio Steamship 
Company, Mediterranean ... 106 2,806 
Baltic la Stettin ... mad 20 2,546 © 
Wilson Line... ode es 482 288 
Twin Screw Line aa a 485 191 
Sundry other steamers... ae 135 675 
Total ... 96,668 315,227 





THE LATE MR. ALAN BREBNER. 

THE intimation of the death of Mr. Alan Brebner, 
of the firm of Messrs. D. and T. Stevenson, Edin- 
burgh, will be received with much regret by a large 
number of the profession, and particularly by those 
who had the advantages of his steadfast friendship. 
He died somewhat suddenly, for although under treat- 
ment for hemorrhage, no anxiety was felt by his friends 
until about two hours before the end, which came on 
Wednesday night of last week. He was born in 
Edinburgh in August, 1826, and received his educa- 
tion at the Royal High School and University of that 
classic city. Having served an apprenticeship as a 
mason, he may be said to have founded his theoretical 
training as an engineer on a course of practical work, a 
proceeding the desirability of which has often been 
argued. ithout entering into the relative merits of 
the ‘‘ hammer and chisel engineer,” and of the engi- 
neer who depends almost entirely on the experience 
which association with a firm having a large practice 
gives, it may be said that Mr. Brebner profited by his 
early training. With a sound university education, 
correct habits of calculation, and an observant mind, 
his period of apprenticeship to the masonry trade gave 
him a knowledge which served him in good stead in 
his after career. Thus, for instance, he was very suc- 
cessful in harbour, lighthouse, and other such works, 
After serving at the masonry trade, he entered the 
offices of Messrs. Stevenson, with whom his father was 
associated as a master of works. For a tinie after 
his years of probation he was with the late Sir 
Thomas Bouch, and other engineers, and gained expe- 
rience in railway construction, amongst the lines with 
which he was engaged being that between Thorn- 
ton and Dunfermline. Thereafter he returned to the 
offices of Messrs. Stevenson, and it is a testimony to 
his skill, experience, and careful workmanship, that 
he became a partner in the firm with which he learned 
his ‘‘trade.” It is scarcely necessary to instance the 
many works with which the subject of this brief 
memoir was associated—Messrs. Stevenson’s works 
are too numerous even to review, and with the 
most of them Mr. Brebner was connected. Mention 
may be made of the harbour of Carsaig, the light- 
houses at North Uist and Worskey, erected in 1854 
at the suggestion of the Admiralty for the benefit of 
the North Sea squadron, then engaged in the Russian 
war; and also at Dhuheurtach, the Chickens, and 
elsewhere. Mr. Brebner, indeed, devoted special 
attention to lighthouse matters, and among the appa- 
ratus which he devised is the optical protractor, 
by means of which the prisms for lighthouses can 
be laid down in about half the time formerly required 
in protracting them. Harbour construction wasalso a 
favourite study, and his great research and experience 
were embodied in a paper dealing with modern methods 
and works, read before the Royal Scottish Society of 
Arts. Recently he has taken a deep interest in the 
question of joining the Clyde and Forth bya ship 
canal, and as his firm were engineers for the promoters 
of what is known as the Loch Lomond route, he has 
contributed most valuable data on the subject, which 
was given in the last volume of ENGINEERING. As an 
engineer he was thorough, and to great experience 
added the qualifications of a mathematician and the 
advantages of a retentive memory ; while as a man he 
was pra, 0 reserved in manner, genial, and kind. 
Around his grave in Rosebank Cemetery on Saturday, 
there gathered a good representation of that wide 
circle of professional and lay acquaintances by whom 
he was held in great respect. 





CoAL IN THE Pas-Dk-CaLais.—The output of coal in the 
Pas-de-Calais (France) last year exceeded the production 
of 1888 by 539,244 tons. 





Rapip Loapine or Coat.—A remarkable feat in the 
matter of a coal ship was accomplished at the Bute Docks 
last week, with cargoes aggregating 10,250 tons being 
completely loaded within seventy-three hours, the net 
time occupied being but twenty-nine hours. The coal 
was loaded from movable tips, the invention of Mr. G. 
Taylor, of Penarth. 





Roya. Instrrution.—The following are the lecture 
arrangements after Easter: The Hon. George C. Brod- 
rick, three lectures on the Place of Oxford University in 
English History ; Mr. Louis Fagan, three lectures on the 
Art of Engraving ; Mr. Andrew Lang, three lectures on 
the Natural History of Society ; Professor C. V. Boys, 
three lectures on the Heat of the Moon and Stars; Pro- 
fessor Dewar, six lectures on Flame and Explosives ; 
Captain Abney, three lectures on Colour and its Chemical 
Action ; Dr. Charles Waldstein, three lectures on Exca- 
vating in Greece; the Rev. 8S. Baring-Gould, three 
lectures on the Ballad Music of the West of England 
with Musical Illustrations). The Friday evening meet- 
ings will be resumed on April 19, when a discourse will 
be given by Sir Frederick Bramwell, Bart., on Electric 
Welding ; succeeding discourses will robably be given 
by Sir Sonn Lubbock, Bart., M.P., Mr. R. Brudenell 

arter, Professor Raphael Meldola, Professor A. C, 
Haddon, Professor Boyd Dawkins, and other gentlemen, 





336 


ENGINEERING. 


[Marcu 14, 1890. 








THE PHYSICAL SOCIETY. 


At the meeting of the Physical Society held on March 
7, 1890, Professor W. E. Ayrton, F.R.S., President, in 
the chair, Sir H. Mance and Messrs. L. R. Shorter, C. 
Thompson, and A. D. Waller, were elected members. 

Dr. S. P. Thompson described Bertrand’s refracto- 
meter and exhibited the capabilities of the instrument 
before the Society. Its action depends on total reflection. 
The refractometer consists of a hemisphere of glass about 
8 millimetres in diameter set at the cal of a tube, the plane 
face being outwards and inclined at about 30 deg. with the 
axis, One side of the convex surface of the hemisphere is 
illuminated through a piece of ground glass set about per- 
pendicular to the plane face. The hemisphere is viewed 
yaa an eye-piece focussed on a scale divided to tenths 
of millimetres placed within the tube. The instrument 
is particularly useful for mineralogical specimens an 
liquids. The procedure in the latter case is to smear a 
film of the liquid over the plane face of the hemisphere 
and by looking through the eye-piece determine the scale 
reading of the line which separates the light and darker 
portions of the field. A reference to a calibration table 
gives the refractive index. 

In experimenting with solids a thin film of a very dense 
liquid (supplied with the instrument) is placed between 
the specimen and the glass, and the procedure is then as 
above. The refractive index of opaque solids can be 
determined in this way. In using the instrument for 
minerals — care must be taken not to scratch the glass. 
The handiness of the refractometer and its perfect porta- 
bility (its dimensions being about 5 centimetres long by 
24 centimetres in diameter) are great recommendations. 

Mr. Blakesley asked to what accuracy the scale could 
be read, and whether the sensitiveness of the instrument 
was at all comparable with that of other methods. 

Professor Dunstan inquired if it could be used with 
volatile liquids. 

In reply, Dr. Thompson said that with non-homo- 
geneous light the scale could be read to the division, but 
with a sodium flame one-tenth of a division could 
estimated. For volatile liquids a drop may be used in- 
stead of a film, or the evaporation of a thick film may be 
pre-retarded by a cover ons. 

fr. H. Tomlinson’s paper on ‘‘ The Villari Critical 
Point in Nickel” was postponed. 

Professor Dunstan described an apparatus for distillin 
mercury in a vacuum, devised & himself and 
Dymond, and showed the working of the arrangement. 
It consists of a 3-millimetre soft glass tube rather more 
than a metre long, having an oblate spheroidal bulb blown 
at the upper end. The bulb is placed over a ring burner. 
At the top of the bulb a tube P 1.5 millimetre diameter 
is attached, and this passes outside the bulb and descends 
close to the larger tube. The part of the smaller or fall 
tube just below the bulb is enlarged so as to form a con- 
densation chamber, and the lower part serves as a Sprengel 
tube. A conical reservoir containing the mercury to be 
distilled is in flexible connection with the lower end of 
the large tube as in Clark’s well-known apparatus. The 
advantages claimed for the new apparatus are its relative 
shortness and portability, the small quantity remaining 
undistilled, and its non-liability to derangement if left 
unsupplied with mercury. 

To insure satisfactory working a constant pressure of 
gas is necessary, and this is obtained by inserting a Sugg’s 

ry governor in the supply pipe. During distillation 
peculiar green flashes are seen within the condensation 
chamber, and these are intensified by bringing it near an 
electric machine in action. The apparatus also serves 
well to show the character of an electric discharge through 
mercury vapour, for the mercury in the two tubes may 
be used as electrodes. 

Professor Thompson said he devised a simple form of 


~ distilling apparatus some time ago which answered fairly 


well, and could be made by any amateur g’ass worker. It 
consisted of a double barometer, one leg of which was of 
small bore, so as to act asa Gesennettahe, The risin 
part of the bend at the top of the larger tube was ex sonitel 
and served as the evaporating chamber, below which a 
burner was placed. 

The President asked why Clark’s apparatus is made so 
af In reply to this question Mr. Boys said that as 
the fall tube goes down within the rising one the mercury 
near the top of the latter is heated by the condensing 
mercury (thus economising gas), and hence condensation 
does not take place until the vapour has passed a con- 
siderable distance down the fall tube. 

Professor 8S. U. Pickering read a paper on “ The Theory 
of Osmotic Pressure and tts Bearing on the Nature of 
Solution.” The author said that considerable doubt 
exists as to the accuracy of the premises on which the 
theory is based, and if the theory is to be regarded as 
true and not merely a rough working hypothesis, the 
following conditions must be fulfilled by weak solutions : 

1, The molecular depression of the freezing point must 
be independent of the nature of the dissolved substance. 

2. Any deviations from (1) mus} be in the direction 
indicated by the theory. 

3. The depression must be independent of the nature of 
solvent. 

4. The depression must be independent of the amount 
of solvent (all solutions being weak). 

5. The deviations with strong solutions should be in the 
theoretical direction. 

6. They should be regular. 

Professor Pickering proceeded to show that experiment 
instead of confirming the above statements, disproves 
them all. As regards (1), without counting abnormally 
low (half) values, Raoult’s results show variations of 60, 
40, 30, &c., per cent. in different cases, and the author 
quoted other values where the variations were 500, 260, 


230, &c., per cent. These variations he considered were 





too great to be explained by the fact of the solutions used 
being three or four times too strong. 

Referring to (2) he said that low values are reasonably 
explained by the polymerisation of the dissolved mole- 
cules, high values by their dissociation into ions. He 
then argued that there are no abnormally high values, for 
the view that such exist and that they are explainable by 
dissociation involves the following conclusions: (a) That 
the more stable a substance is the more easily is it disso- 
ciated ; (b) that solution dissociates molecules which we 
know can exist undissociated as gases; (c) that water 
must consist of 14 H,O and the atomic rave is wrong ; 
(d) that energy can be created and therefore the theory of 
its conservation is untenable. ; 

With respect to (3) it was pointed out that in many in- 
stances the same dissolved substance gives the full de- 
pression with one solvent and half depression with 


q| another. Cases were quoted where the depression pro- 


duced by the same dissolved body in different solvents 
showed variations of 36,000, 21,000, and 28,000 per cent. 

In discussing (4) the author said that even with solu- 
tions weaker than that corresponding to a gas, the law is 
not fulfilled. Taking the case of sulphuric acid (the only 
one at present fully investigated), the variations amount 
to 40 per cent., or about twenty-eight times the experi- 
mental error. With reference to (5), it was stated that 
with strong solutions the molecular depression should 
become smaller, but in every known case (nine were 
quoted) it becomes larger, the increase in one instance 
being 3200 per cent, 

As regards (6) all experimental data available, espe- 
cially those relating to sulphuric acid, show that the 
deviations are neither regular nor always in the same 
direction. 

M, T. H. Blakesley said he was greatly interested with 
Professor Pickering’s paper, for some time ago he was 
induced to make experiments on the volume of salts in 
solution by reading Joule’s papers on that subject. Some 
of the results confirmed, but others did not agree with 
Joule’s theory that the molecular volume in solution was 


be | 2 whole number. If this theory was true, then (he said) 


it would be possible to predetermine the density of solu- 
tions, and from the measured density of any known 
solution we could determine the water of crystallisation 


of the salt from the formula 


-1-“w-1) 7 4 
a hal (; — + ) 
—. >:  \aaeo 
where W and w are the masses of the water and salt, 
respectively, D the density of the solution relative to 
water at the same temperature, A the molecular weight 
of the dehydrated portion of the salt, « the number of 


molecules of water, and nthe molecular volume of the 
salt in solution, the two latter being whole numbers, 





LAUNCHES AND TRIAL TRIPS. 

TuE s.s. Rostrevor, built by Messrs. J. Fullerton and 
Co., Paisley, and engined by Mr. William Kemp, Govan, to 
the order of the Newry and Kilkeel Steamship Company, 
went on her speed trials on the Forth of Clyde on Friday, 
the 20th ult. The vessel is 120 ft. long, 20 ft. broad, and 
9 ft. 6 in. deep, and the engines are of the compound type, 
with cylinders 16 in. and 32 in. in diameter respectively, 
with a stroke of 22in. Steam is generated in one boiler 
10 in. in diameter and 9 ft. 6 in. long, and working to a 
pressure of 90 Ib, to the square inch, A mean speed of 
10} knots was maintained during the trial. 





On Wednesday, the 5th inst., Messrs. Raylton, Dixon, 
and Co. launched from their No. 2 dockyard a steel screw 
steamer named the Monrovia, built by them for Messrs. 
Elder, Dempster, and Co., of Liverpool. The following 
are her principal dimensions: Length, 307 ft. ; breadth, 
40 ft.; depth moulded, 21 ft. 4 in., with a deadweight 
capacity of about 3600 tons. _ Her engines, which will be 
fitted by Messrs. Thomas Richardson and Son., of Hartle- 
pool, are of 190 nominal horse-power, with cylinders 
22 in., 35 in., and 59 in. by 39 in. stroke. 





Messrs. Russell and Co. launched on Wednesday, 
5th inst., from their Kingston Dag at Port-Glasgow, a 
four-masted sailing barque for Mr. G. M. Steeves, Liver- 
pool. The ship, which is to be named Simla, is of 2200 
tons net register and is to carry 3600 tons on Lloyd’s free- 
board. The dimensions are as follows: Length, 278 ft. ; 
breadth, 42 ft. ; depth, 24 ft. 3 in. 





The London and Glasgow Engineering and Iron Ship- 
building Com (Limited) launched from their yard 
at Govan on Mon a! a steel screw steamer built for the 
Indo-China Steam Navigation Company, Limited, and 
specially constructed for the China coasting trade. She 
is named Lien Shing, and is of the following dimensions : 
Length, 250 ft.; breadth, 36 ft.; and depth of hold, 
21 ft. 6in. Accommodation is provided for a number of 
first and second-class passengers. The engines are of the 
triple-compound type, with cylinders 20 in., 32 in., and 
52 in. in diameter by 39 in. stroke. The boilers are two 
in number, and work to 160 lb. pressure. 





The same firm launched on the following Thursday a 
three-masted sailing barque of 1700 tons net register, and 
to carry 2800 tons deadweight, the dimensions being : 
Length, 260 ft. ; breadth, 38 ft. ; depth, 23 ft. The vessel 
is owned by Messrs. Thomson, Dickie, and Co., Glasgow, 
and is named Edenballymore. 


On Monday, the 10th inst., the Grangemouth Dock- 
yard Company launched from their yard at Grangemouth 
a steel screw steamer of the following dimensions: 
Length, between perpendiculars, 175 ft. ; beam, 28 ft. ; 








and depth, 12ft. 5 in. to main deck, and 19 ft. 6in. to 
awning deck. The engines are of the triple-expansion 
type, and have been constructed by Messrs. Hutson and 

orbett, Glasgow. The cylinders are 15in., 26in., and 
40 in. in diameter, by 30 in. stroke, and steam is supplied 
at a A pears of 160 lb. to the square inch, from a single- 
ended boiler 14 ft. in diameter and 11 ft. long, having 
three furnaces. The engines are designed to indicate 
700 horse-power and the speed of the vessel will be 104 
knots per hour. 





A new steamer for the Cork Steamship Company, 
Limited, has just been launched from the shipbuilding 
ard of Messrs. W. B. Thompson and Co., Limited, 

undee. The steamer, which is named Ptarmigan, is 
of the following dimensions: Length, between perpen- 
diculars, 256 ft. ; breadth, moulded, 32 ft. ; and depth of 
hold 15 ft. 8in. The gross tonnage is 1240 tons The 
engines are of the triple-expansion type, having cylinders 
21 in., 34 in., and 55 in. in diameter, with a stroke of 
42 in. Steam is supplied from steel boilers working at a 
pressure of 160 lb. to the square inch. 


On Monday, the 10th inst., the s.s. Bona, a large steel 
screw steamer which has been built by Messrs, Raylton 
Dixon, and Co., Middlesbrough, proceeded on her tria 
trip. This vessel has been built for the English and 
American Shipping Company. Her dimensions are as 
follows: Length, 307 ft. ; breadth, 40 ft. ; depth, moulded, 
21 ft. 4in., with a deadweight carrying capacity of about 
3600 tons. Her engines, which are by Messrs. T. Richard- 
son and Sons, Hartlepool, of 190 nominal horse-power, 
having cylinders 21 in., 35 in., and 59 in. by 39in., gave 
every satisfaction. 


The s.s. Hornby Grange, which has been built and 
engined by Messrs. Wigham, Richardson, and Co., to the 
order of Messrs. Houlder Brothers, under the superin- 
tendence of Messrs. Flannery, Baggallay, and Johnson, 
of London and Liverpool, was taken on trial on 24th ult, 
She is of the following dimensions : 300 ft. long and 40 ft. 
broad by 23 ft. deep. Her main engines have cylinders 
24 in., 37in., and 62in. in diameter by 42 in. stroke. 
Her boilers, which are of large power, have a_heating 
surface of about 6000 square feet. Trial was made under 
reduced power, the speed attained being over 10 knots, 
and the machinery worked throughout without the 
slightest hitch. 





Another addition has been made to the extensive fleet 
of the British India Steam Navigation Company, 
Limited, by the launch of the steel screw steamer named 
Kasara, from the yard of the Ailsa Shipbuilding Com- 
pany, Troon. The length of the vessel is 249 ft.; breadth, 
34 ft.; and depth, 25ft.; moulded to shade deck. Messrs. 
Dunsmuir and Jackson, Govan, have constructed engines 
of the triple-expansion type. The cylinders are 25 in., 
40 in., and 65 in. in diameter, by 42 in. stroke. Steam is 
generated in two double-ended boilers 12 ft. in diameter 
by 164 ft. long, with 156 square feet of grate surface and 
2400 square feet heating surface. 





The new screw steamer Mexico, which has been built 
by the Grangemouth Dockyard Comat. and engined 
by Messrs. Dunsmuir and Jackson, Govan, to the order 
of Messrs. Ronans and Co., of Tobasco, Mexico, has re- 
cently run her speed trial. The vessel is of the following 
dimensions: Length, 178 ft. ; breadth, 25 ft. ; and depth, 
11} ft. to main deck, and 184 ft. to awning deck. The 
engines are of the triple-expansion type, with cylinders 
16 in., 26 in., and 40 in. in diameter by 30 in. stroke. 
Steam is supplied from one single-ended boiler 13 ft. in 
diameter by 10 ft. 14 in. long, having three furnaces each 
3 ft. in diameter. On trial the speed was 11 knots, being 
half a knot over the guarantee, and the power was 628 in- 
dicated horse-power. 





NOTES FROM THE SOUTH-WEST. 

Cardifi—Steam coal has continued firm; the best 
qualities have made 16s. to 16s. 3d.; and good dry coal, 
15s. to 15s. 6d. per ton. The demand for house coal has 
exceeded the supply ; No. 3 Rhondda has made 16s, per 
ton. Patent fuel has continued in good demand, and the 
same may be said of both furnace and foundry coke ; 
foundry coke has made 28s, to 29s.; and furnace coke, 27s. 

r ton. There has been a well-sustained inquiry for 

panish iron ore. The manufactured iron and steel 
trades have exhibited little change. Heavy section steel 
rails have made 71. to 7l. 5s.; and light section ditto, 
71. 15s. to 81. per ton. 


South Wales Coal and Iron.—The exports of coal from 
the four principal Welsh parte in February were: Foreign 
—Cardiff, 737,275 tons ; Newport, 149,905 tons; Swansea, 
69,747 tons ; and Llanelly, 16,222 tons ; total, 973,943 tons, 
Coastwise—Cardiff, 96,710 tons ; Newport, 49,442 tons ; 
Swansea, 49,464 tons; and Llanelly, 5358 tons; total, 
200,974 tons. The aggregate shipments of the month 
were, perg eenag 1,174,917 tons. The exports of iron 
and steel from the four ports were: Cardiff, 3252 tons ; 
Newport, 80184 tons; Swansea, 40 tons; and Lanelly, 
680 tons ; total, 11, tons. The exports of coke were : 
Cardiff, 6388 tons ; Newport, 276 tons; Swansea, 13114 
tons ; total, 79754 tons. Theexports of patent fuel were: 
Cardiff, 12,146 tons; Newport, 4150 tons; Swansea, 
28,205 tons; total, 44,501 tons. The exports of coal from 
Cardiff in the first two months of this year were 1,720,041 
tons ; from Newport, 435,355 tons ; from Swansea, 221,850 
tons; and from Llanelly, 35,683 tons ; making an ag- 
gregate of 2,412,929 tons. The exports of iron and 
steel from Cardiff in the first two months of this 
year were 6909 tons; from Newport, 18,0814 tons 
from Swansea, 250 tons; and from Llanelly, 680 tons ; 















































Marcu 14, 1890.] 


ENGINEERING. 


337 








making an ate of 25,9203 tons. The exports of 
coke on Cardiff . the fet thro months of this year 
were 11,893 tons; from Newport, 478 tons; and from 
Swansea, 22124 tons; making an aggregate of 14,5834 
tons. The exports of patent fuel from Cardiff in the first 
two months of this year were 31,631 tons ; from Newport, 
8373 tons ; and from Swansea, 61,771 tons; making an 
aggregate of 101,775 tons. 


Bristol Channel Steamers.—Messrs. Edwards, Robert- 
son, and Co. have been overhauling the Bristol Channel 
steamers the Lady Gwendoline and the Lady Margaret, 
with the view of increasing their speed, with a due regard 
at the same time to safety. The necessary alterations 
have been entrusted to Hill’s Dry Dock Company. On 
Friday several gentlemen met at the Dry Dock Works 
to note the progress made. In the machine shops the 
visitors inspected a forged steel paddle shaft for the Lady 
Margaret, which weighs about 24 tons. The visitors were 
then conducted to the foundry to witness the casting of a 
new cylinder for the Lady Margaret. The cylinder when 
completed will weigh about 7 tons, it will be 50 in. in dia- 
meter and will allow of a stroke of 56 in. 


Llanelly.—A meeting of the Llanelly Chamber of Com- 
merce was called for on Friday evening, the president 
(Mr. E. Trubshaw) in the chair, to consider the facilities 
provided for the despatch of vessels at Llanelly. The 
chairman stated that there could be no question that the 
shipping trade of Llanelly was seriously hampered at 
present by the inadequate facilities offered by the dock 
companies. Mr. J. H. Rogers wrote stating that his firm 
was now nat | a good deal of iron ore from Spain. They 
had arranged that their vessels should come to Llanelly, 
and that what iron ore was wanted for the Cwmbwrla 
Works should be sent from the Llanelly Docks by rail- 
way, but a question had now arisen whether it would not 
now be cheaper for the sellers to send their vessels to 
Swansea. It was ultimately resolved that a deputation 
from the chamber should wait upon the dockowners to 
urge the introduction of greater facilities. 


Pentyrch.—On Monday the Pentyrch Tin Works, after 
being at a standstill for some years, were restarted by 
Messrs. Waterhouse Brothers and Co., Dudley Hill, 
Bradford. The managing agent is. Mr. B. Rees, late 
manager of the Treforest Tin Works. 


Great Western Steamship Company.—The report of the 
directors of this company, to be presented at the tenth 
ordinary general meeting of the shareholders, states that 
the profit on the year’s working is 19,7587. 10s. 4d. out of 
which the directors have paid debenture interest, 
6697. 10s., and balance of the rent of the new wharf, 
3071. 12s. 6d., leaving a net balance of 18,7811. 5s. 10d. 
An interim dividend of 74 per cent. was paid July 15, 
and the directors now recommend the payment of 
a further dividend of 10 per cent., making a total of 
173 per cent. for the year on both classes of shares, free 
of income tax. These dividends will absorb 73271. 5s. 7d., 
and leave a balance of 5997/. 0s. 3d., to be placed to the 
credit of the reserve fund, which will then stand at 
93891, 11s, 8d. During the past year 4000/. debentures 
were paid off. 


Gloucester and the: Severn.—A special meeting of the 
Gloucestershire Chamber of Commerce was held on Wed- 
nesday for the purpose of discussing the following resolu- 
tion, of which notice had been given by Mr. Slater, 
manager of the Gloucester Wagon Works: ‘“‘ That in the 
opinion of this Chamber the improvement which is pro- 
posed to be made in the waterways by the Severn Com- 
mission Bill now before Parliament will be beneficial to 
the trade of this port and district.” Mr. Slater moved 
his resolution, broadly contending that though the scheme 
might prejudicially affect some individual interests, it 
would be generally beneficial to thecity. Mr. T. Thorpe, 
while in favour of an improvement of the Severn, failed to 
see how the scheme in question would benefit Gloucester. 
He moved, accordingly, the following amendment: 
‘*That in the opinion of this Chamber the improvement 
which is proposed to be made in the waterways by the 
Severn Commission Bill, now before Parliament, will not 
benefit the trade of this port and district, and that, there- 
fore, no action be taken by this Chamber.” Mr. T. 
Robinson, M.P., expressed himself strongly against the 
scheme. Mr. Slater havin replied, a division was taken, 
when the amendment was defeated by 19 to 10 votes, and 
the original motion was adopted. 


Barry Dock and Railways.—Proceedings are stated to 
have been commenced by Lord Wimborne against the 
Barry Dock and Railways Company for encroachment. 
The company was of opinion that the foreshore through 
which the entrance to the dock was made belonged to the 
Crown ;.but Lord Wimborne, as lord of the manor of 
Sully, now sets up a claim to the foreshore and threatens 
proceedings against the company. 


The Tinplate Trade.—Most of the tinplate works in 
South Wales have been temporarily closed, in accordance 
with a resolution to anened operations for a week, for 
purpose of reducing stocks, 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—The market was firmer last 
Thursday forenoon than it had been for some days, and 
prices all rallied from the weakness which characterised 
the market on Wednesday. Buying was better, and, 
besides, a few ‘‘ bears” seemed anxious to cover. In the 
afternoon there was a fair amount of business done, and 
there were some fluctuations in prices, but generally they 
were easier than in the forenoon, At one time Scotch 





iron was 84d. per ton up, but the close was 50s. 2d., or 
only 13d. more than the previous day’s close. Notwith- 
standing the unusually large withdrawals from store on 
the preceding day, Cleveland iron closed at 49s. 10}d. per 
ton cash, and the closing Leonean for hematite iron was 
62s. 9d. per ton cash, or 3d. under the best price of the 
day, and 3d. over Wednesday’s final quotation. There 
was a quiet tone in the market on Friday, with little 
inclination shown from the outside to return to specu- 
lative purchases, in expectation of a future improvement. 
Generally speaking, however, the warrant market was 
firm, and although not closing at the best, still there was 
a slight recovery. The ard of Trade returns were 
considered satisfactory, but they had not the same 
improvement as last year. The price of Scotch iron 
was at one time 54d. per ton up, but the closing 
quotation, 50s. 4d., was only 2d. better than that of the 
previous day. Cleveland iron was at one time 43d. per 
ton up, and closed at 50s. per ton cash, or only 1d. per 
ton upon the day. Hematite iron was stronger in tone 
over the proposed reduction of the number of furnaces 
blowing in Cumberland. An improvement of 1s. per ton 
was recorded, but 5d. of that was lost, and the final 
quotation was 63s. 4d. cash per ton, or 7d. above that of 
Thursday evening. A quiet but firm tone was evident in 
the market on Monday, much satisfaction being felt at 
the large withdrawals of iron from the stores. Last week’s 
decrease was the largest known for many years past. 
The stock on February 10, 1889, reached its highest 
int, 1,034,427 tons, and during the eleven months till 
ecember 31, the reduction was 97,361 tons. In January 
of this year 30,601 tons, and in February 35,200 tons were 
withdrawn, and during the eight days ending last Mon- 
day 12,827 tons additional were ordered out of store—in 
all, 78,628 tons within ten weeks ; and there has been a 
feeling that within the eleven weeks of the year the 
withdrawals will exceed those for the eleven months of 
last year. The total reduction in thirteen months is 
175,989 tons, and it took 224 months to increase stock to 
that extent, but stocks had been on the increase 
from the year 1884. The price of Scotch iron re- 
covered 34d. in the course of ony that of Cleveland 
43d., and hematite 4d. per ton on the day, the closing 
settlement prices being, respectively, 50s. 74d., 50s. 44d., 
and 63s. 44d. rton. The outsideinvesting public seem 
to have lost all interest in the iron market for the time, 
and it is evident that prices are only maintained at the 
— level by ‘‘bears,” who are taking in small quantities 
aily. When the oversold account is adjusted it is con- 
sidered not at all improbable that a further downward 
movement may set in unless something unexpected takes 
place in the interval to arrest it. The large daily with- 
drawals from the public warrant stores appear to have 
little or no influence on the course of the market, for the 
simple reason that there is a strong belief that the with- 
drawals are quite balanced by increases of similar amounts 
in the ironmasters’ yards. The absence of new orders 
for iron, steel, ships, bridgework, &c., also deters the 
public from speculating. ery little inclination to do 
business was ps in a s market. Warrant iron 
was dull and irregular in price. Scotch iron varied only 
5d. per ton, losing 24d. on Monday’s gain. Cleveland 
iron declined in price 6d. per ton, or 14d. more than 
Monday’s advance. The loss suffered by hematite iron 
was 44d. per ton. The settlement prices at the close were, 
respectively, 50s. 44d., 49s. 104d., and 63s. The market 
opened firm this morning, but the firmness was not main- 
tained, and the forenoon market closed with the price of 
Scotch iron 2d. per ton down from yesterday’s close. No 
further change of any consequence took place in the 
afternoon market. The following are the current quota- 
tions for several brands of makers’ No. 1 iron: Gart- 
sherrie, 70s. 6d. per ton ; Summerlee, 71s. ; Calder, 72s. ; 
Coltness, 72s. 6d.; Glengarnock, 73s; Langloan, 74s. 
Last week’s shipments of pig-iron from all Scotch ports 
amounted to 6822 tons, as compared with 6338 tons in the 
corresponding week of last year. They included 150 tons 
for the United States, 210 tons for South America, 145 
tons for India, 500 tons for Australia, 760 tons for Italy, 
585 tons for Germany, 1015 tons for Holland, 100 tons for 
Belgium, 100 tons for Spain and Portugal, smaller 
—— for other countries, and 2991 tons coastwise. 
he stock of pig iron in Messrs. Connal and Co.’s public 
warrant stores stood yesterday afternoon at 855,195 tons, 
against 865,066 tons yesterday week, thus showing for 
the week a decrease amounting to 10,871 tons. There are 
still 89 blast furnaces in actual operation, against 81 at 
the same time last year. 


Import of Spanish Iron Ore into the Clyde.—There were 
28 steamers, with 40,094 tons of iron ore, received in the 
Clyde from Spanish ports during the month of February, 
being 14,564 tons more than the import in February last 
year. For the two months the import amounts to 68,616 
tons, an increase of 11,372 over the import during the 
same two months last year, but 6590 tons less than 
during the same period in 1888. Of the steamers engaged 
in this trade 13 belonged to Glasgow. The returns are: 


Month. Two Months. 

Vessels. Tons. Vessels. Tons. 
1890 he 28 40,094 47 68,616 
1889 ae 17 =. 25,530 37 57,244 
1888 a 22 31,068 57 ~=—- 75, 206 
1887 are 85 =. 45,573 62 79,011 


Foreign and Colonial Shipments of Machinery, &c., 
from the Clyde.—The foreign and colonial shipments of 
machinery, &c., from the Clyde, reported last week, 
included the following: Machine of the value of 
17,1501., chiefly for Singapore and Penang, Mauritius, 
Cape and Natal, Cuba, Nantes, Oporto, Hong Kong, 
Bilbao, Brisbane, Constantinople, and Boston; sewing 
machine parts, valued at 1472/., for Oporto and Singapore ; 
blooms, billets, plates, sheets, bars, and other steel goods 





of the value of 6500/., for Shanghai, Hong Kong, 
Trieste, and Fiume, Brisbane, Singapore, United States, 
Calcutta, and Bilbao ; pipes and other castings, plates, 
sheets, bars, tubes, sleepers, girders, and miscellaneous 
iron manufactures, valued at 50,000/. 


The Royal Scottish Society of Arts.—The ‘= meeting 
of this Society for the session was held on Monday night 
—Mr. D. M. Westland, M.I.C.E., vice-president, in 
the chair. A paper ‘‘On Lead, and its Relation to the 
Science and Art of Architecture,” was read by Mr. James 
Macdonald. 


Tancred, Arrol, and Co. v. the Steel Company of Scot- 
land.—Last Friday the House of Lords gave judgment in 
the appeal of Messrs. Tancred, Arrol, and Co., the con- 
tractors for the Forth Bridge, arising out of the dispute 
between them and the Steel Company of Scotland, as to 
whether or not they were bound to take from the latter 
the whole of the steel required for the four main spans of 
the bridge, the contractors maintaining that if they took 
30,000 tons, more or less, they did all that was required of 
them. The House of Lords, however, decided otherwise, 
They held that the language of the contract was un- 
ambiguous, and they brushed aside as absurd the 
idea of trying to upset the contractual words by 
introducing evidence as to what was called the custom of 
the Glasgow iron trade. Their lordships also decided 
that a provision in a contract that future disputes should 
be refer to a person designated only as filling a 

rticular office or position, does not bar either party 

rom resorting to the courts of law in cases of disputes 
arising out of the contract. This latter point of judg- 
ment confirms a series of decisions in the Scotch courts 
that the arbiter must bespecifically named, and notmerely 
indicated, to make the reference clause operative. Sir John 
Fowler was meant to be the arbiter, but as he was only re- 
ferred toin thereferenceclause as ‘“‘theengineer of the Forth 
Bridge for the time being,” the Court of Session held that 
that description was inal uate. Messrs. Tancred, Arrol, 
and Co. must pay the cost of the appeal, and, in addition, 
the sum of 14,850/. for the steel which they ought to have 
taken from the Steel Company of Scotland. The case has 
excited a great amount of interest both amongst con- 
tractors and manufacturers of steel and iron on the one 
hand and the legal profession on the other. The law 
lords who took part in the consideration of the appeal 
were the Lord Chancellor, Lord Herschell, Lord Watson, 
Lord Bramwell, and Lord Morris. 


The Explosive Signal at the Bell Rock Lighthouse.—In- 
structions have just been issued to the engineers to the 
Commissioners of the Northern + <5 that the cotton 
powder explosive fog signal at the Bell Rock Lighthouse, 
which, fitted up a short time since, and is the first ex- 
plosive signal introduced into the lighthouse service on the 
coast of Scotland, is to be brought into use on and after 
the 17th inst. during thick or foggy weather, and during 
snow showers. The fog bell will continue to be used 
as heretofore, but in addition an explosive charge is to be 
fired every ten minutes. It is henceforth to be a condition 
of service at the Bell Rock Lighthouse that the light- 
keepers attached to the station are to be thoroughly con- 
versant with the manipulation of the sound signal. 


Shipbuilding Appointment.—Mr. Peter Taylor, who has 
for some time been manager in the shipyard of Messrs. 
Lewis and M(‘Ilwaine, Belfast, has been appointed 
manager of Messrs. Russell and Co.’s Port- Glasgow 
yard and graving dock, as successor to Mr. James Hut- 
chison, who was recently appointed manager of Messrs, 
M ‘Millan and Co.’s dockyard, Dumbarton. 


Proposed Elevated Tramway in Dundec.—At a meeting 
of the Dundee Mechanical Society held last Thursday 
night, Mr. D. Arnott read a paper in which he strongly 
recommended the construction of an elevated tramway in 
the northern district of Dundee. He would have it to 
start at the end of Tally-street at a height of 125 ft. and 
terminate level at the Law Tunnel, the first station to be 
accessible by means of a lift and the others by stairs, as 
the height would be constantly diminishing. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Coal Trade Crisis.—A meeting of the coalowners 
of South and West Yorkshire was held on Monday after- 
noon at the Royal Victoria Hotel, Sheffield. There was 
a very large attendance. After a discussion on the wages 
question, which extended over two hours, no decision 
which would have the effect of bringing about a peaceful 
solution of the difficulty was arrived at. The meeting 
was firm in its determination to resist the demand of the 
men. There is a feeling on the part of many of the York- 
shire owners that matters ought not to be allowed to drift 
to a point where a strike would be inevitable without a 
strong effort being made to arrive at a peaceful agree- 
ment upon the points at issue. Arbitration has been 
suggested, and it may be that between now and the end 
of the week the various aspects in which arbitration can 
be a means of solving the difficulty will be carefully dis- 
cussed by the men. 


William Jessop and Sons (Limited).—The directors of 
this company have decided to recommend the share- 
holders at the forthcoming annual meeting to declare a 
dividend of 40s. per share = the past year, being at the 
rate of 63 per cent. per annum. 


Wages in the Engineering Tradcs.—The men employed 
in the engineering trades of Sheffield, are seeking an ad- 
vance of 2s. per week, and intend to ask the employers 
by circular to concede the increase. At a meeting held 
on Saturday, it was stated that no advance had taken 

lace for seventeen years. Attention was called to the 
rge dividends paid by two or three local concerns, and 
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the present was felt to be the most bos gucernd time to 
make the demand. Complaints were made by some 
of the men as to the long hours worked. 


Iron and Steel Trade.—The demand for marine work 
has fallen off somewhat lately, but, as the chairman of 
the Leeds Forge Company told the shareholders the other 
day, the decision of the Government to add to the fleet 
gives assurance of a large amount of work for the present 
year. Railway hho of all descriptions it wanted on 
a large scale for home and foreign customers. Patent steel 
frames for rolling stock have been ordered extensively by 
several important railway companies, locomotive builders 
are working at full tension, and iron and steelmakers are 
turning out large quantities of tyres, axles, and other 
fittings used in the construction of engines. Manufac- 
turers and consumers of coal generally are adding to their 
stocks as a preparation against the possible strike. 


Rotherham Stove Grate Trade.—The agitation in the 
Rotherham stove grate trade for an advance of 10 per cent. 
in wages is very likely toend in a strike. The manufac- 
turers from the first haveshown no disposition to yield tothe 
men’s demands in this particular, although they met them 
with regard to the uction of hours, namely, from 
57 to 54 per week. This latter concession, it has been 
pointed out, is equivalent to an increase of 5 or more per 
cent. Beyond this alteration the masters assert they are 
not in a position to go. Although the dispute has been 
pending for several weeks, the manufacturers have 
abstained from forming themselves into a combination, 
fearing that their action might be misunderstood by the 
men, but now that notices for the rise in wages have been 
om in they have been driven in defence to a united 
policy, 





MISCELLANEA. 
Durine the past year America manufactured 1,468,066 
tons of steel rails from native-made ingots, an increase of 
102,145 tons on the previous year. 


The annual dinner of Old King’s College students will 
be held on — 28 at the Holborn Restaurant, when the 
Right Rev. Bishop Barry will preside. 

Four thousand nine hundred miles of railway were con- 
structed in the United States last year ; this figure is much 
below the average of the past four years. In 1887, we may 
add, 13,800 miles of line were laid. 


An electric railway at Cincinnati has been injuncted by 
the Courts from using the earth as a return conductor, 
owing to the disturbance thus caused to neighbouring 
re tan: Bae wires. 


The new Bradford Station of the Midland Railway 
was opened a few days ago; except at the extreme end of 
platform it is lighted electrically throughout, the same 
means of illumination being employed in the approaches, 
waiting-rooms, offices, and Swe og 


Colonel English, R.E., has resigned his position as 
superintendent of the Royal Carriage Department, Wool- 
wich, in order to take up an appointment with Palmers, of 
Jarrow, who are about to commence the manufacture of 
ordnance. 


A testimonial which has been subscribed for by a 


number of Professor Kennedy’s old students and other | }, 


friends will be presented to that gentleman on March 18, 
at 9.30 p.m., in the Institution of Civil Engineers, Great 
George-street, Westminster, 


A French journal estimates that the total length of the 
telegraph wires of the world, including submarine cables, 
exceeds 500,000 miles, four-fifths of which are in Europe 
and America, The submarine cables alone aggregate 
89,050 miles. 

The gross receipts of the 23 principal railways in the 
United Kingdom, for the week ending March 2, 
amounted, on 16,1424 miles, to 1,241,263/., and for the 
corresponding period of 1889, on 16,0303 miles, to1,201,1212., 
an increase of 111? miles, or 0.6 per cent., and an increase 
of 40,1421., or 3.3 per cent. 

Dr. Schlich has recently stated that the waste land in 
the United Kingdom amounts to 26,000, acres, one- 
fourth of which 1s able to produce all the ordinary timber 
now imported to the value of 15,000,000/. per annum. 
In India no less than 55,000,000 acres of land are in charge 
of the Indian Forest Department, and from this the 
Government derives a substantial revenue. 


M. Sautereau, one of the engineers employed on the 
Suez Canal, proposes to finish the Panama Canal on a new 
basis. His scheme is to make a lake in the interior of the 
Isthmus by storing Chagres river. This lake would be 
15 miles long, and cover about 800 acres, flood out un- 
healthy swamps, and make valuable the 200,000 acres of 
land owned by the Panama Company. The canal would 
have locks at both ends. 


In an article in the Annales Télégraphiques, M. 
Scheffer states that the gutta-percha covering of some 
subterranean telegraph lines put down by him in 1885 in 
Maurienne, Savoy, has rapidly deteriorated, owing to 
the action of the cement of the conduit in which the cable 
was laid. He states that resting on this material gutta- 
percha completely changes its nature, and finally becomes 
incapable of properly insulating wires carrying high 
tension currents, 

M. Georges Rolland recently read a paper before the 
Académie of Sciences, Paris, on a proposed Trans-Sahara 


Railway. In his opening remarks he held that Western 
and Central Soudan were regions that should belong to 
France, but nothing of permanent value could be effected 
till Algeria was connected with this region by a railroad 
across the desert of Sahara, and this he proposed should 











be a light line of Decauville type. M. Rolland’s views 
are wholly at one with those of our own engineers in the 
very similar case of the Eastern Soudan. 


Mr. Gulcher has recently invented a new thermo- 
electric pile, each element of which consists of a tube of 
pure nickel connected to a bar of an antimony alloy, the 
nature of which is as yet kept secret. The junction of 
each element is ented by a small Bunsen burner, the 
amount of gas used being about one-third of a cubic foot 
per element per hour. The electromotive force is 4 volts, 
and the internal resistance .48 ohms. At maximum 
output the battery uses 706 cubic metres of gas per horse- 
power hour. 


Messrs. Merryweather and Sons have recently con- 
structed a novel fire engine, which may be either worked 
by steam or manual power. It has been designed for use 
in small factories and establishments in which steam is 
sometimes, but not always available, and a fire engine of 
small capacity is considered sufficient. The engine may 
be run by steam, and in the event of the boiler not being 
in use, the levers may be fixed and the engine worked by 
ten to sixteen men, or less. The pump is of a capacity of 
about 80 gallons per minute, and the cylinder can be 
arranged for a low-pressure of steam if required, 


The new Croton Aqueduct, which has lately been com- 
pleted in connection with the New York water supply, 
is 30 miles in length, and presents many features of in- 
terest. The country through which the tunnel, con- 
stituting the aqueduct, passes, is of very varied character, 
and it is accordingly been necessary in certain cases to 
go to a considerable os ag in order to get sound enough 
material through which to carry the work, In _par- 
ticular in passing under the Harlem River, it was necessary 
to go to a depth of 350 ft. below ground level in order to 
obtain rock, as drifts at a higher level came across 
= filled with water-bearing material from the river 


The Pittsburg Reduction Company, who are now 
amongst the ri producers of aluminium, prepare the 
metal by electrolysing a bath of Al,Os3 dissolved in molten 
aluminium fluoride, the solvent suffering no loss in the 
operation. The current is conveyed to the bath by carbon 
cylinders, which form the positive electrode, a carbon- 
lined pot forming the negative. The oxygen of the 
alumina goes off at the positive electrode as carbonic acid, 
wearing away the carbon at the rate of nearly a pound of 
carbon per pound of aluminium produced. The reduced 
metal settles to the bottom of the pot, from which it is 
easily tapped or ladled off, practically free from the 
electrolyte, 


We extract the following from a Yokohama paper: 
To those accustomed to Japanese ways the non-success of 
the Ojikawa factory is not at allsurprising. The Japanese 
have, as yet, not succeeded in developing administrative 
capabilities, a gift of which they seem naturally deficient, 
and in nine cases out of ten, when they avail themselves 
of foreign assistance, the strangers are not intrusted with 
the control, but are used merely as advisers to be applied 
to for help when difficulties arise. The marked success 
which has attended the undertakings of the Mitsu Bishi 
borne ae is due to the fact that the 2 have very 
wisely placed the management of all their works in the 
ands of properly trained British experts. 


The resources of several of the American lines were 
severely tried last January by an exceptionally heavy fall 
of snow, succeeded by high winds and alternate spells of 
frost and thaw. It is stated that on the line of the Cen- 
tral Pacific through the Sierra Nevada, all ordinary 
methods would have proved useless, but the rotary snow 
plough cleared the line in forty-eight hours, drifts of 
snow 15 ft. high being poidtnts ts dealt with. Some 
difficulty was, however, experienced in dealing with snow 
that had slightly thawed and then frozen, as the re- 
volving cutters could make little impression on the hard 
surface thus produced until the face of the bank had been 
broken up by pickaxes. 


The recruiting party, under the orders of a commander 
of the Royal Navy, which was organised last year to beat 
up the manufacturing districts for engine-room artificers 
and stokers for the Navy have not been successful up to 


the present time. Only one artificer has presented him- | 7 


self at Portsmouth as the result of their exertions, and he, 
not being able to pass the qualifying examination, was 
discharged. The party have been slightly more successful 
with respect to stokers. The supply of the latter offering 
themselves for enrolment, aaeeeneny of the recruit- 
ing party, has been fairly good, the monthly entries averag- 
ing 100. While stokers in the Navy receive 2/. 10s. a 
month, out of which they have to a their kit, 
stokers and seamen are being advertised for at Portsmouth 
for the merchant service at 4/. 4s. a month for the former 
and 41. for the latter. 


A German writer in the Archive fiir Eisenbahnwesen 
objects to the classification which Messrs. Fox and Farrer 
have adopted in their interesting work on ‘ Express 
Trains, English and Foreign.” It will be remembered 
that these authors classify all English trains as express 
which reach a standard speed of 40 miles an hour, includ- 
ing stops, whilst on the Continent they include all 
trains which reach a standard of 29 miles an hour, 
including stops. In spite of the favourable treat- 
ment thus accorded to Continental roads, as compared 
with English, their German critic is not satisfied 
but insists on mena. trains called by the authorities 
express (in irony probably) whether they attain this speed 
or not. He thus makes out that Germany has an express 
mileage of 29,000 miles per day, which the Railroad 
Gazette says is about as severe a condemnation of the 
Prussian system as possible, for on the same basis the 


small State of New Jersey with only 7th the area and 
population of Prussia, has 15,000 miles of these ‘“‘ Ger- 
man” expresses per day. 

The New York Engineering and Building Record, in its 
issue of March Ist, gives some particulars of the dam 
which recently failed in Arizona, as recently reported in 
the —. Lg a The dam in question was originally 
designed by Professor W. P. Blake, of New Haven, Conn. 
and was intended to be 80 ft. high and to impound 
1,306,800,000 cubic feet of water. The work was com- 
menced in 1886 under the superintendence of Mr. Blake, 
but in 1887 he was succeeded by Colonel E. N. Robinson, 
of Nevada, as engineer, and the height of the dam 
changed ,to 110 ft. from the bedrock to the top coping, 
which is 400 ft. long. The thickness of the dam as con- 
structed was 135 ft. at the bottom and 10 ft. at the 
coping. The front and back of the dam were of 
rough heavy dry stone masonry filled in between with 
smaller stones. The reservoir covered 750 acres. The 
waters impounded are very liable to sudden floods, and 
the level in the reservoir when nearly full has been known 
to rise 19 ft. in a single night. The dam was made water- 
og by lining the upstream face with wood and felt. 
The waste weir was 40 ft, wide and 8 ft. below the crest 
of the dam. 








FOREIGN AND COLONIAL NOTES. 
Sanitary Reform at Chicago.—Chicago has elected nine 
trustees or drainage commissioners, authorised to expend 
—— of 3,000,0007. in improving the sanitary condition 
of the city. 


Bridging the Missouri.—A contract for a second bridge 
across the Missouri, at Sioux City, has been signed, and 
work will be commenced in a short time. The bridge will 
be built for the Pacific short line, and also for street and 
cable cars, wagon, and foot traffic. It will be 10 ft. above 
high-water mark, and will cost approximately 200,000/. 
exclusive of the draws, of which there will be two, costing 
12,0007. each. The Phenix Bridge Company, of Phila- 
delphia, has the contract. 


Johannesburg.—The Johannesburg Water Works Com- 
pany has laid down 77 miles of piping. Johannesburg, it 
will be remembered, is a mushroom town, which has 
Fai into existence in connection with gold mining in 
the Transvaal. 


Dock Accommodation at St. John’s.—A contemplated 
dry dock and other improvements at St. John’s, New 
Brunswick, for which New York capitalists have obtained 
a contract, are of an important character, the expenditure 
involved being about 200,000/. 


Railways and Telegraphs in Victoria.—In 1883-4 there 
were 1623 miles of railway in operation in Victoria; in 
1888-9 the total had been carried to 2223 miles. The net 
receipts acquired upon the Victorian lines in 1888-9 ex- 
hibit an increase of 400,000/. in round figures, as compared 
with 1883-4. In 1888 there were 601 telegraph stations, 
and 10,036 miles of be go wire in operation in 
Victoria ; in 1883, the number of stations was 365, and 
the length of wire 7271 miles. The number of telegrams 
despatched in 1888 over the Victorian telegraph lines was 
2,743,938, or nearly twice as many as in 1883. 


South Australian Locomotive Building.—The first three 
of fifty-two locomotives which Messrs J. Martin and Co., 
Limited, of Gawler, have undertaken to build for the 
rence Australian Government, will be completed next 
month, 


American Railroad Building.—The length of new rail- 
road built in the United States last year was about 
5000 miles, or some 2000 miles less than in 1888. The new 
building was mainly on branches, extensions, &c., rather 
than on new through lines, The States showing the 
greatest extent of new mileage were the following: 
Washington, 398 miles; Georgia, 356 miles; Texas, 
343 miles ; Virginia, 245 miles ; and Michigan, 243 miles. 
No other State on the territory built as much as 200 miles, 
It is estimated that the cost of the 5000 miles of new line 
built last year was about 20,000,000/. 








Tur NorrinGHAM SuBURBAN RatLtway.—On Saturda 
evening last, March 8, Mr. Herbert E. Allen, Stud. 
nst. C.E., read a paper before the Science Section of 
the Nottingham University College Students’ Associa- 
tion, Mr. J. W. Carr, M.A., in the chair, on the 
‘Nottingham Suburban Railway,” which has recently 
been completed and opened for public traffic. The line, 
which commences by means of a flying junction at the 
bridge which carries the Great Northern Railway line 
from Nottingham to Grantham over the Midland Rail- 
way line to Lincoln. It then curves round and runs 
almost due north along the outskirts of Nottingham, and 
after passing through several tunnels, joins the Great 
Northern Railway again at Daybrook, so saving a distance 
of four miles between Nottingham and Derby. The length 
of the line is about 3? miles, and there are three stations, 
viz., Thorneywood, St. Ann’s Well, and Sherwood. 
Considering the length of the line it was very heavy to 
construct, there being 4 tunnels, or 5, including the one 
on a branch line; 16 bridges, 7 beg arched (2 of these 
being 40 ft. span and one 45 ft.), 9 girder bridges (3 being 
over 100 ft. span), 8 culverts, and some heavy retaining 
walls. The engineer for the line was Mr. E. Parry, 
M.I.C.E., and the resident engineer Mr. P. Rickard, 
A.M.I.C.E. The contractor was Mr. J. P. Edwards, 
who was represented by his agent, Mr. J. Scott, and his 
engineer, Mr. A. A. Barker, B.E. The paper was illus- 
trated by maps, drawings, and numerous photographs 
taken during construction by Mr. Allen. The meeting 
closed with a discussion, after which a vote of thanks 
was given to Mr, Allen, 
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COLD STEEL SAWING MACHINE. 
CONSTRUCTED BY MESSRS. ISAAC HILL AND SONS, ENGINEERS, DERBY. 





On the present page we illustrate a cold steel sawing | drop has not induced many consumers to purchase. | February begins as follows: ‘‘ Speculative influences 
machine, manufactured by Messrs. Isaac Hill and | Forge iron is quoted in tide- water markets at | have doubtless been moving the iron market during 
Son, of the George-street Works, Derby, and which | 16.75 dols. to 17.50dols. Foundry irons are moving the last few weeks, but, notwithstanding the fluctua- 
has been specially designed for sawing runners and| well, but the larger buyers are awaiting further tions, and even actual decrease in the prices of pig 
risers off large steel castings, but it is of course ap-| developments. The whole situation seems to hinge iron, there is no falling off in the state of trade.” This 
plicable to other kinds of work. One of the chief | upon the volume of demand for the next thirty days of course means that the influences have not affected 
features of the machine is the arrangement of the saw or six weeks. During that time railroad builders will | the labour market. The figures given in the report 
spindle, which runs in a steel sleeve bushed with | be heard from, and should they conclude to push con- | bear out this statement, for, throughout the trade, 
phosphor-bronze. This sleeve passes freely through | struction, the indirect effect upon the general iron | there is but an increase of one member on donation. 





oye 


the bearing provided for it, so that the saw can 
moved in or out as required, by the star wheel and 
screw shown in the sketch, and hence but little shift- 
ing of the work is required, once it is fixed on the 
table of the machine. When the saw has thus been 
adjusted, the cap of the bearing through which the 
sleeve passes is aiieapieh down tight on the sleeve and 
the saw is thus held firmly in place. The saw is driven 
by spur and bevel gearing in place of the usual worm 
gear. For sharpening the saws the machine described 
in ENGINEERING, vol. xlvii., page 277, is used. 








NOTES FROM THE UNITED STATES. 

New York, February 28, 1890. 
Tue declining tendency in foreign iron markets has 
not as yet been attended by any corresponding drop 
here upon which large buyers can safely base their 
actions. There is just at present a little irregularity 
in quotations, and a slight falling off in business, but 
the general opinion of well-posted parties is that the 


March and April demand will harden prices, and give | }7 399 97 ; ‘od | 
rae 5 ; | 11,320,274 tons. The number of passengers carried | 
makers the advantage which they have held for months | . 2" 78,126,951, or an increase of 4,126,871 over the | 


past. Quotations are as follows: Steel rails, 35 dols.; | 
old rails, 27.50 dols. to 26 dols. ; rumours are afloat of 
numerous offerings at low prices. During the past six 
days orders for 30,000 tons of rails have been placed. 
There are inquiries for large lots of billets. Spie- 
geleisen is quoted at 36 dols. No. 1 foundry is 
19.50 dols. to 20 dols. ; No. 2, 18.50 dols. to 19 dols. 
Southern furnace managers are holding prices at the 
figures reached sixty days ago. Merchant bar is 
1.90 to 2 cents ; nails, 2 dols. to 2.20 dols. ; structural 
iron, 2.30 dols. to 3.10 dols. according to shape ; steel 
billets, 35 dols. to 36 dols. 

The anthracite coal trade is very dull for domestic 
sizes, but active for steam and furnace sizes. The 
managers have for years successfully maintained mono- 
poly rates for anthracite, but are now confronted 

y a new element of danger, and there are rumours 
afloat to-day that there will bea general break. Such 
a result would be hailed with satisfaction by the 
general community ; but despite the unfavourable con- 
ditions with which that great industry is surrounded, 
it is quite probable that the present emergency will be 
passed without a disruption of the friendly understand- 
ings of years past relative to production and prices of 
fuel at competing points. 


PHILADELPHIA, March 6, 1890. 

THE trade conditions existing since the first of the 
year have not been modified during the past week. 
Summer requirements are not promptly covered ; 
buyers are not assured that the advance effected last 
December will be maintained. Production is slowly 
increasing, and a number of new blast furnaces will 
soon be blown in. The price of pig iron has declined 
50 cents within the past two or three weeks, but the | 


‘such a scarcity of supply that many large concerns | 


| trade will be quickly felt. Steel rails are now quoted | In one place trade is said to be ‘‘ not so good,” and in 
at 35 dols. to 36 dols. in eastern, and 37 dols. to} one other place as ‘“‘declining”; but, on the other 
38 dols. in western markets ; but the railroad builders | hand, in one place trade is ‘‘ improving.” There is 
seem to think these figures one or two dollars too high. | certainly a slight variation in the figures, for twelve 
Bessemer pig, spiegeleisen, and ferro-manganese have towns report as ‘‘ very good,” with 2020 members, 
all declined. Billets and blooms have dropped a dollar whereas last month sixteen so reported, with 2809 
or more, and these facts have raised the suspicion that members. As a set-off to this 68 towns report ‘‘ good,” 
there is something wrong, and that a further decline with 8617 members, whereas last month 65 towns so 
may be looked for. Manufactured iron is also weaker, reported, with 8046 members. ripe the entire 
and nails are not selling as rapidly as a month ago. | figures of all the groups, we find that trade is good in 
Plate and structural iron are held at strong prices, and | 107 districts, employing 13,562 members, as against 
| no decline is likely to take place. | 100 districts, employing 13,531 members last month. 
| The annual statement of the Pennsylvania Railroad | The advantage, therefore, is with the present state of 
| Company shows gross earnings of the whole system for | trade. Summing up the situation, the report says 
1889 to have been 122,917,337 dols. or 6,408,044 dols. | that ‘‘in England and Scotland engineers and iron- 
greater than 1888. Expenses were 83,811,127 dols., or | founders are being fully employed, and moulders are 
3,073,792 dols. greater than for 1888. Net earnings | in such good demand that any cessation of work,” by 
were 39,106,209 dols., an increase of 3,334,252 dols. | refusals ‘‘ to improve existing conditions” on the part 
over the previous year. These are the largest earnings | of employers, ‘‘ by no means proves a drooping ten- 
in the history of the company. The number of tons of | dency” in trade. The cash balance has increased by 
freight carried during the year was 122,164,118, as | 1382/., and the total membership now stands at 13,985, 
against 110,843,874 tons for 1888, or an increase of | showing a substantial increase during this year. 








In Lancashire all the engineering branches of trade 
| continue to be well employed, and in most of the de- 
| ——s artments the activity of the last few months is being 
| ully maintained. In no branch is there any actual 
| INDUSTRIAL NOTES. | falling off in the matter of employment, but the out- 
| THE agitations and uncertainty in the coal trade poet 2 — future -_ — oases — bees Bas or vege 
|have naturally affected the numerous engineering, en , del f tases me pone he of th wads, eget 
| steel, and iron industries, all of which are more or less 4¢¢ided falling off in the weight of the new inquiries 

coming forward, and there is a continued and even 


| dependent upon a full supply of fuel at moderate rates greg ‘ : 
fae te weed 1x3 Negeesane’ of manufacture. If there ™#rked absence of buying in the iron trade of the dis- 


: . : | trict. A policy of waiting appears to be pursued both 
be any failure in the supply, or if the rates are unduly | *T!¢ poy 8 . : 
high, there will naturally be a diminution of produc- | by Mp ane makers, beg the a jor 
tion, and a cessation altogether if either the one or the | 70? Mar! et has been in & very Copresss I Ren a 
other goes beyond a certain point. It does not appear, | The significant feature about this state of things is that 
however, that either the output of coal, or the price, | there has been of late but little inquiry either for pig 
has as yet reached the point indicated. The disturb- | °° finished iron, But this is explained by the fact 
ing element up to the present moment has rather been | that the leading Scotch and North of England makers 
the uncertainty of what is to follow. Any strike on a | stand by the high rates, while the local holders of 


large scale would eventuate almost immediately in | stocks are offering below the makers’ quotations, be- 
| cause of inability to hold out longer. 


number for the previous year. 








inpled f d = rise i in| The only strike of any importance in the Lancashire 
tr A ane cas a percntoy phabeestny P ffect district in the iron and engineering trades is that of 
general manufacturing industry all over the kingdom. | the ironmoulders at Bolton, where ~ their ew foe. 
Hence the anxiety with regard to the attitude of the | strike for an advance of 2s. per wee i in t wees ee 
miners and of the coalowners at this juncture. Grave | The Society 1s — se the sling A p> pie y e 
fears are entertained as to the outcome of this attitude. | full strike-pay, and it - vthe Ing h il . rs ee 
This feeling is not confined to any one class, or to| voluntary assistance, so that t “* a “What — 
particular industries. It is general. It is shared by | by the temporary cessation of work. h atever 1s 
the two parties to the threatened conflict. The gravity | thus contributed will be in addition to the usual strike 
of the situation is compelling them to review the whole | P®Y provided for in the rules. 
of the circumstances in order to see whether by mutual | 
arrangement the coutest cannot be avoided. | In the Sheffield and Rotherham district there is 
| already a complaint of the scarcity of fuel. In some 


The monthly report of the Ironfounders’ Society for cases it is reported that stoppages have occurred for 
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want of coal. The serious inconvenience of this dearth 
of the most necessary element in production is felt 
all the more acutely by reason of the fact that orders 
are both plentiful and pressing. Many of the more 
important firms could ill afford to work short time just 
now—they could better do with seven days a week, 
instead of six, so general is the demand. Puddlers 
are in great demand all over the district; advertise- 
ments appear for them daily, and more furnaces would 
be started if there were men to work them, and coal 
could be obtained. Those who have a good supply of 
the latter are stacking in case of a further dearth. 

The dispute at Messrs. Ashforth and Co.’s, referred 
to last week, with the moulders with respect to the 
time of starting work at 7 a.m., and working till 
6 p.m., has been settled to the satisfaction of the men. 
The latter resumed work on the old conditions, from 
6 a.m. till 5 p.m., preferring the hour at the close of 
the day to the extra hour’s sleep in the morning. 

The stove-grate makers at Rotherham gave in their 
notices for an advance of 10 per cent. in wages on 
Saturday last to all firms not acceding to their de- 
mands, Their request for a reduction of their working 
hours to fifty-four per week has been granted generally, 
but the increase in wages of 10 per cent. was not 
similarly conceded. 





The most formidable strike in the iron and engineer- 
ing trades, which has recently threatened the industry 
of this country, is that of the engineering trades of 
Sunderland, and the north-east coast generally, 
including the Tyne, the Tees, the Wear, and the Har- 
tlepools, involving, it is stated, some 30,000 men. 
a meeting held at Sunderland on the 5th instant, it 
was resolved to strike on the 10th, if the demands of 
the men are not complied with, But, as at some of the 
other places the notices do not expire at the same time, 
the date of the strike was postponed, The demand is 
for one hour per week less work on Saturdays, that is 
53 instead of 54 hours per week. In some of the places 
Is. Md week increase in wages is also demanded, and, 
at Newcastle, the abolition of overtime. The employers 
at Sunderland offered 1s. per week advance in lieu of 
the hour on Saturdays ; this offer was submitted to 
the men who voted upon it by ballot, with the result 
that only 18 voted for it and 1582 voted in favour of 
enforcing the demand for the hour upon the Saturday. 
if the result is similar at other places along the north- 
east coast the hour will have to be conceded or a strike 
will result. At Newcastle the ballot was delayed for 
a few days, but will be taken before the notices expire. 
The decision in any case will have to be come to on or 
before Saturday, the 15th instant. The interests 
involved, and the numbers of men who will be affected, 
give great importance to the ultimate decision, 





Tn the Cleveland district trade is good, and employ- 
ment abundant everywhere. There is some uneasiness 
with — to the threatened strike of the Yorkshire 
miners, but it will not much affect Cleveland, as, by 
the recent award, 74 per cent. advance has been 
granted in lieu of the 15 per cent. demanded by the 
men, which advance will rule until the end of the first 
week in June next. Moreover, the settlement of the 
threatened strike of miners in Durham has removed 
anxiety as to the supply of coal, otherwise furnaces 
would have had to be damped down all over the 
district. 

The spare keepers, the slag locomotive engine men, 
the firemen, and the slag tippers employed at the blast 
furnaces of Messrs, Gjers, Mills, and Co., Middles- 
brough, have been conceded an advance of 16 per cent. 
in their wages all round, without a strike or any cessa- 
tion of work. Until recently these men had not been 
in union ; they were induced to join the Blast Furnace- 
men’s Union, and on their doing so notices were 
served on the employers for the same advance which 
had been conceded to the men at the other works. The 
employers agreed to the terms demanded. 





The Darlington steelworkers have given notice for 
the determination of the sliding scale, by which their 
wages are regulated, made by Mr. David Dale in 1888. 
The notices are terminable at the end of the present 
month. The object is to revise the scale, not to revoke 
the system of so adjusting labour disputes. The men 
ask that five night shifts shall count as six, that the 
datal men shall be paid time and a quarter from 5 p.m., 
and time and a half is claimed for Saturdays after one 
o’clock. At present some men get this extra pay for 
Saturdays. Double time is also asked for Sunday 
work, instead of time and a half as at present. The 
Bessemer and hot-bank men are also seeking some 
modifications as to terms and conditions for working 
after one o’clock on Saturdays. 





In North Staffordshire the state of trade is reported 
to be in a fair condition, but orders for finished iron 
are not so brisk, and some of the mills are not running 
their full complement of five days per week. But this 
may arise from want of fuel, as in some parts of the 
district coal is very scarce. At the Berry Hill Iron 
Works some of the departments have had to cease work 


At. 





for want of coal. Some anxiety exists as to whether 
there is to be a strike of the miners, for with the pre- 
sent scarcity of fuel the works of the entire district 
will be at a standstill. The coalowners of Stafford 
shire, it is said, are prepared to concede the 10 per 
cent. rather than risk a stoppage of the pits and of the 
trades dependent thereupon. 

The threatened strike of the metal casters in Bir- 
mingham has been averted by the employers agreeing 
to an amended price list. There was, however, much 
dissatisfaction expressed at the premature publication 
of the list by the secretary of the Brassworkers’ Asso- 
ciation, and more camels by his annexing thereto of 
some conditions not cancion to by the employers. 





Some 800 men employed in the Bessemer works of 


Messrs. Charles Cammell and Co., Derwent Steel | P 


Works, Workington, have been locked out. The 
steel workmen had, it appears, recently applied for an 
advance of 10 per cent, in their wages, and the manager 
wished them to refer the matter to arbitration, which 
was agreed to. But, meanwhile, some disagreement 
took place between the union and the non-union men, 
in consequence of which the men were informed that 
the arbitration would not be proceeded with. Upon 
this the men threatened to strike, whereupon the firm 
locked the men out. If prudence had ruled, a strike 
might have been averted. 





The threatened strike of the ship carpenters took 
place as intimated in last week’s ENGINEERING, some 
500 men having left work.. About half a dozen firms 
are involved in this dispute, the others having con- 
ceded the 3s. per week demanded by the men, making 
their wages 7s. per day. The Society men are paid 
15s. per week from the union funds, while those at 
work at the advanced rates will pay the extra 3s. 
towards a fund for supporting the non-union men who 
are out. An offer of help from the Dockers’ Union was 
declined, 

The Newcastle shipwrights are asking for an advance 
of 3s. per week, which the employers have agreed to 
consider. A strike will be avoided in this branch of 
the shipping trade if it be at all possible. In other 
districts similar demands are being made. 





The ‘‘ crisis in the coal trade” has been the one 
absorbing topic in industrial, as well as in tradin 
circles, for some days past. It will be remembere 
that a meeting of the representatives of the Coalowners’ 
Federation, and of the representatives of the Miners’ 
Federation, was held at the Westminster Palace Hotel, 
on Tuesday, March 4. After a rather prolonged con- 
ference, the proceedings came to an end rather 
abruptly, no decision having been arrived at. While 
the miners’ representatives were conferring together 
as to the course next to be pursued in an adjoining 
room, the coalowners’ representatives came to the fol- 
ng resolution : ‘‘ Resolved, that the owners havin; 
offered to the miners’ representatives an inspection o: 
their books in order to ascertain whether the alleged 
advance in prices has in fact taken place to such an 
extent as to justify a further advance in wages, and 
the miners’ representatives having refused to avail 
themselves of the only mode of establishing the actual 
facts, the full responsibility for the threatened strike 
must rest upon them.” This resolution came as a sur- 
prise to the men’s delegates sitting in an adjoinin 
room. Since that date speeches have been made, an 
statements circulated, calculated to widen the breach, 
not to heal it. And it is to be feared that the coal 
merchants, or some of them, are rather egging the 
men on to strike. But there are higher interests and 
claims to be considered—-which merchants and others 
will do well to ponder. 

The Durham miners, by a substantial majority at 
the ballot, accepted the coalowners’ offer of 5 per cent. 
Herein is wisdom justified of her children, for praise 
belongs to those who act wisely. 

The Northumberland miners rejected, by ballot, the 
Eight Hours’ Bill, and ask instead that the lads shall 
only work ten hours. The decision is honourable as 
far as it goes, but why work the lads longer hours 
than the men ? 

The Cleveland miners have agreed to accept 74 per 
cent., in lieu of the 15 per cent. demanded, so that in 
that large coalfield a strike is averted. 

The Forest of Dean miners are expected to fellow 
the lead of South Wales, no strike being anticipated. 
It is doubtful whether or not Somerset and Bristol 
will join in the strike. 

Yorkshire, Lancashire, Derbyshire, Nottingham- 
shire, Leicestershire, Warwickshire, and possibly a 
portion of Staffordshire, may join in the strike if no 
settlement is effective. 





Tue Forth Briver.—In our description of the Forth 
Bridge, published on the 28th ult., in s aking of the 
staff which had been engaged on the wt ig we inadver- 
tently omitted the name of Mr. Schliiter, who for seven 
years took an active and responsible share in preparing 
the detailed designs of the structure in Messrs. Fowler 
and Baker’s office, 





FORTH BRIDGE RAILWAY. 

Tue following is the twenty-eighth and final quarterly 

report of inspection by Major-General Hutchinson, 

R.E., and Major Marindin, C.M.G., R.E., of the bridge 

over the River Forth. 

Railway Department, Board of Trade, 

Whitehall, London, S.W., 

February 24, 1890, — 

Sir,—We have the honour to report, for the informa- 
tion of the Board of Trade, that, in compliance with the 
instructions contained in your minutes of October 26, 
1882, and February 4, 1890, and in accordance with the 

rovisions of the Forth Bridge Railway Act of 1882, we 

ave made our go hth and final inspection of the 
bridge over the Firth of Forth at Queensferry, which 
was commenced in April, 1883, and has just been com- 
eted. 
The bridge, with its — viaducts, has a total 
length of 8295 ft. 9 in., and there are two spans of 1710 ft. 
two of 680 ft. 6 in., fifteen of 160 ft., four of 57 ft., and 
three of 25 ft. 

The approach viaduct at the south end, which is 
1993 ft. 8 in. in length, has four masonry arches of 57 ft. 
span, and ten spans of 160 ft. with steel lattice girders 
upon piers of granite, with concrete and rubble masonry 

king. These piers have concrete foundations upon 
boulder clay or hard sandstone rock, and the highest of 
them has a height of 139 ft. above ground level. ‘ 

The approach viaduct at the north end, which is 
980 ft. 5 in. in langth, has three masonry arches of 25-ft. 
span, and five spans of 160 ft., with steel lattice girders 
upon piers, similar to those of the south approach viaduct. 

ese piers have concrete foundations on greenstone rock, 
and the highest of them has a height of 130 ft. above 
ground level. 

The bridge proper, which is 5321 ft. 8 in in length, has 
two spans of 1710 ft. over the two deep-water channels, 
one on each side of Inchgarvie, and two spans of 
646 ft. 4 in., that at the south end being over shallower 
water, and that at the north end over dry land at North 
Queensferry. 

The superstructure of these four main spans is com- 
posed of three t double cantilevers, pa pont ad of 
steel, the central or Inchgarvie double cantilever havin 
a length of 1627 ft. 8 in., and the South Queensferry an 
North Queensferry (or Fife) double cantilevers having 
each a length of 1513 ft. 9 in. 

The intervals of 346 ft. 6 in. between the north end of 
the South Queensferry cantilever and the south end of the 
Inchgarvie cantilever, and between the north end of the 
Inchgarvie cantilever and the south end of the North 
Queensferry cantilever, are each spanned by lattice 
girders, 350 ft. in length, and 50 ft. in depth at their 
centres, supported by the ends of the cantilever arms. 

Thecompression members of the cantilevers are, as a 
rule, tubular, the principal ones having a diameter of 
12 ft., and the tension members are mostly lattice girders. 

Each of the cantilevers rests upon a group of four low 
piers, built of masonry faced with granite, 49 ft. in dia- 
meter (except the two north piers at North Queens- 
ferry, which are 45 ft. in diameter), having their tops 
18 ft. above high-water mark. These piers are founded 
upon solid rock, or on concrete built up either from the 
solid rock or from a stratum of very hard boulder clay. 
They are arranged in pairs, 120 ft. apart from centre to 
centre transversely across the bridge, and the north and 
south pairs are 270 ft. apart from centre to centre at Inch- 
garvieand 155 ft. apart at South and North Queensferry. 

The south end of the southern cantilever and the north 
end of the northern cantilver rest upon granite piers, 
which also carry the ends of the adjacent girders of the 
two approach viaducts. 

The four South Queensferry main piers are founded 
upon the boulder clay underlying the bed of the Firth 
upon the south shore, into which clay they are sunk to 
depths varying from 304 ft. to 45 ft., and their bases 
stand at levels varying from 44 ft. to 90 ft. below high- 
water mark. 

The four Inchgarvie main piers are founded under water 
upon greenstone rock, their bases standing at levels vary- 
we ye 26 ft. to 72 ft. below high-water mark. 

f the four North Queensferry main piers two only are 
in the water, with their bases respectively 19 ft. and 
24 ft. below high-water mark, the other two being upon 
dry land. The whole of them are founded upon green- 
stone rock, 

The two cantilever piers are built of granite with 
rubble masonry backing; that at South Queensferry is 
upon the foreshore, and is founded upon boulder clay, at 
a level of 34 ft. below high-water mark, and that at 
North Queensferry is upon dry land, and is founded upon 
greenstone rck. The top of the former is 230 ft. 3 in. 
above ground level, and 208 ft. 9 in. above high-water 
— and that of the latter is 181 ft. above ground 
evel. 

The foundations of all the piers are excellent, and the 
whole of the masonry is of a very superior quality. 

The deepest foundation, that of South Queensferry 
north-east pier, is 90 ft. below high-water mark, and the 
extreme height of the central portions of the three double 
cantilevers is 343 ft. above the top of the piers, and 361 ft. 
above high-water mark. The headway in the channels 
below the main spans is somewhat in excess of that re- 

uired by section 5 of the Forth Bridge Railway Act, 
: : actual minimum at high-water spring tides being as 

ollows : 


ft. in. 
For 500 ft. 150 103 
1» 900, os 128 8 
», 1100 ,, a 108 9 


The headway prescribed in the Act for these spaces ig 





150 ft., 125 ft., and 100 ft, 
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The permanent way, which is for a double line, is on 
the cantilevers carried upon an internal viaduct supported 
by trestles resting upon the bottom members; at the 
central portions of the main spans it is placed between 
the girders, and upon the approach viaducts it is above 
the main girders. It is throughout laid in longitudinal 
steel troughs, resting upon cross-girders, and acting as 
rail guards. 

The rails are made of Siemens-Martin steel, and of a 
bridge form. They are in 28-ft. lengths, and weigh 121 lb. 
per yard ; their ends being connected by joint-plates 26 in. 
in length. They are secured to the sleepers by wood 
screws, of which there are four at each joint in each rail, 
and twelve others placed 2 ft. apart on alternate sides. 
The longitudinal sleepers are off Rangoon teak, 12 in. 
wide and 6 in. deep, bedded upon and secured to cross- 
bearers of teak, the spaces between which are filled in 
with creosoted pitch pine. Between the sides of the steel 
troughs and the longitudinals, teak wedges on the inside, 
and packing on the outside, have been inserted at every 

arer. 

The floor of the bridge is composed of steel buckle- 
plates, upon which a coating of gravel ballast is laid. 

per and sufficient provision has been made for expan- 
sion and contraction both of the rails and of the main 
members of the bridge. 

The whole of the superstructure of the bridge and via- 
ducts, with the exception of the seven masonry arches, is 
composed of open-hearth or Siemens-Martin steel, which 
by the specification had to satisfy the following tests: 
Strips cut lengthwise or crosswise to have an ultimate 
tensile strength of not less than 30 tons, and not exceed- 
ing 33 tons per square inch of section, with an elongation 
of at least 20 per cent. on a length of 8in. for all steel 
subject to tensile stresses; and of not less than 34 tons 
nor exceeding 37 tons, with an elongation of at least 
17 per cent. for all steel subject only to compression. 

trips cut crosswise or lengthwise 14 in. wide, heated 
uniformly to a low cherry red, and cooled in water of 
82 deg. Fahr., to stand bending double in a press toa 
curve of which the inner radius is 14 times the thickness 
of the steel tested. 

The requisite certificate, signed by the engineers, that 
these tests have been carried out is attached. 

Under the authority of the Board of Trade, dated 


December 9, 1881, re the bridge has been made 


of dimensions calculated to withstand a strain due toa 
rolling load of two trains of fifty loaded trucks drawn by 
two engines, giving a total weight for each train of 892 
tons, and to a wind pressure of 56 lb. to the square foot. 
Under the combined strains arising from these, and from 
the dead load, the steel, being of special quality, was 
authorised to be subjected to a stress of 84 tons per square 
inch when in compression, and 74 tons when in tension. 
he stresses on the bridge, as constructed, have been 
carefully calculated, and are, as a rule, considerably 
below these amounts, in no case exceeding 7.6 tons in com- 
pression, and 6.9 tons in tension, in the cantilevers ; and 

6 tons in compression, and 7.3 tons in tension, in the 
central girders. 

‘ The weight of steel actually used is 50,958 tons upon 
the main spans, and 3118 tons upon the approach viaduct 
girders, making a total of 54,076 tons, of which 53,716 
tons are rivetted work. 

The amount of masonry and concrete work is as follows: 
Granite, 640,300 cubic feet ; concrete, 64,315 cubic yards ; 
rubble masonry, 62,250 cubic yards. 

At this, our final inspection, we have subjected every 
part of the bridge to severe tests, by — over it, and 
placing upon it, in various positions, two heavy trains, 
each made up as follows: 

Two engines and tenders (in front), each Tons. 
weighing 73 tons ... ee ne ees 146 
Forty-four trucks loaded with iron, each 


15 tons 10 cwt. gross weight... 682 
One engine and tender in rear 73 
Total ... 901 


Each of these trains covered a length of 896 ft. 5 in. 

We have observed the deflections upon the main mem- 
bers and other parts of the structure, and these have in 
all cases been smaller than might have been expected. 

With the loads in positions calculated to produce the 
maximum deflections, these in no case exceeded 7.65 in. 
at the ends of the cantilevers, 

The deflections of the central girders, when loaded so 
as to produce the greatest effect, did not exceed 1.58 in. 

The deflections of the internal viaduct girders, approach 
viaduct girders, and cross-girders were of a very moderate 
amount. 

Careful observations were made to test the rigidity of 
the vertical members over the cantilever piers, and under 
the influence of the above heavy live loads the move- 
ments were very small, the ‘‘pull over” in the direction 
of the length of the bridge in no case exceeding 2 in. at 
the top of the vertical columns. There appeared to be 
no appreciable movement of the top of these columns in a 
direction at right angles to the length of the bridge. 

These results are most satisfactory, and taken in con- 
junction with the theoretical strength, according to the 
calculations, and with the remarkable absence of vibra- 
tion when the trains were running at considerable speed 
pros that the bridge is one of exceptional strength and 
stability. 

We ad therefore able to report that the Forth Brid 
may be safely opened for passenger traffic as soon as the 
approach railways have been completed. 

The greatest wind pressures during the last quarter 
were registered on January 26, 1890, and were as follows : 
On the large gauge at Garvie Castle, 18 lb. per square 
foot. On the call fixed gauge at Garvie Castle, 34 lb, 





per square foot. On the revolving gauge at Garvie Castle, 
27 Ib. ag square foot. 
At the time of this gale the bridge was virtually com- 
leted, and the effect upon the structure is stated to have 
m no greater than would, according to calculation, be 
caused by a pressure of 10 lb. per square foot over the 
whole surface. The maximum pressures during the pro- 
gress of the work, of which there 1sa reliable record, were 
on November 16, 1888, when the three gauges above 
mentioned showed pressures of 27 Ib., 41 lb., and 35 Ib. 
res cee 
he totai number of fatal accidents during the seven 
ears which the bridge has occupied in construction has 
mn fifty-six. Although this loss of life is greatly to be 
deplored, the fact that it has not been larger on a work of 
such magnitude, with so large a number of men employed 
in dangerous positions, shows that no reasonable precau- 
tions for their safety have been omitted. 

In conclusion we think it right to record our opinion 
that this great undertaking, every part of which we have 
seen at different stages of its construction, is a wonder- 
ful example of thoroughly good workmanship with excel- 
lent materials, and that both in its conception and in its 
execution it is a credit to all who have been connected 
with it, bearing testimony to the ability of the engineers, 
who have designed it, to the skill and resource of those 
who have superintended and constructed it, and to the 
zeal and courage of the workmen who have been employed 
upon it. e have, &c., 

C. 8. Hutcninson, Major-General, R. E. 
F. A. Manrinp1n, Major, R E. 
The Assistant Secretary, Railway Department, 
Board of ‘Trade. 


APPENDIX. 
Fortx Bripcr.—STEELWORK. 

We hereby certify that the whole of the steel used in 
the Forth Bridge has been made on the Siemens-Martin 
‘‘open-hearth” system, and has been subjected to the 
following specified tests : 

Strips cut lengthwise or crosswise to have an ultimate 
tensile strength of not less than 30 tons and not exceed- 
ing 33 tons per square inch of section, with an elongation 
of at least 20 per cent. in a length of 8in. for all steel 
subject to tensile stresses, and of not less than 34 tons 
nor exceeding 37 tons, with an elongation of at least 17 
per cent, for all steel subject only to compression. 

Strips cut crosswise or lengthwise 14 in. wide, heated 
uniformly to a low cherry red and cooled in water of 
82 deg. Fahr., must stand bending double in a press to a 
curve of which the inner radius is one and a half times 
the thickness of the steel tested. 

The results of the many thousands of tests made showed 
the steel to be possessed of toughness and ductility con- 
siderably in excess of the specified requirements. 

February 14, 1890. FOWLER AND BAKER. 








BOILER EXPLOSIONS AND THE BOARD 
OF TRADE. 

On Friday, the 21st ult., a deputation from the Man- 
chester Steam Users’ Association waited on the President 
of the Board of Trade, Sir Michael Hicks-Beach, and 
presented a memorial with regard to the prevention of 
steam boilerexplosions. The special point of the memorial 
was to urge the rd of Trade to put the provisions of 
the Boiler Explosions Act, 1882, into more vigorous 
operation. That Act provides for the investigation of 
every explosion that occurs, but of these investigations 
there are two classes, one termed a ‘“‘ Preliminary Inquiry,” 
which is held by an an appointed by the Board of 
Trade, the other termed a ‘‘ Formal Investigation,” which 
is held by a court specially instituted for the | ew seem 
consisting of a lawyer and engineer. The “ Preliminary 
Inquiry” simply results in a report, while a “ Formal 
Investigation ” results, should the Court think fit, in the 
costs of the investigation, or a portion of them, being 
thrown on the ny Bee parties to whose default the 
explosion is found’ to be due. 

n the case of an explosion that occurred at Dudley on 
October 11,1887, no penalty was imposed; in the case of 
another explosion that occurred on board the s.s. Snaefell, 
near Yarmouth, on the July 16, 1889, a penalty of 20/. 
was imposed; in the case of a third that occurred at 
Wallsend, on a 26, 1889, a penalty of 50/.; in the 
case of a fourth that occurred in London on August 23, 
1889, a penalty of 40/.; in the case of a fifth that 
occurred at Northwich on October 19, 1889, a penalty of 
401. ; in the ca3e of asixth that occurred at Charlesworth, 
on November 1, 1889, a penalty of 75/. ; and in the case 
of a seventh that occurred at Newcastle on October 11, 
1889, a penalty of 65/. In each case the fine was thrown 
upon the owner. 

These are all the formal investigations that have been 
instituted since the Act was passed nearly eight years ago 
The Manchester Steam Users’ Association think that 
there are few explosions in which a formal investigation 
should not be instituted, and that if formal investiga- 
tions had been prosecnted with more vigour, boiler owners, 
boiler makers, and boiler inspectors would have been stimu- 
lated to a keener sense of their responsibilities, and the 
death roll from boiler explosions would have been much 


reduced. 

The deputation was supported by Sir W. H. Houlds- 
worth, Bart., M.P., and Mr. Isaac Hoyle, M.P, while 
the Manchester Steam Users’ Association was represented 
by Mr. Henry Lee, president, Mr. Alderman Schofield, 
Mr. Charles Heaton, Mr. Samuel Armitage, Mr. Charles 
J. Pooley, Colonel Peacock, C.E, members of the execu- 
tive committee, Mr Lavington E. Fletcher, chief 
engineer, and Mr. Robert Tonge, secretary. Letters o' 

for unavoidable absence were received from Sir 


ap logy 
Henry E. Roscoe, M.P., Mr. William Mather, M.P., 





Mr. John Ramsbottom, Mr. Samuel Rigby, Mr. Louis 
J. Crossley, and Mr. Adam Dugdale. 

Sir William H. Houldsworth, Bart., M.P., in introduc- 
ing the deputation, said: The or composing the 
deputation represented the Manchester Steam Users’ 
Association, with the working of which he thought Sir 
Michael Hicks-Beach was already aware. The Associa- 
tion was of a philanthropic c ter. It was not 
instituted for the reaping of profit, but for the saving of 
human life. The deputation would in the first instance 
invite the attention of the President of the Board of 
Trade to the fact that although the Boiler Explosions Act 
had been in operation nearly eight years, and a large 
number of preliminary inquiries had been held, there was 
still a considerable number of persons killed or injured 
every year by boiler explosions. The Manchester Steam 

sers’ Association was the main instrument concerned in 
the promotion and passing of that Act, and therefore took 
a great interest in its working. The deputation did not 
come with a grievance, but to strengthen the hands of 
the Board of Trade in carrying out the Boiler Explosions 
Act more vigorously than heretofore. They attached 
great value to the lyre of instituting formal investiga- 
tions, a power which they were glad to observe the Board 
of Trade was now using to a greater extent than before. 
They felt that these formal investigations were of the 
very greatest importance, and wished to urge that the 
number of these investigations should be increased. 

The special object of the deputation was to thank the 
Board of Trade for the new departure recently taken in 
instituting formal investigations, and to express their 
belief that if these were carried out vigorously they would 
meet the case to a large extent. They desired to see what 
could be done under the present law before making pro- 
posals for legislating further. 

Sir William said he would merely add that the deputa- 
tion had a slight amendment to propose to the Boiler 
Explosions Act:1882, so as to transfer the investigation of 
boiler explosions occurring in coal and other mines from 
the Home Office to the rd of Trade. If this were 
done, not only would boiler explosions at coal and other 
mines be more thoroughly investigated, but the annual 
oo issued by the Board of Trade would be more com- 
plete. 

Mr. Henry Lee (Manchester), president of the Man- 
chester Steam Users’ Association, then explained the 
methods adopted by the Association. 

Mr. Robert Tonge, the secretary, then read the me- 
morial as follows : 


To the Right Honourable Str Micnart Hicks-Beacn, 
Bart., M.P., &c., President of the Board of Trade. 
The Memorial of the Manchester Steam Users’ Associa- 
tion for the Prevention of Steam Boiler Explosions, 
and for the Attainment of Economy in the Application 
of Steam, by their President, 

Respectfully showeth,— 


That Loss of Life from Boiler Explosions continues, not- 
withstanding the Boiler Explosions Act and Employers’ 
Liability Act. 

1. That the Boiler Explosions Act, 1882, has now been in 

active operation for nearly eight years, and that under 

its provisions upwards of 375 preliminary inquiries have 
been held by Board of Trade engineer surveyors and seven 
formal investigations by means of a court specially insti- 
tuted for the purpose ; while during that period, notwith- 
standing the operations of the Boiler Explosions Act and 
the Employers’ Liability Act, as many as 283 persons 
have been killed and 487 persons injured by boiler explo- 
sions. 

The greater part of this loss of life your memorialists 
consider could have been prevented by the exercise of due 
care on the part of the boiler owners. 


The Manchester Steam Users’ Association originated the 
Boiler Explosions Act. 

2. Your memorialists take great interest in the work- 
ing of the Boiler Explosions Act. They have special 
reasons for doing so. Impressed for years with the un- 
satisfactory character of the investigations conducted by 
coroners’ courts with regard to holler explosions, they 

resented a memorial on June 29, 1875, and another on 

une 22, 1876, to the Right Honourable Richard Assheton 
Cross, who was at that time Her Majesty’s principal 
Secretary of State for the Home Department, calling the 
attention of Her Majesty’s Government to the loss of life 
from steam boiler explosions, and urging that an Act 
should be passed for securing a searching inquiry under 
the superintendence of the Board of Trade in the event 
of every boiler explosion, whether fatal or not, so that 
the cause of the disaster might be clearly ascertained, and 
the responsibility thereof brought home to the right 
party. In 1881 the late Mr. Hugh Mason, M.P. for 
Ashton-under-Lyne, president of the Manchester Steam 
Users’ Association, introduced a Bill in Parliament con- 
taining provisions to the above effect, under the title of 
the Boiler Explosions Bill, and in 1882 succeeded in 
getting this Bill carried through Parliament. Under 
these circumstances your memorialists consider the Board 
of Trade will deem them to be justified in taking a great 
interest in the working of the Boiler Explosions Act. 


Memorialists Approve the Number of Preliminary Inquiries 
made, but Regret the Long Interval that Elapses between 
the Occurrence of the Explosion and the Publication of 
the Report thereon, : $ 

3. Your memorialists have pleasure in stating that the 

have observed with satisfaction the vigilance with which 

the Act has been worked, so far as regards the institution 
of preliminary inquiries, and the issue of es eae thereon. 

Those reports have contained a great deal of practical 


f | information with regard to the explosions investigated, 


which cannot but be useful to the public, and which, 
without the compulsory powers conferred by the Act on 
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the engineers making the investigations, would have 
been lost. 

Without wishing, however, in the slightest degree to 
depreciate the service rendered, your memorialists cannot 
but think that its value would be enhanced if the reports 
were published more promptly. They find that the 
average time that has e aoe | in 295 cases between the 
occurrence of an explosion and the publication of the Board 
of Trade report thereon has been three months or thirteen 
weeks. In this calculation the report on the Brockmoor 
explosion, No. 254, and also that on the Bilston explo- 
sion, No. 116, have been omitted, as those reports were of 
unusual fulness, 


Memorialists Approve Investigation of Explosions from the 
Bursting of Steam Pipes, Economisers or Feed-Water 
Heaters, Bleaching Kiers, Tar Stilis, de. 

4. Your memorialists have also observed with satisfaction 

that the Board of Trade have given the liberal interpre- 

tation to the term “ boiler” for which the framers of the 

Act intended to provide, and have not confined their 

investigations to explosions due to the bursting of what 

may be termed steam boilers ‘‘ proper,” but have included 
in their investigations a opr resulting from the burst- 
ing of steam pipes as well as other vessels, such as kiers, 

ag, acme aig &e. 

(x plosions arising from the bursting of steam pipes are 
specially important, and by way of illustration it may be 
mentioned that Py one such explosion that occurred on 
board the Royal Mail Steam Packet Company’s s.s. Elbe, 
on September 19, 1887, as many as ten persons were 
killed. Many steam-pipe explosions arise from the lodg- 
ment‘ of water, owing to the pipes not being pckne 
laid, in consequence of which, when the steam is turned 
on, ‘‘a water-hammer” action is set up which bursts the 
pipe. The laying of steam pipes is a subject to which 
sufficient attention has not been paid, so that it is most 
important that every steam pipe explosion should be fully 
investigated and reported to the public. 

Objection has sometimes been raised to the investiga- 
tion of any explosions other than those resulting from 
steam boilers ‘* proper.” From this view, however, your 
memorialists entirely dissent. Their object is to save 
human life, and it has always appeared to them that it 
mattered very little whether life was sacrificed by the 
bursting of a steam boiler ‘‘ proper,” or by the bursting 
of a steam pipe, an “economiser,” or feed-water heater, 
a i kier, a tar still, a rag boiler, or other similar 
vessel, 

If any further argument is needed in support of the 
course the Board of Trade have adopted, your memo- 
rialists consider it is to be found in the fact that since 
the passing of the Boiler Explosions Act as many as 122 
of hen miscellaneous explosions have occurred, killing 
72 persons and injuring 126 others, 


Menorialists highly Approve the Institution of Formal 
Investigations, and trust they will be continued. 

5. Your memorialists would more especially wish to 
express their satisfaction with the new departure the 
Board of Trade have recently taken in instituting formal 
investigations in several, cases instead of preliminary 
inquiries only, and in throwing the cost of such investi- 
gations, or a portion thereof, on the parties to whose 
neglect the explosions were deemed to be due ; and your 
memorialists trust that the Board of Trade will see fit to 
persevere in this course, as they consider it will pr.mote 
the interests of the public safety. 


Memorialists urge that Formal Investigations should be 
instituted whenever an Explosion is of sufficient Violence 
to Endanger Life, though not Fatal. 

6. Your memorialists would draw the attention of the 
Board of Trade to the fact that the fatality of a boiler 
explosion is no indication of its importance, or of the 
culpability attaching thereto. An explosion that does 
not kill any one may be as violent and the result of as much 
negligence as one that kills ten or twenty people. Your 
memorialists therefore would beg to urge that formal in- 
vestigations should not be limited to those cases where 
life is lost, but that they should be instituted in every 
case in which the explosion is of such a character, extent, 
or violence as to endanger life or limb, or in any other 
case in which the Board of Trade may deem such an in- 
vestigation expedient. 


Memorialists urge that the Steam User should be held 
Responsible for the Rfoincy of his Boiler, 

7. Your memorialists consider that the steam user should 
be held responsible for the sound condition of his boiler, 
and that in the event of explosion the onus of proof that 
he had done everything he could to insure safety should 
be thrown upon him, while the plea of ignorance should 
not be accepted as justification. 

In support of this view your memorialists may state that 
they have for years past paid great attention to the subject 
of boiler explosions, and, after investigating the cause of 
most of those that have occurred taronghout the country 
for upwards of thirty years, have arrived at the conviction 
that explosions arise from very simple causes, that in the 
majority of cases they are not accidental, and that all that 
is needed for their prevention is for a steam user to get a 
good boiler in the brat place and to take care of it in the 
second, 

This view is clearly corroborated in the annual reports 
issued on the working of the Boiler Explosions Act, Mr. 
Thomas Gray, Assistant Secretary to the Marine Depart- 
ment, says: ‘‘The terms ‘ inevitable accident’ and ‘ acci- 
dent ’ are entirely inapplicable to these explosions. The 
reports show that so far from the explosions being acci- 
dental, the only accidental thing about many of them is 
that the explosions should have been so long deferred.” 

Further, the Select Committee of the House of Commons 
appointed to inquire “‘ into the causes of steam boiler ex- 


plosions and the best means of preventing them,” which 
sat in the years 1870-71, made the following recommenda- 
tions in their report ; ‘‘ That it be distinctly laid down by 
statute that the steam user is openers for the efficiency 
of his boilers and machinery, and for employing a com- 
petent man to work them. ‘That in the event of explosion 
the onus of proof of efficiency should rest on the steam 
user,” 


Memorialists convinced that Searching Investigations 
would do much to Reduce the Death Roll from Boiler Ex- 
plosions, 

8. Your memorialists desire to express their conviction 

that by the institution of searching investigations, as well 

as by the deliverance of plain-spoken and firm judgments, 
based on the principle that steam users are responsible 
for the sound condition of their boilers, and by throwing 
the cost of the investigation, or a portion thereof, on the 
gers to whose default the explosion is due, the Board of 

rade will do much to reduce the death-roll from boiler 
explosions, and that the adoption of such a course will 
result either in rendering further legislation for the pre- 
vention of boiler explosions unnecessary, or in bringing 
such facts to light as will show how further legislation can 
best be framed. 


Memorialists Pray for the more frequent Institution oy 
Formal Investigations, 

9. Your memorialists therefore earnestly pray that the 
Board of Trade will put the powers conferred upon them 
by the Boiler Explosions Act into vigorous operation, by 
increasing the number of formal investigations. 

(Signed on behalf of the Association), 
PRESIDENT. 
Steam Users’ Association, 9, Mount-street, Albert- 
square, Manchester, Tuesday, February 4, 1890. 


Mr. Lavington E. Fletcher, chief engineer, called the 

attention of Sir Michael Hicks-Beach to some co 

lates he had laid on the table, two of which were cut 
see the boiler which recently exploded at Charlesworth, 
and a third from a boiler which exploded some time since 
at Rochdale. In each case the plates at the edge where 
the rent occurred were so eaten away that the thickness 
was reduced to that of an old sixpence, These plates 
showed that there was no mystery about the cause of 
explosions. No one had aright to work a boiler with 
the plates in such a wasted condition. These specimens 
night be taken as weg 4 representative cases. The 
Manchester Steam Conv’ ssociation had a number of 
such in its museum, while particulars were to be found 
in its records of a large number of explosions that had 
arisen from just such wasting as that shown in the speci- 
mens lying on the table. 

The speaker then drew attention to the great number of 
preliminary inquiries as compared with formal investiga- 
tions. It was this disproportion which the Manchester 
Steam Users’ Association came to ask Sir Michael Hicks- 
Beach to remedy. They asked him to so increase formal 
investigations that the volumes of reports thereon should 
become as important as those on preliminary inquiries. 
That was the prayer of the memorialists put in a graphic 
form. Their view was that somebody was responsible 
for every explosion, and if that responsibility were brought 
home to the right party it would have a practical effect 
in reducing the number of steam boiler explosions. 

He would not trouble Sir Michael on the present occa- 
sion by reading extracts from the reports, or opening any 
one of them, but might perhaps be allowed to hand in a 
document with regard to the working of the Boiler Ex- 
plosions Act, addressed to Lord Stanley when President 
of the Board of Trade, by Mr. Thomas Gray, Assistant 
Secretary to the Marine Department, on February 7, 1888. 
In this document would be found on pages 11 to 17a 
résumé of a number of interesting cases of explosions 
reported on within those volumes, which Mr. Gray said 
were ‘‘ typical, and might serve as very fair illustrations 
of the whole.” In one of these cases, No. 156, by which 
two persons were killed, and three others injured, Mr. 
Gray remarked, *‘the plates were wasted until in places 
they were ‘no thicker than ordinary paper, and generally 
the decay was so extensive as to render the boiler quite 
unfit for any pressure.’” In a second, No. 179, by which 
three persons were killed and fourteen others injured : 
‘* The shel plates, where in contact with the brickwork 
setting, were wasted by external corrosion until there was 
scarcely any metal left.” Ina third, No. 192, by which 
three persons were killed and three others injured : ‘* The 
plates were wasted until in places there was scarcely any 
metal left. The boiler was worn out and unfit for any 
pressure.” Ina fourth, No. 195, by which two persons 
were killed and three others injured: ‘‘The plate where 
the fracture occurred was no thicker than paper. This 
boiler. was insured, but the insurance company appear 
to have accepted the risk without an internal examina- 
tion.” Ina fifth, No, 90, by which four persons were 
killed and ten others Phe ths | : “This boiler was under 
the inspection of an insurance pompeny, but as the brick- 
work setting was not removed when the usual annual 
examinations were made, the external co rosio 1 which 
had taken place escaped the inspector’s notice.” It was 
thought that these were cases all calling for formal inves- 
tigation, and it was to he regretted that such an investi- 
gation had not been held, 

Some boiler owners and some boiler makers did not 
seem to learn by experience. In one case the same boiler 
owner had three explosions in three successive years, one 
on July 12, 1882, the second on June 12, 1883, and the 
third on November 18, 1884. In another case a boiler 
maker turned out a boiler which exploded from construc- 
tive weakness on March 8, 1 while a second boiler 
made by him just about the same time, burst on August 22, 
1889, from the same cause. Had formal investigations 
been instituted it is thought that these repeated explo- 





sions would have been prevented, 


The Association wished to express their approval of the 
course the Board of Trade had followed in investigating 
explosions that arose from the bursting of steam pipes, rag 
boilers, bleaching kiers, ‘‘economisers,” or feed-water 
heaters, &c. Such explosions were frequently very destruc- 
tive. He held in his hand a report of a preliminary in- 
quiry, No. 373, on a steam pipe explosion that occurred at 

trow, killing one person and injuring four others; a 
second, No. 340, that occurred at Deptford, killing one 
person and injuring ten others; a third, No. 313, that 
occurred at Bradford, killing one person and injuring 
five others ; a fourth, No. 238, that occurred on board the 
8.8. Elbe, at Southampton, killing 10 persons ; a fifth, 
No. 147, that cme at Blackburn, killing one person. 
He had also a report of a preliminary inquiry, No. 300, 
on a kier explosion that occurred at Ballyclare, killing 
three persons and injuring four others, as well as a report, 
No. 242, of an economiser explosion that occurred at 
Middleton Junction, injuring one person ; and another 
report, No. 106, of another economiser explosion that 
occurred at Lees, near Oldham, killing four persons and 
injuring three others, while the destruction of ay aaa in 
that case was very great. These reports would be suffi- 
cient to show that explosions arising from the bursting 
of steam pipes, ‘‘ economisers,” and other miscellaneous 
vessels were destructive to both life and property, and it 
was therefore most important that the Seoed of Trade 
should persevere in investigating them. In conclusion 
Mr. Fletcher urged that a formal investigation should be 
instituted in every case in which the explosion, whether 
fatal or not, was of such a nature or violence as to 
endanger life or limb, and whenever the explosion ap- 
eae on the face of it, to be due to negligence. 

The memorial was further supported by Mr. Alderman 
Thos, Schofield, Mr. Charles Heaton, Colonel Peacock, 
and Mr. Henry Lee. ; 

Sir Michael Hicks-Beach, M.P., in reply said: The 

ard of Trade was often subjected to criticism, and, he 
believed, derived benefit from such criticism ; but it did 
not often happen that gentlemen who approved of its 
actions took the trouble to come and say so. Judging 
from the speeches which the members of the deputation 
had made that day, they did approve of the action of the 
department in the matter belone them, and it would, 
he hoped, go forth that the Board of Trade had their 
approval. 
he investigation of boiler explosions had been under 
his notice of course ever since he had held the office of 
President of the Board of Trade. It was commended to 
his attention by his predecessor, Lord Stanley, of Preston, 
and on considering the matter it occurred to him that 
before asking Parliament to legislate further, the depart- 
ment should at any rate make use of the powers of tke 
existing law, and that was a maxim which he thought 
applied to many other questions besides that of the pre- 
vention Of steam boiler explosions. He therefore ordered 
what the deputation characterised as a ‘‘ new departure,” 
and he was very glad to find that the deputation so 
entirely approved of the course he had taken. 

He noted what had been said with regard to prompt- 
ness in making the formal investigations, and in publish- 
ing the reports thereon. If there had been any failure in 
that respect the Board of Trade would endeavour to 
amend it, but, of course, the formal investigation could 
not be held until the results of the preliminary inquiry 
poe been sntiiona, and» little time hex agp acrid for 
that pur . He entirely agreed with the deputation 
that the sal the report was issued the better. 

He thought the results of the investigations that had 
been held were already sufficient to establish one_ prin- 
ciple with which, from what the deputation had said, he 
thought they would be entirely disposed to agree, and 
that was that the idea which had been put forward by 
some members of the House of Commons as to attaching 
the very greatest weight to the fact of insurance and pre- 
sumed inspection by.an insurance company would be a 
very grave mistake. Out of the eight* formal investiga- 
tions which had been held, it appeared that in no less than 
three cases the inspection by the insurance companies 
had been anything But satisfactory, and not such as was 
required in the interests of the public safety. That, to 
his mind, disposed of the proposals contained in the Bill 
introduced by Mr. Provand, M.P., in previous sessions. 

Then the deputation asked him whether, if the Asso- 
ciation were to introduce a short Bill in Parliament to 
amend the Boiler Explosions Act, so as to include in its 
operations explosions occurring at coal and other mines, 
the Board of Trade would give the measure their sup- 
port. To this he might reply that personally he had no 
objection whatever to such a measure, but thought it was 
a matter on which the Home Office should be consulted. 
The Home Office did, he believed, three years ago accept 
the principle of the pene. Personally, he repeated, he 
had no objection if the deputation thought it well to 
invite Parliament to legislate on the matter. 





* Sir Michael Hicks-Beach speaks of eight formal in- 
vestigations having been made, whereas the memorial 
speaks of only seven. The discrepancy arose through a 
formal investigation having been held into an explosion 
that occurred at Ilkeston, near Nottingham, on October 
23rd last, of which the Manchester Steam Users’ Associa- 
tion had received no report. This is another illustration 
of the inconvenience that arises from the great delay that 
occurs in the issue of reports under the Boiler Explosions 
Act. Since the presentation of the memorial notice has 
been given for the holding of four formal investigations. 
One was held last Saturday at Wickham Skeith, near 
Finningham, and the others are to be held at Halesowen, 
near Birmingham, on the 17th, at Roundthorn, near 
Oldham, on the 18th, and at Dordon, near Tamworth, 
on the 20th, 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Compitep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1888. 

The mumaber of stant diam to Gis Reesifention ion Drawings is stated 
in each after the price; none are mentioned, the 
Specification is not ill 

Where Inventions are communicated from abroad, the Names, 
te o Spscttontions w be oMatned at 38 Cursitor-street 

Copi - ~ eye ‘ , P . 
‘Caanaery- kale, E.C., either personally, or by letter, enclosing 
amount P npke postage, aadressed to H. ER LACK, Esq. 

The date of the advertisement of the acceptance of a complete spe- 
cification is, in each case, given after the abstract, unless the 

‘atent has been sealed, when the date of sealing is given. 

—— may at any time within two months from the date of 
the adverti. the acceptance of a@ comy specification, 
give notice at the Patent Office ition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS. 


17,610. W. Tully, London. Apparatus for aoe 
lat: or Contro: g the Supply of Steam and other 
Fluids to Engines or Motors and for Similar Pur-. 
poses, [1ld. 12 Fiys.] December 3, 1888.—The valve C is conical 
and is fixed on one end of the valve spindle Cl, the other end of 
which is formed with a cup disc E. The casing A is formed with a 
contracted part A! of less diameter than the cup disc, so that 
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when the speed of the engine suddenly increases, the motive fluid 
passing with great velocity through the contracted part will 
unpinge against the cup disc and drive the valve C towards its 
seat. The valve spindle moves in guides D and is provided 
with rack teeth C2, into which gears a toothed segment F adapted 
to be operated by means of the rod G and handwheel M, so as to 
open and close the valve C. (Sealed February 11, 1890). 


2810. H. MacColl, Sydenham, Down, Ireland. Feed 
Heaters for Steam Bolen [6d. 8 Figs.) February 18, 
1889.-—Five cylindrical shells, 11, 12, 13, 14, 15, of uated sizes 
arranged concentrically, are held between two end castings 16, 17 
by | tie-bolts 18. The feed pipe is connected so as to lead the 
water first through one end casting 16 into the central space 19, 
then through passages 20 in the other end casting 17, through the 
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third space 21, through passages 22 in the casting 16, into the 
outermost space 23, through a passage 24 in the end casting 17 to 
a delivery pipe or to a seeond feed heater. The second and fourth 
annular qylindrical spaces 25, 26 communicate by openings 27 in 
the end castings, with the boiler space, so that the steam has free 
access to these spaces, as well as to the outside of the outermost 
shell 15. (Accepted January 8, 1890). 


3475. H.Kuhne, London. (W. R. Proell, Dresden, Ger- 
many.) Expansion Gear of Steam Engines. [6d. 6 Figs.) 
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February 27, 1889.—This invention relates to that class of expan- 
sion gear, in which the admission of steam is regulated by two 





slide valves, one working on the back of the other, the slide valves 
being actuated by eccentrics having different advance angles. 
A ding to one ar t a round stud c on the back of the 
expansion disc C is held in position and is actuated in an oscillat- 
ing manner inthe arc of a circle by an arm D inside the steam 
chest, the slide pe to turn in the hole in the arm D. The 
latter is fixed on a t E upon one end of which is fixed an arm 
H connected with an expansion eccentric rod. The motion of the 
latter will cause the expansion slide C to oscillate and alternately 
cover and open the arc-shaped admission ports b of the main slide. 
(Accepted January 22, 1890). 


4570. C. Capeyron, Bordeaux, France. Steamand 
other Engines. (8d. 3 Figs.] March 15, 1889.—This invention 
is based on the geometrical fact that when a circle rolls upon the 
inside of another circle of double the radius of the first circle, then 
the two extremities of a diameter of the first or inner circle will 
move upon diameters of the second or outer circle which are at 
right angles to each other. The improved engine comprises four 
fixed cylinders whose axes are at right angles to each other and 
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may be in the same plane or in two parallel planes. The stroke of 
the pistons is equal to four times the radius of thecrank. The dis- 
tribution of the motive fluid is effected by means of four slide 
valves operated by a crank of suitable radius, having pivotted upon 
its pin two eccentrics of equal radius to that of the crank, and are 
placed opposite to each other. These eccentrics transmit to 
the slide valves an alternating movement, the length of which is 
equal to four times the radius of the crank. (Accepted January 
22, 1890). 

19,197. H. Davey, London. Pumping e. (6d. 
7 Figs.) November 29, 1889.—G is a high-pressure and H a low- 
pressure steam cylinder having slide valves with expansion valves 
working on them. Steam or water is admitted by a slide 
valve to the subsidiary cylinder g, the piston of which actuates 
the slide valve of the cylinder a. The former slide valve is 
actuated by the engine through the rocking shaft L by rods and 
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levers. The 7a @ moves the main valves through the 
rocking shaft K. The expansion valves are actuated from the 
rocking frame A through the rocking shaft L, and the connecting- 
rodsc and d. Cushioning valves are provided for the purpose 
of determining the stroke of the steam piston and causing 
compression during the latter end of the stroke. These valves are 
actuated by the engine through the rocking shaft L and close 
towards the end of the stroke. (Accepted January 8, 1890). 


20,169. W. Malam, Edgemoor, Delaware, U.S.A. 
Construction of Steam Boilers. [6d. 6 Figs.) December 
14, 1889.—The main object of this invention is the construction of a 
corrugated crown sheet G for the firebox of a boiler of the locomo- 
tive type, such, that pressure upon the crown sheet G will not 
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cause any other than a direct vertical strain upon the side sheets 

F of the firebox or upon the joint formed between the upper edges 

of the side sheets and flanges of the crown sheet. In Fig. 2 the 

crown sheet and side plates are in one piece. Fig. 3 shows the 

application of this invention to asmokebox casing. (Accepted 
‘anuary 22, 1890). 


MANUFACTURE OF GAS. 


4644. F. Siemens, London. enerative Gas Fur- 
naces and Producers, [lld. 15 Figs.) March 16, 1889.— 
The present improvements consist in constructing a regenerative 
gas furnace A provided with air regenerators B of the reversible 
type, also with twoor more separate sets of gas and air or flame 
poe D, and with one or more gas ucers C placed near to the 

eating chamber E. Each flue that brings the gas to the heating 
chamber is provided with a valve V for reversing the direction of 
the current in the furnace, and the regenerators are also provided 
with a reversing valve W or its equivalent for reversing the direc- 
tion of the inflowing air to the heating chamber and of the out- 
flowing products of combustion. The gas producer may be pro- 
vided with grates, or the lower portion of the fuel may rest on a 





solid hearth ; also air injection by artificial means may be em” 
ployed. Instead of supplying air at the bottom of the producer> 





products of combustion from the heating ehamber of the furnace 
may be drawn by a steam jet through the space H into the space L 
under the producer. (Accepted January 22, 1890). 


4869. D. Irving and A. Socher. Bristol. Apparatus 
for Ammonia, Sulphur, and other Im- 

urities from Gas. [8d. 6 Figs.| March 20, 1889.— 

is invention relates to an improved gas washer. The ap tus 
is of cast iron, and is divided horizontally into a number of super- 
posed compartments which are divided vertically by partitions 
into four, so that the gas from the inlet below enters through 
the yasway D in four streams, which are subdivided by curtains 









































fixed to the plate F, to which the projections or baffling teeth 
are attached. The pure water for washing the gas enters at top, 
and is distributed in the form of bie | by means of a device not 
shown. The water through the top chamber by an over- 
flow pipe P in the side of the gasway pipe, so that the tar which 
may collect is removed at the same time as the liquid flows down 
the gasway pipe D, additional wetted surface being thereby pre- 
sented to the ascending gas. (Accepted January 22, 1890). 


SMALL TOOLS. 


3904. A. A. Tattersall, Ac Lancaster. 
Combined sone and Hand Iron w Frame, (6d. 
4 Figs.) March 7, 1889.—A is the handle with fixed jawa. The 


saw blade B is removably fixed in a slot in the handle by means of 
small screws or boltsC. The movable jaw D works with its pro- 
longation d on a set screw E which serves to operate the movable 


A yes Fig 1. 


























= D to grip various sizes of tubing, nuts, &c. In Fig. 2 the 
andle a is made cranked to allow of clearance in the article sawn. 
The saw blade B is removably fixed, and is put in tension by means 
of set screws C inclined at ite angles. A sliding wedge G is 
advanced by the operation of a nut working on a screw I towards 
the pivot E to close the jaw F. (Accepted January 22, 1890). 


14,934. W. Lorey and C. Getz, Philadel, ata, sad 
rg Di Hosensack, Pa., USA. ices. 
(6d. 2 Figs.] September 21, 1889.—The improved vice comprises 
a fixed jaw A, a movable jaw B provided with a depending leg J, 


and pivotted to a stationary slide D from which depends a leg H. 
An eccentric M is pivotted to the leg J, and adapted to bear 





against the otherleg H. The jaws are opened and shut by suitably 
rotating a screw F working in a fixed nut E, by means of a handle 
G, and the work is clamped and released by operating the eccentric 
M by means of a handle N. (Accepted January 22, 1890). 


FURNACES. 


4830, F. Dinz, St. Joan des France. Appa- 
ratus for the Combustion or peek {lld. 16 Figs.) 


March 19, 1889.—The improved apparatus comprises a series of 
superposed slabs of ref a material which can be varied in 
number according to the desired temperature and ding to 
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the nature of the fuel. Each of these slabs comprises one or more 
compartments, and each of these compartments constitutes a 
hearth for the fuel. Each hearth has a chamber into which the 
fuel drops through an opening bc in the upper slab. The fuel 
spreads out in the chamber upon the slope; the upper part of 
the heap is of the form of the orifice bc, the section of which is 
sufficient to enable the fuel to drop freely in a continuous manner. 





The superposition of slabs d constitutes the furnace. The fuel 
drops out in each chamber, and is compelled to move on the 
slopes ¢, J, 7, h, 80 as to be reduced toa thickness f A equal to bc. 
As in each slab the fuel assumes a taper form, the parts ), b!, e ¢ cl 
will be without fuel, and the gas can circulate therein as it passes 
from one flue ¢ to the opposite flue j in a zig-zag path in intimate 
contact with the fuel whilst it is freely disengaged. (Accepted 
January 22, 1890). 


19,145, F. A. Herbertz, Cologne, Germany. Smelt- 
Farnaces, (6d. 2 Figs.) November 28, 1889.—S is the 
shaft of a smelting furnace provided with a steam jet. H is the 
adjustable hearth of the furnace. Between the shaft and the 
hearthis an adjustable annular air entrance opening O. When 
smelting pulverised material it is not possible for the steam jet to 














draw the air through the layers of the charge, so air is forced in 
for this purpose through channels Z into an air chamber f, whence 
the air passes through a number of connecting pi h into an 
adjustable annular air case W, and thence through the adjustable 
annular air opening O into the furnace. (Accepted January 8, 
1890). 


ELECTRIC ARRANGEMENTS AND PROCESSES. 


3344. W. P. Thompson, London, (Westinghouse 
Electric Company, Pittsburyh, Pa., U.S.A. tors for 
Systems of #lectrical Distribution. [8d. 2 Figs.) 


March 6, 1889.—The invention consists in developing a normal 
electromotive force at the central station sufficient to supply the 
requisite difference of ee many | to the translating devices in- 
cluded in the circuits, having the least loss or drop, and in in- 
creasing the difference of potential upon any given circuit, by 
applying a supplemental electromotive force to that circuit suffi- 
cient to compensate for the loss or drop, or to raise the difference 
of potential to any a mt extent that may be desired for other 
reasons. It also involves the obtaining of any required variations 
in the amount of electromotive force added to any circuit. The 
improvements include the combination of a source G of alternat- 
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ing, intermittent, or ree electric currents, independent 
electric circuits 1, 2, and 3, 4, derived therefrom, an electric con- 
verter C? having one coil connected in one of the derived circuits, 
and an independent circuit L! L2, connected directly across the 
poles of the source G, and including only the coil of the 
converter, whereby currents will be caused to traverse the 

coil in value directly dependent. upon the current traversing the 
derived circuit. The coils of the converter C2 are so wound and 
connected with reference to each other that the current induced in 
the secondary coil will be in the same direction as that flowing 
through the conductor 4, so that the additional electromotive force 
ap lied to this conductor will assist in maintaining a required 
difference of potential at the terminals of the primary coil of the 
converter C2, (Accepted January 22, 1890). 














4192, Siemens Brothers and Co., London. (4. M. 
Taylur, Baroda, India.) Regulator for Transformed 
Electric Currents. [6d. 1 Fig.) March 9, 1889.—P is the 
primary and § the secondary coil of a transformer supplying elec- 
tricity to a number of lamps L. One of the leads a for the secondary 
circuit of the transformer passes on its way to the lamps through 
the regulator consisting of a two-lim solenoid C made in 


Pp 









<2) 


SOTC5G0 














4192 
horseshoe form and suspended by an adjustable spring F with the 
ends of its cores presented towards a stationary armature A, one 
core having its coil in the main secondary circuit, and the other 


core having its coil of a ater number of convolutions in a 
on. pea: from the secon circuit. (Accepted January 8, 


7719. Dr. P. Schoop, Zurich. Electric or Galvanic 
Elements or Cells. [6d.) May 8, 1889.—This invention has 
reference to the use of certain sv stances (such as water glass, or 
a solution of a salt of iron), whereby the existing solutions as used 
in electric cells can be solidified or caused to assume a thick 
gelatinous or practical solid state without materially increasing 
the resistance of the cell. (Accepted February 19, 1890). 


19,892. H. E. Fowler, New Haven, Conn S.A. 
~  S_ for Welding Metal by Means of ‘Electri 
city. [6d. 4 Figs.) December 10, 1889.—This invention 
relates to a machine for porageesy A. rods, bars, &c., by electri- 
city. Two sections of pipe or are secured in the bearings of 
the standards B, B!, with their ends in contact, and the current of 
electricity is al the wires to the pipe. When the abuttin, 
ends of the sections are sufficiently heated, the movable standa 
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B! with its section of pipe, is forced against the other, thus 
upsetting the ends of the pipe as in Fig. 2. A pulley G carrying 
hammers / (or rolls) is then rotated round the work, and the blows 
(or pressure) delivered upon the upset portion, the metal ye 
thus spread on both sides of the joint and forming a secure wel 
without removing any of the metal raised by the upsetting. In 
the case of a pipe a mandrel P may be inserted to prevent uneven- 
ness on the interior. (Accepted January 22, 1890). 


MANUFACTURE OF WHEELS, 


19,871. J. Munton, Maywood, IIll., U.S.A. 
facture of Tires for the Wheels of 

other Vehicles, [8d. 6 Figs.) December 10, 1889.— 
proved process consists in rolling tires or rings outward or from 
a smaller to a larger diameter against the yielding and continuous 
pressure of exterior rolls which are caused to recede and adjust 
themselves automatically by the expansion of the tire itself as it 
increases in diameter. The tire x1 is rolled outward between the 
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main exterior driven roll B, exterior movable pressure rolls G, G 
opposite to the main rolling and an inside movable pressure roll 
C. The roll C is mounted on a sliding carriage K operated by 
means of a hydraulic cylinder K? and piston K%, The rolls G, G 
are carried by a slide M actuated by a hydraulic piston N. Guide 
rolls D, D are carried by slides P and are actuated by means of 
links 0! and levers O operated by the action of cam grooves m 
found in the slide M. (Accepted January 22, 1890). 


paste. H. H. Lake, London. (G. Cramer and A. G. 
Lindemuth, St. Louis, Mo., and J. Dunstedker, Edwardsville, 
1U., U.S.A.) Wheels for Retiway ane other Vehicl 
and Pulle (6d. 4 Figs.) December 17, 1889.—The improv 
wheel comp: a wheel rim A and elastic steel discs B. e hub 
— C are apart from each other by the axle D, and 
e discs B are en; loosely with the rim A (Fig. 1). The hub 
parts C are then forced and closed together by hydraulic power 
upon the axle and the parts shifted together into the position 


shown in Fig. 2, tie-bolts E being employed tosecure the hub parts 
more effectually upon the axle. As the hub are closed 
toward each other, the discs, whose inner portion follows the hub 
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272 , 
parts, are sprung radially towards the rim, and their periphera 

portion is thereby fitted tightly to the rim, as shown in Fig. 1, 
(Accepted January 22, 1890). 


MANUFACTURE AND TREATMENT OF METALS. 


Electrolysis. (8d. 11 Figs.) February 27, 1889.—The im- 
provements consist mainly in the use for effecting the solution of 
the metal from the pulverised ore, of electrolytic cells or troughs 
T containing stirring blades or paddles S revolving in a transverse 


- | direction, by means of which the ore is kept suspended in the 


liquid so as to flow together with the same slowly through the 
whole length of the channel, such flow being produced solely by 
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the inflow at the one end and the outflow at the other end. D 
(Fig. 1) is a heating pipe made of lead for use in the extraction of 
copper by the sulphate process, and of earthenware when chlorine 
is employed. In the extraction of gold and silver a rotating heat- 
ing pipe B of copper isused. A revolving amalgamated cylinder 
dipping at bottom in a mercury bath may be employed to take up 
the free gold and silver of the pulverised ore passing through the 
channel, and to transfer it to the mercury bath at bottom. (Accepted 
January 22, 1890). 


4003, E. Lones, R. Davies, J. Davies, and B. A. Webb, 
ws »Gloucester. Coating Metal Plates or Sheets 
ith Ta and other Metals. [8d. 2 Figs.) March 7, 1889.— 
The plate to be coated, coming from the water bosh A, passes 
through rubber rollers B, into a grease trough C between wood or 
metal rollers D, then into a coating pot E between corrugated 
guides F, where the plate is caught by a rotary carrier G formed 











with notches H and delivered between a series of metal rollers K, 
whence the plate passes into a dippin t L. between metal rollers 
M. From these rollers the plate is delivered between brushes N 
that are supplied with oil through hollow axles, whence the plate 
is drawn by rollers P and pl into the cradle Q of a grease pot 
R, wherein it passes through the usual series of rollers S on its way 
out, The plate is then finished off in the ordinary manner. (Ac- 
cepted January 22, 1890). 

13,659. W. Lloyd Wise, London. (M. Kramer, Berlin.) 
Method of itardening Steel Tubes Internally. (6d. 
1 Fig.) August 29, 1889.—The improved method of internally 
hardening steel tubes of any diameter consists in heating the tube 
by the through it of an electric current, and then sud- 
denly cooling it by a suitable liquid or fluid delivered under pres- 
sure from a reservoir to which the tubéis connected, the electric 
current being previously broken or shunted. (Accepted Feb- 
ruary 5, 1890). 





UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the cffices of ENGINEERING, 36 and 36, Bedford- 
street, Strand. 





ARTESIAN TuBE WELLS.—Messts. C. Isler and Co. have 
recently completed artesian bored tube wells on their 
rinciple at Messrs. Ellis, Warde, and Co., brewers, 
rmskirk, obtaining a copious supply from the new re 
standstone formation. Similar work has been carried out 
at Messrs. Barker’s brewery, Huyton, near Live 1; 
Messrs. C. Vaux and Son, Sunderland ; Mr. E. Wells 
Wallingford, where an abundant supply is obtained from 
the lower greensand formation ; the Wantage Brewery 
Company, Wantage; Messrs. H. W. Carter and Co., 
Bristol ; Messrs. R. White and Son, Camberwell, at 
their Kingston-on-Thames works, and also at their Wat- 
ford works ; and test borings for the Earls Barton Rural 








Sanitary Authority, Northampton. 
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THE HUANOHACA MINING COM- 
PANY, BOLIVIA. 

In a recent article on ‘‘ Silver at the Paris Ex- 
hibition,” we referred to the Huanchaca property, 
and gave a few figures relating to the rapid results 
obtained by this company, floated entirely with 
Bolivian and Chilian capital. These mines offer, 
however, sufficient interest to deserve further 
notice, and some of our readers will doubtless be 
glad to possess a more detailed account of the for- 
mation of Huanchaca and of the minerals extracted 
from its lodes. 

The Huanchaca Company, with a capital of 
6,000,000 Bolivian dollars, divided in 6000 shares 
of 1000 dols. each, was organised at Valparaiso in 
1873. The object of the company was to work the 
mining concessions of Pulacayo, Ubina, and Asiento, 
situated at a short distance from Huanchaca, in 
the province of Potosi (Bolivia). These conces- 
sions cover an area of 2300 acres as follows : 


Acres. 

Pulacayo... ae r& ee: «we ©=—6 Se 
Asiento nee Si ie si ae 875 
Ubina... sta aes ae een ae 239 
Total a > 2300 


The company own at present, besides these 
mining rights : 

a. Two large metallurgical establishments, one at 
Huanchaca (hence the name given to the company) 
and the other at Asiento. 

b. A railway connecting Huanchaca with the 
port of Autofagasta on the Pacific Coast, a distance 
of 3974 miles, which was entirely constructed with 
the company’s means and credit. 


PART SHADED THUS Sa ~ 
REPRESENTS 


BOLIVIA, 
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c. A telegraph line of 621 miles connecting 
Huanchaca with Sucre, Potosi, and Autofagasta. 

d. Finally, numerous buildings, comprising 
dwelling-houses, workshops, depéts, churches, hos- 
pitals, hotels, and schools. 

The Pulacayo lode was worked in the time of the 
Spanish Dominion, but had to be abandoned during 
the last century in consequence of an Indian revolt 
headed by Tupac Amaru, who gave himself out to 
be a descendant of the Peruvian Incas. Shortly 
after this event the Spaniards had to leave the 
South American Republics to their own devices. 
The mines were forgotten and remained aban- 
doned for many years, and it was only in 1830 that 
prospectors are said to have got as far as Huan- 
chaca. The value of the ore encouraged parties to 
make various attempts, from 1830 to 1873, to 
grapple with the enormous difficulties in the way. 
The climate resulting from the immense elevation 
of the mines, the distance and total want of 
means of communication with the coast, and finally 
the refractory nature of the minerals encountered, 
contributed one and all towards ruining and dis- 
couraging a series of local syndicates. The present 
company was then formed in 1873, and taking a 
wide view ofthe problem, decided to remove the 


coast. 
nearly 400 miles, and the height to be attained at 
13,498 ft. 


} 


the present time. 


shareholders. 


This was a gigantic work for a mining com- ridge, are imaginary, and are simply given to illus- 
pany to undertake, considering that the distance is trate the perfect symmetry of the formation. 


From the orifice of the tunnel at X to a distance 


Huanchaca above the level of the sea, no less than | of 3280 ft., the conglomerates are uninterrupted, 
From 1877 a period of prosperity com- | commencing with reddish and well-cemented clay 
menced that has continued without interruption to | pudding rocks, abounding in rolled boulders of 
During the eleven years from divers dimensions, but at 900 ft. to 1000 ft. from 
1877 to 1888, the output of these mines attained | the entrance, it is more compact, contains fewer 
the value of 50,000,000 of Bolivian dollars, the net | boulders, and is highly felspathic. 
profit amounting to 20,000,000 dols., of which | lowed by 100 ft. of the same rock, where white 
17,000,000 dols. were distributed to the Huanchaca | feldspar spots become more and more abundant. 


These are fol- 


Between 3380 ft. and 3487 ft., counted from the 


A glance at the maps on the present page will show extremity X, a first coating of decomposed and 
the position of themines andtheextentof therailway. whitish trachyte is met with, containing several 
Huanchaca is on the extreme border of the Potosi, lodes. 
Province, near the highest ridge of the Andes, at! mation gets harder and at the same time greener in 


From 3478 ft. to 4406 ft, the trachyte for- 
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west longitude 69 deg. (Paris meridian) and 20 deg. | 
26 min. south latitude. Easy communication with 
the Pacific coast is insured by means of the railway | 
line to Autofagasta. Mule pathways and inferior 
cart roads connect the mines with the principal 
towns of the Bolivian Republic. 

The central ridge of the Andes in the neighbour- 
hood of Huanchaca attains a height of 14,960 ft. 
above the level of the sea, whereas the rails, at the | 
entrance of the San Leon tunnel, leading to the 
Pulacayo underground works, are as mentioned | 
above at 13,498 ft. above the sea level. The vil- 
lage of Huanchaca is situated at 6? miles to the | 
north of Pulacayo. 

The climate is cold and tolerably healthy, with of 
course the drawbacks inherent to so great an eleva- 
tion. The rain falls very heavily during the summer 
months. The soil is quite sterile, and in conse- 
quence the general appearance of the country is 
extremely arid. 

The formation at Pulacayo appears to be com- 
posed of a ridge of hard and compact trachyte, 
accompanied on either side by a zone of soft and 
decomposed rock of the same nature, where the 
metalliferous lodes are found; and again on the | 
outer sides of this decomposed trachyte, extensive | 
beds of compact argillaceous conglomerate cover the 
mountain sides with a thick red coating named by 
the local miners ‘‘ chocolate.” 

The great Pulacayo tunnel, 10,745 ft. in length, 
cuts the mountain from side to side, affording a 
complete section of the formation as shown in 
Fig. 3. The extent of each formation as cut 
through by the tunnel, is drawn to scale ; but the 











greatest difficulty by constructing a railway to the 


dotted lines, indicating the surface outline of the 


shade. Here also several lodes are encountered, 
and amongst others, the ‘‘ veta pacamayo,” which 
has been explored, and is now worked by the 
company. 

From 4406 ft. to 5200 ft. the trachyte is of a 
lighter shade, is more compact, and contains fewer 
fissures. Here three lodes are found close to- 
gether and form what is termed the ‘‘ veta nueva.” 
The hard and compact trachyte rock proper, corre- 
sponding to the central ridge, is met with between 
5200 ft. and 6744 ft. This rock contains fine 
crystals of orthose felspar, crystalline quartz, and 
at times crystals of hornblende. Its colour is alter- 
nately of a greyish white and greenish shade. In 
this portion only three fissures were found, as well 
as a dyke of conglomerate from which arsenical 
vapours escaped when it was intersected by the 
tunnel. 

Beyond this central or backbone rock the same 
series is encounted ; from 6744 ft. to 8265 ft. the 
formation is similar to that found in the neighbour- 
hood of Pacamayo. From 8265 ft. to 10,233 ft. the 
trachytes are decomposed as on the opposite side 
and contain two large lodes known as ‘‘ El Tajo” 
and ‘‘ Santa Rosa” as well as a number of feeders 
supposed to run into these two lodes. 

From 10,233 ft. to 10,745 ft., where the tunnel 
runs out to surface again, the conglomerate termed 
‘* chocolate” is again met with, identical in every 
way to that found on the other side of the ridge. 

We have thus a complete section of the trachyte 
upheaval, which appears to have broken through an 
andesite rock containing black mica found to the 
east as well as to the west of the tunnel. Beyond 
this irruptive rock of older date to that of the 
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trachytes, silurian metamorphic slates are found in 
upright positions. 

The principal minerals contained in the lodes of 
Pulacayo are: Blende, galena, iron and copper 
pyrites, calcopyrites, and argentiferous arsenical 
copper pyrites. In some instances stibina has been 
found as well as stains of pyrargyrite or ruby silver. 

The silver ore is, properly speaking, the arsenical 
copper pyrites met at times in an amorphous state, 
and at others in the shape of tetrahedra crystals. 
The fracture of the amorphous ore has a greasy 
appearance that augments as the percentage in 
silver increases. When the ore is found crystallised 
it often contains, when clean, 10 per cent. of silver. 
As far as can be observed, in the case of the lode 
worked at present by this company, as depth is 
attained, not only does the width of the lode 
increase, but the percentage of the ore in silver is 
also found to be greater. 

Galena and blende contain silver in proportion to 
the amount of arsenical pyrites they carry. Pure 
galena is found to contain 2 per 1000 of silver and 
pure blende about 1 per 1000. 

The silver contained in the arsenical pyrites 
appears to augment as the percentage of copper in- 
creases. The ores at Pulacayo carry only traces 
of gee Near the surface the minerals are oxidised 
and are called ‘‘pacos.” In an intermediate zone 
the ores termed ‘‘ mulatos” are composed of oxisul- 
phides. Below these the lode is unaltered and the 
ores are called ‘‘ metales frios.” 


Table Showing the Composition of the Huanchaca 








increased depth this gangue diminishes and is sub- 


























Minerals. 
Si | 2 at > oe 
4 Minerals | | Sample of 
Rich Ores qreated at | yP°' Ore* Weigh- 
Elements. for Ex- 7 Minerals |~; 
rtation, uanchaca | Rejected | iPS. 62 
jp * and Asiento. | | Kilogs. 
Silver .. ant 1.620 0.650 0.340 1,260 
oo ed oe oe] 6.875 6.800 3.680 3.300 
Le oe oe 8.730 12.070 19.200 19.881 
Zine ‘ e-| 16.175 17.540 12.340 23.363 
Antimony esl 0.560 0.560 1.050 traces 
Arsenic .. A 2.880 3.550 5.250 pa 
Tron oe --| 14.666 13.150 9.140 5.147 
Sulphur.. --| 28,270 21.230 21.200 20.073 
Lime... | 0.810 0.770 0.630 0.535 
Silica... +e 24.741 23.010 26.410 35.400 
Loss oo 0.673 0.670 0.780 1.041 
Total .. .., 100.000 100.000 | 100.000 | 100.000 
1 ! 
* This ~— of ore containing 1} per cent. of silver, was sent 
to the Paris Exhibition. 
Elements. Galenas. | Blendes Cu riferous Iron 
. : a ‘| Pyrites. Pyrites. 
Silver... .. ..| 0.666 | 0.212 | 0.368 0.090 
Copper ss es 6.280 | 9.250 | 5.100 =§—s« 0.090 
I sn ae -.| 45.120 12.370 | 2.860 0.090 
Zinc .. es ..| 14.750 33.000 5.950 traces 
Antimony .. -.| 2,000 1.760 0.960 9s 
Arsenic oe ae 1,030 0.970 | 2.070 ~ 
Iron .. se - 3.050 5.850 {| 20.230 | 48.502 
Sulphur 4A . | 17.660 26.200 26.540 | 48.923 
Lime .. oe ..| traces 1.520 0.600 48.923 
Silica .. oe bs 5.890 8.300 31,280 1.600 
Loss .. 2° 0.554 0.168 0.142 0.885 
Total ..| 100.000 100.000 | 100,000 | 100.000 
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stituted by quartz. Three well-defined faults have 
been encountered ; the first at 98 ft. to the west of 
the Monte-Cristo shaft only throws the lode to a dis- 
tance of 6 ft. ; the second at 320 ft. from the same 
shaft also produces a throw of 6 ft.; but the third 
fault at 820 ft. to the east of this shaft throws the 
lode 219 ft. These faults are directed from N.W. to 
8.E., with an underlay of 58 deg. towards the south. 
The extent of the underground works is con- 
siderable. The long tunnel described above had 
two great objects in view, each of which sufficiently 
warranted this cross-cut being driven. The im- 
portance of having a complete section of the forma- 
tion, leading to the discovery of several other 
lodes is evident ; but besides this the facilities for 


a process of roasting and of amalgamation, which 
appears to be well appropriated to the local re- 
quirements, 

The milling plant at Huanchaca is composed of : 

A compound 55 horse-power engine working four- 
teen stamp batteries ; thirteen amalgamation tanks 
moved by a Corliss 35 horse-power engine, and a 60 
horse-power hydraulic wheel ; five Root boilers of 
60 horse-power each supply the necessary steam ; 
nineteen double furnaces where the ore is roasted ; 
various arrangements and apparatus for purifying 
the amalgams, for distilling mercury and melting the 
silver obtained into bars ; workshops where general 
repairs of all kinds have to be undertaken. 

The Asiento Metallurgical Works, situated at 
thirty-one miles from Huanchaca, are less im- 





transport afforded by the tunnel are great, and lend 









portant, the plant here being composed of: Two 
Fig.3. 
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“ Cruz Min, 


Rothschild 


Level from tunnel 


Carlos 


Ea Reserves averaging less than 0.25% ES Reserves aver” from 0,25 bv 050% 


much assistance to the present general working 
arrangements. 

From the main level driven on the lode in con- 
nection with the cross-cut tunnel, four shafts were 
sunk as shown on our section. These are the 
Rothschild, the Ramiry, the San Leon, and the 
Monte-Cristo. The deepest of these shafts is 


Level at 872 £* below tunnel 





_ The company has concentrated its forces in open- 
ing out and developing, with the greatest success, 
the lode of which we give a detailed section in 


the San Leon, which has attained a depth of 872 ft. 
The total extent of excavations on the lode is no 


Fig. 4, showing the extent of. the underground | less than 27,880 ft., of which 23,074 ft. are levels 
workings and the richness of the magnificent re- | and 4806 ft. are shafts or winzes. 


serves of ore at sight in the mine. 


The section clearly shows the position of the ore 


With the exception of a few strangled points|in reserve with its respective average percentage 
here and there, the thickness of the lode varies|of silver. These reserves are estimated by the 
from 3 ft. to 9 ft. Its bearing is east-west, and|company to contain 60,000 tons of ore with an 
whereas its underlay to a depth of 600 ft. is to the | average percentage of 8 per thousand of silver or 
south, it changes here, and below this level it} over 174 lb. to the ton. This mass of ore at sight 
inclines towards the north. The lode has been/| consequently contains nearly 480 tons of silver, 
explored on a length of 3600 ft., and a total depth | representing a value of 2,880,000/. It is said also 
of 1600 ft. With the exception of a few patches | that the accumulated so-called poor ores and tailings 


here and there, where the lode is poor or sterile, |in the surface depdts, contain a large amount of | po 


good paying ground is met with throughout the | silver, and that, thanks to modern appliances, they 


whole extent of this extensive surface. 
To within 380 ft. below the tunnel the ore 


will shortly be treated to much advantage. 


The present plant comprises two winding and two 


encountered is comparatively poor, but as further | pumping engines. Two new 80 horse-power wind- 
depths are attained the lode widens and gets much | ing engines, constructed at Anzin, will shortly be 


richer, and up to the present date this increase of 
wealth has not ceased to be a constant feature of 
the formation. 

The lode is not, however, uniformly rich as may 
be seen in the section. Three particularly rich 
shoots have been followed and are known to the 
miners by the names of ‘‘ Clavo de Uyuni,” ‘‘ Clavo 
de Delfina,” and ‘‘ Clavo de Julia.” They all three 
appear to incline towards the east. 

etween the outcrop and the tunnel level, the 
lode is almost entirely composed of barytes. With 





erected at the Rothschild and Monte-Cristo shafts, 
by means of which the output is to be considerably | 
augmented. 
The Huanchaca Company owns two centres for 
the metallurgical treatment of their silver ores ; the | 
average percentage of silver contained in the ores | f 
treated at Huanchaca and Asiento is 6 kilogrammes | tion of... 

to the ton (about 13} 1b.). The nature and com- | aah atin 
position of the minerals have been shown above. 
The method in use at Huanchaca for the extrac- 
tion of the precious metal from its ore is based on 800,000. 
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stone breakers ; six stamp batteries; six roasting 
furnaces ; four amalgamation tanks ; one hydraulic 
wheel ; one 30 horse-power steam engine ; two 60 
horse-power Root boilers. 

The company is further contemplating the erec- 
tion of large new. works for the special purpose of 
treating the enormous quantities of poor ores 
(chinis) that have gradually accumulated since the 
Pulacayo lode has been worked. Considering these 
poor ores are said to contain from 6 lb. to 7 Ib. 
weight of silver per ton, a very large profit ought 
to be realised. 

The yearly production of Huanchaca may be 
illustrated by the returns we have before us for 
1887. The ore is sorted into three general classes : 

1. 3 per thousand of silver (64 lb. per ton) put 
aside as too poor. 

2. 6 per thousand to 8 per thousand of silver 
(13 lb. to 17 1b. per ton) for local treatment. 

3. 1.6 per cent. of silver (35 lb. per ton) for ex- 
rtation. 

In 1887 the Huanchaca Works treated Ib. 
10,218 tons of ore that produced in 
silver... oe fo a -- 115,322 
The Asiento Works treated during : 
the same period 2583 tons of ore that 
produced in silver = ies os 


Total production from local treatment 141,206 
During the same year 4350 tons of 
rich ores were sold in England, 
France, and Germany, with an 
average percentage of 1.54 per cent. 
of silver corresponding to a produc- 


25,884 





147,683 
Making a total production of... .... 288,889 
Which at the rate of 61. 4s. per kilo- 
gramme corresponds to a value of 
000/ 
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MODERN FRENCH ARTILLERY; ARMOURED TURRETS FOR COAST DEFENCE. 
















































































CONSTRUCTED BY THE ST. CHAMOND IRON AND STEEL COMPANY; LOIRE. 
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Besides constructing the railway to Autofagasta, 
which we learn has recently passed into the hands 
of an English company, the Mining Company has 
considerably improved the port of Autofagasta. A 
double storied pier advancing 300 ft. into the sea 
has been constructed to facilitate shipping and un-| 
loading, while hydraulic cranes and all modern) 
appliances are in use. Extensive workshops have 
also been established at Autofagasta which are) 
capable of undertaking any repairs required by 
marine engines or railway rolling stock. | 

The supply of water at Autofagasta is so bad, 
that the expense of obtaining the amount required 
for engines and locomotives is a most serious item 
in the expenditure of the railway. To remedy this 
serious drawback the company has commenced 
works with the view of bringing water from a dis- 
tance of 195 miles. The supply of water which is 
to attain 88,000 cubic feet per twenty-four hours, is 
taken from the source of the St. Pedro at 11,500 ft, | 
above the level of the sea. 

The directors of the Huanchaca Company may | 
we'l be complimented upon the results they have | 
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_ power to the abrasive action of the powder. 








achieved, which could only be arrived at by a dis- 
play of much energy, backed up by judicious and 
courageous expenditure. 





MODERN FRENCH ARTILLERY. 
No. XI 
Tue St. Coamonp Company—continued. 


THE ordnance proposed by the St. Chamond 
Company for naval armament and for coast defence 
comprises two types—heavy and light—for each of 
the calibres from 15 centimetres (5.90 in. ) to 42 centi- 
metres (16.54 in.). The heavy type is a weapon of 
at least 36 calibres in length of bore, while the light 
type does not exceed 30 calibres. The principal 
points that characterise the designs of the guns 
prepared by this company, and which, it is claimed, 
possess special advantages, are as follows. 1. For 
the gun, the selection of a class of steel, possessing 
ample strength and at the same time high resisting 
Unlike 
the Forges et Chantiers de la Méditerranée, who 


maintain that they occupy an especially favourable | 















































position in not being manufacturers of steel, so that 
they are always able to purchase in the best market, 
and to take advantage of every improvement in 
metallurgical practice, the St. Chamond Company 
assume that their position is peculiarly favourable 
because, ranking amongst the first steelmakers 
of the world, they are independent of other 
manufacturers, and can always be certain of the 
quality of material they use, because it is produced 
in their own works. 2. The system of longitudinal 
reinforcing is claimed as a special advantage in con- 
struction as preventing the inner tube from shifting 
when inservice. 3. The special details of the breech- 
closing mechanism are—it is maintained by the 
company—peculiarly well adapted for its purpose, 
while the firing device is at once simple and 
absolutely safe. 4. For the system of carriages em- 
ployed, it is urged that it is superior to any other 
type, because of its simplicity and compactness, 
the small use of wheels or rollers, the horizontal 
upper faces of the carriage, the absolute immobility 
of the underframe, and the perfect control of the 
recoil with the system of hydraulic brakes employed 
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by the company. The carriages for large guns for 
naval purposes and coast defence are of two types— 
those with a central, and those with a forward 
pivot—the use of one or other of the types depend- 
ing, amongst other reasons, on the height at which 
the trunnions of the gun are maintained ; this level, 
which is kept as low as possible on board ship, 
rises to 7 ft. or 8 ft. for fortress guns. In addition 
to these standard types, the company has a special 
form of barbette mounting with a fixed platform, 
also adapted to coast defence. 

The following are the leading classes of guns and 
mountings designed and made by the company : 
Coast defence gun, 275 millimetres (10.82 in.), and 
carriage with central pivot. This gun is of the usual 
St. Chamond pattern, and consists of a tube that ex- 
tends for the whole length of the bore, one end being 
threaded to receive the breech-block. This tube is 
strengthened by a continuous row of hoops shrunk 
on from end to end ; it is then covered with a second 
row of hoops for three-quarters of its length, and 
above them are placed the longitudinal segments 
that form the jacket. Over these again is shrunk 
an outer row of hoops, including the trunnion ring, 
to cover and unite the longitudinal reinforcement, 
and extending as far as the second row of hoops. 
The breechloading mechanism is on the De Bange 
system, with the addition of a safety apparatus, 
which prevents the fuze from being inserted and 
the charge from being fired until the breech is 
quite closed. The light gun of the same bore is 
30 calibres in length; its weight, including the 
breech mechanism, is 22 tons, and it fires a pro- 
jectile weighing 517 lb. with a velocity of 1900 ft., 
corresponding to an efficiency of 183 metrical tons 
per ton weight of gun. The mean pressure in the 
bore, measured at the breech, does not exceed 
36,000 Ib. per square inch. One type of carriage 
for this gun has a central pivot with a working 
platform at the rear; it is of steel, and is practi- 
cally of the same construction as the heavy 155-milli- 
metre (6.10in.) gun of 36 calibres, to be referred 
to presently, with the exception of a standard 36 in. 
high beneath the underframe, so as to increase 
the height of the gun. On the working platform 
is placed the projectile crane, formed of a simple 
bent lever worked with a “ratchet wheel operated 
by two men. This same carriage, with the plat- 
form removed, constitutes a central pivot mounting 
for board ship. In both types a shield made of 
hard steel is placed in front of the gun to protect 
the men serving it from the fire of machine guns. 

The 200-millimetre (7.87 in.) light gun with 
Eclipse carriage is of similar construction to the 
275-millimetre gun just described; it is 30 
calibres in length, and weighs complete 8.4 tons; 
the projectile weighs 198 lb., and has an initial 
velocity of 1900 ft., corresponding toa striking force 
of 183 metrical tons per ton weight of gun. The 
carriage on which this gun was mounted at the 
Paris Exhibition was of the Eclipse pattern, pivotted 
forward, and comprised the following features: A 
pair of levers in which the gun is carried, oscillating 
on bearings in the frame, and connected with a 
brake at one-third of their height ; the gun falls 
after firing, about 4 ft. 6 in. ; an underframe carry- 
ing all the hydraulic brake mechanism, with a 
circular path in front, and two bearing wheels at 
the rear; a base provided with a roller ring and a 
pivot training for elevation. The range is from 
-—7 deg. to +25 deg., and is effected witH the 
ordinary gear ; that for direction—the amplitude 
being 150 deg. —is givea by operating a pinion that 
gears into a toothed quadrant bolted to the base. 
This type of carriage is now being constructed at 
the St. Chamond Works for a foreign Government. 

The heavy 155-millimetre (6.10 in.) naval gun, 
36 calibres long, was also shown at Paris, and 
is of the same construction as the foregoing ; the 
inner tube, however, is only reinforced with one 
row of hoops before the longitudinal segments are 
put on, and these are then covered with a final row 
of rings, including the trunnion ring; the breech- 
closing mechanism is the De Bange, with the addi- 
tion of a safety bolt and percussion device. The 
weight of the gun complete is rather less than 
5 tons (4950 Siceemenies ; one class of projectile 
weighs 88 lb., and the initial velocity with this is 
2300 ft. ; with a heavier class, weighing 121 lb., a 
speed of 1960 ft. is obtained, corresponding to an 
efficiency of 201 metrical tons per ton weight of 
gun. The mean pressure developed in the bore 
has always been found recorded, in service experi- 
ments, below 37,000 lb. per square inch, though it 
has been forced up to 45,500 lb. with special 


charges and without any injury to the gun. This 
gun was mounted at the Exhibition on a cast-steel 
frame, the various parts of which were left rough 
from the mould to show the excellence of finish 
that has been reached in the class of work by a 
few of the leading manufacturers in France.* The 
body of the frame contains a special form of trun- 
nion bearings permitting of any required adjust- 
ment. The carriage is not fitted with rollers, but 
slides on the underframe, these slides being arranged 
so as to reduce as far as possible the strains upon 
the deck of the ship. The underframe consists 
of two vertical and parallel steel beams, strongly 
braced together, and with sufficient space left 
between them for the springs and the hydraulic 
main cylinders. On the outer sides of the frames 
are flanges, to which are bolted the small brake 
cylinders, the pistons of which are secured to the 
gun mounting. On the underside of the forward 
transverse beam is a circular plate bearing on the 
roller ring interposed between it and the bedplate ; at 
the rear are two wheels running on a circular path, 
which with the bedplate is bolted to the deck of 
the ship, the latter forming the fixed point or abut- 
ment. Training the gun is effected by means of 
gearing, the angles varying from —10 to +30 deg., 
and the range for horizontal training subtends an 
angle of 150deg. The hydraulic brake consists of two 
pairs of cylinders, one of alarger diameter than the 
other, and both being connected by pipes ; the piston- 
rods of the smaller cylinders are, as stated above, 
connected to the carriage, while the larger cylinders 
transmit the energy of recoil to groups of Belleville 
springs placed between the sides of the frame. The 
carriage is erected so that an initial tension is always 
thrown on the pistons of the small cylinders suf- 
ficient to hold the carriage in a fixed position, no 
matter what may be the inclination of the ship’s 
deck. The ammunition for the heavy type of 155- 
millimetre gun is of several classes ; one pro- 
jectile, weighing 121 Ib., is fired with a velocity of 
1970 ft., another, weighing 88 lb., has a rate of 
2300 ft. The common 121-lb. shell is 3.5 calibres 
long ; the high capacity shell, containing 22 lb. of 
bursting charge, is 5 calibres in length. The case 
shot weighs 121 lb. ; the 88-lb. common shell is 
2.8 calibres long, and the shrapnel, also of 88 lb., 
contains 620 balls. 

Although the St. Chamond make a certain 
numbers of guns, the manufacture of ordnance 
takes only a secondary place in their production of 
war material, and of far greater importance is 
their manufacture of steel ingots, tubes, rings, and 
other elements of guns, supplied to the French 
Government and put together in the State arsenals ; 
the manufacture of steel shells and that of steel 
armour plates. With these two last-named we shall 
deal on a future occasion, but in the present article 
we may refer in some detail to the system of 
armour-plated forts combined with heavy guns, 
which has been worked out with great completeness 
by the company, and is largely adopted by the 
French Government. We are indebted to Le 
Genie Civil for much information on this subject. 
In the work of reorganising and developing French 
coast defences, armour-protected forts have played a 
conspicuous part for many years, chiefly from the 
initiative taken by General Séré de Riviéres, 
Secretary to the Superior Council of National De- 
fence, and Director of Military Engineering to the 
War Department. In 1874 this distinguished 
officer established a Commission, at first under the 
presidency of General Cadart, and afterwards under 
that of General Segretain ; Captain Mougin, since 
so widely known from his connection with the St. 
Chamond Company, was secretary at that time to 
General Rivitres. The active life of the Commis- 
sion lasted for four years, and during this time— 
having received carte blaiche from the Government 
~—a great deal of valuable work was done, and a long 
series of experiments were carried out, chiefly at 
Gavre. In the four years, the Committee experi- 
mented with different models of armour plates and 
forts, weighing 700 tons, and costing 72,000/. In 
the course of 180 meetings at the trial ground, 
3166 rounds, using 21 tons of powder, were fired at 


* We omitted in a previous article, when mentioning 
the names of those few firms in France who ——7 gun 
steel to the French Government, that of Jacob Holtzer 
and Co., of Unieux (Loire). The speciality of this eminent 
firm is the manufacture of chrome steel projectiles ; from 
the works of this company, however, have been furnished 
steel to the Government for making more than 2000 guns 
of calibres ranging from 75-millimetre mountain guns 





to those of 16-centimetre, 


the different targets, a careful record of all results 
obtained being recorded ; 104 tons of projectiles 
were fired during these experiments. During 
this long and important work, Captain Mougin 
was probably the most important figure, and 
the labours of the Commission had lasting re- 
sults, in the form of several important military 
inventions which have passed largely into use in 
France since that date. The chief of these were 
the gun mountings since adopted by the St. 
Chamond Company ; and the armour-plated case- 
mate, with rolled iron shields and masked cir- 
cular embrasures, such as have been put in execu- 
tion in the forts along the Moselle and elsewhere. 
After the dissolution of the Commission, the 
appreciation of Captain Mougin’s services was 
marked by his appointment as Chief of the Service 
of Ironclad Forts to the War Department. The 
St. Chamond Company, which took a deep interest 
in the experiments of the Commission at Gavre, 
became closely associated with Captain Mougin, 
and adopted his system with considerable success. 
Referring to results recently obtained, a writer in 
the Genie Civil states that during the recent experi- 
ments in the camp of Chalons, the rolled iron plates 
of St. Chamond showed themselves superior to all 
the other types tested, as well against the shells 
loaded with melinite, as against the projectiles of 
chrome steel. In spite of the mystery with which 
these experiments were surrounded, the St. Cha- 
mond Company received official notification of these 
results, as well as of the success obtained by 
its plates, tried afterwards at the Bouchet powder 
factory. In this trial the plate was the only one 
able to resist the attack of melinite shell, which 
broke up all the other competing steel targets, 
whether forged or cast, and tempered in lead, 
oil, or water. More recently the Belgian Govern- 
ment, having divided among several makers a large 
order for casemates intended for the protection of 
Liége and Namur, repeated at Brasschaet, on a 
larger scale, the experiments of Bouchet. The 
results obtained with the St. Chamond plates 
were so striking that the various manufacturers 
were instructed to employ no others. At the 
present time the St. Chamond Company, in ad- 
dition to fourteen of these turrets it has in hand, 
is furnishing the armour plates of rolled iron for 
nine others ordered of the Gruson Company. 

In its latest development, Captain Mougin’s oscil- 
lating turret appears likely to attract considerable 
attention in a short time, as the St. Chamond Com- 
pany are now engaged in completing one of these 
structures, which is to be tested exhaustively at the 
polygon of the company at Longanaux. Figs. 119 
to 123 illustrate the construction of this turret, 
which is so made as to oscillate around a centre 
connected to a platform on which the gun is 
mounted. Inits normal position, Fig. 121, the two 
embrasures are concealed behind the armour ring 
around thedome. All the operations of training the 
gun both for elevation and direction, loading, &c., 
are executed with the gun in this position. When 
all is ready for firing, the four men serving the gun 
tilt the turret by means of gearing, about 10 deg., 
disclosing the embrasures; as soon as the gun 
is in firing position, but not before, the electrical 
firing circuit is complete, and the guns can be 
discharged. The guns are not mounted on car- 
riages, but form a part of the turret itself, and 
the effort of recoil is utilised to throw up the turret 
about 1 deg., when it strikes against spring stops. 
At the same time, the men serving the gun in- 
stantly restore the structure to its Kclipse position. 

In the engravings, Fig. 119 is a section of the 
cupola in its normal Eclipse position, and Fig. 121 
is a section at right angles; Fig. 122 is a plan, and 
Fig. 120 is a view of the turret turned on its axis so as 
to free the embrasures and bring the guns into firing 
position. Fig. 123 is a section showing the spring 
that takes up the action of recoil. The whole 
structure being balanced, the work of operating it 
is comparatively slight ; six men, including the 
officer, can easily fire two rounds in three minutes, 
including the various operations of moving the 
cupola. This system, it is expected, will displace 
that of the rising and falling turret of Colonel 
Bussiére, an example of which has been executed 
by the Fives- Lille Company, and which was 
tested at Chalons, at the same time as an earlier 
type of revolving turret by Commander Mougin. 


'The results obtained with the former were not 


considered satisfactory. Considerable steam power 
(12 or 15 horse-power) were required to drive the 





hydraulic machinery ; the time used in raising 
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and lowering the turret was considerable, and for 
relatively long periods the turret offered a con- 
spicuous mark to hostile fire. The men required 
to serve this system were more numerous, and the 
speed of firing was slower. We have thought it 
useful to describe this system of Commander Mougin, 
because it appears likely to be adopted practically 
in France. 





LITERATURE, 


Service Chemistry ; being a Short Manual of Chemistry 
and its Applications in the Naval and Military Services. 
By Vivian B. Lewes, F.I.C., F.C.S., Professor of 
Chenistry, Royal Naval College, Greenwich, Associate 
of the Institution of Naval Architects, &c. London: 
W. B. Whittingham and Co. 

Tus book is not intended to qualify its readers 
as chemists, but, as its title indicates, has been 
written for a special purpose. In his preface the 
author tells us that the limited time at the disposal 
of the officers of both branches of the service, over 
and above that required for purely professional 
work, renders it impossible for them to undertake 
any such extended course of general study as would 
justify the subsequent employment of technicali- 
ties without full explanation ; he has therefore, as 
far as the limits of the book would allow, gone 
fully into details of manufacture and other subjects 
generally considered beyond the scope of a chemical 
manual ; as, for instance, the chapter on gunpow- 
der, where the manufacturing, proving, and keep- 
ing of powders are treated as fully as the chemistry 
of its composition and explosion. 

Inasmuch as the work treats not only of explo- 
sives but likewise of fuel, drinking waters, boiler 
incrustation, corrosion and fouling of ships, painta, 
ventilation, &c., it seems to us that its title might 
advantageously have had a more comprehensive 
character, because the work is one calculated to be 
quite as useful to young engineers, and indeed to 
members of some other professions, as to officers 
passing through the Royal Naval College. If, for 
example, we turn to the chapter on boiler incrusta- 
tion, we find there information of a most useful 
and necessary kind for the young engineer. It is 
explained how, when a natural water is boiled, 
there is formed on the sides and bottom of the 
vessel the so-called fur in a kettle or the more 
serious boiler deposit ; how this deposit delays the 
boiling of the water, gives rise to burning of the 
boiler-plates, and how, if it be thick, the plates 
may become red-hot. The author is, however, 
incorrect in saying that should the deposit crack 
and allow the water to reach the red-hot plates, 
the rapid evolution of steam often results in explo- 
sion. A little reflection will show that the plates 
cannot store up sufficient heat to cause explosion. 
Experiment likewise confirms this. 

This chapter, whilst it deals largely with matters 
well known to experienced engineers, must prove 
very instructive to the student intending to follow 
our profession. Inter alia, it explains why, although 
sea water was almost universally employed in the 
older forms of marine boilers, it had to give place 
to distilled water upon the introduction of high- 
pressure tubular boilers, and how, notwithstanding 
this change, serious difficulties are still experienced 
fcom deposits, since the trouble has been only 
transferred from the boiler to the distilling appa- 
ratus, and so forth. The same chapter treats of 
incrustations from different kinds of water, causes 
of boiler incrustation, calcic carbonate, calcic sul- 
phate, solubility, effect of concentration on sea 
water, effect of temperature and pressure on the 
saline constituents of sea water, formation of mag- 
nesic hydrate in marine boiler deposits, action of 
distilled water on boilers, waste of fuel entailed by 
boiler incrustation, prevention of incrustation, anti- 
incrustators, chemical and mechanical action of anti- 
incrustators, zinc in boilers, feed water heaters, and 
is altogether of a useful and practical kind, and 
rendered additionally valuable from the circum- 
stance that the subject is one to which, as is well 
known, Professor Lewes has devoted special atten- 
tion. 

Another chapter likely to prove interesting and 
highly instructive to the engineering student is that 
on fuel. This chapter deals with fuels of different 
kinds, including wood, charcoal, peat, coal, liquid 
fuel, and gaseous fuels of different kinds, and gives 
comparisons of the calorific value of different kinds 
of fuels and their evaporative power. The author 
states that of late years the subject of liquid fuels 
has attracted great attention, and that with the dis- 








covery of the Russian oilfields methods of utilising 
this most important source of energy are daily 
becoming practicable ; and that at the present time 
it is already in use for generating steam, both in 
locomotives and ships’ boilers. After mentioning 
some of the advantages of liquid fuel it is stated 
that the present difficulty is cost, but that consider- 
ing the enormous supplies now being obtained, a 
rapid reduction in price may be looked for. We 
may remark that to the question of cost is probably 
to be attributed the circumstance that liquid fuel 
did not come into extensive use in this country for 
locomotive and marine purposes some quarter of a 
century back, when its suitability was demonstrated 
at Woolwich Dockyard, at Messrs. Field’s Candle 
Works, Lambeth, and elsewhere, under the patent 
of Messrs. Wise, Field, and Aydon. 

Professor Lewes tells us that from experiments 
lately carried out by Mr. Holden, of the Great 
Eastern Railway, it appears that the most effective 
way of using liquid fuel is to inject it into the fire- 
box, either of locomotive or marine boilers, above 
a thin layer of incandescent fuel, and that when 
used in this way, complete combustion and almost 
entire absence of smoke is attained. This is what 
was done about a quarter of a century back, as 
above referred to, but we believe a firebrick slab 
was found preferable to the thin layer of incan- 
descent fuel. 

Another chapter likely to be of general interest 
is that on drinking water. This chapter deals 
inter alia with natural impurities and their effect 
upon health ; sewage contamination; sources of 
drinking water; purification of water; different 
processes of filtering and treating water. 

Whilst opinions may differ as to whether the 
author would have done well to have assumed a 
general knowledge of chemistry in his readers, 
instead of incorporating in his text the fundamental 
principles and facts which are more fully treated in 
many other books, there can be no doubt that 
Professor Lewes has produced a most useful and 
reliable text-book with valuable chapters devoted 
to special subjects in which is given information 
seldom if ever to be found in thé ordinary text- 
books of chemistry, and which cannot fail to be of 
great service to many students. 

The index, which is a copious one evidently 
prepared with unusual care, is preceded by a 
series of upwards of 300 questions, having reference 
to the subject-matter of the body of the work. 








THE FERRY STEAMER ‘“ TRANSFER.” 

ON page 287 of our forty-seventh volume we gave a 
short account of a new ferry steamer built to carry 
passengers between Windsor, in Ontario, and Detroit, 
Michigan, in spite of the thick ice which forms between 
the two places in winter. We now publish on our 
two-page plate, and on pages 350 and 351, detailed 
engravings both of the vessel and her engines. 

The Transfer is designed to carry the cars of the 
Canada Southern Railway on to the Michigan Central 
line, and for that purpose is equipped with three lines 
of rails on the deck, these rails being capable of accom- 
modating twenty-one of the longest eight-wheel freight 
cars, or fifteen passenger cars, each 56 ft. long. The 
boat (Fig. 1) is 280 ft. long over all and 17 ft. 3 in. deep ; 
the breadth of the hull is 45 ft., and the breadth over 
the guards 74 ft.6in. When light with coal on board 
she will draw 9 ft. forward and 10 ft. aft ; with twenty- 
one loaded cars her draught will be about 11 ft. for- 
ward and 12 ft. aft. he Detroit river, through 
which the Transfer plies, is subject to serious accumu- 
lations of ice. To enable the boat to break her way 
through them, she is formed with an exceedingly 
heavy bow having a vertical section like a pe od 
runner (Figs. 1 and 5), and strengthened by extra 
strong keelsons and additional Sulkheads. Her 

werful engines cause the bow to ride up the ice, 

reaking it down and separating it to leave a lane 
for the passage of the vessel. To aid the ice-breaking, 
the dle wheels, 27 ft. 6 in. in diameter, have their 
wooden arms and floats encased in steel, the weight of 
each being 66 tons. The blows of the floats break up 
the pieces of ice parted by the bows. When the 
steamer made its first trip to Detroit on January 13, 
1889, the run from the yards of the builders, the 
Cleveland Shipbuilding Company, Cleveland, was 
made in eleven hours and twelve minutes. For an 
hour and a half the speed was reduced, and for fifty 
miles the steamer broke her way through ice 4 in. to 
6in. thick. Her average speed in open water was 
twelve miles per hour, and this was only reduced to 
ten miles per hour through the ice. 

The hull is covered with a steel deck and has a colli- 
sion bulkhead forward, in addition to bulkheads 
between the store-room and engine-room, between 
the engine-room and boiler-room, between the boiler- 


room and the after engine-room, and at the end 
of the stern tube. Between the bulkheads belt frames 
occur on every sixth frame, except for 60 ft. in wake 
of the paddle wheels, where they occur on every other 
frame. 

In addition to the paddle wheels there is a screw 
— 9 ft. Gin. in diameter, also designed for 

reaking heavy ice. The screw shaft is 10 in. in 
diameter and 52 ft. long, and is inclined 2ft. 4 in. in 
49 ft.; the propeller projects 12in. below the hull 
proper, being protected by a solid forged skag, which 
carries the bottom pintle of a solid forged rudder. To 
protect the rudder when backing in heavy ice, there is 
a heavy forging immediately over the rudder, and 
extending down to its top line. This forging is covered 
by the outside plating of the hull, and when backing 
into heavy ice the rudder is put amidships and a heavy 
bolt inserted through the forging into the rudder frame 
from the deck, thereby holding the rudder rigidly in a 
fore-and-aft direction. The after end of this forging 
extends down over the after corner of the rudder to 
prevent ice being in between the rudder and the horn. 

The paddle engines (Figs. 2 to 4) do not drive direct 
on to the paddle shaft, but communicate their motion 
through spur gearing. This consists of a cast-steel 
pinion 5ft. 4in. in diameter, gearing into a spurwheel 
16 ft. in diameter and 5g in. pitch. The spurwheel is 
built with a cast-iron centre and arms in two pieces, 
and with a rim in twelve cast-steel segments. All the 
teeth are machine cut. Each paddle-wheel has its own 
independent engines and gear. These have each two 
cylinders 28 in. in diameter by 48in. stroke. These 
engines have their air pumps driven independently by 
a beam engine (Figs. 6 and 7, page 350) with a steam 
cylinder 16 in. in diameter by 36 in. stroke ; this drives 
two air pumps and four bilge pumps, while its centre 
column forms a jet condenser common to the two 
paddle engines. 

The screw propeller is driven by a pair of horizontal 
engines (Figs. 8 and 9) having cylinders 28 in. in dia- 
meter by 36in. stroke, with a separate air pump driven 
off the end of the shaft. 

There are four boilers of the rectangular firebox 

ttern, 11 ft. 6 in. in diameter, and 16 ft. long, carry- 
ing a working pressure of 90 lb. The aggregate grate 
surface is 250 square feet, and the heating surface 
9828 ft. Along the centre line of the hull between 
the boilers, are two steam drums connected to a steam 
separator. The funnels are at each side of the hull, 
and the bunkers amidships between the boilers, ex- 
tending the full length of the boiler room. 

Every room and compartment of the hull and paddle 
houses is supplied with coils of pipe for steam heat- 
ing. On account of the great difficulty of getting water 
when working in ice, this vessel is provided with ten 
sea cocks, located in different parts of the ship. In 
engine-room is a Reynolds patent heater, 42 in. in 
diameter, 10 ft. high, also three pairs of duplex steam 
pumps for fire purposes, feeding boilers, washing decks, 
pumping bilges, &c. 

The career of this ferry boat will be watched with a 
great deal of interest, and if successful will certainl 
lead to other boats of the same type being built. tt 
must be a very fine sight to see her ploughing her way 
through ice 6 in. thick, as if unconscious of its presence, 
and leaving it behind her broken into fragments by 
the blows of her ponderous paddles. 





INDUSTRIAL NOTES. 

INDUSTRIAL questions, in one form or another, again 
overshadow all other topics, social and political. The 
Berlin Conference, as the outcome of the German 
Emperor’s rescripts, has been constituted. The 
English Government is represented by four British 
plenipotentiaries and by four delegates. Why this 
class distinction should have been instituted is not 
very clear. The plenipotentiaries are: Sir John 
Gorst, Mr. C. S. tt, C.B., Sir William Houlds- 
worth, and Mr. David Dale. The four delegates are : 
Mr. Thomas Burt, M.P., Mr. F. Birtwistle, J.P., Mr. 
J. W. Whymper, and Mr. J. Burnett. The selection, 
on the whole, is a good one. Mr. Burt specifically 
represents the mining industry, Mr. Birtwistle the 
textile trades, and Mr. Burnett the engineering trades, 
above and beyond their general qualifications. British 
trade and commerce are not likely to suffer when 
represented by such men as those who are sent to 
Berlin. Whether any practical good can or cannot 
eventuate from the conference, in so far as British 
industry is concerned, it is satisfactory to know that 
its interests are safe in the hands of our chosen repre- 
sentatives. The report of the conference will be looked 
forward to with some interest, not only on account of 
what may come directly from its deliberations, but on 
account of its indirect results. 

The action taken by the London Chamber of Com- 
merce in the endeavour to promote a board, or boards 
of conciliation and arbitration, for dealing with 
labour disputes, is quietly and gradually, but steadily 
and surely making its way, not only in the metro- 
polis, but also in the provinces. The outlines of its 





scheme are pretty nearly completed, and, in so far as 
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London is concerned, its constitution may be pro- 
nounced very good. It is proposed to form a central 
board consisting of twelve members representing 
labour, and twelve representing capital. The election 
of the first board is fixed to take place on April 16. | 
Besides this central board there are to be trade con- | 
ciliation committees, consisting of equal numbers of 
workmen and employers drawn from the various in- | 
dustries of the metropolis. The mode of representa- | 
tion is to be by numbers, 200 and under 500 to send 
one representative ; between 500 and 1000 two dele- | 
gates, and over 1000 three delegates. Bodies of less | 
than 200 may combine to senda delegate. The scheme | 
is fair and equitable. } 





A ‘‘strike Bill” has been introduced into the House 
of Commons to establish statutory courts of concilia- 
tion, consisting of six representatives of labour and of 
capital respectively, with an umpire, with power to 
compel disputants to submit their case to such tri- 
bunal. The promoters appear to be quite ignorant of 
the fact that there is already an Arbitration Act, that 
of 1872, but without compulsion, however. The 
present Bill is altogether unworkable, and even pre- 
posterous. How can the law compel a man to work, 
or an employer to keep his works open, if either of 
them refuse to do so? 





The report of the Labour Correspondent to the 








Board of Trade shows that the conditions of employ- 
ment are by no means worse, but rather better than 
they were. There were fewer out of work by some 
375 men than in the previous month—the figures bein 

3196 as against 3631 in the last month. The tota 

membership of the twenty-three unions reported upon 
was 221,001. The proportion out of work from all 
causes was only 1.40; in the previous month it was 
1.44. Mr. Burnett thinks that any smaller proportion 
is next to impossible. This being so, the state of trade, 
as regards employment, is most satisfactory. The 
above members include all the men in the sever: 
trades who were on strike during the month. Trade, 
he tells us, is in rather a disturbed condition ; old 
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disputes are unsettled, while others are assuming a 
serious aspect. No fewer than eighty-three strikes 
took place within the month covered by his figures ; 
of these twenty-one were in the engineering trades, 
twenty-one in the textile trades; twelve among dock 
labourers, eleven in the building trades, and four in 
the coal trades—the latter now increased enormously. 
On the whole, he reports that the exceptional activity 
in the engineering, iron, and shipbuilding trades is 
fully maintained throughout the country. Up to the 
date of the miners’ great strike this activity was not 
imperilled. But had this stupendous cessation of 
labour continued, combined with the great strike on 
the north-east coast, of the engineering trades, our 
industrial activity would have received a shock, even 
if it had not been seriously interfered with. 





The monthly report of the Associated Ironmoulders 
of Scotland does not indicate any falling off in trade. 
On the contrary, the council states that 100 more are 
in employment than during the previous month, and 
it more than hints that all would be employed were it 
not for ‘‘ the action of speculators in the iron market, 
who sell what they have not got.” Advances in 
wages are reported from Aberdeen, Glasgow, Coat- 
bridge, Dumbarton, and Paisley. In some instances 
the advance was given‘ without any strike, a com- 

romise being accepted ; but in some other cases, as at 

Jundee, there was a cessation of work for a fortnight. 
The Edinburgh moulders also started at the advanced 
rates on the Ist instant. The members are now taking 
a vote as to whether or not they will join the federation 
of the engineering and shipbuilding trades. 





The Associated Blacksmiths’ Society, in their March 
report, notify than an advance of 1s. per week has been 
conceded at Dundee. At Glasgow, Renfrew, and 
Aberdeen, a few men went on strike over wages ques- 
tions, and in one instance against a non-unionist. 
Circulars have been issued to employers in Aberdeen, 
Belfast, and other places seeking an advance. The 
Society had at the date of the report twenty-six on idle 
benefit, and twenty-one on strike pay; otherwise 
trade was good in all towns mentioned—not one being 
returned as ‘‘ bad,” and only one as ‘‘ dull.” This 
Society is also taking the vote as to joining the federa- 
tion of the engineering and shipbuilding trades now in 
the course of formation all over the country. 

a Lancashire there are complaints of a 
depressed condition in the iron market, extremely 
little buying or selling going on, either in pig or 
finished iron. As regards prices, the tendency, it is 
said, is rather in favour of the buyers. Makers do 
not, however, quote lower prices, although holders of 
stock are ready to sell below them. In the engineer- 
ing trades there is a decided slackening off in so far 
as new work is concerned, but this is due to the un- 
settled state of the market, and the coal crisis, which 
has given a check to the placing out of new orders. 
Notwithstanding, however, all these drawbacks, 
almost all departments and branches are kept fully 
employed with the work in hand. Indeed, were it 
not for the ‘‘ reports of the markets” no one would 
imagine that there was any ‘‘ depressed tone ” in con- 
nection with the iron cote, or with the engineering 
branches of it. 





Tne steelworkers employed in the Siemens depart- 
ment at the West Cumberland Iron and Steel Works, 
at Workington, struck work, in consequence of the 
refusal of the employers to grant an advance in wages, 
said to be equal to 40 per cent. This, however, may 
be an error for 10 per cent. The strike causes some 
300 men in the plate and sheet mills to be thrown out 
of work. The steelworkers at Messrs. Cammell’s 
Derwent Iron and Steel Works, Workington, referred 
to last week as being locked out, have since been 
allowed to return to work, on having agreed to refer 
to arbitration their demand for an increase in wages 
amounting to 10 per cent. The dispute will thus be 
settled. 





In the Sheffield and Rotherham district complaints 
are rife as to the scarcity and cost of fuel. There is 
also great uncertainty, and consequently anxiety, as 
to what may be the result of the miners’ demand for a 
further 10 per cent. advance. ‘To such an extent has 
this operated that there has been something like a 
suspension in business in the iron trade, in so far as 
orders are concerned. Consumers are holding back in 
the hope of easier prices ; but as stocks are being re- 
duced, and as makers of hematite are restricting the 
output, no great reduction is expected. In some 
branches of the Sheffield trade things are getting a little 
quiet, but in other departments all the local industries 
are exceedingly active. In the file trade some houses, 
it is said, have sufficient orders on hand to be kept 
going at full speed fora couple of years. There is also a 
great demand for mining tools for the Cape and else- 
where, and for some other kinds of tools. The men 
engaged in the various branches of the engineering 
trades are demanding an advance of 2s. per week—-the 
first advance for seventeen years. The reply of the 








employers is requested by the 22nd inst. The spring- 
knife cutlers are still on strike for an advance of 10 = 
cent. Some employers had conceded the demand, but 
some others still hold out. The stove-grate workers 
of Rotherham have given in their notices for a 10 per 
cent. advance; the notices will all expire within a 
month from the date of issue. A strike committee has 
been appointed in the expectation of a refusal to con- 
cede the terms of the men. In other industries the 
men are awaiting the end of the coal crisis before for- 
mulating their demands. 


The great strike of the engineering and cognate 
trades on the north-east coast commenced on Saturday 
last, when some 20,000 mencame out on strike. Along 
the banks of the Tyne, the Wear, and the Tees the 
busy lines of industry will for a time be idle. At great 
meetings held at Newcastle and at Sunderland deter- 
mination was expressed to continue the struggle until 
the demands of the men are complied with. The dis- 
pute in itself seems a preposterous one. The men 
demand one hour’s reduction in the hours of labour, 
leaving work at noon on Saturdays instead of at one 
o’clock. This the employers refuse, but they offer Is. 
per week in advance in lieu of it. The matter is so 
simple that a board of arbitration would dispose of it 
in anhour. It is expected that quite 30,000 men will 
be involved altogether. 

A strike of the workmen at the Elswick Steel Works 
has been averted by the men’s acceptance of the terms 
offered by the firm. The men employed at the 
foundries also resolved to remain at work, and not join 
in the strike. 





The strike of the ship joiners at the Thames Iron 
Company eventuated in a deputation of the men meet- 
ing the managing director, at the request of the 
manager, to discuss the matters in dispute. Six 
members were appointed, including the chairman, and 
another member of the strike committee, as delegates 
to confer on the subject with a view to a settlement of 
the dispute. 

The shipwrights at Southampton have agreed to 
accept the increased offer of the shipowners of 2s. per 
week advance, in lieu of the 4s. per week demanded ; 
the advance will be in two instalments, an increase of 
ls, per week from Monday last, with a further advance 
of another 1s. from June 30 next. The dispute has 
therefore ended. 





The Kentish bargemen employed on the Medway, 
&c., held a great demonstration at Sittingbourne on 
Saturday last in support of their demands. This is a 
further development of the dockers’ strike in London, 
or at least has arisen out of it. 





The great dock strike at Liverpool entered upon a 
new phase on Saturday last. The men at the north 
end were on strike for increased wages, but those at 
the south end docks were working on the union terms. 
The latter determined to leave work out of sympathy 
with the north-end men, and did so to the number of 
about a thousand. The folly of this proceeding was 
only equalled by the great inconvenience it caused to 
all branches of trade in Liverpool. In consequence of 
the excitement, and of a fear of a possible disturbance, 
troops were brought into the neighbourhood and 
quartered upon the various licensed houses. Mean- 
while all the public-houses in the borough were ordered 
to be closed from 5 p.m. on Saturday until half-past 
twelve on Sunday. This is a very unfortunate state of 
things, for it is carrying us back to some thirty to 
fifty years ago, when the troops and the workpeople 
often used to come into collision. The disastrous con- 
sequences of the strike appear now to have been averted. 





The great strike of miners, in connection with the 
National Federation, was not prevented as had been 
hoped and expected. Mr. Pickard and his colleagues 
were much blamed for not accepting arbitration, espe- 
cially as the former is a great advocate of interna- 
tional arbitration, and was one of the delegates to 
America last year in support thereof. If arbitration 
is good for nations, it is argued, it is also good for 
— in cases of dispute. The miners threw the 

lame on the coalowners, while the latter blamed the 
miners for the crisis and strike. 

The counties of Durham, Northumberland, and Cum- 
berland were not involved in the dispute,'and the Cleve- 
land miners were not affected thereby. But most of the 
other large coalfields were participators in the contest. 
South Wales was in no way involved, but the North 
Wales miners who had previously withdrawn their 
notices, so as to cease work at the same date as those in 
England, followed the lead of the National Federation. 

In Lancashire several of the pit owners notified 
their intention of acceding to the terms of their men 
before the actual expiry of the notice. The earliest to 
take this step were Messrs. Fletcher and Sons, of the 
Lever Mines, the Darey Lever Collieries, Messrs. Platt 
Brothers at their three collieries, the Bradford Col- 
liery, and some others. Others in the Ashton and 
Oldham districts refused to accede to the terms of the 





men. In the Wigan district the men were averse to 
a strike, but they consented to act with the other dis- 
tricts. In some cases their notices did not expire 
until Monday night, others not until Tuesday night. 

In the Bolton district some 3000 men were granted 
the advance, the others struck work on Saturday. At 
six pits the demands of the men were conceded without 
resorting to a strike. 

In Derbyshire upwards of 20,000 men left their 
work on Saturday last—this is the coalfield from which 
a large portion of the London supply is drawn. 

In Nottinghamshire some of the coalowners granted 
the advance, but in the majority of cases the men left 
work on Saturday last. 

At some of the Bristol pits the demands of the men 
were conceded, at others refused. About 2000 men 
were granted the advance, and about an equal number 
left their work on Saturday. 

In Staffordshire the notices did not expire on Satur- 
day, so that the men worked on. 

In all, it is estimated that about 250,000 men went 
on strike on Saturday, while perhaps some 25,000 
men were granted the advance. In some instances 
the full 10 per cent. was conceded ; in others 5 per 
cent., with the promise of the other 5 per cent. in 
July. No such great and general strike has taken 
place in our time. The effects of any prolonged cessa- 
tion of work would have been ruinous to the iron and 
engineering trades. 

As mentioned at the close of our leading article, the 
matter in dispute was settled on Thursday afternoon 
after these notes were in type, and the strike is now 
at an end, 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a quiet tone in 
the pig-iron market last Thursday, with comparatively 
little business done. Prices, however, were fairly well 
maintained. At the close of the forenoon market the 
price of Scotch iron warrants showed an advance of 2d. 
per ton over Wednesday’s closing quotations. In the 
afternoon a further advance was made, but the close, 
50s. 5d. ‘ed ton, was only 4d. over that of the previous 
day. Cleveland iron recovered 3d. in price, which closed 
at 50s. 3d. per ton, and the price of hematite iron recovered 
54d., the closing quotation being 63s. 43d.. per ton cash. 
Some firmness was manifested in the market on Friday, 
partly owing to a fear that a strike was certain to arise in 
several mining districts in England. Under suchan impres- 
sion iron warrants met with a general advance in price, but 
near the close of the market it was rumoured that the 
colliery proprietors had agreed to a compromise with 
their workmen, and the consequence was that prices lost 
the greater part of the early advance, though there was 
still an improvement at the close. Scotch iron closed 6d. 
per ton dearer in the forenoon, and in the afternoon the 
— went up 74d. per ton further, to 51s. 84d., but thence 
ell 9d. per ton, and the close was 50s. 11d., or 4d. over the 
previous day’s close. Cleveland iron retained more of the 
early gain, and closed at 50s. 104d., or 74d. up ; and hema- 
tite, which was at one time 1s. 04d. per ton dearer, closed 
at 63s. 9d. per ton cash, or only 44d. over Thursday’s 
close. The tone of Monday’s market was rather depressed, 
and there was not much inclination to purchase shown. 
Trade reports for the preceding week showed that the 
volume of business doing in other centres was still very 
extensive, and large withdrawals of pig iron from store 
were reported, while there was also a large increase in 
the week’s shipments. The crisis in the coal trade 
in England had no effect in preventing the downward 
course of prices in the warrant market during the fore- 
noon. There was a steady decline in the price of Scotch 
iron to the extent of 64d. per ton, but subsequently 
the early decline was recovered, hough the closing 
price, 50s. 9}d., was weaker, and showed a drop of 
13d. on the day. The price of Cleveland iron, after 
being down 44d. per ton, recovered, and closed at 50s. 11d, 
per ton cash, buyers, and higher than the price of Scotch 
iron. Inthe price of hematite iron the fluctuations did 
not exceed 3d. per ton in the course of the day, and the 
close, 63s. 74d. per ton, showed a decline of 14d. on the 
day. Yesterday forenoon the strike rumours had the effect 
of hardening prices to some extent, though why they 
should have done so seems not to be very clear. Prices of 
Scotch iron advanced 6d. per ton, Cleveland 11d., and 
hematite iron 3d. per ton on the closing quotations of 
Monday. In the afternoon, again, some weakness was 
evident. Scotch iron lost 5d. per ton, and Cleveland and 
hematiteiron respectively, 74d. and 44d. from the best points 
touched at the forenoon meeting of the ‘‘ring.” The closing 
settlement prices were—Scotch iron, 50s. 104d. per ton ; 
Cleveland, 51s. 44d.; hematite iron, 63s.74d. per ton. Two 
of the special brands of makers’ iron were quoted at 73s. 6d. 

r ton for No. 1(Coltness and Langloan) ; for Glengarnock 
No. 1 the quotation was 72s. 6d.; Shotts and Calder No. 1 
were quoted at 71s. 6d.; and Gartsherrie and Summerlee 
No. 1 at 70s. per ton. It was reported yesterday that a 
cargo of 500 tons of Scotch hematite iron had been 
ship from Grangemouth to Middlesbrough. The 
market was flat and unsatisfactory in tone this forenoon. 
Business was dull and prices were scarcely up to the 
closing quotations of yesterday afternoon. The close in 
the afternoon was 51s. 8d. cash per ton sellers for Scotch 
iron, the same for Cleveland, and 63s. 9d. per ton cash 
sellers for hematite iron. The number of blast furnaces 
in actual operation in Scotland still remains at 89, as 
compared with 82 at this time last year. Some good 
orders for Scotch g.m.b. iron are coming to hand 
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from the Continent, but Canada and the United States 
are not showing any marked disposition to buy. Last 
week’s shipments of pig iron from all Scotch ports 
amounted to 9604 tons, against 8985 tcns in the corre- 
sponding week of last year. They included 150 tons for 
the United States, 200 tons for India, 237 tons for Aus- 
tralia, 175 tons for Italy, 1005 tons for Germany, 340 tons 
for Holland, 1216 tons for Belgium, 100 tons for Spain 
and Portugal, smaller quantities for other countries, and 
5413 tons coastwise. The stock of pig iron in Messrs. 
Connal and Co.’s public warrant stores stood yesterday 
afternoon at 846,084 tons, as compared with 855,195 tons 
yesterday week, thus showing for the week a decrease of 
9111 tons. 


Foreign and Colonial Shipments of Machinery, <c., 
from the Clyde.—The Fay and colonial shipments of 
machinery, &c., from the Clyde, reported last week, in- 
cluded the following: Tea-preparing and sugar machinery, 
refrigerator, &c., of the value of 12,510/., chiefly for Cal- 
cutta, Sydney, Trinidad, and Demerara, Philadelphia, 
Buenos Ayres, Monte Video, Madras, Colombo, Rangoon, 
Bombay, and Stettin ; sewing machine parts, valued at 
30391., for Rouen, Seville, India; blooms, billets, plates, 
bars, and other steel goods of the value of 67801., chiefly 
for Rangoon, Halifax, Stettin, Sydney, Calcutta, and 
Buenos Ayres ; pipes and other castings, plates, sheets, 
bars, tubes, rails, bridgework, sleepers, and miscellaneous 
iron manufactures, valued at 44,000/. 


Coal Trade.—There were numerous inquiries and some 
orders in the Glasgow market to-day for coals for different 
parts of England. These came principally from the rail- 
way companies, some of which are apprehensive of their 
supplies running short in consequence of the strike 
amongst the English colliers. Partly from the same 
cause, the coal trade in Ayrshire is very brisk, and some 
firms state that they are unable to meet the demands that 
have come to hand within the past few days. It was 
stated on ‘Change to-day that several train-loads had 
already been sent away from Lanarkshire to Barrow, 
and that arrangements are in progress to despatch con- 
siderable quantities to other places in England in 
the event of the strike continuing. What seems 
to have been a well-founded rumour gained currency 
on ’Change yesterday afternoon, which was to the 
effect that a local coal firm had obtained an order from 
England for 10,000 tons of splint coals, being left to pur- 
chase as easily as possible. For local consumption prices 
remain very firm, but there is no material change on the 
week. While the “crisis” is on in England the Scotch 
miners are only helping their fellow-tradesmen in Eng- 
land to the extent of working four days a week. De- 
mands for an advance of wages are being put forward in 
almost all directions, but there does not seem to be any 
immediate prospect of a strike to enforce the demands. 


Royal Society of Edinburgh.—A meeting of this Society 
was held on Monday night—Lord M‘Laren, and after- 
wards Sir William Thomson, President, in thechair. The 
president read some notes on ‘‘ An Accidental Illustration 
of the Effective Ohmic Resistance to a Transient Electric 
Current through an Iron Bar.” He said that when he 
was attending the recent meetings of the British Associa- 
tion at Newcastle, Lord Armstrong related to him a re- 
markable incident. A bar of steel, about 1 ft. long, 
which he (Lord Armstrong) was holding, was allowed 
accidentally to come in contact with the two poles of a 
dynamo in action. He instantly felt a painful sensation 
of burning, and he let the bar drop from his fingers, and 
they were blistered where they had been in contact with 
the bar. The explanation was to be found in the known 
laws of the diffusion of electric currents through non- 
magnetic conductors. He (the president) thought this 
was an illustration of the fundamental principle of elec- 
tro-magnetism in action, and he wrote to Lord Armstrong 
asking his sanction to mention it to the Royal Society, 
and he received a reply immediately giving him some 
additional details. e sent him the steel bar which 
he held when he was burned. The president passed 
the bar round, and attracted notice to two hollows 
which were burned out of the rod at the same 
instant. Lord Armstrong stated that he held the 
bar with his fingers between the two hollows, and 
the burns were inflicted where his fingers touched the 
metal. Three of his fingers and thumb were blistered, 
and he had to carry his arm in a sling for a ord or two. 
There was no great blaze of light, and nothing was 
scorched except the skin at the points of grasp. He 
dropped the metal at once, and it was picked up by an 
assistant immediately afterwards, who said the steel was 

uite cold. He accounted for.the incident in this way, 
that the rod had become instantaneously heated over a 
very filmy portion of the surface. He added that if the 
rod of steel had been charged with the offence of burning 
Lord Armstrong it would have been acquitted from the 
allegation, as it was immediately afterwards found to be 
quite cold. The president remarked, in concluding the 
interesting scientific narrative, that he knew of no method 
of repeating the experiment and obtaining the same result 
other than that accidentally adopted by Lord Armstrong. 


Manufactured Iron ond Steel.—In this district there 
are, unfortunately, several distinct indications that the 
trade in the malleable iron and steel industries is falling 
away. The rumours in circulation lately that some of 
the works in the Coatbridge district were not too plenti- 
fully supplied with orders were discredited at the time, 
but the fact of the men working only five days last week 
at two of the largest establishments is a proof that the 
rumours were correct. There is also a sensible diminu- 
tion in the quantities of finished iron and steel despatched 
from the works, a circumstance which the gradually 
diminishing railway traffics bear out. Common bar iron 
is reported to have Leen offered at 7/. per ton, while8/. per 





ton is spoken of as a probable price for steel plates for 
shipbuilding purposes. 

Prices of Ships.—Prices for steel sailing ships at pre- 
sent range from 11/. per ton register for large vessels to 
14/. for smaller, and steamers of fair average power can 
be built of 4000 to 6000 tons at 9/. 10s. per ton on dead- 
weight capacity, and proportionately higher rates for 
smaller sizes. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLesBroucH, Wednesday. 

The Cleveland Iron Market.—Y esterday the attendance 
on ’Change at the weekly market was , and a fairly 
large amount of business was transacted. There was more 
disposition to buy than has been noticeable for some time 
past, and altogether the tone of the market was con- 
siderably more cheerful and encouraging than has been 
the case for many months. During the past few days 
shipments have improved a good deal, and this fact 
has undoubtedly tended to strengthen the market. 
Several people connected with the iron trade are 
sanguine that prices will now continue to improve, 
and predict a brisk steady business for some time to 
come. Very early yesterday morning No. 3 g.m.b. 
Cleveland pig iron changed hands at 51s. 6d. for prompt 
f.o.b. delivery, and that was the general quotation, but 
information arrived from other iron-producing centres of 
a very favourable character, and this had the effect of 
strengthening the Cleveland market. Quotations rose, 
and buyers were soon offering 52s. for No. 3, and a fair 
amount of business was recorded at that figure. Some 
sellers, however, were unwilling to accept less than 52s. 3d. 
Towards the close of the market, however, prices eased 
down, and buyers were not inclined to offer more than 
51s. 6d. for No. 3, but sellers as a rule held out for 52s. 
Middlesbrough No. 3 warrants opened steady at 51s. 3d., 
but they soon advanced to 52s. cash buyers, with sellers 
asking 52s. 2d. Later on, however, the quotation dropped, 
and at the close of the market buyers would not give 
more than 51s. 44d. cash. Producers would not listen to 
the above quotations, and some of them still express 
themselves unwilling to book orders at less than 60s. for 
early delivery of No. 3. A good business was reported in 
No. 4 forge iron at 53s. for immediate delivery. Mer- 
chants, as we have previously pointed out, have none of 
this material, and purchasers are obliged to buy from 
——— and consequently pay makers’ prices. Sellers 

ere asked 70s. for makers’ hematite iron, although hema- 
tite warrants are considerably below this figure. To-day 
affairs were very steady, but the amount of business 
transacted was not large. Merchants still asked 52s. for 
prompt delivery of No. 3, but buyers would not, as a 
rule, give more than 51s. 6d. Middlesbrough No. 3 war- 
rants were steady at 51s. 6d. cash buyers. 


Manufactured Iron and Steel.—In the finished iron 
trade there is little new to report. All the establish- 
ments continue pretty well employed, but there is a great 
dearth of new orders and quotations have again declined. 
Common bars are quo 7l.; ship-plates at 6/. 17s. 6d. 
and business is reported to have been done at 6/. 15s.; and 
ship angles, 6/. 15s., all less the customary discount for 
cash. Steelmakers have still a fair amount of work on 
hand, but they are getting well through their orders, and 
they complain a good deal about the difficulty ex- 
perienced in securing new contracts. Prices have further 
declined since our last notice. Heavy sections of rails are 
quoted 6/. ; steel ship-plates 77. 17s. 6d., and steel ship 
angles 7/. 15s. all at works, but less than these quotations 
might be accepted. 


The Stockton Forge Company.—The Stockton Forge 
pea ag have, we understand, secured an order for ex- 
tensive bridgework for the Madras Railway, which will 
keep their works fully employed for the remainder of the 
year. The company have also obtained orders for bridges 
from the Midland Company, this being the first order 
that has come to Stockton for eighteen years. The com- 
pany’s bridge yard, which has been laid off for nearly a 
year, will be restarted at an early date. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Coal Crisis and Trade Blockade.—Acting on their 
resolution to have an advance of wages or strike, the 
miners of South Yorkshire have for the most part adopted 
the latter course, with most disastrous results to business. 
Some of the colliers worked on at a 5 per cent. advance, 
and the promise of another 5 per cent. in July, but 
their number did not exceed 6000, whereas there are 
some 60,000 in the district. Stocks available for the 
general body of commercial consumers have been 
very light for a long time past, and on Monday, 
the wharves were clea at an early hour. Before 
the end of the day a number of the rolling mills 
and manufactories in the district were ‘‘set, down,” 
and some thousands of workers were thrown idle. In 
Sheffield alone it is feared that by the end of the 
week 10,000 or 12,000 men will be out of work because 
of a fuel famine. The partial stoppage of coke supplies 
is a very serious matter in the present flourishing condi- 
tion of the steel trade. The only two large Sheffield estab- 
lishments that have anythin like stocks of coal on hand 
are Messrs. C. Cammell and Co., Limited, proprietors of 
the Oaks Collieries (60,000 tons, six weeks’ supply), and 
Messrs. John Brown and Co., Limited, proprietors of Ald- 
warke Main,who hold about 30,000 tons. Even the Shef- 
field Gas Company has only a month’s supply, on 
hand. The Parkgate Iron Company is giving its 
hands notice so as to place them on a day-to-day 
agreement. The most unfortunate part of the business is 





that the large iron and steel houses are mostly engaged 
on heavy contracts, which have been obtained after severe 
competition, and the trade which they are nursing and 
endeavouring to increase is by the miners utterly dis- 
organised and severely threatened. Inthe mean time a 
levy of 5s. per week per man is proposed on the colliers 
who are working. A bitter feeling has been engendered 
towards the miners amongst those who are thrown out of 
work, and no support will be given them from any of the 
local unions. Even if the difficulty is rapidly settled it 
will be some time before regular supplies of fuel can be 
secured. 


Charles Cammell and Co. (Limited). —The annual report 
of Messrs. Charles Cammell and Co. (Limited), Cyclops 
Steel and Iron Works, is as follows: The balance-sheet 
shows the net profits for the year to have been 
171,0817. 7s. 10d. To this has to be added the unap- 
propriated balance from the previous year (after pay- 
ment thereout of the directors’ and auditors’ fees), 
33,9387. Os. 10d., prone together 205,019/. 8s. 8d. An 
interim dividend after the rate of 5 per cent. per annum 
on all the company’s paid-up capital was paid in October 
last, amounting to 26,250/., leaving for disposal at the pre- 
sent time 178,769/. 8s. 8d. This sum the directors recom- 
mend shall beappliedin the following manner, viz.: In pay- 
ing a dividend of 10s. pershare on the 4000 A 20/. preference 


shares, fully paid up, amounting to 2000/. In paying a 
dividend of 2/. per share on the 8500 B 20/. shares fully 
paid up 17,0007. In paying a dividend of 8/. per share on 


the 10,000 ordinary shares of 1001. each, having 80/. per 
share paid up, 8000/. By adding to the reserve fund 
50,0007. And by carrying forward to the current year 
the balance of 29,7691. 8s. 8d. Should the above recom- 
mendation be adopted, the full dividend of 5 per cent. 
for the year on the A shares will be paid, and the divi- 
dend on the other shares, B and ordinary, will be for the 
year after the rate of 124 percent. A fund which had 
accumulated over a period of years to meet sundry con- 
tingencies, the directors feel justified in now regarding as 
a free asset, and have, therefore, added it to the reserve 
fund, out of which it is intended that the mortgage deben- 
tures, amounting to 77,000/., which fall due during the 
current year, shall be paid. 


Sheffield Society of Engineers.—A well attended meeting 
of the Society was held on Saturday evening, when a 
peer was read by Mr. A. G. Brown, M.A.S.M.E., the 
well-known American engineer, from Messrs. Musgraves, 
of Bolton. Professor Ripper occupied the chair. The 
lecture was entitled ‘‘The Indicator and its Practical 
Working,” with a description of the ‘‘ Tabor indicator.” 
At the close of the paper, which was most interesting and 
instructive, a number of diagrams were taken from the 
50 horse-power compound experiment engine belonging 
to the Institution, which had been fitted up with friction 
brakes, dynamometers, counters, kc. A very hearty vote 
of thanks was awarded the lecturer. 


Hull Dock Company—Important Negotiations.—A con- 
ference took | on Monday between the Conciliation 
Committee of the Hull Dock Company’s shareholders and 
directors of the company, at Hull. The proceedings were 
private, but it is understood that Mr. Jameson, on behalf 
of the committee, demanded that tive members to be 
nominated by them should be elected to the board. It 
was contended that with such a change in the board use- 
ful negotiations might be made with the Hull and 
Barnsley Railway Company and the North Eastern Rail- 
way Co. The chairman declared that every possible 
attempt to come to terms with the Hull and Barnsley 
Railway Company, Limited, had been made, but to no 
purpose. Reference was made to the action of the Con- 
ciliation Committee in wrecking the scheme for a deep- 
water entrance to the Albert Dock. It was suggested 
that if the board were reconstructed the scheme might be 
reconsidered. The conference then adjourned, Mr. 
Jameson stating he wished it understood that the demand 
of the committee was for five seats on the board. 





BripGiIne THE On10.—An iron and steel bridge to be 
built across the Ohio, at Louisville, by the Phcenix 
Bridge Company, of Philadelphia, will be with approaches 
9000 ft. long, and will have railroad, foot, and wagon- 
ways. The total cost, including termnial facilities, is esti- 
mated at 400,000/7. 





A Natat Bripez.—The Havelock bridge over the 
Umgeni at Bayne’s Drift has just been opened by the 
Governor of Natal. The bridge is built almost entirel 
of colonial material, and the floor is of gum-tree wood. 
The bridge, which has four spans of 60 ft. each, was com- 
menced in April, 1889. 





EncGuisu Coat at HamBurc.—Notwithstanding increas- 
ing competition on the part of German colliery proprietors, 
the deliveries of English coal to Hamburg are gradually 
increasing. In 1880 they amounted to 1,025,550 tons ; in 
1881, to 1,001,118 tons; in 1882, to 1,018,334 tons ; in 
1883, to 1,050,000 tons ; in 1884, to 1,025,500 tons; in 1885, 
1,138,700 tons; in 1886, to 1,210,000 tons; in 1887, to 
1,230,000 tons ; in 1888, to 1,365,000 tons ; and in 1889, to 
1,580,000 tons. 





VictorIAN Raitways AND PuBLic Works.—The Vic- 
torian House of Assembly has passed a Bill to apply 
2,380,565/. out of the railway loan account to certain rail- 
way works, including 1,000,000/. for rolling stock. Mr. 
Gillies has also secured the passing of a Loan Bill for 
4,000,000/. for the construction of railways and works 
connected therewith, for irrigation works and water 
supply in country districts, and for works connected with 
the water supply of Melbourne. 
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COMPRESSED AIR ‘TRAMCAR; HUGHES AND LANCASTER SYSTEM. 
CONSTRUCTED BY MESSRS, HUGHES AND LANCASTER, ENGINEERS, CHESTER. 
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In our last issue we gave an account of some trials 
made at Chester with a tramcar driven by Messrs, 
Hughes and Lancaster’s system of low-pressure com- 
pressed air; and we now give on the present page 
illustrations of the car and charging valve on the main. 
Fig. 1 is an elevation of the vehicle showing between 
the wheels the valve by which the air is admitted to 
the reservoirs. Fig. 2 shows in side elevation the air 
main valve and car valve in three positions. Fig. 3 
is a cross-section through the valve pit and part of the 
car, Fig. 4 is a longitudinal section through the pit 
showing the lid open and the valve in the closed posi- 
tion. Fig. 5 is a vertical section through the central 
part, or the valve proper, of the charging main. 

We fully described the method of ee in our 
notice of last week, and the present illustrations are 
sufficiently clear to speak for themselves. In Fig. 2 
the two valves are seen in the entering, charging, and 
leaving positions. Fig. 5 shows the detail of the pit 
valve, and it will be seen that air can only pass from 
the main to the car valve when one of the radial 
arms is in an upright position, or approximately so. 
The car valve is on the same general principle, 
excepting that the valve is open only when one 
of its two arms is pointing downwards, or approxi- 
mately so. The lever by which the street-box lid is 
opened may be seen in Fig. 1 ; and the groove in this 
lid which directs the car valve into the entering and 
leaving positions is shown in Fig. 4. It will be re- 
membered that the pit lid is opened by the toe of the 
car lever inserting itself under the box lid as the car 
passes on, ‘The lid being in a vertical position a stud 
on the car valve enters the groove in the lid, and the 
valve is thus made to perform a partial revolution as 
the car moves onward. One of the arms of the air- 
main valve enters the arm of the car valve, and, both 
turning together, they are brought into the charging 
position. A stop of a few seconds is then made, and, 
the car reservoirs being replenished, the car moves on, 
leaving the air main valve in the shut position and the 
lid closing by gravity. 

In our article of last week, when speaking of Pro- 
fessor Unwin’s experiments with regard to the efficiency 
of the system, we said, ‘‘ but in this calculation allow- 
ance was not made for the leakage through the motor.” 
As the expression appears to have caused some miscon- 
ception it is as well. we should state that the results 
arrived at by Professor Unwin were based on observa- 
tions in which the leakage through the motor was not 
taken into account. This leakage is a mechanical effect 
not due to the system at all, and will no doubt be 
absent or very materially reduced when a more ordinary 
form of motor is used; and in that case the cost for 
fuel will be less, doubtless, than the 4d. per mile quoted. 

We omitted to state in our last notice that Mr. John 
Sturgeon is the engineer to this system, in addition to 
Professor Henry Robinson, who is the consulting en- 
gineer. 
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FOREIGN AND COLONIAL NOTES. 
Foreclosed Amcrican Railroads.—In the course of the 
last fourteen years no less than 448 American railroads, of 
an aggregate length of 46,700 miles, were foreclosed by 
the mortgagees. Nearly 36 per cent. of the present 
aggregate capital of the railroads of the United States 
has thus gone under the auctioneer’s hammer since 1876. 


An Austrian Canal.—The construction has been pro- 
posed of a canal from Vienna to the Oder. The estimated 


cost of the work is 4,000,000/., and, subject to certain | 


conditions, the Vienna town council proposes to contri- 
bute 400,0002, 


Bridging the Danube.—The Roumanian Minister of 
Public Works recently invited tenders for the construc- 
tion of a bridge over the Danube. The lowest tender 
was that of the Fives-Lille Company, of Paris, viz., 
306,305/. The Creusdt and Eiffel companies also tendered, 
but at sensibly higher prices. The Fives-Lille tender 
was accepted. 


Victorian Railways.—The capital expended upon the 
Victorian Government railways atthe close of June, 1889, 
was 31,118,516. The expenditure of capital during the 
last five financial years has been as follows: 1884-5, 
1,426, 384/.; 1885-6, 1,443,365/.; 1886-7, 1,813,795/. ; 
1887-8, 2,040,455/. ; and 1888-9, 2,997,4532. The Victorian 
authorities would thus appear to be prosecuting the work 
of railway establishment with increased vigour. 


Another Great American Canal.—Minneapolis contem- 
lates building a canal to Duluth, at the head of Lake 
uperior, so as to secure direct water communication with 

the Atlantic coast. It is stated that Congress will be asked 
to contribute 1,000,0007. or 1,200,000/. 
be covered is about 150 miles, 
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Antipodcan Telegraphy.—Proposals have been made by 
Sir John Pender, in behalf of the Eastern Extension, 
Australasia, and China Telegraph Company, to lay a dupli- 
cate cable between New Zealand and Australia, and cor- 
respondence is proceeding between the colonial govern- 
ments upon the subject. It has been suggested that the 
two governments might lay a cable between New Zealand 

‘and some point on the Queensland coast at a cost of about 
200,000/., which could be made to pay at great reductions 
from the present charges. 


American Locomotive Building.—The number of loco- 
motives built in the United States last year is estimated 
at 1860. The corresponding number of locomotives built 
in 1888 was 2180. 


South American Citics.x—Monte Video, the capital of 

| Uruguay, contay, to a census just taken, has a popula- 

tion of 170,000. This makes the city considerably more 

than one-third the size of the neighbouring capital of the 

| Argentine Republic, Buenos Ayres, and not far short of 
Santiago, the capital of Chili. 


The Late John Ericsson.—A Bill before the Congress of 
the United States authorises the Secretary of the Treasury 
| to pay to the heirs of the late John Ericsson a sum of 
| 27881., together with interest at 5 per cent. since 1857. 
The Bill recites that this was the amount found to be due 
to the deceased in 1857 for designing the United States 
ship Princeton, and work and material furnished in her 
construction. 


Seattle.—Nine street car lines worked by cables and 
| electric motors, over grades as steep as any in San Fran- 
| cisco, are either in operation or building at Seattle. 
has been begun on a 100,000/. rolling mill and on 
| iron works, which are expected to cost 400,000/, 
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THWAITE’S GAS-FIRED BOILER. 
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WE illustrate above a 30 horse-power steam gene- | portion of the generator. It will also be noticed that 
rator designed to be heated with gaseous ~—, such preosicely all the noting — is bdo 7 
as producer gas. The gaseous fuel is generated in a | circulating arrangement o is generator is mos 
a Thwaite gas Pamanes vit but the latter can be simple and effective. An annular ring or curtain J is 
placed immediately below the steam generator. Where | provided, dividing the ascending and descending cur- 
there is a series of these boilers it is advantageous to rents. The latter flow next to the outer casing, 
generate the gas in separate vessels. | sweeping the tubeplate and flowing with great velocity 

The gas ascends into a vertical combustion chamber over the surface of the combustion flue. The velocity 
A, meeting a supply of air issuing radially and uni- of circulation is such as to prevent the deposition 
formly from air tubes B, at the level of which com- of any calcareous material, all that is required to 
bustion ensues, the flame flowing upwards inside maintain the an heating wamee i pie scale 

fractory tube ©, which becomes heated to bright is to blow off the boiler once a week. e perfection 
Hance ih The flame passes over the upper ongre | combustion enables the boiler to work without 
of this combustion tube C and descends the annular | the necessity of cleaning the tubes. The rate of eva- 
space D formed between ~ flue plate and fone hoa —. Cog eo ne mcm Narn a sea — 
‘ing of flame being in close contact to the water- | stant. e boiler is provi d ner’s safety 
ps Be surface of an The combustion is completed | Popp Hegre or gpa was ae - rege ener go up 
in th lar chamber E, which is provided with a | to 95 lb. e square inch in this boiler, and gave 
pode args supply by means of the radially-placed |moeteraey coer: bis belier is Lee Bate: yo a 
air tubes F. he gaseous products of combustion | Mr. B. H. waite, and is being introduce the 
ascend through the ae eas of the generator G | Gaseous and — re Suppl vormpany (Tester). 
into the upper chamber H, when they are diverted | of 37, Victoria-street, Liverpool, and of 25, Market- 
pose pale 9 downwards around the inverted tube | street, Manchester. 

I, around which they circulate in contact with the | 
steam-covered surface of the boiler flue plate, super | 
heating the steam and enabling the full practicable | 
absorption of the sensible heat from the gases of com- | PLATES, 
bustion to be obtained. The arrows clearly show the| ON page 358 we give an illustration of a large 
—— be flow one to the seigy i . | = seanaag pens Rout gg ag lage py 
t wi seen that the maximum temperature an essrs, Thomas Shanks and Co., Union Iron Works, 
the flame combustion is next’ to the water-covered sur- | Johnstone. It is the last of several made for the 
faces, only the products of combustion with their Atlas Works, Sheffield; but advantage has been 
sensible heat being next to the steam-containing taken of the great experience gained to redesign the 
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PLANING MACHINE FOR ARMOUR 








machine. The various slides are all fitted with power 
traversing arrangements. The table is driven by double 
racks and pinions by a steel shaft 114 in. in diameter, 
with double keys cut out of the solid. There are 
two purchases of gearing for giving two different 
speeds to the table. The machine, which is 10 ft, 
between the uprights, weighs about 130 tons. 

As an instance of good despatch it may be stated 
that the makers delivered the machine in three months 
after the first casting was received in the shop. We 
understand further that it was erected and set to work 
in a fortnight. 








NOTES FROM THE UNITED STATES. 
ParaADELPHIA, March 12, 1890. 

AMERICAN manufacturing interests are looking for- 
ward with confidence to a year of great activity 
in all branches of industry. Within the past thirty 
days announcements have been made of the formation 
of seven or eight trusts, involving 5,000,000 dols. to 
20,000,000 dols. each. Within the same time announce- 
ments have been made of the formation of a number of 
English syndicates for operations in this country ; 
their agents are now more active than at any time 
since they began looking at American property. One 
of these announcements is to the effect that a large 
amount of property has been purchased near Phila- 
delphia, where a 2,000,000 dols. textile manufacturing 
plant is to be established, the promoters stating that 
they are locating here in order to avoid the payment 
of duties on goods intended for the American market, 

The old quarrel between the English stockholders 
and the management of the Pennsylvania Railroad 
Company is likely to be renewed at the coming annual 
meeting. The total number of shareholders is now 
estimated to be 22,000; 40 per cent. of the stock of 
the company is held on this side, and the other 60 per 
cent. abroad. The management holds only a trifling 
amount of stock, and since the death of William 
Thaw, that amount has been decreased by 13,500 
shares. It is claimed by some of those who are hostile 
to the management, that when President Roberts paid, 
last May, 5,000,000 dols. in dividends, he at once 
raised 12,000,000 dols. to pay it with, by the issue of 
new stock. A strong demand will be made upon the 
management of the company to divide its surplus, 
The earning power of this surplus for last year was 
4,421,497.58 dols, The Pennsylvania management 
have had their own way for years t, against the 
apparent interests of foreign stockholders, but the 
opposition is now stronger than ever, and it has been 
strengthened by the position of some influential 
American stockholders, who claim that justice has not 
been done. 

The extent of railroad construction for the year has 
not yet been decided. Nearly all the buying that has 
been done since the opening of the year has been 
in small lots. A great many short lines, three miles 
to thirty or forty miles in length, are being con- 
structed ; in fact, more of this kind of work is under 
way, or projected, than ever before, the aim being to 
develop territory near existing lines, which will be 
productive of traffic. Then again, in the south and 
south-west, a great many lines are being built to con- 
nect old lines, for the purpose of exchanging traffic. 
Three or four long lines are projected, and will be 
built. The region of country west of the Mississippi 
is in need of more railroads, and Jay Gould, who is 
now in the west, is reported to have given his un- 
qualified indorsement to this opinion. For all that, 
railroad building has not yet been started on a large 
scale. It is very frequently as late as June before 
vigorous efforts are made. In Ohio, Indiana, and 
Illinois, a good deal of railroad work will be done, 
chiefly for the developing of mining properties. A 
considerable amount of construction is projected in 
Kentucky, Tennessee, and Alabama. In Arkansas, 
Texas, and Kansas, which are new and rapidly- 
developing States, work will be actively pushed. 
The agricultural and mineral resources are stimu- 
lating investment. There is also a great deal of 
work projected in the Rocky Mountain region; 
mining operations are being increased; irrigation 
schemes are making land more valuable; immi- 
gration is being attracted. A great deal of machinery 
is under contract for deliveries in the towns and cities 
between Montana and New Mexico. This region is 
opening up opportunities for investors and for manu- 
facturers liek as have not been offered for years, 

Demand in the iron trade is quiet, but consumption 
is keeping very close to production, and stocks are 
practically unknown. Pig iron has weakened a little 
within the past few days, but the leading furnace com- 

anies are now refusing to yield another penny. All 
Kinds of finished products are in good demand and 
mills are busy. The plate and structural iron mills 
have one to two months’ work ahead. Steel blooms 
are dull, owing to the over-buying of last December 
and January. The iron trade, generally speaking, is in 
excellent shape, and by April a multitude of buyers 
who are san hebins off, in view of a further decline, 
will strengthen the entire market by their active pur- 
chasing, 
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NOTES FROM SOUTH AFRICA. 
To THE Epiror oF ENGINEERING. 

Srr,—The auspicious arrival of a most popular governor 
from Victoria in the Cape Colony renders the time oppor- 
tune for recording the general ad vance along the whole line, 
commercial, industrial, and agricultural ; Sir Henry Loch 
assuring us in a recent extended railway trip, that + felt 
the deepest interest in our pastoral and mineral resources 
and hopeful prospects. This week he proceeded by rail 
to Cradock, famous for its horses of the Hantam district, 
and will visit Tarkastad, the centre of sheep farms. The 
Governor was unable to see the Indwe coal mines when at 
Queenstown, but indorsed the views of the premier, Sir 
G. Sprigg, that the rising price of imported coal, and the 
greatly increased consumption on our railway systems, 
rendered the exploitation of our coalfields a matter of 
urgent necessity. Schemes for a branch line of forty miles 
to the Indwe deposits have been before the legislature 
for years, and the exchequer being now elastic, financial 
objections cannot longer be advanced by the ministry. 
The premier also having jenny interests in Kaffraria, is 
re) ae avowing the desirability of linking the Border 

ilway to the line rapidly stretching to Bloemfontein. 
*“O, F. 8.” and his hearty supporters at the improving 
eed of East London expect to see a junction made near 

athulie on the Orange River. Portions of the eastern 
province oppose the project, fearing business rivalry in 
the Free State and the Transvaal, but the remarkable 
improvements effected in the Buffalo River by the pump 
dredger will probably carry the scheme, as the mileage by 
the route is si ie shorter than from Algoa Bay, 
although ruling gradients are not nearly so favourable. 
There are two collieries on the railway at Molteno, be- 
yonc Queenstown. On the return of the Governor, 
Sir H. Loch, to Cape Town, the train of three bogie 
carriages left Cradock at 5 p.m., twelve hours behind 
the Port Elizabeth Cape mail and got in 1} hours 
behind it at Cape Town, the distance, 680 miles, being 
done in 19} hours, including the delay of over an 
hour at acrossing place. The general manager, Mr. 
Howell, was on the train, which beat the best time on 
record, one of Diib’s new 4 ft. coupled locomotives being 
engaged part of the trip, giving much pleasure to the new 
Governor. 

Nottinghamshire miners are now working the seams, 
mostly on the adit plan. As the galleries deepen the 
quality improves, and there is less slaty and stony stuff. 
The coal is not comparable with that opened at several 
points beyond Johannesburg, some of which contains 
ammonites, and is a true deposit, while at Boksburg 
. traces of gold occur when coal is washed, and the vege- 
table stratum has tinted the bed of ‘‘ bauket” or conglo- 
merate. From England we learn that the advance in 
coal is promoting the use of liquid fuel in locomotives and 
torpedo craft, but our borings near the Vaal have not 
yet struck oil, although the strata traversed by the drills 
are said to show good “‘sign,” and the workmen have 
American experience. Should the region prove to be 
oleiferous, the Kimberley mining companies will be able to 
effect immense economies, their coal bills being enormous. 
Meantime the diamond output is mainly concentrated at 
De Beers, and the cost of gems to consumers has about 
doubled. The cutting of diamonds is also being trans- 
ferred from Antwerp and Amsterdam to London and 
Paris, and partly to New York, where good stones find a 
brisk market. At present, the prospects of a couple of 
ciamond mines in the Free State are decidedly bright, 
but the Kimberley corporations will doubtless endeavour 
to “‘regulate” them, to suit the home syndicates. The 
mining of asbestos and copper engages attention near 
Prieska, on the Orange River, and before long the former 
article may figure in your market abreast of Italian and 
Canadian fibre. The long-disused Maitland mines, near 
this port, are being reopened by Mr. Grove, with Cali- 
fornian and Zealand experience, and he finds a fine 
lode of silver ore and galena, along with a large deposit 
of hematite and copper. An eng:ne and stampers for 
treating the ores are now being erected ; heavy blasts 
are to be made soon, and the creek is being dammed so as 
to create a 12-ft. head of water. A considerable body of 
copper ore exists near Cradock, and a citizen of that 
town is now in London to obtain the support of capi- 
talists, the many deceptive mines of the Rand having 
absorbed the spare funds of the colonial public, who grow 
weary of hope deferred, and bad management and mani- 
pulation. Some recently announced borings on the Rand 
show payable stuff at about 500 ft., and rich lodes have 
been struck within 100 ft., while the proved area of the 
auriferous deposits show that by skilled processes the 
mines must last for at least a century, and it is clearly 
evident that the country grows metallically richer north- 
wards, whence the gold around Johannesburg is supposed 
to have drifted in the glacial epoch, or in a period of 
extreme geological energy and disription. 

The movements now contemplated towards Mashona- 
land and Matobeleland are fraught with potent conse- 
quences, and there are rumours of a Boer commando 
marching against the chief Magato, beyond Zoretpans- 
ber, 


The statements circulated by Mr. Bowler, formerly a 
Bay lithographer, are contradicted by Mr. Selous, the 
well-known explorer and hunter. Captain Hoste, R. N.R. 
of the Union Steamship Company, and formerly on Lake 
Nyassa, is expected soon to ascend the Shiré, and to act 
in the Lake egion for Mr. Rhodes’ African Company. 
which works on a similar charter to the company heade 
by Mr, Mackinnon, operating towards Tanganyika and 
the Nyanzas. The Northern Extensiun line to Bechuana- 
land is designed to reach Mafeking in two years hence, 
and will touch the Vaal at Warrenton, about forty miles, 
in a few weeks hence, the earthworks being nearly com- 
pleted from Kimberley. This railway is very obnoxious 





to the bucolic and autocratic chief of the Eastern Boer 
Republic. President Kruger has given the projected 
railway from Delagoa Bay to a Netherlands syndicate, 
which shows no signs of British celerity in construction, 
and is calculated to take three years in reaching Pretoria. 
Before that time the Natal and colonial lines will tap 
the Transvaal border, which the president says they 
must await his pleasure tocross. It isprobable that events 
a | mould and modify these views. d 

he concession for making dynamite has disastrous 
issues, the local explosive being very inferior to the im- 
ported, and very variable in its behaviour, so that serious 
accidents are common, many men being killed or muti- 
lated. This concession craze is bitterly condemned. 

Roburite now makes some stir, trials at Kimberley and 
Johannesburg giving entire satisfaction to experts. It 
was also tested at the quarries of the Capetown Dock 
Extension. 

At Durban a steamer from New Orleans has landed 
about 2000 tons of mining plant from the Chicago firm of 
Fraser and Chalmers, and stampers and mortar boxes 
from the Langloan Foundry Company, Melbourne, are 
lying at this port, along with boilers and engines from 
firms on the Rhine. The familiar names from Chester, 
Lincoln, Grantham, and See. appear on all 
sides, some firms in Sheffield and Leeds also sending 
mining gear. Mounds of coal and lofty piles of deals 
crowd our harbour ground, also occupied by sundry lots 
of iron sleepers for the Free State Railway. 

The embarrassment and obstruction due to the inability 
of the railway to deal with the great accumulations, 
shows signs of reduction by new trucks coming forward 
(1200 having been indented for), but 50 locomotives are 
needed to afford genuine relief, and none will reach us 
before August, although 24 are afloat for the Cape ; these 
are to run to Kimberley. 

At Uitenbage railway shops, near this port, 400 men 
are employed, some repairing disabled locomotives. 
Railway progress on this continent, being now assured 
from the west, east, and south, it is possible that a loco- 
motive factory might be advantageously established at 
Southampton, near which rising port the South-Western 
are erecting a second Crewe, to cover about 15 acres, at 
Bishopstoke. To meet the prospective traffic to South 
Africa, the Union Company has ordered the early con- 
struction, at Dumbarton, of two superb swift twin-screws, 
which are designed to repeat on the South Atlantic, 
within a measurable distance, the splendid achieve- 
ments of the City of Paris, and will bring tourists from 
the Solent to Table Bay in a fortnight, if pressed. 

Americans travelling by the Columbia, a later sister 
twin-screw, to Southampton may thus reach the Cape in 
twenty-one days from the Empire City, which has not 
yet started a line of steamers to this continent, although 
one is mooted. Yankee barques and schooners return 
regularly to East London, which received last week a 
London steamer drawing 15ft., with coal for the railway 
department. On the early arrival of the puny dredger 
Sir Gordon, also from Holland, it is intended to berth 
“*Clan” steamers from Liverpool, and later on to put 
them on a patent slip if needful. ‘The inhabitants unani- 
mously agree that the clearance of the channel and bar 
is solely due to dredging, the engineering constructions 
contributing — in amelioration, although costly, 
and covering a tedious and wearying time. Similar 
dredging would certainly confer similar boons on the 
Kowie River at Port Alfred, where a strong gale recently 
swept out the channel, deepening the river to 18 ft. in 
places. Uniform depth is, however, demanded before 
coasters dare venture to enter, and much chagrin exists 
in Albany because of their absence. 

It has been pointed out by the Grahamstown press, 
that simple works extended from the western pier towards 
the Fountain Rocks, would render the port a harbour of 
refuge on a dangerous coast—a_ hill of 850 ft. high mark- 
ing the locality. 

The ill-omened Cape Recife, close to Algoa Bay, has 
again been the scene of a wreck in fine weather, the 
master of the s.s. Strathblane misjudging his position, 
owing to erroneous instructions in the sailing directions. 
She was bound to Natal with a large and costly cargo 
of railway and mining material, and lies among rocks 
full of water, salvage being small. e court returned 
the certificate to Captain Russell after inquiry, and sug- 
gested search for the sunken rock, struck some miles off 
shore. The light has since been altered by the port cap- 
tain. Near Saldanha Bay, the oye steamer Robilant, 
going from New York to China and Japan with petroleum, 
and tocall in Table Bay for700tons of coal, is a total wreck, 
but cargo is coming ashore, 8000 barrels of oil being already 
stacked for sale. The place is twelve hours from a 
railway station. Captain Longobardo is known at our 
ports, and has worked this big Southempton ship several 
years. She was owned in Palermo. Going 120 miles 
west from our bay, we come to Knysna Harbour, a land- 
locked deep basin close to a forest, and serving the Mill- 
wood goldfields, and a fine productive country. Strong 
agitation exists there for a railway to Oudtshoorn, 60 
miles, and thence to Beaufort or Albert on the western 
line. A survey is ordered, and the estimate is 5000/. per 
mile by local judges, labour being cheap and sleepers 
sawn at the port, which has berthed steamers of over 
2000 tons. The district is suitable for European immi- 
a, especially from North Italy, and the goldfields, 

th alluvial and quartz, look promising, a London 
company developing the Oudtshoorn reef. ‘Timber and 
heavy bush clothe the rocky ranges, and water for 
sluices and turbines abounds. The scenery is not un- 
like Festiniog and the Conway Valley. At Oudtshoorn 
wagon works are now busy, and all over the colony this 
branch of business is very active and prosperous. Colonial 
carriage builders are also having a good time, their 
vehicles rivalling the best American, Sober skilled 





wheelwrights and coach ming can therefore find places 
promptly, but any weakness for brandy will be fatal, 
canteens being the curse of Africa. On the journey of 
the Governor to King William’s Town, escorted by hun- 
dreds of mounted natives, he was implored by the depu- 
tation to promote a Prohibition Bill, the coloured race 
being unable to resist drinking temptation. The same 
cry is general, but the Cape Parliament abounds in 
members who manufacture deleterious and poisonous com- 
pounds greedily consumed by the low grade population, 
so reform is halting, although public meetings in the 
west have affirmed its urgent necessity, and the ministry 
favours a liquor law. It is also shown that the production 
of sound brandies would create a large demand from 
Europe, and this colony enjoys great advantages for viti- 
culture and raisin-making, as in California. Our wines 
have much improved, and the Port Elizabeth Wine Asso- 
ciation keep a large stock. Their vineyard is being ex- 
tended at Uiseabaae. 

The steady progress in agriculture is raising the quality 
of wool, an canis being well remunerated by ruling 
rates, they are buying goods freely, so merchants and 
storekeepers encourage the drummers from Sheffield and 
Scninaiedn, who report better prospects, the hardware 
men — good lines. By the combination of fencing 
and dipping, we look for the total extinction of ‘‘scab;” 
and the obtuse Dutch farmer and flockmaster begins to 
perceive and admit that it is parasitical, and not the 
infliction of an offended Providence. 

During a recent drought, valuable lessons on the uses 
of ensilage and irrigation were given, one gentleman 
saving a Sod of choice cattle by the pressed food, which 
otherwise would be burnt in the common wasteful fashion. 
The silage stack loaded or squeezed by the Johnson wire 
rope screw gear, will, therefore, play a part later on, and 
Natal farmers admire the system of conserving fodder for 
hard times, when ovines and bovines lose all the gains 
of months and often die from poverty and chill. From 
the Colorado papers on rural topics we find that the 
stock of sheep and cattle on the ranches round Denver 
increased rapidly by the vast production of alfalfa and 
beet, owing to universal water loading and stacking of 
the lucerne, which is cut frequently. The State, there- 
fore, will be able to sell thousands of beeves and sheep 
annually, besides splendid horses which thrive there, 
owing to the purity of the air and water. The mineral 
wealth is enormous. The Transvaal has analogous con- 
ditions, but the native residents have a talent for lazing, 
and are inert, listless, and callous to civilisation and 
science, 

Public works in the Transvaal are conducted in a 

slovenly, slipshod fashion, and it is reported that a bridge 
recently built is expected to fall. A railway bridge is 
also planned to cross the Vaal, but the site is solely 
selected to save a few miles to Johannesburg, and the 
railway, if taken that route, will miss Pctchefstroom, 
Klerksdorp, and other rising miningcentres. Dr. Leyds, 
the State Secretary, has returned from Europe, and is 
said to have purchased a trio of steamers, to run from 
Antwerp to Delagoa Bay, so as to be independent of 
British Boo The attempt to open a port in Tongaland is 
in abeyance, Colonel Coope failing to effect a fair footing. 
Mean time the Boers wish to gain access to the sea- 
board through Swaziland, which Sir H. Robinson would 
transfer to their custody, although the natives dislike the 
Dutch régime, and may fight. At the present time Zulu 
chiefs are en route to St. Helena by steamer Anglian, 
for offences unintelligible to them, and due to the Quixotic 
character of the imperial officials, who always denied to 
Zululand any tangible clue to the meaning of their 
nolicy. 
; The déportés have the general pity and sympathy of 
colonists, who deem them victims of gross blundering and 
injustice. Miss Colenso is their advocate in England and 
may shorten their term of exile, if the question is fully 
ventilated. The British position is certainly undignified 
and discreditable in every phase. Peace now prevails on 
the Natal border, where goldfields are being developed 
near the Tugela, so troops are coming home, 140 going in 
H.M.S. Tartar. 

The crew of R.U.S. Swallow from Monte Video also 
return home, but the ship is quarantined at Simon’s Bay, 
owing to some ailment pr th A form of influenza has 

rvaded South Africa, but not of severe type. Typhoid, 

owever, decimates Johannesburg, the mortality being 
grievous. Pretoria is also scourged by the diseases of 
filth, sanitary rules being almost ignored. 

Natal has opened her railway to Dundee, and will be 
able shortly to sell coal at Durban quay for 25s. a ton. 
The four dredgers are kept very active, and Messrs. 
Simons soon supplement them by a of steam barges 
to convey spoil to sea. We understand this firm furnish 
bucket dredgers for the Greytown entrance of the 
Nicaragua Ship Canal, and their Otter and Beaver satisfy 
Natalians, whose port is so crowded with cargo, that four 
Clan liners are now in Durban Bay. Natal has prepared 
a cool brook beyond Maritzburg for trout and salmon 
ova, expected early, and hopes to develop sport for the 
flyfisher, although, as in Ceylon, many foes will appear. 
Silkworm eggs from Italy have also done well, and the 
silk industry may gain a footing, as the conditions are 
most favourable, and foreign experts can teach the art of 
reeling. Wattle trees are being freely planted, as the bark 
finds a ready sale in London, and peeling begins in five 

ears. 

r A regular steam service is to be started to Port Shep- 
stone, and the colony of Norwegians on the Veiiakem 
intend to prosecute fisheries and curing. These ple 
are satisfied with the country, and have a church and 
school. Further east the splendid natural harbour of 
St. John’s is neglected, although the proper port of 
Kokstad and Umtata, the centres of rich agricultural 
districts. An English syndicate having acquired control 
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of Port Royal, Carolina, to develop its entourage, the 
same process might be applied to the Umzimvubu, which 
would soon become the artery of a fine trade, as rich 
copper mines and forests lie up the navigable river. The 
Cape Government shows no inclination to improve this 
estuary, which is marked by bold c'iffs of 1200ft. East 
London, 120 miles further south, has large dealings with 
Unmtata, and may possibly run a screw craft to the famous 
‘** Gates,” and bring down produce for the ocean steamers. 
The matter is already talked of. 

The London steam liners to Natal have recently been 
augmented by fine steel vessels, such as the Inanda, 
Ifafa, Umzinto, and Umbilo, while several of the smaller 
class have been tripled after the plans of Messrs. 
Flannery, Baggallay, and Co., London, with remarkable 
success, some of the vessels running from Weymouth to 
Durban without checking the engines. The new African 
mail boat Soudan, carrying 4000 tons, is now here, and 
will cross the bar at Durban on a draught of 15 ft. Our 
Government has agreed to erect a long iron bridge over 
the Breede River, Worcester, and the railway bridge 
across the Orange, about 25 miles from Colesberg, is 
advancing after delays by floods. Numbers of the quad- 
rantal flanged castings for the cylinders have been sent 
up with many portions of the girders and arched bracings 
from the Millwall firm of Westwood and Co. The struc- 
ture may resemble the viaduct lately sent to Chili by 
Heenan and Co., Manchester, but will be shorter and not 
so imposing, our gauge being smaller. 

Straight-link bridges are unknown, although sent to 
Chinese railways and common in American practice. 
Mediocrity and timidity therefore unite to cause waste of 
material, time, and money ; while the colony is seriously 
crippled by unbridged rivers, the Government pleading 
lack of funds. The Victoria Bridge, of three spans, over 
the Olifants River, Oudtshoorn, still lies a wreck, a flood 
causing it to fall. The cost was over 17,000/., and the 
bridge at Worcester is to cost 15,000/. Sir H. Loch, 
having apenchant for public works, may infuse energy 
into the moribund executive, and give the colony some 
examples of science reflecting the period and not replicas 
of models devised thirty years ago. 

A Folkestone gentleman visits the Cape to treat for 
the construction of a railway up Table Mountain like 
that climbing Mount Pilatus, but the scheme receives 
rather a lukewarm support, and city editors favour a first- 
class theatre, public swimming baths, and otherinstitutions 
before a Rigi railway. In this town great blocks of poor 
buildings are to be demolished, and a very large station 
erected with arched span roof of 150 ft. Over 100,000. 
will be expended, and large sums go in compensations. 
Both jetties are also to be widened and lengthened, to 
cope with the immense volume of traffic, the anchorage 
often showing thirty ships and eight to ten steamers. 
There are at present nine steam tugs and launches, in- 
cluding a paddle and a water launch with hand-worked 
pumps. Mr. John Dixon, C.E., London, has submitted 
plans to the Harbour Board for certain outer works, and 
anovel kind of dock to receive vessels of the Ormuz 
pattern, such as the Union Company are preparing for 
the trade. Warehouses on the line of beach have been 
remodelled, and in a few months the receipt and despatch 
of cargoes inland will show a great reduction of time and 
manipulation. 

The depression on the Rand is causing a great emigration 
of mechanics, who have travelled in groups of fifty to 
Kimberley, hoping to get engagements to the north. 
Extreme distress is said to prevail on the Rand, the 
bubble being pricked. Imposing buildings are, however, 
rising on all sides, and later on the city may justify its 
existence. The water works are declared to be utterly 
inadequate. Other works are now projected to the Vaal, 
and will cost 100,000/. at the least. Durban is also about 
to increase her water supply extensively. 

The corvettes Curacoa and Raleigh have returned to 
the Cape from their cruise towards Zanzibar, and it is 
assumed that Portugal will climb down the fence, and 
reduce sundry proposterous claims. The Lisbon Govern- 
ment has ordered floating docks for Loanda and Mozam- 
bique, but whether of the Cardiff-shelf type or the 
Callao pattern, is not yet known. Both ports have quiet 
waters. 

The new Greenock-built boats of the Mala Real Portu- 

eza do not call at our port, but are seen in Table Bay. 

hey bring stores, troops, and immigrants to Delagoa Bay. 
The increasing volume of trade at Algoa Bay is shown by 
the value of goods imported last ee December, 
1889) being 225,000/. larger than the corresponding quarter 
of 1888. Our Governor is as much in touch with colonists 
as was Sir George Grey—still in New Zealand—and has 
been received with enthusiasm everywhere. Aided by an 
amiable and energetic wife, it is believed that during their 
stay in South Africa the social benefits accruing may equal 
those realised in Victoria, where Sir Henry and Lady 
Loch gained universal confidence and esteem. During 
their late trip through the eastern province nature was in 
her best mood, and the boldness and beauty of the scenery 
charmed our visitors. 

At the cathedral, Grahamstown, Lady Loch laid the 
foundation stone of a new chancel, and at East London 
the Governor inaugurated works for a slip to receive 
large vessels. Later on, he may initiate the proposed 
irrigation lake to be created at Richmond. Around the 
metropolis many public works are in progress, and envi- 
rons like Woodstock now enjoy gas and water at high 
pressure, the salubrity of the place being assured by 
municipal care. A railway is also making to Sea Point, 
and a line has been opened to Sir Lowry’s Pass and 
Somerset West by the sea. 

The voyage from England being reduced to eighteen 
days, without monotony, and rendered pleasant by varied 
diversions and comforts, people seeking complete change 
of climate, scene, and diet, should try South Africa, 





which will often richly repay the outlay for a six months’ 
return ticket by Union or Castle liner. 
P. FRANCE. 

P.S.—We have had bounteous rains both in Natal, 
Transvaal, and the Colony, so agriculture has immensely 
profited, although the floods and storms caused much loss 
of life. Local prospects of mining look hopeful, and we 
trust that galena will soon form a regular export here. 

Port Elizabeth, Algoa Bay, Feb. 12, 1890. 








LAUNCHES AND TRIAL TRIPS. 

On Saturday afternoon, the 8th inst., Messrs. Craig, 
Taylor, and Co. launched from their Thornaby Ship- 
building Yard, Stockton, a petroleum tank steamer 
named the Ilimoff, of the following dimensions: Length, 
301 ft.; breadth, 37ft.; depth moulded to spar deck, 
26 ft. The vessel has been built to the order of Mr. 
Alfred Suart, of London. e engines have been con- 
structed by Messrs. Westgarth, English, and Co., 
Middlesbrough, on the triple-expansion surface-condens- 
ing principle, with cylinders 22in., 35in., and 57 in. in 
diameter by 39in. stroke; two boilers 14ft. 6in. b 
10ft. 9in. long, with three Purve’s patent furnaces wit 
separate combustion chambers, working pressure 160 1b. 
per square inch. 





On Saturday, the 8th inst., there was launched from 
the yard of the Tyne Iron Shipbuilding Company, 
Limited, of Willington Quay-on-Tyne, a steel screw 
steamer named the Time, which has been built to the 
order of Messrs. Kinghorn Brothers, of baa agents 
for the owners, Messrs. William Howard, mith, and 
Sons, Limited, of Melbourne. The vessel is of the follow- 
ing dimensions, viz.: Length, 300ft.; breadth, 41 ft. ; 
depth, 23 ft. The engines, which are to be supplied by 
Messrs. Wigham, Richardson, and Co., are of the triple- 
expansion type, having cylinders 23in., 37 in., and 62in. 
by 42in. stroke. Steam 1s ——- by two large boilers 
constructed throughout of steel, for working at a pres- 
sure of 1601b. 





On Saturday, the 8th inst., Messrs. W. Doxford and 
Sons launched from their yard, Pallion, a new steamer 
named the Sea King, which they built to the order of 
Messrs. W. Ross and Co., of East India-avenue, London. 
The vessel is of the following dimensions: Registered 
length, 365 ft. ; breadth extreme, 44 ft. ; depth moulded, 
30 ft. The engines are of the ordinary triple-expansion 
three-crank type, by Messrs. Doxford, the cylinders being 
27 in., 44 in., and 72in. by 48 in. stroke, supplied with 
high-pressure steam from two double-ended boilers, 
which will give a mean speed of 104 knots loaded. 


On Saturday, the 8th inst., Messrs. Laird Brothers, of 
Birkenhead, launched a twin-screw torpedo gunboat 
named the Almirante Coudel, which they have built for 
the Chili Admiralty. This boat is of the Rattlesnake 
type, and her principal dimensions are as follows: Length 
over all, 240 ft.; beam, 27 ft. 6 in.; and maximum 
draught, 9 ft. to 10 ft. She is to be fitted with two sets 
of triple-expansion engines, supplied with steam from 
four locomotive boilers and capable of indicating 4500 
indicated horse-power under forced draught, with which 
a speed of 21 knots is expected. 





The steamship Coleridge, which has recently been 
fitted with triple-expansion engines by Messrs. D. Rollo 
and Sons, of the Fulton Engine Works, Liverpool, was 
taken on her trial on Thursday, the 6th inst. The 
engines fitted have cylinders 25in., 39 in., and 62 in. in 
diameter by 48 in. stroke. They are supplied with steam 
at 160 1b. pressure by two double-ended steel boilers. On 
trial the engines indicated upwards of 1500 horse-power, 
and a speed of upwards of 12} knots was maintained. 


On Saturday, the 8th inst., Messrs, Laird Brothers, of 
Birkenhead, launched from their yard a steam screw 
yacht named the Norseman, which they have built to the 
ordervuf Mr. S. R. Platt, of Oldham. The vessel has been 
designed by Mr. St. Clare Byrne, and is intended to sail 
equally under canvas and under steam. Her dimensions 
are: Length over all, 152 ft. 6 in.; beam, 23 ft. ; depth 
amidships, 13ft. 6in. Her machinery by the same 
builders consists of a set of triple-expansion engines with 
cylinders 13 in., 194 in., and 33 in. in diameter by 2 ft. 
stroke, using steam at a pressure of 150 lb. per square 
inch and capable of indicating 350 horse-power. 





Messrs. Murdoch and Murray, Port-Glasgow, launched 
on Wednesday, the 12th inst., a steel screw steamer 
named the Rio Paraguay, built by them under the super- 
vision of Messrs. Morton and Williamson, Glasgow. 
The vessel is of the following dimensions: Length, 160 ft.; 
breadth, 33 ft.; depth, 9 ft., and the gross tonnage is 430 
tons. The propelling machinery is of the triple-expan- 
sion type, and has been supplied by Messrs. Rankine and 
Blackmore, Greenock. The cylinders are 9 in., 18 in., 
and 32 in. in diameter respectively, with a stroke of 22 in. 
They are of 340 horse-power. 





Messrs. James and George Thomson launched from 
their yard at Clydebank, on Wednesday, the 12th inst., a 
steel screw steamer, built and engined by them for the 
Brazilian Steam Navigation Company, Rio de Janeiro. 
The vessel, which isnamed Brazil, is of 2000 tons. The 
engines are of the triple-compound type,. with cylinders 
27 in., 40} in., and 61 in. in diameter by 3 ft. 9 in. stroke. 
The condensing surface is 2800 square feet. Steam is gene- 
rated in two boilers 13 ft. 6 in. in diameter by 15 ft. 6 in. 
long. The engines are expected to indicate 2300 indi- 
cated horse-power, and to give the vessel a speed of 
13 knots an hour, 


On Thursday, the 13th inst., a steel sailing ship named 
Melete was launched from the yard of Messrs. Charles 
Connell and Co., Scotstoun, near Glasgow. The vessel, 
which is for Hamburg owners, is of the following 
dimensions: Length between perpendiculars, 256 ft.; 
beam, 40 ft.; depth of hold, 23 ft.; and the tonnage is 
1780 tons. 


The screw steamer Rosneath, built by Messrs. Murdoch 
and Murray, Port-Glasgow, and engined by Mr. William 
Kemp, Govan, to the order of Messrs. P. H. Dixon and 
Harrison, Glasgow, had successful speed trials before 
leaving the Clyde. The vessel is 260 ft. long, 37 ft. broad, 
and 194 ft. deep, and the deadweight carrying capacity is 
2600 tons. The engines are of the tri-compound type, 
the cylinders being 19 in., 32 in., and 52 in. in diameter 
respectively with astroke of 39 in. Steam is generated in 
two boilers 12 ft. 6 in. in diameter by 9 ft. 6 in. long, and 
the working pressure is 160 ]b. to the square inch. On 
trial the vessel had 1660 tons on board. On the run down 
the measured mile, 2 mean speed of 10.9 knots was 
obtained, with 1202 indicated horse-power at 80 revolu- 
tions, which was considered very satisfactory. 





The new steamer Aud, recently launched by the Grange- 
mouth Dockyard Company, from their yard at Alloa, 
recently went on her speed trials on the Firth of Forth, 
when her machinery worked satisfactorily. It was con- 
structed by Messrs. Alley and Mazlellan, of the Sentinel 
Works, Glasgow, and consists of triple-expansion engines, 
having cylinders 14in., 23in., and 38 in. in diameter re- 
spectively, with a piston stroke of 28in. The cooling 
surface in condenser is 700 square feet. Steam is generated 
in one steel boiler 12 ft. 9in. in diameter by 10 ft. long. 
The heating surface is 1112 square feet, and the grate 
area 54 square feet. With steam at 160 lb. pressure and 
the engines indicating 500 indicated horse-power, the 
speed attained on the measured mile was 10 knots. 





The screw steamer Stanley Force, recently launched 
by Messrs. R. Williamson and Son, Workington, for 
Messrs. Kennaugh and Co., Whitehaven, went recently 
on her speed trials on the Clyde, where she has had her 
propelling machinery fitted on board by Messrs. Duns- 
muir and Jackson, Govan. These engines are of the 
triple-expansion type, having cylinders 144 in., 20 in., 
and 33 in. in diameter, respectively, by 24 in. stroke. 
Steam is supplied from one steel boiler 11 ft. 3 in. in dia- 
meter by 9 ft. long, having a heating surface of 1044 square 
feet, and a grate area of 33 square feet. Working under 
a steam pressure of 160 Ib. to the square inch, and with 
the engines running at 112 revolutions, the power deve- 
loped was 450 indicated horse-power. The mean speed 
on the measured mile in the Gareloch was 10.8 knots, 





Brookiyn.—It appears that 5084 buildings were erected 
in Brooklyn last year at an aggregate cost of 5,311,588/. 
The total number of buildings erected last year exhibits 
an increase of 858 as compared with 1888. The aggregate 
value also increased last year to the extent of 840,331/. as 
compared with 1888, 





BELGIAN FrrEARMS.—There was a great increase in the 
export of arms from Belgium last year. Taking the reti rn: 
for the first nine months of 1888 and 1889 respectively, 1t 
appears that, while in the former year the total exports 
were valued at 293,545/., in 1889 they are officially returned 
at514,730/. This great increase is attributed to an increased 
demand from Holland and Turkey. 





AMERICAN Biast FurnAcEs.—At the commencement of 
the current year there were 336 furnaces in blast in the 
United States, their aggregate productive capacity being 
174,038 tons per week. Six months previously—that is 
July 1, 1889—there were 285 furnaces in blast, their 
aggregate productive capacity being 141,419 tons per 
week. It will be seen that the productive capacity of the 
furnaces in blast has increased during the last six months 
to the extent of 32,619 tons per week. 





AMERICAN STEAM NAVIGATION.—Not a single steamer 
carrying the American flag is now engaged in trade with 
Europe, and but for Ward’s Line and the Pacifie Mail, 
the United States would be unrepresented in the Carib- 
bean Sea and the Pacific Ocean. An American shipping 
convention will assemble in Washington next month, and 
will ask Congress to revive the merchant marine by a 
system of bounties and subsidies, or liberal payments for 
mail service. 





Torra.—A substance called turfa has been lately dis- 
covered in Brazil, at a place called Maratin, about 
60 miles south of Bahia. Turfa has been found to contain 
petroleum, or, as it is called locally, brazolina, or petroleo 
nacionale, besides paraffin, gasoline, and lubricating oils. 
A company has been formed and the concession pur- 
chased. Machinery has been imported from England, 
and from 400 to 450 hands are now employed at the 
mines. 





THE Grant Locomotive Works.—The Grant Locomo- 
tive Works are to be removed from Paterson, New Jersey, 
to Chicago. The works in Chicago are to be under the 
management of Mr. E. T. Jeffrey, who recently resigned 
his appointment as general manager of the Illinois 
Central. About 650 acres of land have been purchased 
in Cicero, one of the recently annexed suburbs of Chicago, 
at a cost of 120,400/., and works will be built by the close 
of next year, which will be capable of turning out 250 
locomotives annually. Employment will be given to 





from 1200 to 1500 men, 
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NOTICE.—THE FORTH BRIDGE. 


In consequence of the number of “ ENGINEER- 
ING” of February 28th having been completely ex- 
hausted on the day of publication, the Publisher 
begs to say that a reprint of the descriptive matter 
and Illustrations of the above Bridge has been 
issued, printed throughout on Special Plate Paper 
and bound in Cloth, Gilt Lettered, price 5s, (post 
free, 5s. 6d.) This reprint consists of seventy-two 
pages royal 4to, and is illustrated by nineteen Page 
and Two-Page Plates, and 157 Figures in the text. 











NOTICES OF MEETINGS. 

Tue InstiTuTION OF CiviL ENGINKERS.—Students’ meeting, Friday, 
March 21st, at 7.80 p.m. Paper to be read: ‘‘ Economy Trials of 
a Compound Mill Engine and Lancashire Boilers,” by Mr. L. A. 
Legros, Stud. Inst. C.E. Mr, W. Anderson, Member of Council, in 
the chair.—Ordinary meeting, Tuesday, March 25th, at 8 p.m. 
Paper to be further discussed: ‘‘ Lough Erne Drainage,” b 
Mr. James Price, Jun., B.E., M. Inst. C.E. Paper to be read, 
time permitting ; ‘Barry Dock and a mais hy Mr. John Robin- 
son, M. Inst. C.E.—Students’ meeting, Friday, March 28th, at 
7.30 p.m. Paper to be read: ‘‘ Deflection of Spiral Springs,” by 
Mr. Alfred E, Young, Stud. Inst. C.E. Professor W. C. Unwin, 
B.Sc., F.R.S., M. Inst. C.E., in the chair. 

Nort-East Coast INSTITUTION OF ENGINEERS AND SHIPBUILDERS.— 
Monday, March 24th, at 7.40 p.m., in the Lecture Hall of the 
Literary and Philosophical Society, Newcastle-upon-Tyne. Dis- 
cussion on Mr. R. L. Weighton’s paper on “‘ The Institution’s Rule 
for the Normal Indicated Horse-Power of Marine Engines and 
Boilers.” Paper on ‘The Structural Strength, &c., of Cargo 
Steamers of Different Types,” by Mr. G. Bergstrém. 

Royat InstituTIon.—Friday evening, March 28th. Discourse by 
Lord Rayleigh on ‘‘ Foam.” 

INSTITUTION OF ELECTRICAL ENGINEERS.—Thursday, March 27th, 
at the Institution of Civil Engineers, at 8 p.m. ‘* Alternate 
v. Continuous Currents in relation to the Human Body,” by Mr. 
H. Newman Lawrence, Member, and Mr. Arthur Harries, M.D. 

THe Surveyors’ INSTITUTION.—Monday, March 24th, when the 
adjourned discussion on the paper read by Mr. T. W. Wheeler 
Q.C. (Associate), at the last meeting, entitled ‘‘ Betterments,” will 
be resumed. The chair to be taken at eight o'clock. 

INSTITUTION OF NAVAL ARCHITECTS.—The next meetings will be 
held in the hall of the Society of Arts, John-street, ‘Adelphi, on 
Wednesday, March 26th, at 12 a.m. ; on Thursday, March 27th, at 
12 a.m, and 7 p.m, ; on Friday, March 28th, at 12 a.m. and 7 p.m, 
The Right Hon. the Earl of Ravensworth, President of the Institu- 
tion, will occupy the chair. On Wednesday, March 26th, the 
morning meeting will be occupied by: 1, Annyal report of 





Council. 2. Election of officers and the Council. 3. Alteration 
of rules relating to election of vice-presidents. 4. Address by the 
President. The following papers will then be read and discussed : 
1. “‘ Notes on Recent Naval Maneuvres,” by Mr. W. H. White, 
F.R.S., Director of Naval Construction. 2. ‘‘The Maritime Con- 
ference,” by Rear-Admiral P. H. Colomb, R.N. On Thursday, 
March 27th, morning meeting: 1. ‘‘On Leak Stopping in Steel 
Ships,” by Captain C. C. Penrose FitzGerald, R.N. 2. ‘‘Strength 
of Ships, with Special Reference to Distribution of Shearing Stress 
over aenees Section,” by Professor P. Jenkins. 3. ‘‘ Steatite 
as a Pigment for Anti-Corrosive Paints,” by Mr. Frank C. Goodall. 
Evening meeting: 1. ‘‘ On the Evaporative Efficiency in Boilers,” 
by Mr. C. E. Stromeyer. 2. ‘‘On the Application of a System of 
Combined Steam and Hydraulic Machinery to the Loading, Dis- 
charging, and Steering of Steamships,” by Mr. A. Betts Brown, 

.R.S.E. 3. ‘The Revolving Engine Applied on Board Ship,” by 
Mr. Arthur Rigg. Friday, March 28th, morning meeting: 1. “On 
the Variation of the Stresses on Vessels at Sea due to Wave 
Motion,” by Mr. T. C. Read. 2. ‘Spontaneous Combustion in 
Coal Ships,” by Professor Vivian Lewes, F.C.S. Evening meeting: 
1. ‘‘On the Screw Propeller,” by Mr. James Howden. 2. “ Experi- 
ments with Lifeboat Models,” by Mr. J. Corbett. The annual 
dinner of the Institution will be held on Wednesday, March 26th, 
at the Holborn Restaurant, High Holborn, at 7.15 p.m. 
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MINERS’ WAGES AND THE PRICE 
OF COAL. 

THE great strike of the miners in the majority of 
the English important coalfields, with all the disas- 
trous results likely to accrue therefrom, and in some 
cases already accruing, by the stoppage of mills and 
other works, more or less completely dependent 
upon an adequate supply of fuel, raises, among 
other matters, the question of wages versus prices, 
as regards this essential commodity for the house 
and home, as well as for the re and factory, 
in all parts of the kingdom. The subject is by no 
means an easy one, The prices paid for working 
and the conditions of output vary very considerably 
in different parts of the kingdom, and also in the 
same county, and even in pits adjacent to each 
other. It is difficult, therefore, to fix upon any 
absolute standard, and thereby to test the reason- 
ableness of the demands of the men, in relation to 
the prices realised for coal at the pit’s mouth. And 
even were such a standard of comparison possible 
the mineowners contend that it would not be a fair 
test, inasmuch as many mines haye, for years, been 
worked at a loss, or, if not at a loss, that they have 
been carried on without profit, because any cessa- 
tion of work would have involved even greater 
losses, by reason of the nature of the undertaking, 
the probability of an accumulation of gases render- 
ing an explosion possible, or of the mine being 
flooded, or of such falls of roof and sides as 
would entail great expense in reopening and 
working. Undoubtedly all these facts, and 
many other circumstances, have to be taken into 
consideration. Moreover, it is scarcely possible 
to carry on mining operations on a large scale 
without having recourse to long contracts, that is 
to say, to contracts for long periods in advance. 
These contracts forward are mainly based on the 
current eee at the date when they are entered 
into, and the deliveries have to be kept up, whether 
or not any change in prices takes place meanwhile. 
One very large firm of coalowners allege that they 
have made contracts this year for 1,000,000 tons, 





based — what they conceived to be the ruling 
and settled price for some time to come, on the 
basis of the arrangement made with the miners 
when the previous advance was conceded, This 
contract, they say, was necessary, in order to keep 
the mine going as a paying concern, trusting to 
shorter contracts, and to miscellaneous supplies, for 
insuring any advance in prices which may take place 
meanwhile, Some of the miners retort that the 
coalowners have to take these risks, and that they 
are covered by the general run of profits from time 
to time realised. But this feeling is by no means 
universal, for the leaders generally recognise the 
difficulties, and appear to be prepared to make 
allowances. In the present instance the men seem 
to rely upon the market prices realised, and they 
allege that these warrant them in demanding the 
further 10 per cent. now sought. Many of the coal 
merchants nt them up in this contention, and 
have even urged on the strike. 

With respect to the 10 per cent. now demanded 


363] it appears that it means at the highest possible 


average about 33d, per ton in wages ; the men con- 
tend that it means a good deal less. How is it 
that there is such confusion about prices and wages ? 
There ought to be some intelligible basis of 
comparison by which to ascertain the relative pro- 
— But probably it is a trick of the trade, 

ept up so that consumers shall not be able 
clearly to see the full meaning of any demand, and 
thereby appraise its actual relative value as between 
the worker at the pit and the owner who sells, and 
later on as between the coalowner and the mer- 
chant, and the full effect upon the consumer, who 
has to pay the piper for all variations introduced 
into the performance. The term percentages does 
not quite convey to the perceptive mind of the out- 
side public what is really meant. Perhaps the follow- 
ing might help to show the application of a 10 per 
cent. advance ; it is typical of what has been and is 
taking place. Round figures are quoted for the 
sake of convenience, and decimals are not taken 
into account. If we take the price of getting a ton 
of coal at 1s. 6d., a 10 per cent. advance will repre- 
sent about 2d. ; if the price of coal at the pit is 
5s. 9d., the 10 per cent. will amount to nearly 7d. ; 
if the merchant's selling price is 10s. 6d., the 10 per 
cent. will be over 1s. per ton. But the advance 
in prices is not as a rule based upon a mere per- 
centage. It may be 6d. per ton, 9d. per ton, Is. 
per ton, or even more, while the colliers’ wages will 
be calculated on a kind of fixed scale. 

The figures prepared at a certain number of 
collieries, and given as exact, go to show that for 
every 8d. per ton advance in wages the coalowners 
received in increased prices from 3s. to 4s. per ton, 
according to the quality. In another series of 
tables the figures show a still greater increase in 
prices, while the advance in wages was under 9d. 
per ton. The following are the stated prices: In- 
crease in price from September, 1888, to February, 
1890. First kind: 5s, 9d. to 10s. and 6s. 3d. to 
lls. 3d. ; increase, 4s, 3d. and 5s. respectively. 
Second kind; 5s, 4d. to 9s. 9d. and 5s. 10d. to 
10s. 6d. ; increase, 4s. 5d. and 4s, 8d. respectively. 
Third kind : 6s. to 10s, 9d. and 6s, 9d. to 11s, 3d, ; 
increase, 4s. 9d. and 4s. 6d. respectively. Fourth 
kind : 7s, to 10s, 6d. and 7s. 9d, to lls. 6d.; in- 
crease, 3s, 6d. and 3s, 9d. respectively. These 
figures may not represent generally the prices in 
September, 1888, and February, 1890, respectively, 
but they indicate a rough proportion between the 
advance in wages and the advance in the price of 
coal. Another set of figures give the following 
prices: Before the advance in price the average 
was Gs. per ton ; advanced to 10s. perton. Another 
kind, 7s, per ton, advanced to 11s. per ton ; a third 
kind, 7s, 6d. per ton, advanced to 12s. per ton; a 
fourth kind, 5s, 6d. per ton, advanced to 8s. 6d. per 
ton. Besides these advances in wages, the men 
point out that the slack and other material, which 
is nearly useless when the price of coal is down, 
fetches a good price as soon as coal goes up in price, 
and that therefore the profits of the coalowner are 
larger than he admits, Of course these figures, 
even if absolutely exact, do not settle the question 
as to the rights or wrongs of the present dispute ; 
they only show that wages and prices do not quite 
correspond in value. 

The advance in prices at the London Coal Ex- 
change, on Saturday and Monday last, represents 
an increase in price of 3s. ag ton for house coal 
and 3s. 4d. per ton for ‘‘trolly’’ coal. This rise in 
price alone is more than equal to the total wages of 
the coal miner per ton in the pit for getting the coal, 
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When, therefore, the question of the rights and 
wrongs of the dispute are discussed, it is but right 
to remember that the extra pay per ton to the 
miner by the 10 per cent., and the extra cost to the 
consumer by the rise in price in London, bear no 
kind of relation to each other ; that the latter is 
indeed out of all proportion. But even the 
above advance is as nothing compared with the in- 
creased price demanded at some pits in rene we 
of the strike. In parts of Manchester an advance 
of 10s. per ton was demanded at the pits ; and in 
several places the prices went up from 4s. per ton 
to 7s. per ton, according to the pressure for sup- 
plies. The only persons who will be largely bene- 
fitted by this strike are the coalowners who have 
stocks on hand and can go on supplying consumers ; 
those who have given the advance, and havesupplied 
all comers ; and merchants who have been so loudly 
complaining of their inability to reap the full rich 
harvest of the recent increase in prices, from causes 
over which they have no control. 

At the moment of going to press we learn that 
this (Thursday) afternoon, by a reasonable compro- 
mise between the representatives of the Employers’ 
Federation and of the Miners’ National Federation, 
the coal strike may be said to be over. At a meet- 
ing held at the Westminster Palace Hotel it was 
agreed that 5 per cent. advance should be at once 
conceded, and that a further 5 per cent. be given 
in August next. After this agreement telegrams 
were despatched all over the country for the men 
to resume work. 

Without at all entering into the merits of the 
controversy, as between the miners and their em- 
ployers, every one must be relieved to learn the 
strike is over, and that a reasonable compromise 
has been found by means of which a settlement has 
been effected. A week’s play might not mean 
much to the quarter of a million of men affected 
by this dispute; the stoppage of the pits for 
a week might even benefit the owners; but 
it is a serious matter when the cessation of work 
and output means an utter stagnation of in- 
dustry and trade, and possibly much misery 
in English homes of multitudes of our people. 
Partial strikes are bad enough, but when great 
masses of men are engaged in a bitter conflict, 
with enormous forces in the shape of a com- 
bination of capital, the outlook for those not im- 
mediately concerned in the fray is fraught with 
evil, which they are powerless to avert. The con- 
cession of the terms demanded by many of the 
coalowners, the disposition of many more to accept 
the compromise of 5 per cent. advance now, and 
5 per cent. later on, and the adjournment of the 
conference with the view of conferring with the 
representatives of the men, indicated that the 
struggle would not be very prolonged. Possibly 
it may eventuate in a scheme for the adjustment of 
wages on the basis of prices. 





THE NAVY CONTRACTS. 

In view of the Naval Estimates, of which we gave 
particulars last week, coming before Parliament, it 
may be of interest to give the substance of a return 

srinted by order of the House and just issued. 
This relates to contracts entered into by the Ad- 
miralty by virtue of the Naval Defence Act of 1889. 

It will be remembered that the Act provided 
for the expenditure of 21,500,000. for the building 
and equipment and completion for sea with arma- 
ment of a number of vessels, which were to be ready 
for service before the end of the financial year 1893- 
94. Itisaswell perhaps we should remind our readers 
that 10,000,0001. of the sum named wasto be devoted 
to the building and arming of contract vessels, i.e., 
vessels built in private shipyards and not in the 
Royal Dockyards. There were four battle-ships of 
the first class, each of 14,150 tons displacement, 
five first-class protected cruiser; of 7350 tons, 
seventeen second-class protected cruisers of 3400 
tons (modified Medeas) and six high-speed torpedo 
gunboats of 735 tons (Sharpshooter type). The 
Act also provided that the following vessels should 
be built before the time specified in Her Majesty’s 
Dockyards : Four battle-ships of the first class of 
14,150 tons, two battle-ships of the second class of 
9000 tons each, four protected cruisers of the first 
class of 7350. tons each, twelve protected cruisers 
of the second class of 3400 tons each (modified 
Medeas), four protected cruisers of the second class 
of 2575 tons each (Pandora type), and twelve tor- 
pedo gunboats of 735 tons each (Sharpshooter type). 

The money for these Government-built crafts was 
provided in the following clause in the Act of 1889, 
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hydraulic gun machinery not included. 


t Exclusive of air-compressing machinery. 


§ In one of the two first-class 


cruisers built and engined by Earle’s Company, the cost of air-compressing machinery is not included. 


‘*To meet the expenses incurred by the Admiralty 
for the purpose of dockyard shipbuilding, as before 
defined, and of the armament of the dockyard 
vessels, there shall be applied out of moneys pro- 
vided by Parliament for Navy services during the 
five financial years ending the 3lst day of March, 
1894, sums not exceeding in the whole the amount 
authorised by this Act to be expended for those pur- 
poses and not exceeding in any one financial year : 

‘* (a) For the purpose of dockyard shipbuilding, 
in accordance with the schedule to this Act, the 





sum of 2,650,000/. . . . and 


machinery, so that it is at present impossible to say 
exactly what will be the cost for armament of each 
vessel, bnt presumably the big guns will cost 
13,5001. each. 

The Ramillies is to be built and engined at 
Clydebank by J. and G. Thomson, the same firm 
supplying the propelling and auxiliary machinery ; 
Messrs. Cammell and Co. contract for the armour. 
Messrs. Thomson’s contract for the hull is 379,5001., 
and for the propelling and auxiliary machinery, 
exclusive of air-compressing machinery, 100,166. 
Messrs. Cammell’s charge is exactly the same as 


‘«()) For the purpose of the armament ‘of the | Messrs. Brown and Co.’s for the armour of these 


dockyard vessels. . . the sum of 600,000I.” 

It is well to remember these points, otherwise 
the Naval Estimates are apt to be very confusing 
just now to the lay mind ; and indeed a neglect of 
them has proved a stumbling-block to some honour- 
able members of the House of Commons. 

We will now give some details of the way in 
which the contracts have been placed by the Ad- 
miralty. 

We have first the four first-class battle-ships, 
which have been named respectively Ramillies, 
Resolution, Revenge, and Royal Oak ; all R’s, it 
will be noticed. These are, as already stated, to 
be of 14,150 tons displacement each, and are to have 
engines exerting 13,000 indicated horse-power with 
forced draught. The schedule speed is 174 knots 
and 16 knots with natural draught. They will each 
carry four 13}-in. guns, ten 6-in. guns, twenty-four 
small quick-firing guns, and machine guns as re- 
quired. Further paiticulars of these vessels may 
be obtained from Parliamentary paper C. 5635, 
presented to the House February 21, 1889, and 
entitled ‘‘ Designs for First-Class Battle-Ships ;” 
price 1s. 1d., or from the excellent paper on the 
same subject read by the Director of Naval Con- 
struction, Mr. W. H. White, at the spring meeting 
last year of the Institution of Naval Architects.* The 
order for two of these ships was given to the big Jar- 
row establishment of Palmer’s Shipbuilding Com- 
pany in November last. These vessels are the Re- 
solution and Revenge, and constitute the most im- 

yortant order for ships ever given to any one firm 
y the Admiralty. The propelling machinery is 
also to be supplied by the same contractors, whilst 
the armour will come from Messrs. J. Brown and Co. 
Palmer’s contract for the hull of each vessel is 
360,490/. ; whilst the Sheffield firm will receive 
242.0001. for the armour of each ship, exclusive of 
the cost of the 3in. and 4in. armour, casemate and 
conning tower armour not yet ordered. The con- 
tract for the erection of hydraulic gun machinery has 
been given to Armstrongs, the price being 17,9001. 
per ship. The cost of the propelling machinery and 
auxiliary machinery, but exclusive of air-compressing 
machinery, which is not yet ordered, will be 95,2961. 
for each vessel. This gives a total of 715,686l. per 
ship, and the vessels are to be delivered by the con- 
tractors by May 28, 1893. The gun mountings for 
these ships, as for the other two of the same class, 
are supplied by Sir W. G. Armstrong and Co., the 
price for the four sets being 200,000/., or 50,0001. 
per ship. ° The contracts for guns are not dealt 
with in the same manner as those for ships and 


* See ENGINEERING, vol. xlvii., pages 362 and 373. 
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vessels, viz., 242,0001. each ship, which almost looks 
as if a little more competition in this branch of in- 
dustry would be an excellent thing for the British 
taxpayer. Messrs. Armstrong charge 18,9001. for 
the hydraulic gun machinery, the extra thousand on 
this ship over the other two doubtless being due 
to the distance of the Clyde from the Tyne. 

The Royal Oak will be constructed on the Mersey, 
Messrs. Laird Brothers having secured the contract 
for hull and machinery, the prices being 383,5001. 
and 95,9551. respectively for the two branches of 
the contract. essra. Cammell supply the armour 
of this ship at the same price as that of the others. 

It would seem from these figures that the Tyne is 
the cheapest place to go to for big warships. 

The contracts for the five first-class cruisers are 
to be divided between the Thames, Clyde, and 
Humber. The Thames Shipbuilding Company 
have secured the Theseus and the Grafton, each of 
7350 tons, at the price for the former ship of 
199,0001. for hull, including masts and rigging. 
The propelling and auxiliary machinery, including 
air-compressing machinery, is to be supplied by 
Maudslay, Sons, and Field, at a price of 96,4111. 
The Grafton is to cost 197,500. for hull; whilst 
the machinery, which will be supplied by Hum- 
phrys, Tennant, and Co., will cost 96,915/. The 
Endymion and the St. George are to be built by 
Earle’s Shipbuilding Company, the latter at the 
sum of 223,150l. ; and the former at 201,045l. for 
the hull, including masts and rigging. The Hull 
firm will also supply the engines, the Endymion’s 
machinery being set down at 94,113/., without air- 
compressing machinery, and the St. George’s at 
97,5851., with air-compressing machinery. The 
Gibraltar, of 7700 tons displacement and 12,000 
indicated horse-power, will be built and engined on 
the Clyde by R. Napier and Sons, the price for 
hull, including masts and rigging, being 188,100I., 
and for the machinery 99,670/. The contract for 
gun mountings of these ships has, of course, gone 
to Elswick, the lump sum for the five being 45,1251. 
All these first-class cruisers are to be out of con- 
tractors’ hands in 1892. 

We now come to the seventeen second-class 
cruisers of the Apollo class, which are the last on 
our list. The Indefatigable, Intrepid, and Iphi- 
genia go to the London and Glasgow Engineering 
and Shipbuilding Company, ef Glasgow, who 
contract for the hulls and machinery. These 
vessels are of 3600 tons displacement and 9000 
indicated horse-power. The price for the hulls 
of the two former is 91,613/. each, whilst the latter 
is to cost the British nation a sovereign more. 
The auxiliary and propelling machinery will cost 
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67,5421. per ship. The Latona, Melampus, and 
Naiad, each of 3400 tons displacement and 9000 
indicated horse-power, will be constructed at the 
old Barrow Yard by the corporation now known by 
the somewhat incongruous title of the Naval Con- 
struction and Armaments Company, the same firm 
supplying the machinery. The price for hull, masts, 
and rigging is to be 89,667/. per ship; and for 
auxiliary and propelling machinery, 62,6881. for 
each vessel. Palmer’s Shipbuilding Company have 
also secured three of the second-class cruisers with 
their machinery ; viz., the Pique, Rainbow, and 
Retribution, of 3600 tons and 9000 indicated 
horse-power, which have been contracted for at 
96,7501., each for hull, and 66,2681. for machinery. 
Two of these cruisers of the second-class, the Sappho 
and Scylla, will be built on the Thames, the historic 
firms of Samuda and Penn having joined forces to 
supply the vessels and machinery. The price at 
which Samuda Brothers will supply the hulls, of 
3400 tons each, with masts and rigging, is 86,1401. 
per ship, whilst the Greenwich firm will charge 
67,5521. per ship for the engines. The Sirius and 
Spartan are of 3600 tons each and 9000 indicated 
horse-power each. They will be built by Arm- 
strong and engined by Maudslay. The contracts 
being 97,5001. per ship for hull and 67,5121. for ma- 
chinery. Asingle vessel, the Sybille, of 3400 tons, 
goes to the Tyneside firm of R. Stephenson and Co., 
at the price of 87,7501. for hull ; Hawthorn, Leslie, 
and Co. supplying the machinery for 67,7971. 
Lastly, we come to three more Clyde-built vessels, 
the Terpsichore, Thetis, and Tribune, of 3400 tons 
each, which will be built and engined at Clyde- 
bank, Messrs. J. and G. Thomson charging 85,8501. 
per ship for hull, and 68,2521. for the machinery of 
each vessel. It should be stated that in each case 
the engines of these second-class cruisers is to 
develop 9000 indicated horse-power. 

The gun mountings for these vessels are lumped 
together. There are two contracts with Armstrongs 
for 28,0501., and 69,000/. respectively ; a contract 
with the Hotchkiss Ordnance Company for 8874I., 
and a contract with ‘‘Ordnance Factories” for 49491. 
The following ‘additional contracts” have also 
been made :—With Armstrongs for 7800I., and with 
‘ordnance factories” for 26541. It would appear, 
therefore, that to supply the gun mountings to these 
seventeen ships will take 121,3271., or a little over 
71361. per ship. ; 

It will be of interest if we group the figures above 
quoted so as to show the amount of work secured 
by the firms mentioned. This we have done in 
tabular form. 





RAILWAYS IN JAPAN. 

THE Japanese are building railways with con- 
siderable rapidity, and at the same time are getting 
very fair returns fromthem. At the end of March, 
1889, there were a thousand miles open for traftic 
in the country, of which 314 miles had been brought 
into operation during the preceding twelve months. 
All classes alike find the advantage of improved 
means of transport, and both investors and specu- 
lators willingly co-operate in their construction, 
indeed the latter are said to be more eager than 
wise in bringing forward new schemes. 

The existing lines belong (1) to Government, 
(2) to the Nippon Tetsudo Kaisha, and (3) to 
private companies. The first extended, at the 
date mentioned, over 493 miles, and had cost an 
average of 57,703 yen* (9150l.) per mile, the 
amount per mile varying from 25,638 yen (40501.) 
in the case of the Takasaki-Yokogawa section of 
18 miles to 158,602 yen (25,2001.) in the Tokyo- 
Yokohama scction, also of 18 miles. There was 
constructed during the year 201 miles of line, 
which were opened at different times, the net results 
being equal to 91 miles open for the entire twelve 
months. The total amount of receipts in the pre- 
ceding year was represented by 1,698,873 yen 
(269,0001.), but in the year under review it reached 
2,313,811 yen (365,0001.), the increase being 
614,938 yen. The expenses were 967,585 yen, and 
the net profits 1,346,226 yen (223,0001). The net 
profits were 4.04 per cent. of the entire expen- 
diture up to date, and the expenses were 41.8 
per cent. of the receipts, showing an improve- 





* A yen is a silver dollar of the nominal value of 4s., or 
at current rate of exchange 3s. 2d. Itis at this latter 
rate it is converted below. This, however, may be mis- 
leading, for the value of the yen is not depreciated in 
Japan, and hence for the purposes of buying labour and 
native products it is worth 4s. still, 





ment in the annual profit of one-fifth per cent. A 
great amount of the capital was, however, unpro- 
ductive during the year, and so did not contribute 
towards the dividend. Deducting 9,530,000 yen 
from the capital account for this reason, there 
remains 25,390,000 yen (4,010,000l.) to represent 
the productive fund. In relation to this the net 
receipts are about 5.6 per cent., a very respectable 
dividend. The following were the traffic returns 
for the year : 


yen £ 

Average receipts per mile... 6,846 1,084 

pm expenses. ,, 2,863 455 

pe net profits ,, 3,983 632 
Total receipts from pas- 

sengers (77.1 per cent. of 

total receipts) ... ... 1,785,524 284,000 
Total receipts from goods 

(20.1 per cent. of total 

receipts) es ee 467,297 74,000 
Miscellaneous receipts (2.8 

per cent. of total receipts) 60,900 9,640 


The increases over the previous year under the 
last three heads were 465,206 yen, 146,396 yen, and 
3336 yen. 

It is just twenty years since the construction of 
railway lines was first contemplated by the Japanese 
Government. It was then decided to construct a 
trunk line between Tokyo and Kyoto, and thence 
through Osaka as far as Kobe; further, that a 
branch line should be constructed to Yokohama.* 
The long piece between Tokyo and Osaka was post- 
poned, however, at first, and operations were com- 
menced on the Tokyo, Yokohama, and Kobe-Osaka 
branches, the latter being subsequently extended 
to Kyoto, and afterwards to Otsu. Later on a line 
was laid between Tsuruga and Ogaki. In 1883 it 
was proposed to alter the route of the trunk line 
between the capitals, and to lay it along the Naka- 
sendo, and the bonds were placed on the market. 
Work was commenced at both ends, but in order 
to reach the middle sections the difficult pass of 
Usni had to be cut through in the east, and three 
large rivers to be spanned in the west. To faci- 
litate transportation it was determined, in 1885, 
to construct a line from Naoetsu, a port simi- 
larly situated to Yokohama, but on the opposite 
side of the island, to Ueda; in the same year 
a line was sanctioned from Taketoyo to Nagoya 
for the same purpose. In the course of the 
following year, when a working survey of the 
middle portions of the Nakasendo had been com- 
pleted, and a general plan of the route con- 
sidered, it was discovered that not only were these 
serious obstacles requiring enormous expenditure 
of money, but that the speed of the trains would 
be so much reduced so that the line, when con- 
structed, would not fulfil the practical purposes of 
a railroad. It was, therefore, concluded that it 
would be better to run the line along the Tokaido, 
thus connecting the Tokyo-Yokahama line with the 
Nagoya line. Work was commenced on this route 
in the end of 1886. In January, 1888, instructions 
were issued for the construction of a line connecting 
Otsu with Nagahama along the eastern shore of 
Lake Biwa. After all these alterations, some of 
which must have been very expensive, the work 
was prosecuted so vigorously that at the close of 
the last financial year (March 31, 1889) all the 
roads were nearly completed. 

It was originally estimated that the 220 miles of 
line between Takasaki and Ogaki would cost 
20,000,000 yen (3,162,000/.) The change of loca- 
tion greatly increased the length of the line, and 
at the same time diminished both its relative and 
its actual cost, and 427 miles were eventually con- 
structed for 18,500,000 yen. The completion of the 
trunk line between the twocapitalsisnow well within 
view ; the line is double for its entire length, and 
it is confidently anticipated that it will realise large 
profits in the near future. 

Of the lines of the Nippon Tetsudo Kaisha, and 
those of the Ryomo, Mito, and K6fu Railway Com- 
panies, 288 miles were open for traffic at the close 
of the preceding year, and the cost of construction 
for that mileage was 6,368,081 yen. During the 
last twelvemonths the following roads were opened: 
Mito-Oyama, 42 miles, and the Oyama-Kiriu, 
33 miles, or 75 miles in all. Of the total of 363 
miles the first section (81 miles) cost 32,869 yen 
(52001.) per mile ; the second section (97 miles), 
23,387 yen (36901.) per mile; the third section 
(110 miles), 19,749 yen (3150I.) ; the fourth section 
(33 miles), 21,606 yen (3420/.); and the fifth section 
(42 miles), 16,469 yen (25601. ) 


iit ‘See map of Japanese railways, vol. xlviii., page 181, 





During the year under review eight private rail- 
way companies applied for charters, their schemes 
embracing 840 miles of line and a capital of 
31,000,000 yen. A charter has been granted for 
the construction of 132 miles of line, the capital of 
the company, the Kinshu Tetsudo Kaisha, being 
11,000,000 yen. The remaining plans are mostly 
under consideration or else have not proceeded 
beyond a provisional charter. During the year 
113 miles of private lines were opened for traftic. 

It is interesting to learn from the report of the 
Imperial Railway Bureau that passengers in Japan 
behave very much as they do in this country. If 
trains are occasionally late, they grumble and raise 
an outcry, while there has been great discontent 
at the fewness of the trains. This latter complaint 
has been well founded, and has arisen from the 
unexpected success of the lines. Some of them 
were completed sooner than was expected, and con- 
sequently when they were opened they were not 
fully equipped with rolling stock. There also 
remained a good deal of work to be done even 
after the trains commenced to run, and this often 
involved delay to the traffic. Passengers and goods 
have increased far beyond the estimate, and the 
authorities have been greatly inconvenienced by 
their unlooked-for good fortune. This is a type of 
evil which is not difficult to bear with, and will not 
excite much commiseration. It is only another 
evidence of the readiness of the Japanese to adapt 
themselves to all kinds of western innovations, 





THE NAVY ESTIMATES. 

On Monday last the votes for the Navy Estimates 
were taken in the House of Commons, remarkable 
progress being made ; a fact which some base Saxon 
attributed to its being St. Patrick’s Day. Indeed, 
so quickly was the money voted that certain 
members who had been out to dinner protested at 
the rate at which the business had been done. 
Before the House went into committee Mr. Gourley 
moved for a Select Committee on warship design, 
trotting outall the well-wornarguments he had before 
adduced in favour of his proposal. Perhaps there 
is no subject more unsuitable for the consideration 
of a casual body, such as a committee of the House, 
than the design of war vessels. Some one has said 
that there are always just as many separate and 
conflicting opinions on the subject as there are 
members of the committee: Tot homines, tot sen- 
tentie. It was not difficult for the member for 
Sunderland to make out a case. There was the 
Ajax and the Agamemnon, the sinking of the 
Vanguard, the shortcomings of the Inconstant, 
the misdeeds of the Cyclops class, and various 
other morsels of ancient history which appear likely 
to do duty for all time. The guns of the Victoria 
of course played an important part ; and then the 
more recent mishaps to steam machinery were 
brought forward. Admiral Mayne and Lord George 
Hamilton replied to Mr. Gourley’s speech as well 
as could be expected; but neither of them being 
either an engineer or a naval architect they natu- 
rally could not deal with the chief points raised. 
The fact is the professional officers of the Admiralty 
have been put in a very difficult position during the 
last two years or so. Many people think they are 
much to be envied on account of the large additional 
sum voted for the Navy last year ; such, however, 
is not the case ; and, indeed, the money came at a 
most inopportune time—if ever money devoted to a 
good purpose can be inopportune. Marine engi- 
neering has for some time past been in a transition 
state. A large number of ships, however, had 
to be laid down when the sudden access of money 
came, and it was necessary for the professional 
officials at the Admiralty to decide whether they 
should go on the safe old lines, or adopt more 
advanced views and run some risks. There is no 
doubt which would have been the easiest and 
pleasantest course for them to pursue ; but they 
accepted the risks and adopted forced draught and 
high pressures combined with a very low weight 
of machinery. This really amounted to making a 
very difficult experiment on a very big scale, and 
naturally there have been some failures, due, un- 
doubtedly, in many instances to the requirements 
of successful marine engineering practice being 
insufficiently recognised by those responsible for 
the limitation of weight imposed. We have so 
often in these columns exclaimed against the 
crying sin of officialism—the shirking of respon- 


_|sibility—that we are glad for once to be able to 


record that some Government officials have had. 
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the courage of their opinions. It is a source of 
additional gratification that they have been con- 
nected with the engineering or constructive branches 
of the public service. After Mr. Gourley’s amend- 
ment had been withdrawn the House went into a 
committee of supply, and naturally emptied at the 
sametime, not more than five members being present 
at one time to vote the large sums devoted to the 
maintenance of the Navy. If ever this country 
sustain a great naval defeat it cannot be said that 
it has not richly deserved it. We have already 
dealt with the Navy Estimates so far as they have 
been published, and nothing was said during the 
debate which may not be left to a future occasion. 





THE AMERICAN INSTITUTE OF 
MINING ENGINEERS. 
(By our New York CorrEesPonpeEnT. ) 

WaAsHINGTON, on the arrival of the Mining Insti- 
tute, seemed full of business; both Houses of 
Congress were in session, the World’s Fair Bill was 
under discussion, the various committees from the 
several claimants for the Fair were active, and pre- 
varations were being made for the celebration of 

ashington’s birthday, the 22nd of February, 

Americans may justly claim that Washington is 
the handsomest city in the country. The fact is 
apparent the moment the traveller has passed the 
army of hackmen who hang like a black cloud at 
the portals of the railway station, for a white 
driver is the exception, The city has been 
thoroughly described and _ illustrated already in 
ENGINEERING in a previous article on the occasion 
of the meeting of the Mechanical Engineers at this 
place, so it is well now to proceed at once to the 
special features of the present gathering. It may 
be said at the outset, that this meeting was not 
only large as to numbers, but pretty representative 
of the Institute. Members were there from Canada, 
in spite of all the rubbish about international difti- 
culties ; from Mexico, California, New Orleans, 
Arizona, &c. Even Boston suspended for the time 
being its admiration for Browning long enough to 
spare us a few people of ** culchaw.” 

The first gathering was at the Museum of 
Natural History on the evening of February 18, 
General Rosencrans, who does not seem to have 
grown very old in spite of his arduous duties during 
the war, welcomed the Institute in behalf of the 
city. He was followed by Professor Langley, who 
continued the welcome in the name of the Smith- 
sonian Institute, of which he is director. Both 
gentlemen were extremely complimentary to the 
members, and attributed to them such scientific 
attainments that your correspondent hoped the 
Institute, by maintaining a judicious silence, would 
be able to impress their hosts that they knew all 
that the speakers claimed for them and a great 
deal more. Major Powell, head of the Geological 
Survey, also made an address, expressing great 
cordiality and pleasure at meeting the Institute. 
This body had once a unique welcome from a 
politician many years ago. The gentleman had 
evidently read-up for the occasion, and punctuated 
his speech with technical expressions without any 
regard to their applicability ; his happiest effort 
was, when congratulating the members on their 
expertness, he said: ‘*No one can fool you, for 
you know the difference between gold ore and the 
pie-rights of lead” (this is spelled phonetically to 
give the reader the benefit of our friend’s pro- 
nunciation). 

The present addresses, however, were given by 
scientific gentlemen, and were well received. The 
President of the Institute made a happy reply and 


_ accepted the graceful compliments and the prof- 


ferred hospitality. The preliminary work being 
finished, the session was regularly inaugurated by a 
memorial address from Professor J, P. Lesley on 
the work and character of the late Mr. Chas. A. 
Ashburner, one of the most premising younger 
members of the Institute, and whose early decease 
has left a sad gap in our membership. Mr. Ashburner 
was a personal friend of your correspondent, and 
he hoped to have been able to introduce him to our 
English friends last summer when the Institute 
visited England, but Mr. Ashburner was pre-emi- 
nently a slave to duty, and his professional engage- 
ments prevented him from making the trip. Suftice 
it to say in this connection, that he was warm- 
hearted and generous to a fault, that he was not 
only very highly respected, but beloved by all with 
whom he came in contact. His memory should be 
particularly honoured by the Mining Institute, for 





he was a faithful and industrious contributor to 
their transactions. Professor Lesley’s memorial 
evidently came direct from his heart, and he 
feelingly spoke of Mr. Ashburner as one of his 
‘* boys,” as it was under the professor’s guidance, 
as the head of the Pennsylvania Geological State 
Survey, that Mr. Ashburner had commenced his 
short but brilliant career. The secretary, Dr. 
Raymond, read Professor Lesley’s paper in his 
absence, with much expression. 

Following this came a memorial to the late 
Franklin B. Gowen, for so many years president 
of the Philadelphia and Reading Railroad, prepared 
by Mr. Eckley B. Coxe, and likewise read by Dr. 
Raymond. It was a beautiful tribute from one 
friend to another. Dr. Raymond added some 
suitable remarks detailing the services rendered by 
Mr. Gowen in suppressing the ‘‘ Molly Maguires,” 
who for so long dominated the coal and iron regions 
of Pennsylvania, killing and terrorising those who 
opposed their murderous designs. One graphic 
incident deserves chronicling. At the trial of one 
of these murderers at Pottsville, Pa., Mr, Gowen 
and his detective, Mr. M‘Parlan, were in the 
court-room, the galleries of which were packed with 
the ‘*Molly Maguires” and their friends. Mr, 
Gowen knew his life was in great danger, yet he 
appeared in a dress suit, and perfectly at his ease 
Poe to press the case as prosecuting attorney, 

‘Parlan was giving evidence as to a certain 
murder, and was asked who beside the prisoners 
were present at the planning of the deed, To this 
Mr. Gowen promptly objected, and on being asked 
by the judge for his reason, pointed to the galleries 
and said, ‘‘ Because I see in these galleries others 
implicated in these murders, and to name them 
would be to defeat the ends of justice.” Dr. Ray- 
mond added, that the next day the galleries were 
empty. 

These papers closed the evening session, and an 
informal reception, with an examination of the 
wonders contained in the Smithsonian Galleries, 
closed the evening. 

The next day the party made the usual trip to 
Mount Vernon, heard the usual information volun- 
teered by the conductor on the boat, with the usual 
venerable ‘‘chestnuts,” and laughed duly at the 
usual places. The wiser ones, viz., those who had 
been ge before, gave this volunteer aid the slip, 
and were not photographed with Mount Vernon 
for a background, and were not told they were the 
handsomest party he had ever taken. After view- 
ing the relics and enjoying a good lunch provided 
by the Local Committee, the party returned safely 
to Washington, 

That evening President Pearce, of Denver, 
Colorado, read his address, which dealt with the 
association of gold with other metals in the Colo- 
rado mines. He stated that Gilpin County, Cali- 
fornia, furnishes a great variety of gold ores, some 
‘*free milling,” others ‘‘ refractory.” Whenever 
the mines reach a depth below the oxidising in- 
fluence of surface water, the gold appears in a con- 
dition in which it cannot be amalgamated. The 
change from pyrites to limonite must have produced 
some cleansing effect on the gold, and his theory 
was, it was dissolved during this change, and again 
precipitated in a pure state. 

In the case of the Little Annie Mine in Colorado, 
gold was dissolved or leached out at one point, and 
re-precipitated at another as a result of altering 
pyrites into limonite. Mr. Pearce stated that the 
solvent action of certain solutions explained this. 
Alkaline chlorides and manganese peroxide, with 
the aid of free sulphuric acid, youl bring about 
this change. 

The Gilpin County gold ores all contain bismuth 
and show arsenic in roasting, though it is not 
observable in the ore, and Mr, Pearce thinks an 
association of bismuth and arsenic is accountable 
for some of the bad features of these ores. He men- 
tions instances of the association of arsenic and 
gold, and tellurium and gold and silver. Mr. 

earce mentioned some experiments he made in 
fusing pure gold with iron pyrites. The gold all re- 
mains as pure gold distributed through the matte 
in very small globules. When gold and silver in 
equal quantity are melted with pyrites the gold dis- 
appears, and no alloy of gold and silyer can be 
observed ; but on dissolying the finely powdered 
material in nitric acid a dark bronze crystalline 
powder is separated which is composed of 89,06 per 
cent. gold and 10.94 per cent. silver. 

Mr. Pearce thinks this may result from a sulphide 
of gold and silver decomposed by the nitric acid. 





Gold and bismuth fused with pyrites gave a matte 
showing no metallic gold, but the matte heated with 
nitric acid gave a bronze-coloured crystalline 
sponge containing 89.06 gold and 10.94 bismuth. 
Gold, silver, and bismuth fused with pyrites gave a 
matte in which the gold-silver alloy was visible, 
and dissolved in nitric acid left a sponge containing 
82.2 per cent. gold, 17.8 per cent. silver. No com- 
pound of gold and bismuth was found. Mr. Pearce 
concludes that if used iron sulphide has no solvent 
power on pure gold, but in the presence of other 
metals the gold combines with these and passes into 
solution. 

In regular copper matte smelting he found that 
the ont formed an alloy with copper, leaving the 
silver, bismuth, and other metals to pass into the 
matte in a condition to be dissolved, and not as sul- 
phides. The gold and copper alloy forms octehedral 
crystals, 


STanDARD WEIGHTS AND MEASURES. 

The next paper was by T. C. Mendenhall, 
Superintendent of the Office of Standard Weights 
and Measures of the United States Coast Survey. 
Fortunately his paper was not nearly so long as his 
title, The gist of it was to this effect, that it is 
only recently the United States has acquired new 
standards, for although Congress has the power, 
yet it has thus far only prescribed standards for 
coinage. In 1866 this body legalised the metric 
system, In 1875 the United States became a 
member of the International Bureau of Weights 
and Measures, which has made exhaustive investi- 
gations, leading to the adoption of an alloy of 90 
per cent. of platinum and 10 per cent. of iridium 
as the metal for standard metre bars and kilo- 
grammes ; the new bar being an end standard as 
opposed to the old one, which was a line standard. 

wo set of standards were apportioned to the United 
States by lot, and one of them has been received, 
The speaker then showed a model of the standard 
meter, a cross-section of which resembles the letter 
H, This permits the har to be held in any position 
without flexure. The error, Mr. Mendenhall stated, 
would not exceed one in 10,000,000, 


CRYSTALLINE MAGNETITE IN THE Port HENRY 
MINES. 

Mr. John Birkentine, who read this paper, said 
that in the Port Henry mine is a deposit called 
Lover’s Hole, and in the centre of the pure ore is 
an enormous mass of fully developed crystals in a 
space 20 ft, wide and 10 ft, to 12 ft. thick. In an 
output of 40,000 tons of ore from this opening 
the average iron was 68,6 per cent., and the average 
phosphorus 0.033 per cent. This result is obtained 
from thirty analyses made between March 2 and 
December 28, 1889, adding them together and 
dividing by thirty. The Table below, made by T. 
Reed Woodbridge, shows the analyses in detail : 


Tron. Phosphorus. 
Per cent. Per cent, 

4* 72.00 0.018 
2 71.70 0.022 
3 71.20 0.026 
4 70.60 0.023 
5 70.40 0.011 
6 70.40 0.022 
7 70.40 0.048 
8 70.25 0.045 
9 70.20 0,021 
10 79.20 0.051 
11 69.90 0.025 
12 69.90 0.046 
18 69.50 0.013 
14 69,20 0.920 
15 69.10 0.023 
16 69.10 0.031 
17 69.00 0.025 
18 68.70 0.030 
19 68.45 0.060 
20 67.80 0.038 
21 67.70 0.054 
22 67.20 0.035 
23 67.20 0.060 
24 67.00 0.042 
25 66.70 0.030 
26 66. 0.026 
27 66.10 0.036 
28 65.20 0.042 
29 65.10 0.048 
30 61.20 0.024 
Average sie ... 68.60 0.033 
Maximum ... as 2.00 0.060 
Minimun _... a 1.20 0.011 


Exectriciry iy Mrngs. 
This paper, by Mr. J. A. Pocock, of Boston, 
followed. He described the electric haulage at the 
Erie Colliery of the Hillside Coal Company at 





* Two determinations, 
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Scranton, Pa. The engine is 60 horse-power, 
Armington and Sims, and the generator of 50 
horse-power is a Thomson-Houston dynamo wound 
for a current of 220 volts potential. The wires 
from the dynamo to the foot of the shaft are in- 
closed in a gas pipe, from thence they are carried 
overhead 12 in. outside the rail and are suspended 
from a special insulator. At a turnout there is a 
frog, the conductors being soldered as in street 
railways. Connections for electric lighting are 
arranged at suitable points. The rails make the 
return circuit. Sidings for seventy loaded and 
fifty empty cars have been put in and the locomo- 
tive is a special one, 9 ft. 7 in. long, and 5 ft. 3 in. 
wide, and 5 ft. 6 in. high; the gauge is 3 ft., and 
the weight 10,500 lb., of which 1800 1b. is put on 
to increase the traction. The horse-power was 
stated to be 40. A novel trolley arm, which requires 
no attention when the motor is reversed, may be 
described as follows : 

Its construction is such that a wide variation in 
the position of the conductor is permissible, a range 
of 3 ft. 6 in. being easily covered, while the meet- 
ing of an obstruction simply causes the trolley 
arm to fall by the side of the car without resulting in 
any damage. From the trolley wheel the current 
passes along the arm to the fuze boxes, then 
through the rheostat and motor to the rail. Pinions 
on the armature shaft mesh with intermediate 
gears, connection between these and slotted con- 
necting-rods being made through the ordinary 
crank-pin and box. This arrangement allows for 
variation in position between the wheels and body 
of the locomotive which carries the motor ; and, as 
the crank-pins on opposite sides are placed at an 
angle of 90 deg., there are no dead points. The 
brake mechanism, rheostat and reversing switch 
may be operated from either end by suitable hand- 
wheels. The operator has everything under com- 
plete control and can start or stop the car and 
reverse its direction without moving from one posi- 
tion. 

The locomotive is run by one man, who is 
assisted by a boy in making up the trains and turn- 
ing the switches. It displaces seven mules and 
three drivers. During a period of 114 days the 
average number of cars delivered at the shaft 
bottom by the locomotive was 559.5, against 526.95 
per day delivered by mule haulage, much time 
being consumed by waiting at the bottom of the 
shaft for empty cars. Thus far the locomotive has 
shown that it will increase the daily output to 700 
cars perday. The operations areas follows : 

East or Slope Side. 


Distance run per trip, including making 


up, &. .. 2884 ft. 
Time of trip ... 103 min. 
Cars per trip ... 15 
Trips per day Mea 15 
Miles run per day ... 8.73 
Total time 2h. 40m. 


Locomotive reversed 128 times per day. 


West or Plane Side. 
Distance run per trip, including making 


up, &. .. 2546 ft. 
Time of trip ... 64 min. 
Cars per trip... 20 
Trips per day des 25 
Miles run per day ... 1255 
Total time 2h. 50 min 


Locomotive reversed 104 times per day. 


To deliver 700 cars per day of ten hours, the 
time of running the locomotive is five hours and 
thirty minutes, leaving four hours and _ thirty 
minutes for contingencies. The total distance run 
is 21.28 miles, and the locomotive is reversed 232 
times. 

After a paper by F. H. McDowell on “‘ Stripping 
Ore Deposits,” which was illustrated by magic lan- 
tern slides and cannot be reproduced here, the 
meeting adjourned for the day. 


(Zo be continued.) 





NOTES. 
Tue ExuIBITION oF THE Royat METEOROLOGICAL 
Soctgty. 

Tue eleventh annual exhibition of meteorological 
instruments, organised by the Royal Meteorological 
Society, has been held during the present week in 
the library of the Institution of Civil Engineers, 
where asmall but interesting collection of appa- 
ratus has been open for the inspection of the 
public. It has of recent years been the aim of 
the Society to make each year’s exhibition prin- 





cipally illustrative of some special branch of me- 
teorological science, and this year the nucleus 
around which the collection has been gathered has 
consisted of instruments and objects illustrative of 
the application of photography to meteorology, 
and important contributions were made by the 
Meteorological Council, the Kew Committee, the 
the Royal Meteorological Society, the Astronomer 
Royal, Mr. J. B. Jordan, Mr. W. H. Dines, and 
other meteorologists, as well as manufacturers of 
meteorological instruments. And as might be sup- 
posed in anexhibition instituted with such an object, 
there was a large collection of photographs, not 
only of instruments and observatories, but illustra- 
tions of clouds and lightning flashes, and the de- 
structive effects of storms and cyclones, and heavy 
floods, together with a large number of photo- 
graphic records of automatically recording appa- 
ratus. We shall, in our next issue, describe some 
of the principal exhibits in detail. 


AMERICAN LOCOMOTIVES IN GREAT BRITAIN. 


As already announced in our columns, the Com- 
mittee of the Edinburgh Electrical Exhibition are 
endeay »uring to arrange for an American locomotive 
to form one of their exhibits ; they also propose that 
it shall be practically tested on some railway in com- 
petition with an English or Scotch engine. The 
difficulty with which they have been met is 
that no American manufacturer is willing to under- 
take the expense of sending an engine over here, 
since there is no chance of finding a customer for it. 
The funds for the freight, at least, must be found 
by the Committee, and for this purpose they are 
asking subscriptions, and already several have been 
promised. Messrs. Henderson Brothers have 
offered a very low rate of freight to take the engine 
back to New York, and the Baldwin Company 
appear more disposed to meet the wishes of the Com- 
mittee than at first. We trust the matter will not 
fall through for want of funds. It would be most 
interesting for engineers to have the opportunity 
of studying an American locomotive, and to note 
the points of difference from our own. It is not 
likely that the trials would settle the points in 
dispute, since a great many elements besides speed 
and tractive power enter into the locomotive super- 
indendent’s calculations, but they would certainly 
be watched with very great eagerness. Unfortu- 
nately the typical American engine could not run 
on our lines on account of the smaller loading gauge 
adopted here, and hence, if the design were modi- 
fied, the results might be less advantageous to the 
American design. We may be sure, however, that 
the Baldwin Company will not send an engine 
unless it will be a credit both to themselves and to 
the nation. 


An Etecrrica, RANGE-FINDER. 


Lieutenant Fiske, of the United States Navy, 
has recently invented an ingenious range-finder 
specially intended for use on shipboard, and which 
may be described as follows: Two telescopes, 
situated at the ends of a measured base-line, are 
fitted with graduated arcs, forming parts of the 
arms of a Wheatstone bridge. The Siti for the 
bridge is coupled up to the centres of the pointers, 
which move over the graduated scales as the tele- 
scope turns round and indicate the angles at which 
the telescopes stand. When both pointers mark 
the same angle the bridge balances, and at no other 
time. Thus suppose both telescopes, A and B say, 
are sighted on an object the range of which is to be 
found ; the observer at B simply keeps his tele- 
scope centred on the object, but the one at A, 
after sighting the object and reading the angle, 
moves his telescope out of line till the bridge 
balances, in which case the angle his instrument 
reads is the same as that at B, and he then knows 
two angles and a side of the triangle formed by the 
object and the two observing stations A and B, 
from which the range can easily be deduced. The 
advantage of the system is that all signalling 
between A and Bis done away with, and both 
angles are read by one observer, who can occupy 
either station indifferently. In the practical form 
of the instrument the details are slightly different 
from those given above, but the principle is the 
same. The balance of the bridge may be deter- 
mined either by a delicate galvanometer or a tele- 
phone, the latter being probably the more conve- 
nient instrument. There may, however, be some 
difficulty in maintaining an equal resistance between 
the sliding surfaces, in which case the indications 
would be inaccurate. 





THE STANDARD OF EFFICIENCY IN 
STEAM ENGINES. 
To THe Eprror or ENGINEERING. 

Str,—There is probably no set of facts within the whole 
range of engineering more persistently misrepresented 
than those connected with the fundamental thermo- 
dynamical principles upon which must be based all 
rational consideration of the question of how far the per- 
formances of an actual steam engine fall short of those of 
the corresponding hypothetical engine (or boilerand engine) 
of maximum efficiency with re to the available 
energy. Much has lately been done to remove the cause, 
viz., misapprehension ; amongst others by Mr. Willans 
himself; and the timely contribution of Mr. Bodmer is 
also an influence for good. 

The word “efficiency” is used to denote a ratio which 
is some measure of a performance, e.g., the ratio of a 
resistance to an effort. Now a given performance may in 
pursuing an analysis be split up into several component 
parts of more or less interest as the case may happen, 
and each partial performance can in general be differently 
referred ; for example, the resistance may be observed, or 
it may be calculated under, or under no, deductions for 
frictional and other resistances. Hence for purposes of dis- 
cussion the number of efficiencies may be multiplied almost 
indefinitely ; and a partial or relative efficiency may 
assume for the moment the greatest possible importance. 
What may be the value or meaning of any particular 
comparison or partial efficiency must depend upon cir- 
cumstances—it may be worthless, misleading, or far 
otherwise; but provided one thoroughly understands 
what one means and is assisted thereby in one’s work 
there is no reason whatever to refrain from using partial 
or relative efficiencies—or say efficiencies involving certain 

rtly practical and partly hypothetical limitations ; such 
for example as that proposed by Mr. Willans. Mr. 
Willans understands what he means and is perfectly 
entitled to use his relative efficiency. What I desire to 
point out is that the author of the classical paper on the 

* Economy Trials” is unnecessarily restricting himself in 
proposing to refuse to consider the meaning of a set of 
efficiencies so eminently practical as those referred to the 
available energy reckoned with regard to the a 
of the source and the sink, and on the other hand in pro- 
posing to alone attach the meaning to a set of efficiencies 
reckoned on the hypothesis that a part of the available 
energy corresponding to a certain imperfection in the 
ordinary actual steam engine is destroyed or virtually 
rendered non-existent. 

The available work energy of d q mechanical units of 


heat at temperature ¢ is dq oh) where ¢) is the tem- 


perature of the sink. Hence the efficiency will be a 
maximum when all the heat is taken in at the higher tem- 
perature and exhausted at the lower. In an actual steam 
engine the whole of the heat, so far as the working fluid 
is concerned, is available at the temperature of the boiler 
nearly ; but on account of the nature of the cycle adopted 
in practice, much of the heat is taken from the source 
when the temperature of the working fluid is far different 
from the source temperature ; or in other words, part of 
the available energy of the source is lost through abstrac- 
tion of heat at a temperature lower than the maximum. 


The same sort of imperfection characterises every part of 
the cycle ; heat is taken in and given out by the fluid at 
temperatures which are lower and higher respectively 
than the temperature of the source and the sink. To a 


large extent this imperfection is practically unavoidable, 
because in order that transmission of heat may occur a 
difference of temperature must exist between the working 
fluid and the other body with which it is exchanging. 
And if the exchange is to be rapid the difference of tem- 
perature must be considerable. In the actual cycle, then, 
the chief departures given, the condition for maximum 
efficiency occur in the shock, friction, and conduction— 
or the irreversible processes — taking place in the 
steam pipe and clearance spaces in the violation 
of the boundary conditions at the cylinder walls, 
whether jacketted or not, in the irreversible processes 
which release, in the violation of boundary conditions in 
the condenser, and lastly in the violation of boundary 
conditions in heating the feed water. Amongst all these 
imperfections Mr. Willans proposes to allow that the last 
alone is inevitable, and to reckon that the actual engine 
is a departure from the ideal only in respect of the other 
and (less readily estimated) remaining imperfections. 
Mr. Willans’ equation has in fact only to be altered by 
the addition of the corresponding terms (if these were 
known or calculable) to give the actual;work performed in 
the cylinder and feed pump of anactualengine. To start 
as Mr. Willans does, the available energy of d q¢ mechani- 
cal units of heat at absolute temperature ¢ is as before 
t-to 
or, fas dy 


dq—ty"4 


calling t the absolute temperature of the condenser. 
Hence for a cycle the algebraic sum of the quantities of 


heat taken in is 
1 
n—~m—to f'0" 


or putting W for the work done, 


i 
Waa wo ft 7 


Suppose, for example, that the engine takes steam at 
the temperature of the boiler and — to the tempera- 
ture of the condenser ; that the f is drawn from the 
hot-well at the same temperature ; and that no boundary 
condition is violated except in respect of the feed water, 
then if L, is the latent. heat of 1 lb. at the temperature of 
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the boiler ¢,, and ¢ the specific heat of water (constant 
suppose) in mechanical units, then from the last equation 


We Ly 46 (tt) — ty log”. 
t; to 


This equation is substantially the same with that given 
hy Mr. Willans, and his ideal engine will therefore work 
the corresponding cycle. 

To show that the other imperfections are of the same 
nature, suppose further, for example, that in the forward 
stroke g! units are on the whole abstracted from the 
jacket and walls, and on the return stroke q!! units are 
similarly abstracted. Then 


W=L, h-tore (t;- ty) -—to log 4 
h to 


14gu— fed_ faq 
+qt¢ 1 oe bin 


The determination of the conditions under which the 
addition of the quantity written in the last line ceases to 
increase the efficiency, or even the work-capacity of the 
engine, is a problem awaiting solution. . 

hile, therefore, I can see no objection to Mr. Willans’s 
use of such a relative efficiency as he proposes if he can 
thereby better elucidate certain points of interest, I should 
deplore the setting up of any so-called standard of effi- 
ciency, or the promulgation of any name or idea, which 
would tend to obscure the very important fact that 
practically the whole of the source heat is available at 
the boiler temperature nearly. This consideration is in 
no way modified by the utilisation of waste gases; for 
the heat so recovered has been created outwith the boiler. 
To go further in this direction shifts the locus of the 
investigation from the boiler to the furnace. Efficiencies 
referred to the boiler are a set of partial efficiencies which 
are practically convenient, and their teaching has to be 
read in the light of the fact that the furnace 1s after all 
the ultimate source ; and so we come at last to the great 
practical efficiency in pounds of coal per indicated horse- 
power per hour. 

Nor do I agree with Mr. Bodmer that there is any 
necessity fora ‘‘ standard ” efficiency socalled ; and least 
of all can I agree that any such arbitrary ene should 
be applied to the perfectly well-unders efficiency of 
the ideal elementary engine of maximum efficiency. Take 
for instance the efficiency referred to in Mr. Bodmer’s 


hydraulic analogue, viz., This is in no sense 


G(H-h) ° 
a standard efficiency ; it is in fact what one usually calls 
the “gross” efficiency of the installation, because if 
referred to the motor there would be unfairly charged 
against it the imperfections arising a friction of 
the supply pipe and resistance at entry. The — 
efficiency, which is the analogue of the thermodynamic 
one, would refer to the potential energy of the fluid taken 
in and rejected ; their difference, namely, divided by the 
total energy of the fluid taken in, or in symbols 

H-h 

H’ 

where H, h are measured from the centre of the earth. 
The hydraulic analogy is of course incomplete ; and to 
make too much of it is to run the risk of introducing into 
the minds of the unwary the grand but solitary error of 
Carnot. 

For these and other reasons I cast my vote in favour of 
naming and using just so many efficiencies or relative 
efficiencies as may be necessary or convenient ; the abso- 
lute efficiency relatively to the boiler or the furnace, the 
efficiency relatively tothe elementary engine of maximum 
absolute efhciency, and the efficiency relatively to an 
engine working the hypothetical Willans’ cycle, if you 
will. Yours faithfully, 

A. C. Exuiorr. 
Edinburgh University, March 18, 1890. 


To THE Eprror oF ENGINEERING. 

S1r,—The omission of the word “ possibilities” in one of 

the paragraphs in my letter last_week makes that para- 

graph quite incomprehensible, It should run as follows : 

**Mr. Bodmer, while willing to allow that what we call 

relative efficiency should be calculated as __results__ 

possibilities, 

and while wilting to calculate the possibilities from the 

temperatures as he finds them on the diagrams from the 

cylinder, is not willing to take account of the fact that 

the heat supplied is not all supplied under the same con- 

ditions as to temperature, and consequently that all the 
heat units have not the same value.” 

Yours faithfully, 
P. W. WILtans, 
per C. 8S. E. 


To THE Eprror or Enemeerine, 

Sir,—In reply to Mr. Willans’ remarks in reference to 
my article on this subject, I will deal iirst with the latter 
part of his letter, because Mr. Willans there makes a 
statement involving a fundamental misconception—in my 
— what is to be understood by the term efficiency 
of a steam engine. 

Mr. Willans writes, ... ‘‘do the best one can with 
the Carnot cycle, some part of the power of the engine 
must be used to raise the feed water from the condenser 
to the boiler temperature, and as long as there is a boiler 
there will be waste gases to do the same thing more 
economically.” 

Now this argument, whether true or not, is quite irre- 
levant to the immediate question at issue, since the heat- 
ing of the feed water by waste gases has nothing whatever 
to do with the efficiency of the engine as such, Sat affects 





only the boiler efficiency, which by general consent is now 
kept separate from that of the engine. 

n dealing with the performance of the motor itself we 
are concerned only with the utilisation of the heat actually 
supplied to the working fluid, and whether the process of 
supply is economical or wasteful is a matter outside the 
scope of our inquiry. Otherwise stated we m»y havea 
very economical engine in conjunction with a ig 
wasteful boiler or vice versd ; under boiler, of course, 
include the economiser or similar apparatus when heated 
by waste gases. 

As to the question whether the advantage obtained 
from heating the feed water by waste gases is greater than 
could be derived from the use of the Carnot cycle—sup- 
posing the latter to be practicable—Mr. Willans must 
remember that there is a theoretical margin of at least 
30 per cent. to work on, as compared with the best results 
actually recorded in practice. 

Mr. Wittens’ csuhuntlon that because in the ordinary 
steam engine the heat is not all supplied at the higher 
temperature, therefore it is unfair to apply as a standard 
of comparison a process in which this occurs will, I be- 
lieve, not bear closer investigation. The supposed 
hydraulic analogy with a water motor, fed from two 
sources of supply at different heights, is not quite correct. 
The true analogy would be represented by, say, an over- 
shot water wheel, supplied from a single source at one 
level, but into which only a portion G, of the water is 
introduced at the greatest possible height H, while the 
remainder G, enters the buckets at a lower height H,. In 
this case I think Mr. Willans will admit that the avail- 
able poss is G (H—h), (where G = G,; + G2), and not 
merely G, (H—h) + G,(H,—h). It is the fault of the 
motor that the water is not all —— at the upper level, 
and similar reasoning applies to the steam engine. 

I fail to see why the standard should be lowered to 
accommodate the imperfections of the motor in either 
case. 

To take another illustration from hydraulics; there is 

a certain type of turbine which, in order to work pro- 
erly, must have some clearance above the tail-water 
evel ; consequently with this there is an inevitable loss 
of head owing to the water not being discharged at the 
lowest level. Another kind of turbine will work drowned, 
so that there is no loss of head required for clearance. In 
comparing the efficiency of these two types, would Mr. 
Willans consider it right to deduct the height required 
for clearance from the total head in calculating the avail- 
able power for the first class of motor? 

In conclusion, I may remark that, apart from all other 
considerations, the extreme simplicity of the calculation 
for the Carnot standard is a very strong point in its 


favour. 
G. R. BopMrEr. 





ON STEAMSHIP PROPULSION, &c. 
To THE Epitor OF ENGINEERING. 

Srr,—There is a very general impression—immature 
and unwise persons may put questions to which a sage 
would not venture replies. Vor example: A schoolboy might 
ask, ‘What is gravitation, and how does it operate?” 
He might, so far, be properly answered, It was an 
influence exerted between masses of matter, which, quan- 
titatively, varied as the product of those masses, and 
inversely as the square of their mean distance of centres ; 
but, as to what it was, and the manner of its operation, 
the wisest of the human race had pondered over the 
problem until reason tottered, and yet had failed to give a 
rational explanation of the various difficulties that had 
presented themselves to the solution. Not, however, for 
all this was the Nautical Almanac less reliable. The 
simple and constant laws by which gravity acts being 
known, these serve all practical purposes for which a know- 
ledge of gravity is necessary. Thus we see the signifi- 
cance of Fourier’s declaration (quoted in my last letter), 
‘* Primary causes are unknown to us, but are subject to 
simple and constant laws which may be discovered by 
observation, the study of these being the subject of 
natural philosophy.” 

Amongst the earlier ironclad warships of the Royal 
Navy, occurs the name of the Prince Consort, which, on 
her trials, presented the following trial data : 


H.M.S.S. ** Prince Consort.” 
Speeds V. Power E. Revolutions N. 
3 4234 3.5 
50.5 
43.5 
40.0 
33.0 


9.52 
7.78 
The question which suggested itself to those parties 
who troubled themselves on such matters was : How were 
these quantities related? And in this not unimportant 
problem : What was the probable shape of those ‘simple 
and constant laws ?” “here are mathematicians and 
mathematicians.” But it does not require the profound 
p of analysis, such as was ocmnneal by a Poisson or a 
‘ourier, in order to disclose a number of general relations 
amongst all such data. Thus, first, and one of the most 
important ; 


Log F =C+eV 


where C and c are conditioned constant coefficients ; and 
applying this to the foregoing data shows the special 
values of these are: 
For two high speeds, 
E 
Lo: 4 
oN 


a 


= .3503 + .1162 V. 
For others, 


Log £ = 1,0077 + .0575 V. 





Another general formula is expressed by : 
. E=)V log—aV, 
which, for the high speeds, shows the special values, 
E = 6.262 V log—! .1305 V, 
whilst, for the lower speeds, 
E = 44.0 V log—! .05647 V. 

The comparison of these equations prove: at 11.44 knots 
the quantity known as Morin’s constant, experiences a 
marked change in value; and at all speeds above 11.44 
has only about one-fifth of the value it had at speeds 
under this particular value. 

This rather curious result is established by showing the 
formula values of E to in exact agreement with the 
trial data, and, at 11.44 knots, either formula gives 
the same value for E. Thus: 
High trialspeeds, V = 13.12 


Values of .1305 V .. 
log V 


12.12 


1.7122 1.5817 


1.1179 1.0835 1.0584 
-7967 -7967 «7967 


By formula logE ..= 3.6268 3.4619 3.3478 = 
By data log E 3.6268 3.4619 ? 
Lower trial speeds V= 11.44 10.33 9.52 7.78 


Values .05647V..= .6461 5833 .5378 .4393 
» logV ..=1.0584 1.0141 ‘9791 ‘8910 
eps =1.6433 1.6433 1.6433 1.6433 


By formula log E .. =3.3478 3.2407 3.1602 2.9736 = Logs work done 
»» data » «+= ? 93,2403 3.1607 2.9736= ,, power do- 
ing it. 

Now, by Newton’s criterion, in every machine the 
work done is always equal to the power doing it. This, 
as shown, may be said to be eatiay satisfied. Had we 

taken the Admiralty formula : 

Diy: 
= a —» 

which, at its origin, was intended to, and was supposed to 
express the same thing, we should have found, owing to 
the numerator canaaly in the resistance to vary as the square 
of the speed, we should have had C varying, by the same 
amount, as this hypothesis is erroneous. So that, instead 
of these quantities being a measure of the comparative 
efficiency, at different speeds, the variations, in nearly 
every case are a direct measure of the absurdity of this 
hypothesis. The differences of the constant quantity C, 


in the values of log » or, 1.0077 —.3503 = .6574 = 


log 4.544; this is the ratio of the values of Morin’s con- 
stant f, at the low speeds, to the value at speeds over 
11.44 knots. 


Recurring to the equation, log = =C+ecV, on inquir- 


11.44 
1.4927 


Log 6.262 
Logs work 
done. 
Logs power 
doing it. 


ing into the meaning of the quantities C and c¢, it will be 
seen, they are mere notations for definite quantities which 
—_ the problem, and are more explicitly stated in the 
orm: 
E d?s 
log — = lo; a-n)V. 

BH 18 ot oot Ha-m) (a) 
Having approached the subject from the power expen- 
diture aspect: if we now take the opposite and, neces- 
sarily, equal side of the equation, viz., the power develop- 
ment, we may have clearer notions of the meaning of 
the whole. 

To fix ideas: if we assume a Woolfe direct-acting, 
compound engine, that P and p denote the mean diagram 
pressures on the high and low-pressure pistons, respec- 
tively, and d, s, and r are the diameter and stroke of the 
high-pressure piston and ratio of the two pistons. Itis a 
mere mechanical axiom : the gross power developed, with 
the piston speed, corresponding to N revolutions per 
minute, must be: 


n a8 
EK= 2 
21,010 (2) 
In this the quantities N and (P+7p) are capable of a 
general statement, involving the speed of vessel and 
conditioned constant coefficients. 


Thus: 
(P+rp)=flog—(a—n)V.  . (3) 
N=mViog—nV . ‘ ‘ (4) 
which, being substituted for these quantities in (2), yield : 
t= 78 ¢om. Viog aV=bV log aV . (5) 


~ 21,010 
If we assume : 


N (P+7>:) indicated horses P 


and 


°c ae ee 
21,010 fm=b. 
Hence, taking the logarithms of the ratio of the 
members of (5) and (4), we have: 


Log. K_ log 4 (a—n)V=CteV. 
N m 


Tf we write: 
C=log 2 =log ds - f, and c=(a—n). 
m 21,010°’ 
Tn this f denotes, for this machine, the special value of 
the defect from the gross piston pressures, to give the 
effective piston pressures, a quantity which, in any 
machine developing power and doing work at different 
speeds, remains constant so long as there are no changes 
in circumstances of trial, and hence has received the 
name, Morin’s constant. This, I have pointed out, is not 
quite appropriate ; since, in a steamship, it may alter its 
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value several times in consequence of variations of cur- 
rents in the water in which the propeller is acting. The 
ae of these being Poncelet’s current, or the stern- 
ward flow of the water displaced in the direct motion of 
the vessel. Again, cis the difference of the exponential 
factors a and n of the speed in the power and revolution 
formulas (5) and (4). Very obviously, with the aid of a 
little simple algebra, these equations may be transformed 
into an indefinite number of special forms applicable to 
particular cases, and more explicit statement of particular 
elements, but involving no principles other than those 
involved in the fundamental equation. 

Thus, take the equation : 


ds 


E 
Log— =1 a= —n)V. 
oN ad a1,o107 * n) 
E explicit will give: " 
Log E = log —° *. f N + (a—n) V. 
Og og 91,010 SN + (a—-n) 


The first term of the second member, being nothing but 
the statement of the work done by the engine, supposing 
it to be overcoming piston pressures f, at a speed corre- 
ar to N revolutions per minute, denoting this by 

t 
> 


hen : 
Log E=log W + (a-n) V, 
consequently, assuming (a—n)=c, 
E=W 10%. 


Hence the proposition. The gross pane to propel a 
vessel at the speed V knots is equal to, the work ex- 
pended on Morin’s constant, at that speed, multiplied by 
the basic number 10 when raised to a ae proportional 
to the product of the speed, and a small factor ¢, special 
for that vessel. For this factor of the gross power, I 
have proposed the name, the Poncelet’s current factor, and 
I hope it will be so recognised. 
Rospert MANSEL. 
Whiteinch, Glasgow. 


ON THE CORRECTED FORM OF THE 
ADMIRALTY COEFFICIENTS. 
To THE Epitor oF ENGINEERING. 
S1r,—In your issue of the 14th instant Mr. Bury, adopt- 
ing the displacement form of the Admiralty coefficients 
8 vs 
rae = C, supposes, by multiplying the members by 
the ‘product of functions of length and draught, and 
dividing by a coefficient of type, some formula of ‘‘ theo- 
retical and practical value” will result. That is to say 
en bloc we have : 
pi ‘V3 Length x draught _ C Length x draught 
LEP: type type 
Now, it ought to be, and, I think, now, is perfectly 
known, the difficulties of the old formula were chiefly 
due to the V* factor. On the old adage of the effects of 
‘‘evil communications, ” before introducing novel elements 
into the ancient confusion, it werea prior task to grapple 
with the old delinquents. And, for a long time, I have 
shown the proper way to effect this, is, to multiply the 
members, by a simple factor, of the form 
Tog~* eV 
V2 





We then have, 
DiV3 log aV _ DV log-1a V _C logaV 
T.H.p. ve —s«é&ACWiPP. | an 
Differently stated, this implies the true form cf the 
Admiralty coefficients ought to be 
DEV log—laV _¢ 
E > 


a real constant, unless there be some change of circum- 
stance. Further, making a slight correction on the first 
term (for which good reasons can be adduced) and under- 
standing that by E we denote the gross indicated power 
or to propel a vessel of displacement D at the speed 


of V knots: J 
DiVig*e¥ _o, 
E 
D 
Or E=  V log aV; 
c 
3 
which, if = ab, 
c 
will give, 


E=b V log—a V=b V 10¢V. 

To illustrate this, refer to a few vessels of the Royal 
Navy, from the trial data of which it is easy to deduce the 
special forms of the general equation, for the following 
vessels, are : 

H.M.S.S. Howe 
ee Kuryalus 


E=24.30 V x10 .06206v 
=22.29 Vx10 1 V 


ea Warrior =14.91 V x10 08 V 

a Comus =12.23 Vx10.0% V 

‘ Bacchante =11.03 Vx10-100 V 

Ke Widgeon = 1.383 V x 10-1355 V 

U.S. cruiser Vesuvius to 18.9 knots= 7.37 Vx10-0626 v 
a over a = 1.154 V x10.109V 


To give a test example, take the Howe: By Admiralty 
trial data, H.M.S.S. Howe 9637 tons displacement. 
Propelled, 15.87 knots by 7723.4 indicated horse-powers 
_ £2 » ae a pi 
- 10.28 —Si,, 1742.4 ne a 
What is the power for these speeds by the given formula ? 
This works out : 





Trial speeds V =15.87 13.39 10.28 
Values of .08206 V = 1.3023 1.0988 8436 
» logV ..= 1.2006 1.1268 1.0120 
Add log 24.30 ..= 1.3856 1.3856 1.3856 
Sum, log E = 3.8885 3.6112 3.2112=logs of work done. 
By data log E -= 3.8884 3.6114 3.2411= — me power do- 
ing it. 


Practically equal, and, therefore, exactly satisfying, 
Newton’s criterion: Jn every machine the work done is 
always equal to the power doing it. To six vessels of the 
Royal Navy, I have added the United States dynamite 
cruiser Vesuvius, being a good example as to where the 
real difficulty of the problem crops out. In this vessel up 
to 18.9 knots, the results agree exactly with the formula 

{ = 7.37 V 10.98%V. But at this spend, and all higher, 
so far as attained, it suffers a definite change to E = 
1.154 V 10-19V, In very fine and high-powered vessels, 
tried over a wide range of speeds (notably with torpedo 
boats), such changes occur twice; it is these undefined 
and unrecognised changes which have defied all attempts 
to state the relation between power and speed in the ratio 
of some simple or fractional power of the speed. It being 
made to appear as if every speed required a power for 
itself. Newton’s criterion was also made to appear a 
mere paradox, and totally ignored, although, as I have 
often shown, it is the real origin of the Admiralty coeffi- 


cients. 
March 17, 1890. Rovert MANseEL. 





RETROGRESSION IN MARINE 
ENGINEERING. 
To THE EpiTor OF ENGINEERING. 

Sir, —Having read in your issue of 14th inst. the letter 
of ‘‘Index” on the above subject, I note that he says, 
“That as the speed increases the resistance increases 
very fast, varying as the third, fourth, and higher powers 
of the speed”—I wish therefore to ask the two following 
questions : 

1. Will he kindly explain how he accounts for the 
difference in the results obtained on the first and fourth 
trials of H.M.S. Iris, as given on page 205 of your issue 
of February 21? 

2. Will he kindly explain how he accounts for the 
following variations I know of, in the results obtained in 
different vessels? That on comparing the indicated 
horse-power shown at the lowest and the highest speeds 
the deviation from V* is in some cases about 30 per cent. 
above, and in some cases about 20 or 30per cent. below 
that which should be required ; the deviations below V* 
being shown in vessels when the speed exceeded 20 knots 
per hour. : ’ 

On the letter of ‘‘ Naval Architect” in your same issue, 
I desire to make one remark. That until naval architects 
design the screw propellers for the vessels they design I 
fail to see how they can be in a position to guarantee the 
speed of a vessel with any degree of precision. 

Iam, Sir, your obedient servant, 

London, March 17, 1890. Ww. Bury. 





To THE Eprtror or ENGINEERING. : 

Sir,—I fail to see that Mr. Bury’s further letter is a 
reply to my remarks. 

t find one paragraph containing Mr. Bury's account of 
a very clever thing which he could do, Had it been what 
Mr. Bury had done, instead_of could do, there may have 
been something in it; but I certainly fail to see that I, 
or naval architects and marine engineers generally, are 
called on to take Mr. Bury, at his own valuation, without 
at any rate some independent corroboration. | 

The next paragraph, as applied to myself, is somewhat 
amusing, as I happen, of which Mr. Bury was no doubt 
unaware, to be a teacher of that very theory which he 
thinks I wish to assail, to cover my practical deficiencies. 
Where Mr. Bury makes a mistake is in thinking that the 
very elementary portion which he has mastered constitutes 
“the theory,” whereas it is in reality only introductory. | 

Tcan offer no opinion on Mr. Bury’s practical experi- 
ence, as I know nothing of it, except that I should judge 
it to be limited ; otherwise I should have expected to have 
heard of the ships and engines designed by him, and 
which must on his own showing be so immeasurably 
superior to all others. Up to now I have not done so. 

Yours truly, 
JOHN H. SLaveE. 
Greenwich, March 15, 1890. 








CALEDONIAN ENGINE ‘‘No. 123,” 

To THE Eprror or ENGINEERING. 
Six, — Your correspondent, Mr. Edward Snowball, 
age 325 of your last issue, should at least have made 
himself acquainted with the facts before placing erro- 
neous statements before your readers. Engine ‘‘No. 123” 
was designed by Mr. Drummond for the Caledonian 
Railway, and was constructed by Messrs. Neilson and 
Co. from his instructions; the engine is so distinctly 
Mr. Drummond's design that any locomotive engineer 
seeing it in any part of the kingdom would know at once 
to whom it belonged. Your correspondent speaks of 
‘* designing ” as if ‘* No. 123” were something quite new, 
whereas the fact is that this engine is a very slight modi- 

fication of Mr. peng Sine am engines. 

Several years ago, when Mr. Drummond held the posi- 
tion of locomotive superintendent to the North British 
Railway Company, he designed and constructed an engine 
having a “single ” pair of 7 ft. driving wheels and inside 
cylinders: that engine ran upon six wheels. 

I have carefully examined the North British engine, 
and also the Caledonian ‘‘ No. 123,” and the design is pre- 
cisely the same with the exception that the Caledonian 
engine has a leading bogie in place of a pair of wheels. 

have also examined and compared Mr. Drummond’s 





four wheels coupled, bogie engines, with ‘“‘ No. 123.” 
It is only necessary to remove the large trailing 
wheels of the ean | engine and take off the coupling- 
rods, and place a small pair of wheels under the 
foot-plate, and we have at once the engine “‘ No. 123” 
without any further trouble. To construct a “single ” 
engine upon the exact lines of a previous coupled engine, 
or to place a leading bogie under a six-wheeled engine 
cannot in we | opinion require much “ designing.” Can 
Mr. Snowball give the name of one single part of engine 
‘* No. 123” which Messrs. Neilson and Co. d: signed ? 
Yours truly, 
CLEMENT E. Srrerron, C.F. 
40, Saxe Coburg-street, Leicester, March 17, 1890. 





To tHE Epitor or ENGINEERING. 

Sir,—The efforts which Mr. Snowball is making, by 
transferring the correspondence originally commenced 
by him in The Railway Press to your columns, to establish 
the credit of the design of the above engine to Messrs. 
Neilson and Co., are more ingenious than convincing. 

It is idleon the part of Mr. Snowball to put forth svch 
claims, for Messrs. Neilson and Co. I am quite con- 
vinced that none of your readers who have taken an 
interest in locomotives will be led to believe it to be 
their design or give them any credit other than that of 
builders of this engine. I am confident that Mr. Snow- 
ball’s statement will not be corroborated by ‘‘ the head”’ 
of the firm of Messrs. Neilson and Co., should he venture 
to express an opinion as invited by Mr. Acworth. 


ours truly, 
Glasgow, March 17, 1890. = Park. 


THE BATTLE OF THE BRAKES. 
To THE Eprror oF ENGINEERING. 

Srr,—A “L. B. andS. C. Passenger,” page 325, asks if the 
vacuum brake which failed by freezing at Carlisle recently 
is the one which is being fitted to trains in India. For 
the safety of passengers in India I regret to say that it is. 
Vacuum brakes are ‘‘ summer brakes,” they are always 
liable to fail in winter. The action of the vacuum brake 
draws into its pipes and apparatus rain and moisture, 
then in cold weather it freezes, the brake pipe becomes 
blocked with ice, the ball valves become fast, and the 
brake is of no use ; unfortunately, the gauges on the 
— and in the vans give no notice of the failure; they 
will continue to show 20 in. of vacuum, that is brake right, 
at a time whea the pipe and valves have become frozen 
and the brake is useless and all wrong. 

History at Carlisle has simply repeated itself. On De- 
cember 21, 1886, the vacuum brake froze and a North- 
Western trainran into a Midland engine. On March 4, 1890, 
the vacuum brake froze again and there was a collision 
at the very same spot, the only difference is this time a 
Caledonian engine came in for the blow. 

our correspondent ‘‘L. B.S. C.” has mentioned one 
or two accidents; I, however, have gone rather more fully 
into the lists. I find on the railways using the vacuum 
brake there have been 106 cases reported in the Board 
of Trade returns of vacuum brakes frozen between 
January 1, 1886, and June 30, 1889. The following 
failures have occurred on the London and North-Western 
Railway due to frost and ice. 

December 21, 1886.—The 8.50 p.m. train from Euston 
ran past the platform at Carlisle, and collided with a 
Midland engine at the north end of the station. The 
eeee brake failed owing to some ice having formed in 
the pipe. 

December 21, 1886.—The 12.42 p.m. train, Carlisle to 
London, ran past the platform at Nuneaton. The vacuum 
brake failed owing to the pipe between the engine and 
tender being full of ice. 

December 21, 1886.—The 5.15 a.m. from Euston was 
delayed at Crewe owing to the vacuum pipe between the 
engine and tender being frozen up. 

February 3, 1887.—The 9.10 a.m. train, Aylesbury to 
London, overshot the platform at King’s Langley, owin 
to the vacuum brake failing. This was apparently caus 
by some water having got into the pipe on the engine. 

November 17, 1887.—-The 10.10 a.m. train, Rugby to 
Stafford, was delayed at Nuneaton, owing to the external 
apparatus on the front vehicle being clogged with ice. 
The water which formed the ice had apparently come 
from the engine. 

November 17, 1887.—The 7.15 a.m. train from Euston 
was delayed at Nuneaton owing to the external brake 
apparatus under the first vehicle being clogged with ice. 

e ice appears to have been formed of water from the 
engine. 

December 20, 1887.—The 6.45 p.m. train, Manchester 
to Whaley Bridge, had a late start owing to the vacuum 
pipe on the engine being blocked with ice. 

December 26, 1887.—The 8.41 p.m. train from Carlisle 
was delayed at Tebay, owing to ice forming in the 
vacuum pipe on the engine. 

December 10, 1888.—The 10 a.m., Euston to Carlisle, was 
delayed at Rugby, owing to failure of brake, caused by 
vacuum pipe being frozen. 

December 15, 1888.—The 10.35 a.m., Manchester to 
Crewe, was delayed at Stockport owing to failure of brake 
on a carriage. This was in consequence of a quantity of 
water passing from the engine and lodging in the brake 
cylinder of the carriage. 

January 1, 1889.—The 2 p.m. train, Birmingham to 

ndon, had a late start owing to difficulty in maintain- 
ing necessary vacuum. This was due to a leakage caused 
by ice having formed in the “‘ cut-off” valve on a carriage. 

January 5, 1889.—The 7.15 a.m., Euston to Crewe, was 
delayed at Rugby owing to difficulty in releasing the 
brakes, due to the vacuum pipes being frozen. 

January 6, 1889.—The 1.5 a.m., Crewe to London, was 
delayed at Northampton, owing to difficulty in releasing 
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the brakes. This was due to the vacuum pipe on the 
engine being frozen. , 

February 11, 1889.—The 3 p.m. train from Holyhead 
to Crewe overshot the platform at Llandudno Junction 
owing to failure of the automatic vacuum brake. This 
was due to the pipe beween the engine and tender being 
blocked with ice. i 

February 11, 1889.—The 12.7 p.m. train, Crewe to 
London, was delayed at Willesden owing to the automatic 
brake being out of order, due to ice having formed in the 
pipe between the engine and tender. 7 

February 26, 1889.—The 8.20 p.m. from Euston to 
Holyhead was delayed at Stafford owing to a difficulty in 
releasing the brake, due to ice having formed in the 
vacuum pipe between the engine and tender. 

February 28, 1889.—The 6.30 p.m. Euston to Holyhead 
was delayed at Bletchley and Rugby, owing to a difficulty 
in releasing the brake. This was due to ice havin 
ease ny in the vacuum pipe between the engine an 
tender. 

March 4, 1889.—The 6.30 p.m., Euston to Holyhead, 
was delayed at Chester, owing to the brake not working 

roperly. Due tothe vacuum pipe on a carriage being 

rozen, 

Such a list as this will show the danger of using a brake 
liable at any moment to freeze and cause a similar acci- 
dent to those at Carlisle. ; 

Yours matin, 
Rattway Man. 
March 18, 1890, 








LOW-PRESSURE COMPRESSED AIR FOR 
TRAMCARS. 
To THe Eprror or ENGINEERING. 

Sir,—In your notice of Hughes and Lancaster’s low- 
pressure compre air tramcar last week, you give me 
the credit of a table of consumptions of air for various 
gradients, which is not due to me. My mission was to 
ascertain as nearly as I could, under the circumstances, 
the actual efficiency of the engine, and for this purpose 
I made observations of the rate of leakage by fall of pres- 
sure from the reservoir whilst the car was at rest; and 
on these observations as a basis, I formed an estimate of 
the allowance to be made for leakage while the car was 
running. I concluded that on an average one-half of the 
total consumption of compressed air during transit was 
lost by leakage ; that the average resistance of the car was 
not less than 301b. per ton gross weight, reduced to a 
level, seeing that much of the running was made over 
quick curves ; and that the work done was at the rate of 
22,070 foot-pounds per pound of compressed air directly 
consumed for propulsion, or nearly double the efficiency 
reported by Professor Unwin. 

Yours faithfully 
D. K. Crark. 


8, Buckingham-street, Adelphi, London, W.C., 
March 18, 1890, 





STRIKE AT THE SOUTH METROPOLITAN 
GAS WORKS. 
To THE Eprror oF ENGINEERING. 

Sir,—The paragraph in your issue of last week in refer- 
ence to the strike at this company’s works may convey 
the impression that the new hands are being turned out 
to make room for the old ones. As I am most anxious 
that this impression should not get abroad, and as it is 
incorrect, I shall be much obliged if you will take an 
early opportunity of correcting it. Now that the lighter 
days are coming on so rapidly men are constantly being 
discharged week by week, but not to make places for the 
old hands. 

We have endeavoured all through to keep faith with 
our new men, and we still find that there is a little anxiety 
on their part on this subject. 

Tam, Sir, yours faithfully, 
Frank Livesry, Chief Engineer. 
South Metropolitan Gas Company, 
709, Old Kent-road, 8.E., March 14, 1890. 





THE PIPE SYSTEM OF COAL MINE 
VENTILATION, 
To THE Eprror or ENGINRERING. 

Sin,—It is now upwards of fifty years since I swung 
down a mine shaft in the old wicker basket mode of 
descending, and many a tip I have had_ colliding against 
the upcoming basket loaded with coal. The intricate 
passages ina coal mine, with innumerable doors, brick 
walls, and brattice work, may be likened unto the rami- 
fication of gas pipes, laid under the thoroughfare for the 
conveyance of gas to our dwellings, which was in its in- 
fancy sixty-four years back. The system of pipe venti- 
lator for coal mines need not be so ‘somplicated. In the 
stall and pillar mode of winning coal, there are certain 
rooms to be provided with fresh air, and the total 
quantity to be taken into a mine depends on the number 
of men employed and the quantity of gas given off. A 
mine may be free of gas in the early morning, but when 
the miners strike gas in the course of their dary, the 
blowers in some instances give off the confined gas so 
quickly that the sooner it is got rid of the better. Thus 
when the main pipes and the feeders are laid in a mine, 
the system may be aptly compared to the gas system in 
towns. Thus, supposing all our houses were full of gas 
in every room, and the turned off from the gasometer, 


and were a suction fan fitted to the mains, and all the taps 
in the rooms of our houses left open, the fan would draw 
through the mains all the out of the houses, and fresh 

that is to say, if the combined 


air would fill up the void, 





area of the jets did not exceed or pass more gas than what 
was drawn off by thefans. Such a plan properly applied 
to the sewerage system of large towns will draw out all 
the gases from the main sewers in like manner. In the 
pipe system for coal mines, we get rid, to a great extent, 
of doors, brick walls, and brattice work. Introduce 
strong pipes, which may be laid as pipes, or built up as 
such, and I think there is not so much chance of creating 
those foul air constructions, as creating the intricacies of 
doors, brick walls, or brattices. 
Tam, &c., 
JOHN G. WINTON. 





MISCELLANEA. ; 
TuE anniversary meeting of the Chemical Society will 
be held this year on Thursday, March 27, at 4 p.m. The 
members and their friends will dine together at the 
Whitehall Rooms, Hétel Metropole, on the evening of 
the same day at seven for half-past seven o’clock. 


The gross receipts of the 23 principal railways in the 
Uni Kingdom, for the week ending March 9, 


corresponding period of 1889, on 16,030 miles, to 1,156,0820., 
an increase of 121? miles, or 0.7 per cent., and an increase 
of 57,2341., or 4.9 per cent. 


The thirty-seventh anniversary festival of the London 
Association of Foremen Engineers and Draughtsmen was 
held at the Cannon-street Hotel on Saturday last. Mr. 
W. H. White, Director of Naval Construction, was in the 
chair, and amongst those present were the Earl of Ravens- 
worth, Admiral Mayne, and Mr. J. McFarlane Gray. 


Messrs. Yarrow and Co., of Poplar, have in the course 
of construction six shallow-draught gunboats for the 
Portuguese Government, intended for use on the Zambesi. 
These are similar to those built by the above firm in the 
early part of last year, and in which Major Serpa Pinto 
made his recent expedition up that river, which has 
attracted so much attention. 


Surveying in Upper Burmah appears to be a very 
unhealthy employment. Indian Engineering states that 
three men of the Shan Hills Survey have died, all the 
servants are unfit for duty, and twenty-four of the escort 
are invalided, and this in the healthy season of the year. 
Matters are believed to be no better with the Chindwin 
party. 

The eleventh ordinary meeting of the present session of 
the Liverpool Engineering Society was held on Wednes- 
day, March 12, at the Royal Institution, Colquitt-street, 
when a discussion took place on a paper by Mr. Charles 
H. Yeaman, entitled ‘‘ Notes on Central Station Electric 
Lighting,” which had been read before the Society on 
January 29 last. 


The new dock which was commenced at Southampton 
in 1887 is now nearing completion. It will have a water 
area of 18 acres and a depth of 26 ft. at low water of the 
lowest spring tides. The entrance will be 175 ft. wide, 
vessels of the greatest beam can therefore be easily 
accommodated. The quays will be three in number and 
1800 ft. long. They are built of concrete with granite 
copings. The cost of the completed work will be about 

0007. 

Arrangements are being made by the Pennsylvania 
Rail Company for heating their passenger cars with 
steam. The work has already been commenced, and it is 
hoped that the whole of the passenger rolling stock will be 
quipped with the necessary apparatus by the beginnin 
of next winter. The cars in question number 1200, an 
it will cost 250,000 dols. to do the work, but it is said that 
a considerable annual saving will be effected, as compa 
with the present methods of heating. 


An interesting survey is now being carried out for a 
railroad through the grand caiion of Colorado. The work 
was commenced last gg but was temporarily abandoned 
on the death of Mr. F. McBrown, who was in charge of 
the party, and was drowned on J uly 10 last year. The 
cafion varies in width from 300 ft. to several miles, and 
near the little Colorado river it is confined between cliffs 
of marble rising vertically to a height of 300 ft., above 
which rise sandstone cliffs to a height of 2500 ft. 


The Greathead shield system is being used in the con- 
struction of a tunnel under the St. Clair River at Port 
Huron, U.S.A. This tunnel is for a single line of railway, 
and is 6800 ft. long. Of this distance 2310 ft. are under 
the river, 2390 ft. on the Michigan land side, and the re- 
maining 2100 on the Canadian. The tunnel is being lined 
with iron, and the whole system of construction is nearl 
identical with that used on the City and Southwark 
Subway. 


A fire recently occurred at Glasgow, which is reported 
to have been caused by the electrical plant used in light- 
ing the premises. Subsequent examination has shown 
that the accident was due to the men who put up the 
installation scamping their work at a place where it was 
very difficult to detect. Moreover, the faulty conductors 
were arranged in contravention of the rules issued by the 
Institution of Electrical Engineers. All accidents of this 
kind are without excuse, and tend to retard the progress 
of the electric light. 


The new Danish warship Valkyrien, built at the Royal 
Dockyard, Copenhagen, and engined from the large engi- 
neering and shipbuilding establishment of Burmeister 
and Wain, also of Copenhagen, made its final trial trip, 
Saturday, November 30th. The results were entirely 
satisfactory ; the contracted power was 5000 horse-power, 
while 5300 horse-power was indicated at the trial, an 





the speed was 174 knots against the 165 knots as per con- 


amounted, on 16,151? miles, to 1,213,316/., and for the. 


tract. The consumption of coal was also considerably 
smaller than what had been stipulated. 


The new steel torpedo gun-vessel Sheldrake, 2735 tons 
4500 horse-power, recently built at Chatham Dockyard 
and engined by Messrs. Maudslay, Sons, and Field, 
underwent a natural draught trial of her machinery in 
the North Sea last Tuesday. The results were considered 
satisfactory, and the vessel returned to Sheerness Har- 
bour. The Admiralty have ordered the full- power 
forced draught trial of the Sheldrake to be t- 

ned until her sister ship, the Seagull, whose hull is 

sing strengthened at Portsmouth Dockyard, has under- 
gone a series of progressive trials, 


The largest cargo of petroleum ever brought to the Elbe 
recently arrived at Hamburg on board the tank steamer 
Elise Marie, pom | to the a Tank Dampf- 
schiffsfahrt Gesellschaft, coming from New York. e 
cargo amounted to 4200 tons in about 30,000 casks. 
There are twelve tanks, and the two pumps have a joint 
capacity of 300 tons of petroleum per hour. The Elise 
Marie is 322 ft. long, 42 ft. broad, and 30} ft. deep. The 
engines are capable of indicating 1600 horse-power, and 
are triple-expansion, with forced draught. The vessel is 
lighted by sixty incandescent electric lamps. 


On March the 19th last, Alderman W. H. Bailey gave 
a lecture to the Manchester Field Naturalist and Archeo- 
logical Society on the Manchester Ship Canal. Dealing 
with the population served by the canal, the lecturer 
stated that within a 25 miles radius of Manchester Ex- 
change there is a larger population than in any area of 
the same size in the world, not excluding Pekin or London. 
At the present time about 30,000,000 cubic yards out of a 
total of 44,000,000 required to complete the canal have 
been removed, and there is little doubt that the work will 
be finished within the contract time. 


An Australian inventor has recently had his equani- 
mity disturbed by one or two accidents which have 
occurred on the Victoria railways through passengers 
opening the doors of the carriages before the train has 
arrived at the platform. He has accordingly devised a 
plan by which all the doors of the train are under the 
control of the guard. He seems, however, to have mis- 
taken his countrymen’s characteristics, and had better 
bring his invention before the French or German railway 
officials, as there is little chance of its being adopted by 
an Anglo-Saxon community. 


The Stockholm General Telephone Company, no doubt 
the most perfect telephone company in existence, has just 
introduced a new arrangement for the benefit of their 
subscribers. The telephone company now receives per 
telephone, telegraphic messages from their subscribers, 
which the company then transmits to the telegraph 
offices free of charge. A small deposit is psn as a 
guarantee for the telegram fees. The telephone company 
also receives telegrams which have to be forwarded to 
their subscribers in such cases where these live outside 
= area compassed by the messengers of the telegraph 
offices. 


The Revue Industrielle, in discussing the Panama Cana 
fiasco, states that but little more than one-fourth of the 
work to be done, if the canal is to be completed with 
locks, has as yet been accomplished. The excavation 
still remaining amounts to upwards of 52,000,000 cubic 
yards, and in addition to this nothing has yet been done 
in connection with the regulation of the Chagres River. 
The work as it now stands has cost 60,000,000/., which 
expenditure the! Revue holds is difficult to justify and 
attributes mainly to the wastefulness of the contractors 
and the inefficient superintendence of the engineers in 
charge of the work. 


Tron bridges are now in many instances taking the place 
of wooden bridges in Norway, where it, even in well- 
wooded districts, becomes more and more difficult to obtain 
timber of sufficiently large dimensions for the repair of 
the older structures at such prices that it pays to use 
them. As a result of this state of things, the Vulkan 
Engineering Company, Norway, has lately secured several 
contracts for iron bridges. At Sizdal a new iron bridge 
is to replace the old Kolsrud Bridge ; length, 22 metres ; 
breadth of carriage road, 2.6 metres; at Buskerud the 
same works are building the Siitre Bridge, length, 21 
metres ; at Romsdalm there are two more bridges in hand 
at the same works of 16 and 29 metres length respec- 
tively. A larger undertaking, also at the same works, 
is the large Rena Bridge, where two sections of 40 metres 
are completed, while a third of 105 metres is still in course 
of construction. Finally the Vulkan works have quite 
recently contracted, with the Gjethus paper mills, for 
a 42-metre railway bridge. 

In ge of the increase of electric lighting in the 
Swedish capital, the Stockholm Gas Works are doing re- 
markably well. During the last five years, up to the end 
of 1888, no less than 85,000/. have been added to the 
sinking fund. During the same time the works have 
paid 44 per cent. interest on the loan they me from the 
town, and besides had a profit of over 113,300/. During 
the year 1888 the gas works have worked an experimental 
station for electric light, which has given great satisfac- 
tion. There is under contemplation a large electric light 
installation, with one or several central stations, by the 
s works, but no definite decision has been arrived at. 
uring last year installations of electric light were com- 
pleted in Stockholm to the extent of 3832 incandescent 
and 103 are lamps. The total of electric lamps at the 
close of last year was 14,372 incandescent and 247 arc 
lamps. Although the electric lamps are now about 10 
per cent. of the number of gas lamps, the consumption 
of gas has risen during the year 1888 by between 6 and 





7 per cent, 
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On the present page we illustrate an ingenious sight- 
feed lubricator, the invention of Mr. R. W. Anderson, 
of 93, Mulgrave-street, Live 1, and which is now 
being put on the market by Messrs. W. J. Llewellyn 
and Co., Redditch. The device is shown in section in 
es: 1, and consists of a glass cylinder closed at each 
end by a brass cap, the lower cap being fitted to screw 
into the bearing, as indicated by the sketch, whilst 
the upper, b, is made in one piece with a central 
tube, which is screwed into the lower cap, and thus 
holds the body of the lubricator together. This tube 
is tapered internally, and forms a bearing for the plug 
a, particulars of which are shown in Figs. 2, 3, and 4. 
At its upper end this plug is hollowed out, and this 
cavity can, by turning the plug round, be put in com- 
munication with the interior of the lubricator by means 
of the hole ¢, as shown in Fig. 1 and on the section 
through Bb B (Fig. 2). This position of the plug is 
that used in filling the lubricator, the stopper being 
removed from the top of the plug and the oil poured in 
whilst the air escapes through the hole A (Fig. 2), which 
in this position of the plug is brought opposite to the 

oove shown to the right in the section through A A. 
When full the plug is turned back, cutting off these holes 
so that air can only gain access to the lubricator by pass- 
ing down the groove shown along the side of the plug 
and out through the hole e, from which it bubbles up 
through the oil, allowing the latter to escape to the 
bearing drop by drop through the holes f andg. By 
turning the plug round the hole e can be partially 
closed, and the flow is thus regulated in the simplest 
possible manner. Should a bearing get hot and a more 
rapid flow of oil be required the plug a is lifted out, 
and oil in any desired quantity poured down the 
central tube on to the bearing direct. The device has 
been practically tested at sea and is said to have given 
complete satisfaction. 





THE ACCIDENT ON BOARD H.M.S. 
‘** BARRACOUTA.” 
(Continued from page 329.) 

TuE Barracouta inquiry was continued at Sheerness on 
Thursday, the 13th inst. : 

Mr. Hodgeon was recalled, and, in mely to the 
Assessor, said : I saw steam coming from the funnel when 
the vessel was on her way back to Sheerness. The fur- 
nace doors were shut and flames came from the ashpit. 
The relay of stokers was organised by Mr. Fielder, 
who, I believe, took charge of the men. I heard of no 
difficulty in feeding. The contractors’ men were in charge 
of the boilers after the accident occurred. I came ashore 
and reported that an accident had occurred and stated I 
believed it was due to the back draught. Mr. Butler, 
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Mr. Baker, and I afterwards made an examination of the 
port boiler. I went into the combustion chamber of the 
port boiler. I saw that all the stay tubes and screwed 
stays were leaking ; the crown plate and sides were leak- 
ing. I did not observe an one vee with the tube 
plates, but the majority of the tubes were leaking. There 
were a few pounds pressure when this examination was 
made; some of the tubes were spurting—from, top, bot- 
tom, and middle rows. 

By Mr. Baker: It was the duty of my men to report 
tome. No complaints were made as to the stokeholds 
being crowded. Saxton was supposed not to leave the 
stokehold unless to communicate with me. There wasno 
occasion for any of my men to be in the stokehold after 
the trial was over. 

By Mr. Manuel: The thermometers were placed so 
that I had no difficulty in seeing them, and no com- 

laints were made about them being in the way. I pro- 
ms J.J. Stalker’s book, but it affords me no informa- 
tion as to the temperature. There was adoor between 
the two stokeholds through which we could easily pass. 
It was open all the time; indeed, I don’t think it was 
fitted. This would tend to equalise the air rye ery in 
the two stokeholds. I meant J back draught that the 
draught must have been checked and come back. Ihave 
never seen the results of back draught before. 

By Mr. Ince: I have never considered the plans of the 
boilers in any way, and did not prepare the specification 
for the tubes and plates. Saxton never made a report to 
me that the water in the boiler was low. I am of opinion 
that there was ample water in the boiler when I saw it 
after the accident. It would have been absolutely 
improbable to have pumped in five minutes the water 
I saw in the boiler after the accident had the water 
been short before. There was a man attending to the 
donkey feed engine. So far as I saw, my men, the stokers, 
and the contractors’ men were doing theirduty. Saxton 
was not in charge of the boilers, but the contractors’ 
men. Saxton was merely there to watch the water and 
report to me. 

y the Assessor: I have no idea of the evaporative 
power of the boiler. If any of my men made any sug- 


| gestions to the contrators’ men during the trial, and they 


acted upon it, the contractors would be responsible. 

By a Juror: I have not the slightest idea of the cause 
of the bsck draught. 

John Fielder de : I am a chief engineer in the 
Royal Navy, and belong to the Pembroke for duty on 
board of the Barracouta. My duties up to the time of 
getting under way were to see that all the stop valves 
were open, water and steam gauges were in workin 
order, and that the safety valves had been tried an 
found efficient. During the trial it was my duty to watch 
the working of the several parts of the machinery for 
my own information. I was not in command of the 
stokers. The boilers were filled in the dockyard from the 
mains, which are hy 5 yom to supply fresh water. When 
the ship was going full speed I visited the stokeholds and 





examined the fires, I spent some time there, as the back 
bars, both port and starboard, were not covered to my 
satisfaction. Whilst doing this, I noticed in the port 
boiler-room the water had gone down and was only show- 
ing Lin. in the midship Glass and 3 in. in the wing. 
Mr. Sharp was there, and called his attention to it and 
observed that main feed ongne was working satisfactorily 
and the feed-tank glass showing about half a glass of 
water. Mr. Sharp, noticing that the vessel had a list to 
port, asked me to make arrangements for getting the 
vessel upright. I went into the starboard stokehold, saw 
a leading stoker, and told him to take the coal from the 
port side only. I went into the engine-room and noticed 
that the valve connecting the feed tank was open. I 
returned again into the stokehold; about five minutes 
after I left. The water then appeared to be gaining in 
the glass. I returned to the engine-room, and, not having 
seen the engine-room artificer on duty on the part of the 
Steam Reserve, I went on deck; and, seeing the chief 
engine-room artificer, asked where Usher was. He told 
me down below. On returning, I found Usher below. 
The water was then showing 3 in. in midship and 5 in. in 
wing glass on port side. y attention was drawn to the 
necessity of getting up ashes, and I returned to engine- 
room and asked for a party to get up ashes; but, failing 
to make myself understood, I went on deck and made 
proce oF gr for a party to besent. I returned to the 
stokeholds, visited each, giving instructions about ashpit 
doors. On going to star forehead end, a difficulty 
was experienced in getting ashes from back of ashpits, 
and some difficulty in getting the deck hands to lower 
buckets satisfactorily. I sang out for a spare man 
of the watch to carry out getting up the ashes, and went 
through the starboard air-lock. On returning I saw 
leading stoker Collins with his clothes smouldering 
in places. He informed me that something was wrong 
in the port boiler-room. I immediately went there and 
was followed through the middle line bulkhead by Mr. 
Sharp and Mr. Dodd coming from starboard engine- 
room. I noticed canvas on steam pipes smouldering, but 
nothing to indicate how the accident occurred. The fan 
and main feed engine were working. Mr. Dodd com- 
menced to play on the canvas with the hose, but I 
advised him not to play on the steam pipes. I went to 
the forehead end and found canvas on pipes burning 
there, and passed through the forehead air-lock to the 
deck. I went aft to the commander and told him no 
assistance was required below, and that the only thing 
that was the matter was burning canvas. He said, “ 

saw men come up here badly burnt.” I immediately 
returned to the port forehead stokehold : no one was then 
present ; the gauge lamps were alight ; and two inches of 
water was showing in the forehead glass, I then went 
on deck and told the commander that there was no 
danger in the boiler ; and Mr. Spyerand myself observed 
a slight steam escape from the port boiler. On going 
below and examining furnaces we found considerable 
leakages running down the tubes. While on deck on the 
last occasion I saw the engine-room artificer who was on 
pep A in the stokeholds, and directed him to send the men 
of the watch not injured below again. The coal used was 
Welsh hand-picked. ad been on previous trials with 
the ~ and never noticed any difficulty with anything. 

By Mr. Crompton: I did not try the gauges. I sign a 
certificate to the effect that the gauges are quite clear. I 
tried the gauges shortly after 5 a.m. by lifting the spindle 
of the lever attached to the drain cock, blowing the water 
through, closing the same afterwards, and observing that 
the water returned to the same level. I did not try the 
gauges after five o’clock inthe morning. The steam pres- 
sure was then 100 lb. The contractors’ men were in charge 
of the air-locks after the trial commenced, and were 
responsible for Te sn closing them. I did not ob- 
serve any plates open before the accident, or see any one 
interfere with the feed valves. I looked into the furnaces 
and observed nothing wrong. The steam pressure was 
150 lb. about 7.45, and the engines were working satis- 
factorily. I heard no remarks about the boilers priming, 
and did not observe any myself. I heard no noise or ex- 
plosion. No remarks were made to me by Saxton or any 
one else about the difference of water in the two boilers. 
Mr. Sharp was responsible for the trial, and I drew his 
attention to the water being lower than it should be. 
The water was not low enough to be dangerous, 
and I was not alarmed about it. Mr. Sharp gave 
some instructions to Mr. Batey, but what they were 
I don’t know. The donkey engine was put on faster, but 
I did not see the result at the time. I cannot say where 
the water came from.—The Assessor: Where do you think 
it came from? It could not come down the funnel.— 
Witness: It either came from the supplementary feed on 
main condenser or from the sea Kingston valve, or else the 
feed engine on starboard side was eased, so as to allow all 
the water to be taken by the port feed. 

By the Assessor: I took no steps to test the gauges 
after the accident ; but I noticed the water in the glasses. 
I had no suspicion that the gauges were showing false 
water, and came to the conclusion that it was perfectly 
safe to return to Sheerness. There was about ? in. in the 
after midship line gauge in the port boiler about 1 p.m., and 
about 8 in. in the starboard boiler. The boiler had then 
been leaking for some time.—The Assessor: There must 
have been some peculiar management in the donkeys to 
show such a difference. How do you account for that ?— 
Witness: I think it was possible for the water in the glass 
to have leaked from 9 a.m. to 1 p.m. from a height of 3 in. 
to # in. in the glass. Replying to further questions by the 
Assessor, witness said: The leakage to the tubes may have 
occurred from the difference of the temperature on tube- 

late through want of care in keeping fires in good trim. 
f observed the condition of the fires half a dozen 
times during the morning. They were burning satis- 
factorily. It is rather difficult to fire these furnaces, 
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which are 7 ft. long and 3 ft. high. The rake was not 
long enough to reach the bridge. I saw the combustion 
chambers before the trial, and they were in — condi- 
tion. I examined the combustion chamber on onday last, 
and the tubes had the appearance of having been leaking. 
The centre of the top appears to be out of the level in an 
upward direction to the extent of ;,in. In the transverse 
direction it would have formed camber in the centre, 
and towards the sides the plates appear to be slightly 
buckled. I did not see any of the safety valves act auto- 
matically, but they were lifted by hand before the ship 
got under way. I did not ask any of the men the cause 
of the accident, and I did not hear either of them make 
~ reference to it. p 

y Mr. Baker: I did not consider the stokehold over- 
crowded in any way, nor did I see the contractors’ men 
hampered by anything. As far as I observed, the water 
in the starboard stokehold did not fluctuate much—nothing 
like so much as in the port boiler. 

By Mr. Manuel : I went on board at ten o’clock on the 
night previous to the accident because it’s my duty to 
sleep on board when the fires are alight. The contractors’ 
men lit the fire at two o’clock in the morning. I gave 
orders to the leading stokers to wood the fires at three 
o’clock. I had arranged with Mr. Dodd that he could 
have my men at 3a.m. Iunderstood that his men lit the 
fires at two. There was about 10 Ib. of steam at ten 
o’clock on the night of February 6th. The leakage on the 
trial was more than an ordinary leakage. I don’t sa 
that the flames coming back would cause a leakage. 
first found fault with the fires about 7.20 or 7.30, and I 
saw them put right; I did not have any cause to com- 
plain after that. The fires generally were in a better 
condition on the port boiler than the starboard one. 
The plates of the boiler may have been buckled by heat ; 
= were not in such a good condition after as before the 
trial. 

By Mr. Crompton : If the ash shoots were manipulated, 
perhaps it might cause a light back draught. After the 
accident I observed a piece of burning canvas ascend and 
lodge about half way up the ash shoot. I can only 
account for it by there having been a back draught. 

By Mr, French : I don’t think the want of a fire at the 
back of the boiler caused a back draught. 

By Mr. Ince: I first saw the boilers on my arrival here 
in October last. They were then in their position on 
board the ship. All the tubes were tight under pressure, 
and were tested to a pressure of 245 Ib. to the square 
inch ; the working pressure of the boiler was 150 1b. If 
there had been a serious leak in the boiler when I looked 
at the furnaces, I should have noticed it. Tubes do leak 
under ordinary circumstances. After the accident, there 
was never such a shortness of water as to make one 
believe there was any danger. 

By Mr. Gordon (a juror): It’s not possible to reverse 
the fans. 

John Dodd deposed : Iam chargeman in the employ 
of the Paimer Shipbuilding Company, and was in charge 
of the starboard engine at the trial of the Barracouta on 
February 7th. On the 28th of neny last I signed the 
certificate now produced, and undertook the responsibility 
on behalf of the contractors until Mr. Sharp came on the 
5th of February. 

Mark Sharp deposed: I am in the employ of the 
Palmer Shipbuilding Company as outdoor vo Moe I 
came to Sheerness on February 5 to take charge of the 
Barracouta’s engines and conduct the trial for the con- 
tractors. On February 7 I signed the certificate pro- 
duced (stating that all valves, &c., were in good ll 
I went into the engine-room and into the stokeholds on 
the morning of the 7th to see that all my orders given 
the previous evening had been carried out. I also 
examined all the water gauges and stop valves, and then 
gave the certificate produced. Everything proceeded 
well till the first half-hour gong sounded, and then I went 
round the engine-rooms and looked into the stokeholds, 
and I was satisfied that et nagabee ghey going on all right. 
At 8.20 I went round again, and had gone through the 
starboard engine-room, when I was stopped by two men, 
who told me there was something wrong in the port stoke- 
hold. I saw two other men, and observed that their 
backs were on fire. I stopped a man named Wood and 
asked what was the matter. He said he did not know, 
but the flames had come out of the furnaces and the top 
of the stokehold was on fire. On turning round I saw 
John Dodds, and also the canvas of one of the steam 
pipes was on fire. I directed Dodds to get a hose and 

ut it out. I went into the stokehold and saw Mr. Spyer 
ooking into the port wing furnace. He made a remark 
to the effect that the boiler had been short of water and 
got burnt. I got a lamp and looked at the mid-line aft 
water gauge of the port stokehold ; also examined the port 
wing gauge. The mid-line gauge had about 33 in. of water 
and the port wing 5in. Mr, Reed was there, and I drew his 
attention to the furnaces. I concluded there was nothing 
serious the matter with the boiler except the leaks in the 
tubeplates. 

By Mr. Crompton: I looked at all the gauge glasses 
and blew them through when I first went on board. I 
then gave attention to the stop valves, and saw they were 
open at least 1? in.; there was no fear of them closing 
aiverwenie) they are automatic, self-closing. I saw that 
the men were at their proper stations. 

The inquiry was then adjourned until Saturday morning, 
the 15th inst. On the resumption of proceedings on that 
day two of the jury were excused from attending in con- 
sequence of business en ments, but at the request of 
the coroner, both gentlemen promised to read over the 
evidence taken in their absence. 

The examination of Mr. Mark Sharp was then con- 
tinued. 

Replying to the Assessor, Mr. Sharp said: I believe 
the trial commenced at 7.30a.m. on February 7. I was 








in the stokehold three times withm half an hour from 
that time. Batey, who was in charge of my men, made 
no complaint of the feeds working irregularly. I went 
into the stokehold after the accident. The men under 
my charge would not take the responsibility of putting 
on the auxiliary feed-pump without first consulting me or 
reporting it was needed. I am certain the auxiliary feeds 
were never moved with the intention of putting water 
into the boilers. I gave no instructions, nor was it neces- 
sary, to put auxiliary feed on to either main condenser. 
There was no priming. The water in the port boiler 
might have gone through the feed pipes into the star- 
board boiler. There was no difficulty in the check 
valves. The two boilers are connected together by 
the main steam pipes, and in the starboard engine- 
room there is an auxiliary air-pump and condenser 
for the minor engines. The condensed water is led into 
the starboard feed tank. There is a levelling valve fitted 
in the engine-room to the middle line bulkhead, which 
was not open more than five minutes. Mr. Spyers asked 
me to open it, but did not mention particularly why he 
did so. Itold him I did not care about it being open. 
The reason I had was because the ship had a list to port 
and the water might run from starboard to port. I did 
not fo to see if it was actually so. The valve is below 
the lagging of the feed tanks. Each engine was depen- 
dent on its own feed tank to supply each boiler. There 
might have been more water in the starboard than the 
— feed tank. I did not know how long the leakage had 
en going on at the em but it had not been going 
on long ; the leakage would partly account for the discre- 
pancy in the water of the two boilers, I saw the water 
in the boilers after the accident, and after we arrived at 
Sheerness I gave orders to John Dodds to pump up both 
boilers to } in. in the glass, and I am certain the order was 
carried out. I went on trial in the Barossa and everything 
went on first rate. The engines were similar to those on 
board the Barracouta. I think the length of the grate 
was about 7 ft. 6in. There was an alteration to get more 
grate surface. As an engineer, I think this effects a 
greater production of steam. I think the Barracouta’s 
grate was 7ft.6in. The manager at Palmer’s (Mr. Hall) 
is responsible for the alteration in the length of 
the boiler, and Mr. Reed afterwards accepted the 
responsibility. [The original length of the grate was 7 ft. 
10 in.] When the vessel returned to Sheerness, I made 
no official report’ to any one. Mr. Reed was on board, 
and we talked the matter over. I was astonished at the 
accident and am still astonished. I cannot give an 
theory as to the cause of it, and I am entirely in the dar 
as to the cause. If the men had not been injured, I would 
have proceeded with the trial. I felt certain that the 
boiler had received no injury, and at the time nothing 
led me to make an examination of the boiler. After the 
accident happened, and finding that the water in the 
uges was all right, I then directed my attention to the 
urnaces and observed that the tubeplates were leaking, 
which led me to carry the boiler on. T aid not shut it off. 
I have seen the boiler on two occasions since the accident ; 
the first time as soon as I could get into the furnaces. I 
examined the port boiler. When I went in, there was 
about 401b. of steam in the boilers. I found the bridge 
intact. I then examined the combustion chamber as well 
as I could, but could not do so thoroughly on account of 
scalding water coming from the after tubeplates. I 
examined the tubes, looked at the stays, and cast my eye 
along the crown of the combustion chamber and tube- 
— and observed nothing unusual. There was no 
ulging, and the boiler did not appear to have received 
injury. After that I think I called Mr. Reed, who 
went into the combustion chamber to look for himself ; 
when he came out, he said that, beyond the leaky 
tubes, he saw nothing unusual about the combustion 
chamber. I did not think it necessary to make any 
report to the Admiralty officials, as they were all on 
board. There were present Mr. Fielder, Mr. Spyers, and 
others.—Assessor: Where did you and Mr. go 
after you came out of the stokehold ?—Witness: That’sa 
curious question to answer.—Assessor: Just refresh your 
memory, please.—Witness : It will require a tremendous 
amount of refreshing. — Assessor : hen you three 
gentlemen were together, what was the tone of your con- 
versation.—Witness: The impression was that the leak 
tubes had caused the accident ; caused the flames to rus 
out of the furnaces.—By the Assessor: I never saw any- 
thing of the kind due to leaky tubes. I think it possible 
that a gauge glass may show false water. There are 
various reasons. One is the top cock may be choked, and 
another reason is the bottom one may be the same.—The 
Assessor: They are two very good reasons. — Witness: I 
don’t know exactly what you are getting at.— Assessor : 
My business is to find out how this occurred, and I 
should think you would be pleased to answer questions 
and not consider them impertinent.—Witness: Some- 
times water gauges are fitted with cocks fitted to the 
shell of the boiler, and it has n known for a bottom 
cock to get furred up, and that would show “‘ false water.” 
I have known the top cock to get accidentally shut. The 
uges on board the Barracouta are ordinary gauge 
fittings with asbestos packings. They cannot be closed 
accidentally. I am responsible for the fitting up of these 
gauges on the Barracouta; therefore it is my duty to 
ascertain that they are all clear and in working order 
ar the — ‘ eisai atin x 
e gauge glass was here uced, and upon opening 
and disconnecting it the fore were informed by the 
Assessor that the only clearance that was left in the gau; 
= was one-sixteenth of an inch instead of an inch. 
he Assessor contended that the condition of the gauge 
glass and the manner in which it had been fitted, 
made 1 just possible that it had been showing false 
water]. 
The witness (continuing to reply to the Assessor) said : 





The gauge fare mee is the gauge I refer to, and I am 

uite satisfied the water was travelling up and down when 

looked at it. There may have been some little accumu- 
lation of dirt to cause an obstruction. I considered it 
the principal glass in use, and the others were to use in 
the event of an accident occurring to this glass. I did 
not test the —— by passing a wire through, and saw no 
occasion to do so. The glass appears to be too long; but 
still the condition of the glass would not stop its correct 
action. For all pects purposes the glass is about an 
eighth of an inch too long. ere is one-sixteenth of an 
inch clearance on the top of the glass. Ido not think the 
mode of fitting the gauges on the Barracouta would cause 
any derangement likely to show false water. I received 
no message from Batey, Gibbon, or Wood about the 
working of the feeds before the accident. Dodds got 
the water to play on the steam pipe covering from 
the ash-cooling cock, which takes its water from the 
sea Kingston valve at the bottom of the ship, which leads 
to both main and auxiliary feed donkeys. 1 gave Batey 
distinct instructions to have auxiliary donkeys in work- 
ing order in case anything happened to either main feed 
donkeys, and, as far as I know, nothing did happen to 
main feed donkey. Batey has been with me about two 
years, Gibbons about eighteen months, and Wood two 
years. They are fitters and all have had sea experience 
—in fact, I believe Wood has a first and Batey a second- 
class certificate. I believe something was said about 
a difficulty being experienced by the Steam Reserve people 
in getting up the ashes. I observed nothing wrong with 
the air-locks. 

By Mr. Baker: I have had charge of steam trials for 
two years, and during that time I have conducted 25 or 
26 trials. I am responsible to Mr. Reed for the safe work- 
ing of everything. My men were in no way hampered 
by the Admiralty men, so far as I am aware of. I heard 
no complaints. I conducted the trial of the Barossa, and 
everything was satisfactory. The engines of the Barra- 
couta are exactly duplicate with the Barossa and supplied 
by the same firm. Neither of the Admiralty officers 
interfered with me during the trial, but rendered me all 
the assistance they could. 

By Mr. Manuel: The main stop valves are loose and 
automatic. If there were excessive pressure on the one 
boiler, the other boiler valves would be closed. I did 
not see any variation of pressure in either stokehold to 
cause these valves to act—in fact, up to the time of the 
accident the valves were all open and the pressure in 
the pipes was equal. There was nothing due to the 
valves which caused the accident. I gradually worked 
the engines up to 150 and then to 175 revolutions after 
leaving the harbour. Between 7 and 7.30 I put the 
engines on at full speed, and they remained so up to the 
time of the accident. We did not ease the engines, but 
allowed the steam to run down to80lb. After the accident 
I told the stokers to fire lightly ; I named the pressure I re- 
quired, and they fired accordingly. I did not take any 
account of the revolutions when comin k. My orders 
referred to both port and starboard boilers. The fans were 
kept going to keep the stokehold cool. The dampers 
were in both boilers. I never heard of the tanks being 
short of water. During the trial the Normandy 
ay were working and they were mngene to keep the 
eed tanks supplied with fresh water. To the best of my 
knowledge no salt water was put in the boiler up to the 
time of the accident. I believe I gave orders for water 
tobe pumped from the sea when the ship was moored after 
the accident. [Mr. Manuel here produced some samples 
of the water taken from the boilers on February 18, and 
remarked that in a gallon of water taken from the star- 
board boilers, there was double the quantity of salt that 
there was in the water taken from the port boiler.] 
Witness: There may have been more salt water in the 
starboard than the port boiler. I did not think the water 
that was pumped into the boilers on her return to Sheer- 
ness Harbour would produce the quantity of salt per 
gallon which was extracted from the boiler and shown in 
the bottles produced. 

The Foreman: Is it contended that the use of salt water 
might cause the accident ? 

he Assessor: It would be an ingredient to it. 

Replying to County Councillor A. W. Howe (a juror), 
Mr. Manuel said the boiler remained intact, and no water 
was put in it after Mr. Sharp left. 

The Coroner pointed out that Mr. Fielder said the 
water was taken from the dockyard mains, which he 
believed was fresh water. i 

ne ee Coroner, Mr. Durston said there are 
both salt and fresh water mains in the dockyard. He 
should say undoubtedly that fresh water was used. 

Coroner: Isee that the Admiralty instructions state 
that it should be fresh water. 

Mr. Fielder (recalled): As far as I know, the water in 
the boilers was taken from the fresh water mains, 

The Coroner read the Admiralty instructions, which 
showed that the water should be as clear as possible. 

Mr. Fielder: The man in — of the mains filled 
the boilers. [Mr. Durston sent Mr. Spyer for the man 
who worked the mains. ] 

Mr. Sharp, in reply to Mr. Manuel, said: The nag 
would partly account for the loss of water. From the 
fact that steam was coming out of the funnel, there must 
have been considerable leakage. After I looked round 
and saw the condition of things—the men severely burned 
and so on—I was satisfied it would not have been wise to 
go on with the trial. Ihave no recollection of Mr. Spyer 
telling me at any time that the water was short in the 

rt boiler ; he may have spoken to me aboutit. If he 

as said he did I should not be disposed to doubt his 
word. I have no recollection that Mr. Fielder spoke to 
me about it. If there had been a shortness of water I 
should have noticed it. False water means water in a 
gauge glass that does not represent what is going on 
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inside the boilers. Iam aware that the water pipe in 
connection with the bottom of the gauge glass or glasses 
is connected lower down than the water in the boiler 
under the line of firebars, where there can be no violent 
ebullition of water or priming through want of circulation. 
The water I saw in the gauges does not represent what 
was going on at the surface of the water in the boilers. 
In that sense it would be false water. The water or steam 
passage is a } in. by § in. Water is not steady in a boiler 
on board a ship. e water was going up and down very 
freely in the gauges on the morning of the accident. 

. Munn; As far as I can understand, the gauges 
were no good at all. f 

Replying to Mr, Gordon (a juror) Mr. Crompton said 
the gauge glasses in the mercantile marine were fitted in 
the same style as the Royal Navy. 

Witness (in answer to Mr. Manuel): I used the tele- 
graph three or four times during the trial. It is a good 
sounding bell. I used it for ‘‘more speed” or ‘‘ slower,” 
and my men were supposed to reply. If the telegraph 
were moved it would soon be known. I have been to sea 
for twenty-one years, and have a first-class Board of Trade 
certificate. 

By Mr. Ince: I have been in the employ of Messrs. 
Palmer for ten years continuously, and, with the exception 
of a few years, all my life. I have thirty years’ experience 
altogether, twenty-one of which were at sea. I have had 
pes experience in the construction of marine boilers. I 

looked after the fittings on board the Melpomene and 
Barossa (both Government vessels), and they were 
built according to plans approved by the Admiralty. 
I was on board the Barracouta when the boilers were 
first tested with steam, which was on January 17; the 
result was satisfactory. The only time I know salt water 
was put in the boiler was after the ship returned to 
Sheerness. The water in the gauge glass would vary 
almost continuously during the trial, and I should not 
attach much importance to an inch, I have no recol- 
lection of giving orders to increase the a of the 
donkey, den in the port or the starboard stokeholds. 
As far as I know, the donkeys were running at the 
same speed. After the trial commenced I occasionally 
looked into the furnaces, and should have noticed an 
water coming from the back of the tubeplate. If 
had not it would have been reported tome. During the 
whole time the attention of the people in the stokehold is 
centred on the gauges. There is a communication 
between the two boilers, but of course it was closed ; 
the feed valves are all non-return valves. The fur- 
nace bars of the Barossa and Barracouta are about the 
same design. I do not know if the length could be 
altered without the pag ipen. y of the Admiralty; the 
dockyard authorities are in and out all the time, and they 
would know all about it. The gauges used on the Bar- 
racouta are well known and of an approved make, in fact 
I believe the Admiralty specify the name of the gauges 
to be used. I always attach great importance to the 
gauge glasses, and always give close attention to them ; 
and I never had a shadow of doubt about them working 
satisfactorily. The circumference of the gauge glass is 
about 2in., and there is a clearance of ;4 in. The ex- 
pression ‘“‘false water,” as commonly used at sea, only 
means not showing the real quantity of water in the 
boiler. The Admiralty approved of all the drawings 
connected with the boilers. 

By the Foreman: I examined the boiler when it was 
cold. I did not notice any of the plates buckled. I was 
not present when Mr. Fielder made an examination of 
the port boiler. 

By Mr. Baker: Dewrance’s patent 
used; but I believe they were made 
Huddersfield). 

By the Assessor: If the levers of the gauges were not 
connected with a rod between the cocks, the mode of 
testing them would be indisputable. I have heard of 
Morgan’s tube stoppers ; there were none on board, and 
if there had been they would not have been of any use. 

Mr. W. Sissenden deposed that he supplied the water 
to the Barracouta some few days before she went out of 
the basin. He was sure that fresh water was used.—By 
Mr. Ince: The salt and fresh water mains are not con- 
nected.—By the Foreman: Both mains are under my 
- charge. 

The inquiry was then adjourned until Monday last, the 
17th in:t., when it was resumed at 12 o’clock, the same 
experts and Admiralty representatives being present. 
Before the proceedings commenced, several of the jury- 
men expressed a hope that no extraneous matters would 
be introduced into the inquiry. The Coroner said it was a 
most important inquiry, and he hoped it would soon 
be completed. He was sorry if any of the jurors had 
experienced any inconvenience, but every detail con- 
nected with the accident must be thoroughly thrashed 


gauge glasses were 
y Hopkinson (of 


out. 
John Dodds, chargeman in the employ of the con- 


tractors, deposed: Mr. Sharp took charge of the rg 
engine, and I took the starboard main engine. r. 
Sharp gave all the orders, and I was under his instruc- 


tions. I wasin the after ends of both stokeholds about four 
minutes before the accident. This was the first and only 
time I visited the stokehold from the time of leaving the 
harbour. The height of the water at the middle line 
bulkhead at the starboard boiler was about 5 in.- I did 
not notice the starboard wing. I passed into the port 
stokehold and noticed about 5 in. in the port wing gauge. 
I did not blow through the gauges. The water in the 
glass was working with the movement of the ship. The 
ship was not rolling much, but the motion was quite suffi- 
cient to make the water rise and fall. The rising and falling 
is generally attributable to the rolling of the ship. I 
don’t think it occu from the steam varying in pres- 
sure. I was in the port stokehold about a minute and 
a half. The lamps of the gauge glasses were burning. 





Gibbon was standing at the feed donkey. I asked him 
if ok Se J was all right with the yen and he 
said “ Yes.” I did not notice a stoker pulling down 
plates in the starboard stokehold. The first intimation 
of the accident was seeing a man come out of the stoke- 
hold with his clothes on fire. I tried to get into the 
stokehold, but was prevented at first by the hot air. I 
did go as soon as possible, first. into the starboard and 
then into the port. I noticed the canvas on the main 
steam pipe on fire, and, by direction of Mr. Sharp, I put 
it out with the hose. ter the fire was out, Mr. Sharp 
took a lamp and looked at bred gs 4 in the middle line 
of the port boiler. He remarked ** There’s plenty water.” 
I did not blow the gauge glasses through and did not notice 
if Mr. Sharp did so er not. I went into the starboard 
engine-room and got some of our labourers to get somecoals 
out of the bunkers to get up steam again. is was done 
under the instructions of Mr. Sharp. I left the stokehold 
and went to the engine-room, where I remained until the 
ship anchored at the buoys. I have not been in the combus- 
tion chamberssince the accident ; we have been shutout, con- 
sequently I know nothing of their condition. I looked into 
the furnaces on the day of the accident and saw some of the 
tubes leaking at the back end. It’s a peculiar affair ; and 
I cannot form any opinion as to the tubes leaking at the 
back end. I have been to sea fourteen years, and hold a 
chief engineer’s certificate. I don’t think the tubes were 
leaking from over-pressure or shortness of water. A 
boiler might leak from shortness of water. I have never 
a boiler short of water. I have seen a few tubes 
urst. 

By Mr. Baker : Everything appeared to be going right 
when I was in the prit et bay Be the Admiralty and con- 
tractors’ men were doing their duty so far as I saw. 
Saxton was standing about the centre of the after stoke- 
hold when I_ visi He could see both after gauges. 
The stokeholds did not appear to be overcrowded. 

By Mr. Manuel: I saw no salt water feed put on the 
boilers. A distiller is fitted to each tank. I did not hear 
any complaints about the supply of the water not being 
sufficient. I saw Mr. Spyer and Mr. Fielder come 
into the engine-room several times, but neither of them 
made any remarks to me. The steam pressure went 
down all at once. I could not see any one in the 
stokehold when I went in after the accident. The fans 
and feed pumps were going. The main steam pipe was 
covered with 1}-in. asbestos pulp, and this was covered 
with ashes. I obtained the water to put the fire out from 
the ash-cooling cock. It is connected with the pipe which 
supplies the auxiliary feed from the sea. There is a valve 
between. 

By Mr. Ince: Messrs. Palmer supplied the boilers and 
engines, and I looked after these only. The Government 
built the hull. The boilers were built at Jarrow, and 
were sent here complete and lowered into their position 
in the ship. They were tested after being fitted by 
hydraulic pressure, and I was present. They were tested 
to 245 lb. to the square inch. The Admiralty were repre- 
sented during the test, and there was no leakage. Assum- 
ing that the gauge glass had ;; in. clearance, it would be 
sufficient for the gauges to work efficiently. If the ship 
rolled the water would rise in one gauge and fall in the 
other, and this satisfied me that the gauges were working 
properly. If stopped from any cause at the top end, the 
water would have risen to the top of the glass. If the 
glass had been stopped at the bottom end, the water 
would have been stationary in the glass. I believe the 

lasses were working properly at the time of the accident. 
f have thought the matter over carefully, and cannot 
assign any reason for the accident. I have not a shadow 
of doubt about there being sutficient water in the port 
boiler. If the boiler was short when the accident 
occurred, I do not think the a could possibly have 

umped enough into the boiler to have increased it to the 

eight shown in the gauge glass when I entered the stoke- 
hold after the accident. 

By the Assessor: The gauge glasses work with a double 
lever anda handle. Lifting the handle up constitutes 
blowing it through. I did not lift it up. 

At this stage of the proceedings the inquiry was 
adjourned for half an hour for luncheon; on resuming : 

ohn Joseph Stalker (who is very weak and has not by 
any means recovered from the effects of his burns) de- 
: am a draughtsman employed in Sheerness 
ockyard. I went out on trial in the Barracouta on 
February 7th. My duty was to take a note of the air 
pressure in the boiler-rooms and the number of revolutions 
of the fan engines. I had also tosee that the dockyard 
apprentices took the temperature of the boiler-rooms and 
steam pressure. I was at the forward end of the port 
boiler-room and was in the act of counting the revolutions 
of the fan when flames belched out from the ashpit. I tried 
to get out with Saxton, and was in the passage between 
the stokeholds in the fore and after end when we met 
leading stoker Collins going the other way. He said 
** You can’t get out this way.” We all laid down on the 
floor plates. After the heat had subsided a little we got 
up and went out. I was burnt about face and right hand. 

By the Assessor : I went on board about 6.30 and went 
into the boiler-room about 6.45. I went into the stoke- 
holds about five minutes past eight and did not come out 
again before the accident. I went into the starboard 
boiler-room first. I did not see the auxiliary feed donkeys 
put on. I did not hear any of the men complain of the 
water being low in the boilers. I did not look at the 
gauge glasses during my visits, as I had nothing to do 
with A sa When we were lying down on the plates, 
Saxton made no remark about the water being short in 
the boiler. We got out through the air-lock into the 
engine-room. 

y Mr. Baker: The stokehold did not ap to be 
overcrowded. The stokeholds are very small. I was 
waiting to pass a fireman who was in the act of stoking, 





and the chief engineer of the ship asked me not to remain 
longer than I could help. 

y Mr. Manuel: The starboard forward fan was 
making 162 revolutions ; the port after fan made 156. The 
flame did not last more than a minute. 

The Coroner asked if Saxton wasin attendance, and the 
foreman stated that he was unwell and could not be pre- 
sent that day. : 

Fred. Gibbon deposed: I am a fitter in the employ of 
Messrs. Palmer, and was on board the Barracouta on 
February 7th. My duty was to look after feed donke: 
in the port after stokehold, We were working, and 
thought everything going right until the accident hap- 
a The flames came out of the — without any 
warning whatever. I was burnt on both hands and face. 
I tried to. get out and went into the bunker, I ran 
through the flame to the bulkhead door. I fell over the 
step and pitched into the starboard stokehold. Mr. Wood 
picked me up, and I was taken to the captain’s cabin, 
where my wounds were dressed. I was the last one 
treated. 

By the Assessor: It was my duty to look after the 
water and the feed donkey. I was ordered by Mr. Bate 
to start the donkey. I blew the gauge glasses throug’ 
when I went on board at six o’clock, and there was a 
three-quarter glass in the port boiler. There was about 
4 in. or 5 in. in the port boiler when I started the donkey. 
The water came from the feed tank. Mr. Batey opened 
the valve, and I started the donkeys. Mr. Sharp did not 
give me definite instructions what todo. A list was put 
up, which detailed the duties of the contractcrs’ men. 

Pr. tae told me that all the valves were open. After 
starting the donkey no trouble was found in keeping up 
the f There were 4 in. or 5 in. in the glasses when 
we started; and when the accident occu there 
was 3 in. I did not feel alarmed at that. There is 
another auxiliary which was put on for six or seven 
revolutions. I know no reason why it was put on; 
but I am certain it never went any quicker during the 
whole time I was in the stokehold. I had nv orders from 
bs one except what was on the list. 

y the Foreman: I have been on trial trips before. 

By the Assessor: I did not consider I was responsible 
for anything beyond looking after the donkey engine. I 
have been to sea and consider it most important to look 
after the water in the boiler. I cannot tell how much 
water was in the feed tank, but I know there was never 
less than half a glass of water. Mr. Batey gave me in- 
structions for the donkey to go — he donkey 
travels from %5 to 30 revolutions. I did not see it run any 
quicker, nor did I count the revolutions. I was on the 
trial in the Barossa. I know nothing of the capacity of 
the donkeys. 

The Assessor: You were actually in charge of a thing 
you knew nothing about. If the water had gone low in 
the glass, what would you have done? 

itness: I should have noticed it getting low, and 
should have put the auxiliary donkey on. 

The Assessor: Suppose there was no water in the feed 
tank, and the water got below the nut, what would you 
have done ? 

Witness: I should have told Mr. Batey about it. 

The Assessor: I am afraid the boiler would have landed 
in Sheerness before them. 

By Mr. Baker: I do not recollect Mr. Spyer saying 
——- about the gauge glass or the water in the boiler. 

r. Manuel, ss to the gauge glass referred to, 
then examined the witness respecting it : I blew through 
the gauge glass on my own responsibility. I was in the 
stokehold to look after the donkey, but 1 knew nothing 
about the arrangement of the cocks. Six inches of water 
went away from the boiler, but I saw no rise in the feed 
tank. I do not know where the water went to. If the 
water went into the tank it would rise in the glass. 

By Mr. Ince: I was engaged in fitting the engines 
before the trial. When I knew that my name was on the 
list I knew what my duties were. If I had seen anything 
wrong I should have reported it to Mr. Batey, who was 
in the stokehold. Just before the accident 1 saw there 
were 5in. or 6 in. in the gauges. It is a habit among 
engineers to estimate the number of revolutions without 
always taking their watches out. The feed check valves 
were open, which proved, beyond a doubt, that the 
donkey was feeding the boiler. 

By Mr. Gordon : The water went down regularly. 

By Mr. Brightman: The donkey engine was running 
when I left the stokehold. 

Stephen Batey deposed: I am a fitter in the employ of 
Messrs. Palmer. I was on board the Barracouta on 
February 7 and all the previous day. I was in charge 
of the contractors’ party in the stokehold, viz., Alfred 
Wood, Gibbons, Bird, and Ellis, who were fitters on the 
feed donkeys. Bristow and Pearson were attending on 
the fans. A labourer named Newman attended on the 
fitter. A labourer, Chervis, trimmed the lamps. They 
were all posted in their respective positions and trial 
began at 7 o’clock. I was in the stokeholds seeing that 
the men did their duties. I kept a log ( uced). 
At 7.20 we commenced to adjust the water in the boilers, 
the watch being set at that time. I told Wood and Gibbons 
to keep between 2 in. and 3 in. of water in the starboard 
boilers, and often repeated the order, at the same time 

oing round to observe all glasses. About 7.30 I had orders 
on Mr. Sharp to try von | feed donkeys and see if 
they were all right. I answered, ‘‘ I have already done so, 
but will try them again.” I did so and found them 
all right. spoke about having some light rakes made, 
as we hada difficulty in getting the ashes from the back 
of the furnaces. I ae requested that some coal should 
be taken from the port bunker because the ship had a list 
to port. At 7.50 we were in good working trim, and 
everything going to our satisfaction. At 8 25, Mr. 
Fielder passed me (followed by Mr. Green, our draughts- 


















ee 






































370 


ENGINEERING. 


[Marcu 21, 1890.. 








man). Mr. Green said, ‘‘I think you have got every- 
think in the right notch.” I replied, ‘‘I think so.” The 
air gauges showed at this time a quarter of an inch; 
the water gauges showed about 3 in. in starboard glass, 
rt boiler, and 5 in. in port glass starboard boiler. 
have only logged those two Ne The steam 
uges were showing 153 lb. r. Green and Mr. 
‘ielder went into the starboard boiler-room. When- 
ever I made a halt it was at the aft end of the port boiler- 
room, I intended to go on deck to have breakfast, and 
as I was stepping into the stokehold a stoker said, ‘‘ Why 
don’t they lower the ash bucket?” I spoke to thestokers 
about the ashes. Flames burst through the air-lock, and 
Lucas (boiler-maker) was there in charge of the air-lock. 
T gras the handle of the door and tried to force it 
open, but could not. Noticing Gibbons had his clothes 
on fire, I ran into the after part of the port stokehold. 
Four men rushed by me from the fore end, throwing their 
arms about. I did not see who they were, as there was 
~~ a dim light from the starboard side. Noticing the 
feed engines still working, I had to step back on account 
of a choking sensation. r. Sharp ran in and shouted, 
‘What is the matter? Look at the water.” In a 
moment a lamp was passed in, showing the water 
as I had seen it about three minutes before. The smoke 
mg cleared away. After the accident, Mr. Sharp and 
r. Spyer gave orders to fire no more on the port boiler, 
but fire the starboard. Mr. Sharp afterwards gave an 
order to fire on both boilers. I fired myself, as all hands 
had cleared out with the exception of two navy stokers, 
who were standing in the after part of the boiler-room. 
After the fires were put right, I went for our labourers to 
come and look after the fires. Shortly after Mr. Shar 
gave me an order to pump and fill starboard boiler wit 
sea water, as it was expected that the ship would have 
to go alongside the jetty. 
y the Foreman: I made rough notes in a pocket-book, 
and wrote the log produced on the night of the accident. 
By the Assessor: I went on duty at midnight and the 
water showed about 9 in. in the starboard and about 
11 in. or 11} in. in the gauge of the port boiler. I gave 
orders to Gibbon to start the main feed donkey. I ad- 
justed it myself to about 25 to 30 revolutions. In tellin 
Gibbons and Wood to keep 2 in. to 3in. in the glass, 
acted under the orders of Mr. Sharp. I blew the gauge 
arene through a number of times. A valve leads to the 
ot-well. There are two valves on the bulkhead ; if you 
open one you pump from feed tank ; by closing that and 
opening the other you pump from the main condenser 
(condensed steam). The valves on the bulkhead are non- 
return valves. I noticed the feed tanks a number of 
times ; there was about a foot of water in the feed tanks 
when I started the donkey. I shut the middle line valve 
after seven o’clock. The auxiliary donkeys were never 
working on the boilers up to the time of the accident. 
There are sea Kingston suctions which only apply to the 
Suey. I cannot account for the water going na 9 in. 
to 3 in. 
The inquiry was then adjourned. 


(To be continued.) 





MR. THOMAS GRAY, C.B. 

WE regret to announce that Mr. Thomas Gray, C.B.,4 
of the rd of Trade, died on Saturday at kesley 
House, Stockwell, at the age of 58. Sir Thomas Farrer 
sends us the following appreciative notice of the career of 
his old colleague: ‘‘By the death of Mr. Thomas Gray, 
of the Board of Trade, the public have lost an excellent 
servant and his colleagues an old and valued friend. The 
many Presidents whom he has served—the Duke of Rich- 
mond, Lord Norton, the Speaker, Mr. Stanhope, Mr, 
Shaw-Lefevre, Mr. Chamberlain, and Mr. Mundella— 
would, I am sure, bear willing testimony to his merits. 
He was one of those men whose energy would have made 
a mark in any sphere of life, and who, if engaged in busi- 
ness, would probably have amassed a large fortune. He was 
the son of a poor man who gave his son something better 
than wealth—a strong character and a sound, practical 
education. He came into the Board of Trade about the 
year 1851 as aboy clerk at 15s. a week, was attached to 
the Marine Department, and won his spurs by making 
himself master of the business of surveying steamships, 
a branch of work to which he always remained much 
attached. There was something of genius in his rapid 
comprehension of mechanical problems, and his know- 
ledge of ships and their machinery was as accurate and 
extensive as that of a shipbuilder or marine engineer. 
Few persons have such capacity as he had for making the 
technicalities of these subjects intelligible. The Duke of 
Richmond, when he came to the Board of de as Presi- 
dent, used to say that after an hour with Mr. Gray he 
felt that he had been all the time in the inside of a ship. 
But he was not a mere specialist. In all subjects con- 
nected with the mercantile marine and with the wel- 
fare of seamen, in the abolition of crimping, in 
the improvement of officers, in wreck inquiries, in 
the commercial e of signals, in all the legisla- 
tion and administration arising of Mr. Plimsoll’s move, 
he took a leading, helpful, and useful part. The 
rules of the road at sea he made almost his own, and 
his rhymes on that subject are as well known among sea- 
faring men as ‘‘ Rule, Britannia,” and have been trans- 
lated into all languages. Like all energetic men, he was 
fond of power, and sometimes overshot the mark ; but he 
was always Sg eee loyal, and invaluable to those 
who trusted him. e was insatiable of work, and drew 
too largely on his powers. His holidays were work in 
another form—rough voyages, exposed to hardships in 
search of practical information to be used in his official 
duties. His place brought him into inevitable contact— 
not infrequently collision— with shipowners, sailors, and 
engineers, But I believe there are few among them who 





will not now join with me in recognising his devotion to 
the public service, his energy, and his very liar and 
unusual knowledge of the subjects with which he had to 
deal.”—The Times. 


ENGINEERS’, ELECTRICIANS’, BUILDERS’, 
AND TIRONMONGERS’ EXHIBITION. 

AN exhibition under the above comprehensive title was 
opened this week, and will remain opened till the 29th 
inst., at the Agricultural Hall, Islington. At the time 
of our visit it was not yet complete, but it appeared as if 
the building and ironmongery elements would ra ed 
prevail, and that the others would be very slightly 
represented, except in the matter of gas engines, 
of which there is a very good display. In the build- 
ing department the most interesting exhibits are 
two temporary houses, shown respectively by the 
Patent ire Wove Waterproof fing Company, 
Limited, of 108, Queen Victoria-street, E.C, and the 
New Wire Wove ieg Company, Limited, 75a, Queen 
Victoria-street, E.C. We have already* descri the 

rocess of manufacture of the translucent material ‘‘ duro- 
ine,” produced by the latter company. They have since 
brought out an opaque substance, called ‘ carboline,” 
which is used for the sides and partly for the roof of the 
building. It has the appearance of strong millboard with 
an internal layer of wire gauze. The former company 
manufacture only an opaque material, which is likewise 
founded on wire gauze. ey show a very pretty bunga- 
low with a roomy sitting-room, three bedrooms, and a 
kitchen. In the electrical department Messrs. Pater- 
son and Cooper provide some dynamos; the Weymersch 
Electric Battery Syndicate, of 2, Victoria Mansions, S. W., 
show their primary batteries, Messrs. Winnal, Callow, and 
Winnal, of Bromley-street, Stepney, E., a selection of 
bells, and Messrs. Pyke and Barnett, of Blenheim-terrace, 
N.W., promise some transformers and condensers. Mr. 
Dan Rylands, of 62, King William-street, E.C., shows 
his glass-lined iron tubes, which should be useful for 
publicans, chemical manufacturers, and others. They are 
made in 6-ft. lengths. Steam engines are shown 
Messrs. J. F. Blyth and Co., Limited, of 108, Fenchurch- 
street, E.C., and Mr. E. S. Hindley, of 11, Queen Vic- 
toria-street, E.C. 











ROYAL METEOROLOGICAL SOCIETY. 

THE usual monthly meeting of this Society was held 
on Wednesday evening, the 19th inst., at the Institution 
of Civil Engineers, 25, Great George-street, Westminster, 
Mr. H. F. Blanford, F.R.S., vice-president, in the chair. 
Mr. D. Balfour, M. Inst. C.E. r. W. Belk, M. Inst. 
C.E., Captain G. A. Chaddock, Mr. W. S. Crimp, Assoc. 
M. Inst. C.E., Mr. G. Fellows, Dr. A. E. Garrod, M.A., 
M.R.C.P., and Captain H. E. Rawson, R.E., were 
elected Fellows of the Society. The following papers 
were read : 

1. ‘A Brief Notice respecting Photography in relation to 
Meteorological Work,” by Mr. G. M. Whipple, B.Sc., 
F.R.A.S. The first person to use ae for obtain- 
ing meteorological records was Mr. J. B. Jordan, of Fal- 
mouth, in 1838. Some years later Sir F. Ronalds and 
Mr. C. Brooke devised more complete and elaborate appa- 
ratus, the arrangement of the former being now in use at 
the observatories of the Meteorological Office, and that of 
the latter at the Royal Observatory, Greenwich. Refer- 
ence was also made to Mr. J. B. Jordan’s form of sunshine 
recorder, and to Captain Abney’s photo-nephograph. The 
various photographic processes which have been employed 
in connection with these instruments were fully described. 

2. “ Application of Photography to Metcorological Phe- 
nomena,” by Mr. W. Marriott, F.R. Met. Soc. The 
author showed how photography could be most usefully 
employed for the advancement of meteorological know- 
ledge. Much valuable information had been recently 
obtained from photographs of oe and clouds. An 
interesting collection of such photographs was shown on 


the screen, together with others illustrating floods, whirl- | ¢ 


winds, tornados, hailstorms, frost, snow, &c. 

After the reading of these papers, the meeting was ad- 
journed to allow the Fellows to inspect the exhibition of 
instruments, &c., illustrating the application of photo- 
graphy to meteorology, of which we give a notice on 
another page. 





University CoL“teGE ENGINEERING Soctety. — The 
fifth meeting of the session was held on Wednesday, 
the 18th inst., Professor T. Hudson Beare, presiding, 
when Mr. P. T. J. Estler read a paper on “ Liquid Fuel.” 
After briefly considering the various sources of liquid fuel 
and their probable duration, the author passed on to con- 
sider their chemical nature and their calorific value, show- 
ing how they had the advantage over coal in the ratio of 
about three to two. The three methods of burning liquid 
fuel were then described, differing according as the fuel 
was burnt as a liquid, gas, or spray. The inefficiency 
and difficulties attending the first two methods were 
shown, whilst the third, in which the fuel is fed into the 
furnace as spray by injecting air or steam, was fully 
described and illustrated. Special attention was given 
to the injectors of Mr. Urquhart and Mr. Holden, which 
are the most successful yet invented. The author then 
passed on to consider the advantages of liquid fuel for 

ilers and metallurgical processes, viz., convenience of 
transport and storage, decrease in number and labour of 
stokers, increase in evaporative power, ease of regulation, 
absence of smoke, clinker, and sulphur. The deoxidising 
action of the flame is also useful in many cases. These 
advantages were illustrated by descriptions of the torpedo 
boat Sunderland, an armour-plate bending furnace, the 
rivet heaters used on the Forth Bridge, &c. 





* See ENGINEERING, vol, xlvi., page 264, 





NOTES FROM THE SOUTH-WEST. 

Barry Dock.—The number of steamers which arrived 
at Barry Dock last week was seventeen, their aggregate 
burthen being 15,943 tons. The number of sailing vessels 
was twelve, their aggregate burthen being 7439 tons. 
The number of steamers which sailed from the dock last 
week was twenty-two, their gate burthen being 
21,444 tons. The number of sailing vessels which left 
the dock last week was two, their aggregate burthen 
being 3031 tons. The quantity of coal and coke shipped 
from the dock last week was 55,515 tons. 


Cardif. —Only a comparatively limited amount of 
business has n passing in steam coal; prices have 
shown an upward tendency. There has been less doing 
in household coal in consequence, of course, of the ad- 
vanced period of the season. The demand for patent 
fuel has been scarcely so active, in consequence of the 
high prices demanded by manufacturers. Iron ore has 
remained firm at fully late rates. The manufactured 
iron and steel trades of the Cardiff district have been 
generally well maintained. 


Bristol Water Works Company. — The report of the 
directors to the forty-fourth annual general meeting 
states that the revenue from water rates for 1889 was 
85,435/. 18s. 5d., being an increase of 39211. 16s. 1d. over 
the A egg a e sum applicable for dividend is 
21, . 3s. 1d., and the directors recommend a dividend 
of 83 per cent. for the year, leaving 3098/. 3s. 1d. to be 
carried forward. The directors congratulate the pro- 
prietors upon having secured powers for making a reser- 
voir in the Yeo Valley. A new store reservoir at Barrow 
Gurney will be utilised during the autumn of the present 
year. The filter beds are completed and will shortly be 
in work. A contract has been entered into with Messrs. 
James Watt and Co., of Birmingham, for two double 
cylinder engines, to be erected at Chelvey, which will 
afford security against any temporary interruption of 
supply in the event of a breakdown of machinery. A 
Floods Prevention Bill of the Bristol town council, now 


by before Parliament, interferes’with the boiling well springs, 


and the directors have, accordingly, felt compelled to 
offer it opposition. The capital expended during 1889 
was 72,4721. 3s. 1ld. The length of service mains laid 
was about seven miles. 


Machinery Rating.—An important case is now pend- 
ing before the Court of (Queen’s Bench between the 
Guardians of the Chard Union, Somersetshire, and the 
manufacturers of the district. The Chard Assessment 
Committee, in dealing with the machinery in the various 
factories of the union, has raised the assessments to a 

¢ extent—in one case the rateable value was increased 
rom 290/. to 1097/. The quarter sessions have affirmed 
the principle of the liability of machinery to be rated, 
and eal the Chard Guardians sustain their position in 
the higher courts, little short of a revolution will be 
effected in rating matters throughout the country. The 
manufacturers are prepared to carry the case to the 
House of Lords, having formed a national association, 
with a large guarantee fund. Machinery users have taken 
the matter up warmly throughout the country, and branch 
associations have been formed in all the leading manu- 
facturing centres. 


The Electric Light at KExeter.—The Exeter Electric 
Light Company held a meeting on Tuesday, at which the 
chairman (Mr. Ellis) stated that the undertaking was 
proceeding rer. The arg song Ae machinery was 
nearly complete, and the demand for the light was in- 
creasing in the city, notwithstanding opposition. All 
the company needed was the capital to supply the de- 
mand. Mr. Massingham said in Exeter the company 
was now supplying 23 arc Jamps and over 1500 incan- 
descent lamps. 


The Colonies and the Profession.—Mr. W. Chatham, of 
the Bristol Docks engineers’ office, has been appointed 
executive engineer to the colony of Hong-Kong by the 
rown Agents for the colonies. The salary is 750/. per 
annum. . 


Great Western Steamship Company (Limited).—The 
tenth annual meeting of this company was held at Bristol 
on Friday, Mr. M. Whitwell presiding. The directors’ , 
report stated that the year’s profit had been 19,758/. 10s. 4d., 
and a dividend of 174 per cent. for the year was recom- 
mended, 59971. Cs. 3d. being carried to the reserve fund. 
The chairman, in moving the adoption of the report, con- 
gratulated the shareholders on the reconstruction of the 
company, and said the directors proposed to purchase for 
35,500/. another large boat of the same character as the 
Cambridge, to carry 3850 tons, as experience had shown 
the wisdom of substituting large boats of a modern type 
for those which the company formerly owned. The report 
was adopted, the dividend recommended was declared, 
and the policy of the directors in purchasing another 
large steamer was approved. 


Devonport and Cornwall Junction Railwoy.—The open- 
ing of the Devon and Cornwall Junction Railway, from 
Lydford to Devonport and Plymouth, will take place on 

ay Ist. Until a loop line at Laira, which the Great 
Western Railway Company has in course of construction, 
is pe a0 Lond. n and South-Western passenger trains 
from London will pass through Devonport, North Road, 
and Matley Stations to Laira, and will then be brought 
back to Devonport. 





IMPROVING VIENNA.—It is page: to demolish the 
existing barracks at Vienna, and to build new houses on 
their sites. It is estimated that room will be found b 
this means for 500 new houses. The houses will be sold, 
and their proceeds will be applied to the erection of new 
barracks on the western outskirts of the city, ~ 
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**ENGINEERING” ILLUSTRATED PATENT 
RECO 


Compitep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883. 

The number of views given in the ification Drawings is stated 
in each case after the price ; an mene ore snemitenel, the 
Specification is not illustrated. 

Where Inventions are communicated from abroad, the Names, 
&c., of the Communicators are given tn italics, 

= of Specifications may be obtained at 38, Cursitor-street, 

neery-Lane, E.C., either personally, or | letter, enclosi: 
amount A / _ and postage, addressed to H. ER LACK, Esq. 

The dave of the advertisement of the acceptance of a complete a 
cification is, in each case, given after the abstract, unless 

‘atent has been sealed, when the date of sealing is given. 

Bae Fe may at any time within two months from the date of 
the advertisement of the acceptance of a comp specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES. 


944, R. J.P. Liverpool. Metallic Pa for 
Piston-Rods, Valve- , or the like. (8d. 4 Figs.) 
January 18, 1889.—The improved packing consists of one or more 
springy metallic a rings C retained in a circumferentially 
grooved shell A within the stufting-box, the said rings being initially 


of slightly smaller internal diameter than the diameter of the rod 


Fig 











B, and adapted to maintain contact with the rod by virtue of 
their elasticity, and each ring having a tongue-piece E placed 
transversely across the cut between the adjacent ends c, c of the 
= prevent the passage of steam through the same. D are 
ore ne pieces for expanding the rings C. (Accepted January 29, 

1831. W. P. Thompson, London. (P. Caillard and V. 
Caillard, Havre, France.) Distributing Slide Valves for 
Motors, &c. (8d. 5 Figs.) February 1, 1889.—The improved 
distributing slide valve is made in the form of a block with an 
opening in the centre, and sliding between two parallel surfaces 
B, B1, in one of which is the induction port a@ C for the entrance 
of the fluid under pressure, and in the other the exhaust ports b, 





cin connection with the two extremities of the cylinder. The 
block is formed of two cylindrical concentric sockets G, H, which 
can slide freely one within the other, and the outer extremities of 
which terminate in rectangular rims or flanges g, h, against which 
acts the liquid under pressure, keeping them in contact with the 
two opposite faces B, Bi of the distributing box A. (Accepted 
January 29, 1890). 

G. Schimming, Berlin. Apparatus for Super- 
ae Steam. (8d. * Figs.) March 19, 1889.—The object 
of this invention is to overcome the difficulties hitherto experienced 
in the employment of superheated steam in steam engines owing 
to the rapid destruction of the valve faces, steam pipe packings, 
and non-conducting materials used for clothing the pipes. This 
object is attained, according to this invention, by pe geecnes | 
the steam in the cylinder itself by mixing therewith an explod 
mixture of hydro-carbon and air. To the ends of the high-pres- 


fg 1. 






7% 


sure steam cylinder A are attached the explosion cylinders E and 
J, in which eek istons G, separated from the steam cylinder A 
by piston valves F. When the high-pressure. piston D has com- 
pleted one-fifth of its stroke an electric spark ignites the explosive 
mixture of gas and air contained in the explosion cylinder E. The 

iston valve F (at the back of which is a cushion of boiler steam) 
is thrown back, and the hot gases pass from the explosion cylinder 
through the port M into the steam space of the high-pressure 
cylinder A. (Accepted January 29, 1890). 


5 . R. Cummins, Glasgow. Valve Gear. [8d. 
3 Fin Merch 25, 1889.—In the application of the improved valve 
gear to marine engines, the various motions required for “* ahead,” 
“< astern,” &c., are obtained by means of a single eccentric A keyed 
on the engine shaft B. The end D of the eccentric-rod (which is 
made as short as possible) is ided approximately in a line 
passing through the shaft centre by.means of a short link C, one 
end of which is connected to the end Dof the eccentric-rod, and the 
other end is pivotted on an arm E and mounted concentrically on 
the engine shaft B. The arm E is controlled by any suitable re- 
versing gear. The eccentric A is keyed on the shaft B in such a 
manner that in mid gear the motion of the eccentric-rod end D is 
synchronous with the motion of the piston. For motion ahead 
the arm E is rotated through an angle corresponding to the “‘ angle 





of advance” of an ordinary eccentric. For motion astern the arm 
E is rotated in the opposite direction. The motion of the eccen- 
tric-rod end D is transmitted to the valve spindle L by a parallel 
motion comprising a beam F connected at one end to the eccentric- 
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rod end D, and at the other by a rod H to a fixed point G. The 
valve spindle L is connected by a rod K to an intermediate point 
of the beam F. (Accepted January 29, 1890). 

5018. W. H. Harfield, London. Steam Steering 
Gear. (8d. 1 Fig.) March 22, 1889.—The improvement con- 
sists in the combination of two worms 0, p, with a wormwheel x 
for exerting a counteracting effect upon a valve f, which controls 
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the admission of steam to the steam cylinders a, a of the steering 
engines for the purpose of enabling the concurrent motion of the 
steering engines with the motion of the steering wheel to be 
effected more efficiently than hitherto. (Accepted January 29, 
1890). 

ELECTRICAL APPARATUS. 


4566. W.L. Preece, Derby, and J. an ag London. 
Distributing Electricity for Ligh’ Railway 
Figs.) March 15, 1889.—In the arrangement 
illustrated in Fig. 1 the main lead of the accumulators B is con- 
nected to one terminal of dynamo D and is coupled from coach to 
coach by external couplings C. The lead for the lamps L, which 
are connected in each coach in parallel, is connected to the other 
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terminal of the dynamo D and also coupled from coach to coach by 
external couplings C. The two leads at the end of the train are 
connected together by a coupling C!. Thus all the accumulators 
are in series and the sets of lamps in the successive coaches are in 
series. In Fig. 2 the accumulators B are connected in series as in 
Fig. 1, and the lamps L are also in series. (Accepted January 29, 
1890). 


5063. E. H. Hungerbuhler and J. T. Todman, 
London. Instruments for the Measurement of Elec- 
c ts and Electromotive Force. (8d. 2 Figs.) 
March 23, 1889.—The improved instrument is portable and com- 
prises a circular case A, within which is mounted a solenoid 1, 
which is wound with relatively thick or thin insulated wire for 
measuring current or difference of potential respectively. A cen- 





trally mounted pivot 7, carrying a pointer 8, moving over a gra- 
duated dial 9, has secured to it a right angular arm, which forms 

rt of a segmental taper soft iron core 11, that moves freely 
within the solenoid and is exactly balanced by an adjustable 
counterbalance 12. Two small buffer springs 13 are mounted at 
the heavier end of the core to prevent rupture of the instrument 
by sudden shock from a too strongcurrent. Upon connecting the 





wires carrying a current, to the terminals 3, 4, the segmental taper 
core is sucked into the solenoid, and the pointer attached thereto 
indicates upon the dial the value thereof. A volute hair spring 10 
attached to the pivot, serves to return the pointer to the zero 
point, when no current is passing. (Accepted January 29, 1890). 
5563. H. H. Lake, London. (Lacombe and Co., Paris.) 
Electric Batteries. (Sd. 4 Figs.) April 1, 1889.—The im- 
vary battery comprises a glass vessel A containing the exciting 
iquid, a hollow cylindrical carbon electrode B, within which is a 
perforated porous cell C surrounding the metal electrode E. The 











depolarising material D is contained in the annular space between 
the carbon electrode B and the porous cell C. A disc F of glass 
forms the bottom of the annular space, but allows of free circula- 
tion of the exciting liquid between it and the bottom of the vessel 
A. (Accepted January 29, 1890). 


TREATING METALS. 

18,003. Dr. Jur. F,. Salamon, Berlin, and 
Brungger, Cunnersdorf, Germany. Improved 
Method of and Means for as Agueestns 
used in the Manufacture of Sulphi julose. 
(8d. 3 Figs.] December 10, 1888.—This invention relates to a 
method of pe a protective scale or coating on the bare 
internal wall or surface of a steel or iron boiler employed in the 
manufacture of sulphite cellulose, which consists in introducing 
into the boiler, being preheated or not, a solution of gypsum or 
other salt or salts which, when heated, will produce on the said 
internal wall or surface a deposit such as will not be attacked by 
heated sulphite lye, and afterwards heating the boiler until the 
formation of the desired protective scale or coating is completed. 
(Sealed February 18, 1890). 

5333. P. Mallet, Paris. Machine for Stamping-up 
Sheet Metal. (8d. 5 Figs.) March 28, 1889.—This machine 
is designed to stamp-up large sheets of metal into deep hollow 
ware with rims of any desired width. The main improvement 
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consists in the combination of the matrix M (operated vertically 
by cams G, G1 on the shaft D) with the tabie T (actuated by springs 
R, R1) for holding the edges of the metal blank X with a yielding 
pressure between the edge of the matrix M and a ring U during 
the descent of the die P. (Accepted January 29, 1890). 


4719. T. R. Jordan, London. Machinery for the 
on of Gold and Silver from their Ores by 
amation. [lld. 6 Figs.) March 18, 1889.—The im- 

proved machine consists of a casing A fitted with a number of 
amalgamated copper trays B inclining downward towards the 





centre and provided with a central aperture through which passes 
a central vertical revolving shaft D carrying a number of amalga- 
mated copper dished plates E. Each tray B is formed with an 
annular groove or well B? containing mercury which is divided 
on the surface by a partition C. At the bottom of the casing A is 





nay arcana snoaoepneios 


ST SS A AT 





en eee ee ee 




























a 


ENGINEERING. 








[Marcu 21, 1890, 








a well F containing mercury which is agitated by arms G fixed to 
the shaft D. The gold-bearing or silver-bearing sand with water is | dulous motion to the crusher head. 
rmost rotating 
te E, where the sand is thrown off and delivered on to 


fed into the hopper A%, and on to the u 
dished 
the stationary plate B next below it. The sand and water pass by 
gravity through the mercury well B2 and underneath the partition 
C, and fall upon the next lower revolving plate E and so on, the 
precious metal being retained in the form of amalgam on the 
plates, or in the mercury wells. The sand then falls into the con- 
centrating mercury well F at the bottom, whence the material is 
drawn off from the stand-pipe b. A pipe a opens into the well F 
for the introduction of an upward current of water. (Accepted 
January 29, 1890). 


SUPPLYING GAS. 


4831. A. Groc and A. Grebel, La Rochelle, France. 
Apparatus for Hecntnang the Supply of Gas to Gas 
Burners. (8d. 2 Figs.) March 19, 1889.—The apparatus shown 
diagrammatically in Fig. 1 consists essentially of a float F im- 
mersed in liquid in a tube or chamber Cl that communicates with 
a tube or chamber Cl surrounding the chamber C (Fig. 2), or 
situated at the side of the chamber C (Fig. 1). The float F carries 
at its upper part a disc p which it presses up against the openin, 
of a tube ¢ for conveying the gas to the burners, and is regulat 
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for a definite pressure in such a manner that if the pressure of the 
yas in the space D at the upper part of the chamber C increases, 
the level of the liquid in that chamber will sink, and the float 
sinking also will open the orifice of the gas tubec. The arrange- 
ment is such as to allow of the simultaneous lighting or extin- 
guishing of several burners, by increasing or ucing the pres- 
sure of the gas, sufficient pressure remaining to maintain at the 
extremity of the burner a small permanent flame supplied with 
gas coming through the conduit 0. (Accepted January 29, 1890). 


5635. G. Bamberg, London. Heating Gas Retorts. 
[8d. 2 Figs.) April 2, 1889.—The retorts H are placed in a well 
luted fireproof chamber E, which is nearly filled with melted zinc 
J, and is surrounded by the flames of a powerful furnace A. As 
soon as the mn ar mye rises to full red-heat, the metal boils and 
volatilises, and the heat of the metal rises no higher. The 
vaporised metal is condensed in a condensing chamber P heated 
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to 800 deg., and the still fluid metal is connected by a small pipe 
with the metal in the retort chamber. One application of this 
invention is the production of water gas by a continuous pro- 
cess, the retorts being filled with coke and superheated steam 
being injected alternately into the two retorts, and becoming con- 
verted into hydrogen and carbonic oxide. The carbon in the 
retorts is maintained at a full red-heat for decomposing the steam 
by the boiling metal outside the retorts. (Accepted January 29, 
1890), 


MISCELLANEOUS, 
209. G. Lo Barnsley, Yorks. Machinery for 
Breaking, Crushing, Pulverising. and Screse 
Bo: 8d. 13 Figs.) Jenny 


Coal, Bon L . li 
23, 1889.—The hopper @ is of oblong shape with inclined sides a 











The crusher head b is suspended in the hopper by means of the 
shaft c and the side plates cl, cl, which extend down the ends of 
the crusher head into the frame d and are connected to the cranks 


form a double set. The crusher head is tapered towards the top 
so that the blades b1, which are set parallel with the ends of the 
crusher head, are spread out at the bottom. The blades of the 
upper section are of greater pitch than those of the lower section 
so as to break the material finer as it passes down. The hopper 
has adjustable side plates a2 so as to regulate the size of the 
crushed material. (Accepted January 29, 1890). 


2987. O. A. Warren, Liv 1. Removing Snow 
from Streets, &c. (8d. 5 Figs.} February 20, 1889.—This 
invention relates to an apparatus propelled by mechanical or 
animal Bago comprising a wheeled carriage @, on which is 
mounted a steam beeen’ b, a snow tank c, heated by a steam 
jacket cl, a tank d heated by steam coils being provided to receive 
the water produced by the melting snow in the tank c A 
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hopper f contains salt which is fed in regulated quantities into 
the snow tank c by means of a worm-feeding device g worked by 
means of bevel wheels and belt pulleys from the axle of the car- 
riage. The hot brine from the tank dis sprayed on to the road- 
way through holes in pipes h, the | the pressure of the boiler 
steam through a pipe 2 and the head of brine in the tank. (Ac- 
cepted January 29, 1890). 


3101. T. Furnival and E. Tudor, Jun., Reddish, 
Lancaster, and W. Byway, Manchester. Improve- 
ments in certain of the Machines known as “ Guillo- 
tines,” and used for Cutting Paper and other 
Materials. (8d. 4 Figs.) February 21, 1889.—The improve- 
ments consist of the application to machines of this kind of 
arrangements for causing the paper to be securely held while 


Frq 2. 





being cut, and to be readily released when cut, these arrange- 
ments comprising a cylinder / supplied with water and a piston 
k so operating in conjunction with each other and other parts, 
that on the piston being thrust into the cylinder, the usual clamp 
d will hold the paper being cut, and on the piston being with- 
drawn from the cylinder, the clamp d will release the paper. (Ac- 
cepted January 29, 1890). 


3387. W. Lloyd W: London. (J. Herrmann, Pies- 
chen, Germany.) Unl and Delivery of 

[8d. 4 Figs.] February 25, 1889.—The improved method com- 
prises the unloading of the railway coal wagons A and simul- 
taneous loading of the tipping wagons E, hoisting the latter 
by mechanical power to a high level line IV above the height 
of the locomotive tender H with or without ascertaining the 
weight of hoisted coals on the platform D of the hoist, deliver- 








ing the coals from the high level line IV by means of a tip- 
ping or movable portion into the tender H or into the coal 
store, and in the latter case afterwards loading the tipping 
wagons on the low level VI within the coal store, hoisting the 
wagons by mechanical power to a high level line above the height 
of the tender, and emptying the tipping wagons into the tender. 
The steam hoist may be fed from the locomotive. (Accepted 
January 29, 1890). 


4048. W.T. Lord, London. tus for Induc- 
ing or Producing Currents of Re ates: or other 
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Fluid for Various Purposes, [6d. 3 Figs.) March 8 
1889.—A chamber A receives fluid under pressure by a pipe 


or eccentrics el of the driving shaft e, which thus imparts a pen-| R. A conical plug B secured in the chamber by a bolt at- 
The blades or moving tool b! | tached to a bri 
on the crusher head b are made preferably intwo sections so as to | formof an annular jet through the a between the plug B and 


piece C. The fluid under pressure issues in the 


the chamber A, and induces a secondary current within the outer 
chamber D, both currents combining and issuing from the mouth 
of the outer chamber act upon the surface of the fluid, a jet of 
which it is intended to induce. (Accepted January 22, 1890). 


4354. E. B. Parnell, St. John’s, Kent. Calcining 
Furnaces. (8d. 6 Figs.] March 12, 1889.—This invention 
relates to horizontal muffle calcining furnaces. The furnace A is 
built up of cast-iron plates and has preferably six calcining 
chambers al, a?, &c., arranged around a central tube B leading 
from the fire chamber D, and from which tube the heat is conveyed 
to the calcining chambers. The shell surrounding the chambers 
is hexagonal in form. The firegrate D is at one end and the heat 
therefrom traverses the central tube B to the stack E! at the other 
end, where are provided pipes H, H!, H* for conducting the fumes 








from the calcining ch stoa or to discharge them 
into the atmosphere. At this end of the furnace there are also 
provided pipes J2, J3, J4 for introducing air, steam, or gas to the 
several calcining chambers, the steam being injected preferably 
through the central pipe J+ surrounded by the others forming 
annular passages to convey the air and gas. is arrangement 
also serves to protect the saturated steam from the heat through 
which it is conveyed. The furnace is mounted on rollers F and is 
adapted to be rotated by means of worm gearing F%. (Accepted 
January 22, 1890). 


PB gs a. Lloyd Wise, Page ne (Ss. paws, Copen- 
en. applying Milk ntrifugal Se arating 
Machines. (8d. 1 Fig.) March 16, 1880. - According to this 
invention the new milk is caused to enter the separator exactly at 
that point at which a milk stratum of specific gravity similar to 
that of the entering milk is situated. A partition B is fitted 
within the centrifugal drum A ; C is the milk reservoir. The inlet 
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ipe D passes through an annular opening E in the collar or ring 
F fitted near the bottom of the centrifugal drum. This collar F is 
arranged in such a manner that the new milk, when leaving the 
between the upwardly and outwardly extending flange 
shown on the collar and the bottom of the drum, is conducted 
direct into that milk stratum which has the same specific gravity 
as the entering milk. (Accepted January 29, 1890). 


5616. C. D. Abel, London. (Zhe Gas Motoren Fabrik 
Deutz, Deutz a/Rhein, a) for Revers- 
the Motion Derived from a Motor Shaft. [8d. 

3 Figs.) April 2, 1889.— The present invention relates to 
mechanism for reversing motion, applicable to boats or vehicles, 
so arranged that during the forward motion of the boat or vehicle 
all the toothed gearing of the mechanism stands still, this being 
only put in rotation during the vackward motion of the boat or 
vehicle. The shaft w of a gas or petroleum motor M is always 
driven in one and the same direction to the shaft s of a ship’s pro- 

















peller. The reversing mechanism comprises three friction clutches 
ok,in, andr m, all actuated simultaneously by suitable levers 

rods, the parts 0 and r having toothed rings a, e, and being 
geared together by toothed wheels J, c, d, the said parts being so 
arranged that when the clutch J n is put in gear the shaft s is 
driven directly by the shaft w, the toothed gearing being at that 
time stationary, while when the clutch / » is put out of gear and 
the clutches ok and rm are put in gear, the shaft ¢ is driven 
through the gearing } c d in the contrary direction to the shaft w. 
(Accepted January 29, 1990). 


UNITED STATES PATENTS AND PATENT PRACTIOR. 
Descriptions with illustrations of inventions patented in the 
sopette Gf eolde Of gaoeas Inw einen ta the Uuled Sinton tay te 

Ww cases e ma: 
nem genes gratis, at the cffices of ENGINEERING, 35 and 36, Bediore. 
street, Strand. 
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THE LAURENT-CELY ACCUMULATOR. 

Tue Laurent-Cely accumulator is constructed and 
exploited by the Société Anonyme pour le Travail 
Electrique des Métaux, which is, as is well known, 
a branch of the Société pour la Transmission Elec- 
trique de la Force, of which Messrs. Rothschild 
Brothers are the promotess. 

The special features of the Laurent-Cely accumu- 
lator consist in the special nature of the lead paste 
employed, and in the manner in which it is applied 
to the plates. The active element is a mixture of 
chloride of lead and chloride of zinc. The fused 
chloride of lead has a density of 5.6; by incorpo- 
rating chloride of zinc with it in certain proportions 
the density is reduced to 4.5. This mixture, brought 
to a state of fusion, is run into cast-iron moulds in 
the form of small buttons with rounded edges ; 
these are either smooth or grooved on the surface, 
as shown in Figs. 1 and 2. After cooling the 
buttons are washed to remove the chloride of zinc, 
and thus to render them somewhat porous. Their 
density then varies from 4.2 to 3.4. 
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The buttons which serve for the manufacture of 
the negative plates are then arranged in a metallic 
mould into which antimonial lead is run ; this sur- 
rounds the buttons with a frame which holds 
them fixed in their positions. The plate presents 
the appearance represented in Fig. 3. The nega- 
tive aes thus formed are mounted in cells filled 
with acidulated water, and provided with soluble 
electrodes of zinc. . The composite and zinc plates 
are connected together in short circuit and a cur- 
rent is set up. The hydrogen which is disengaged 
upon the positive electrode reduces the chloride of 
lead and reduces it to the metallic state. There 
are thus obtained buttons of spongy lead of a den- 
sity between 2.5 and 3.1, while that of ordinary 
lead is 11.35. Consequently the lead of the 
Laurent-Cely accumulator is four times less dense 
than ordinary lead. 

The buttons used in the manufacture of the posi- 
tive plates are first transformed into spongy lead, 
then heated in the air to oxidise them, and trans- 
formed into spongy litharge. They are fixed, like 
the negative buttons, in a frame of antimonial lead. 
The formation of the plates takes place in the 
ordinary way. The buttons of litharge are trans- 
formed into peroxide of lead, having a density 
below 5. 

As shown in Fig. 3, the positive and negative 
plates are provided with a tail, which enables them 
to be mounted upon an axis on which they are 
fixed and eet by twe bolts. Each plate is 





maintained in place in a groove or slide. To this 
end the two lateral edges slide between two grooved 
cylinders which limit their displacement, while the 
bottom edge rests upon two longitudinal ribs pro- 
vided with grooves (Fig. 4). ‘The positive and 
negative plates are placed alternately in correspond- 
ing grooves, with their tails turned opposite ways 
and fitted to the conductors, which are clamped 
into the notches. Fig. 5 illustrates how the clamp- 
ing is effected. In the two principal types of 
batteries the plates are of the following dimen- 
sions : (1) 8} in. by 8}.in. by .4 in. ; (2) 17 in. by 
17 in. by .4 in. 

The accumulator has been tried for a long time 
on the telegraph service of the Chemin de Fer du 
Nord, under the direction of M. Eug. Sartiaux. 
These trials extended over eighteen months with a 
battery of which each cell had 55 Ib. of plates. The 
battery served to work a dynamo which operated 
an electric capstan, and the result was so satisfac- 
tory that M. Sartiaux decided to extend the use of 
electric capstans all over the company’s line. The 
same accumulator is also employed for the lighting 
of the wagons lits. 

The charge of these accumulators is .5 ampere for 
2.2 Ib. of plate. The charging terminates when 
the hydrogen commences to disengage itself at the 
negative plate in very fine bubbles, and the oxygen 
comes off from the positive plate in large bubbles. 
During discharge the output should not exceed one 
ampére per 2.2 1b. of plate. This may, on emergency, 
be increased to fouror fiveampéres, but the efficiency 
then decreases sensibly. The available charge is 
exhausted when the difference of potential at the 
terminals of one of the cells falls below 1.75 volts. 





THE AMERICAN INSTITUTE OF 
MINING ENGINEERS. 
(By our New York CorRESPONDENT. ) 
(Continued from page 363.) 

Tue Institute assembled the next morning 
(February 19) at the United States Navy Yard, 
which our English friends took the liberty of burn- 
ing in 1814, just ten years after it was established. 
The depth of water here used to be 20 ft. to 25 ft., 
but now it is but from 15 ft. to 17 ft. It was not 
stated whether this shoaling had been adopted as 
a defence against English ironclads or not. The 
party visited the museum and saw some relics of 
the revolution in 1776, which reconciled them to 
the burning in 1814, also old guns from the 
Mexican War, and modern appliances, already 
ancient, of the rebellion in 1861. (Note the distinc- 
tion ; 1776 was a revolution because successful, but 
1861 was a rebellion because a failure. The proper 
use of language is always to be commended where 
it agrees with the sentiments of. the writer or 
speaker. The Mining Institute was once treated 
to a discourse on Stonewall Jackson’s campaign in 
the Shenendoah by one of his staff. The phrase- 
ology was peculiar when announcing the result of a 
battle, consisting of one of the following: ‘‘ The 
Yankees broke and ran ;” but when the Yankees 
did not do this then it was: ‘‘ The Confederates 
finding themselves outnumbered, sullenly retired.” 
The writer has seen the rebels run or rather 
‘* skedaddle,” when they were not outnumbered ; 
but this is also ancient history). 

The finest and most satisfactory exhibits were 
the south gun shop, north gun shop, breech me- 
chanism shop, foundry gun-carriage shop, projec- 
tile and secondary battery shop, and the: forge 
shop. The shops are furnished with a fine collection 
of modern tools. 

The breech mechanism shop has two Babcock 


and Wilcox boilers of 100 horse-power, one single |~ 


non-condensing 100 horse-power engine, and con- 
tains small tools for work of moderate sizes. The 
gun-carriage shop contains one 77. horse-power 
Armington and Sims compound engine, one 80 
horse-power Corliss engine, one 25-ton crane with 
20 horse-power Armington and Sims single engine, 
and a complete outfit of horizontal boring and 
drilling machines, slotters, radial drills, and drill 
presses, boring and turning mills. When the 
plant is completed, it will be capable of supplying 
twenty-five 6-in. and twelve 12-in. guns per annum, 
or the equivalent in other calibres, with carriages, 
equipments, and all accessories. In addition, this 
plant will supply the demand for mounts and 
accessories for the secondary batteries, and. to 
supply the annual waste of ordnance material and 
stores. The party were treated while here to the 





opportunity of witnessing the shrinking of a jacket 
on a gun, which proved extremely interesting. 

That afternoon, the President of the Cnited 
States and his wife, received the party in the 
White House, and in the evening the annual 
banquet occurred at which the usual amount. of 
wit and wisdom were provided. The next day 
might be denominated Aluminum Day, and the 
Institute heard various papers and discussions 
thereon. 


THe PRopPERTIES OF ALUMINUM. 


The first one was by Mr. A. E. Hunt, Jno. W. 
Langley, and Chas. M. Hall, and was entitled 
“The Properties of Aluminum.” One evidently 
was te show a good balance-sheet in its manufac- 
ture at present prices, and another was to raise 
and to perpetuate two methods of title, ‘‘ Aluminum 
and Aluminium.” As Americans like short 
titles, your correspondent will adopt the former. 
It seems from the paper that heretofore aluminum 
known as commercially pure had 4 to 10 per cent. 
of impurity (sad commentary on commercial integ- 
rity), but now it contains 99 and some hundredths 
purity. The Pittsburg Reduction Company, work- 
ing under the Hall patents, reduce the metal from 
aluminum oxide by electrolysis, alumina being held 
in solution by a molten fluorine bath which is not 
decomposed by the electric current ; the current is 
conveyed to the melted solution by means of carbon 
cylinders placed in the bath for positive electrodes, 


a carbon-lined pot forming the negative electrode. | 


The oxygen of the alumina goes off at the positive 
electrode as carbonic acid, wasting about 1 Ib. of 
carbon per 1 lb. of aluminum. The reduced metal 
settles to the bottom of the pot practically free 
from the electrolyte, a second remelting being 
entirely free from it. By this process the impurity 
consists almost entirely of silicon, the iron being 
less yy of 1 per cent., and 1.5 per cent. repre- 
senting the silicon. On an average lot 98.52 per 
cent. of aluminum the following was the analysis : 


Per Cent. 
Aluminum ... e 98.52 
Silicon, combined ... 0.42 
» graphitic ... 0.72 
70M... Hip ee 0.05 
Hs apf 0.06 
ay 0.04 
Arsenic ted Lk “oi 4 None 
Sulphur aaa tis aa af pee “ 
Phosphorus ... ” sae nad im ce 
alcium tv ie A .. Trace 
Sodium 23, 4 


One of the most striking properties of aluminum 
is its lightness, which for many reasons makes it 
comparable in value with metals costing one-fourth 
asmuch. The following Table of specific gravities 
of aluminum, with authorities, is given : 





Specific 





Quality, Make, and Condition |erod wie Authority. 
of the Aluminum. |” Water at 
| 40 deg. C. | 
AWE RES — | —__ & 
Cast metal a 2.56) Roscoe. and Schor- 
Hammered metal 2.67 5 lemmer. ; ‘ 
Cast metal 2.60 Guetier’s metallic 
alloys. 
Heated to 10@ deg. C. and 2.65 | Richard’s alumi- 
cooled .. aa da an num. 
Cast metal, absolutely pure . 2.60 Deville. 
” ° 9 2.583 Mallet. 
Sample sawn out of centre of 
cast ingot ee ee e 587 


ren 
© 


Same annealed .. 


Aluminum casting 92.57 Al., | Pittsburg Testing 


3.28 Si. .. * 2.807 Laboratory. 
Rolled bar, 92.25 Al... = 2.761 
Average lot 98.53 Al. casting .. 2.610 
” ” sheet 2.710 
eo casting 2.587 ) x 
” vod .. * se, 6L] | 2zogg | ohm D. Langley. 


thick weighs 14.03 lb. A bar of aluminum 1 in. 
square and 12 in. long will weigh 1.17 1b. A bar 
of aluminum 1 in. in diameter and 12 in. long will 
weigh 0.918 lb. A cubic inch of cast aluminum 
weighs 0.092 lb. 


Ib. 
A cubic fcot of cast aluminum weighs —_ 158.967 
‘3 3s soft steel weighs : 490 450 
re wrought-iron weighs 485.874 
*% a copper weighs... 5d4. ISS 
ye = ordinary brass weighs 524.610 


A sheet of aluminum 12 in. square and 1 in, - 


Aluminum has about the tensile strength of cast - 


iron, with only about one-third of its weight, and 


casts equally as easily and successfully, and will ; 


therefore be very advantageously used to replace 
cast iron in the parts of moving machinery- that 
have to be reversed or otherwise have their mo- 
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mentum overcome ; for with one-third the weight, 
and consequently one-third the momentum, alumi- 
num will work very satisfactorily. 

Pure aluminum melts and becomes fluid at about 
1200 deg. Fahr. The amount of impurity in alumi- 
num materially alters its melting point. One per 
cent. of iron raises the melting point over 100 deg. 
It does not remain firm like lead almost to the fluid 
point, and then suddenly give way, but has a stage 
of from 1000 deg. Fahr. to 1200 deg. Fahr., in 
which the metal lessee pasty, loses much of its 
power of cohesion, and during this stage, if the 
metal be gently a together, it can’ be readily 
welded. Itis, however, very red-short at this tem- 
perature, and will not stand hammering to weld the 
nietal without crumbling down. If the metal is not 
held too long a time in this pasty condition it does 
not seem to me injured after being again cooled 
down. 

In a compact mass it is a fixed metal at any tem- 

rature attainable by the combustion of carbon. 

rofessor Langley heated a known quantity in a 
carbon-lined furnace above the melting temperature 
of steel and the original buttons of aluminum con- 
tained the original amount of the metal with several 
pér cent. of carbon forming a skin on it. The 
metal was quite brittle and lost a great part of its 
cohesive powers. It remains in a molten state 
without any slag and requires no flux. In this 
condition it takes a thin coating of oxide of alu- 
mina on its surface. It is better to melt it in first 
quality plumbago crucibles, from which it only 
absorbs 0.25 per cent. silicon with each remelting ; 
clay or other silicious crucibles are detrimental. 
Very pure alumina requires remelting in crucibles 
lined with a mixture of finely-ground calcined pure 
magnesia with just enough boiled tar to make it 

lastic. Moist chlorine gas, even when cold, acts 


energetically upon it. In an atmosphere of chlorine | - 


gas when heated it burns to a chloride. 

Aluminum is most malleable at a temperature 
between 200 deg. and 300 deg. Fahr., although it 
can be rolled cold with frequent annealing. It 
should not be worked at a temperature above 
400 deg. Fahr., for it becomes very red-short at a 
temperature a little above this point. Aluminum 
becomes quite hard by work upon it, either b 
cold-rolling, hammering, or drawing. Through 
wire dies it assumes nearly double its normal tensile 
strength, although it does not, like steel, lose pro- 
porsicnenely as much of its ‘‘ ductility ” as measured 

y the flow of the metal in reduction of area at 
poe of fracture. In rolling or drawing aluminum, 
ike the precious metals, it requires frequent an- 
nealings to prevent its cracking. 

This annealing is accomplished by heating the 
metal to a temperature of about 800 deg. Fahr. 
After heating the metal should be allowed to cool 
off gradually. But light articles may be annealed 
by plunging them in water between 60 deg. and 
100 deg. Fahr. If there is danger of the article 
losing its shape from softening, it may be annealed 
by heating it in boiling linseed oil and letting it cool 
with the vil. On cooling slowly aluminum crystal- 
lises in octohedrons, and fractures show a fine- 
grained crystalline structure. 

An ingot of aluminum high in silicon was melted 
in a plumbago crucible, and one portion cooled in a 
very cold and thick-walled ingot mould, into a very 
thin ingot, in a way to give the metal as much of a 
chill as possible ; the other portion of the metal 
was cast in a hot mould and into a thin ingot. The 
metal of the outside of each ingot was analysed, 
with the following results : 

| metat | Metal | Original. 


— Chilled | Cooled | Metal as 
Rapidly. Slowly. First Made. 








| percent. | per cent. | per cent. 
Aluminum ee os --, 96.55 96.52 96.60 


| 

ron Pree ee. 0.24 =| © 0,24 
Combined or amorphous silicon 1.08 13 | 1.24 
Graphitic silicon. . — 7 2.13 | 1.90 | 1.92 


~ So far as it will be fair to generalise from this 


single experiment, graphitoidal silicon is not ren- | p 


dered amorphous, or combined, as would be the 
ease in chilled iron under the same circumstances. 
To support this view, no appreciable difference in 
hardness can be determined between surfaces of 
ingots cast in chills over those cast in hot moulds. 

The specific heat of aluminum is 0.2143, water 
being taken as 1.000 

Aluminum follows the general rule of specific 
heats—that they are inversely as the atomic weights. 

Aluminum expands under heat as follows : 


TABLE or TENSILE AND COMPRESSION TESTS OF ALUMINUM IN VARIOUS SHAPES. 



































l€s lage los ge | ss se |ge | gs 
- #1, 4; Ln g § $ 
a gag in8 (cae € Eig | ee. 
a las Ch bet gig (ES lave 
Size, Shape, and Condition of the Aluminum, E a af §: 3 Ht = F 38 3 
. - 
a8 gg (25s Pe gee ant ots F J 
dps ERE PSEEES © SRB OE: 
(gee Sas Etat tlel a ad | 5 
Metal of from 97 per cent. to 98.50 per cent. alumi- | | 
num as cast oa * < y as ..| 6,182 | 15,640 | 8.66) 3000 lin. highx.5 in. dia.| .985x .503 | 3565 | 12,730 
Ordinary castings of over } in. sectional area , 
pniptehaledetanbiadeiintt ydrop forging :. 10/000 | 21000 | 18:00 | 3000 | Ditto te "508 | 458s | Is2rs 
n fd i . A y i. 
Aluminum rolled b rs left caer ig 9 aS 16,000 | 82,500 pon 6000 /1} in. i dia, ote -760 | 2263 | 9,054 
e anneal as Sie + oe oo) “Me | . 6000 | -468 x 2043 809 
Aluminum hammered bars left hard .. oe we 14,630 | 24,120 35.14 | 5500 Ditto 2.91 x1,52 | 5659 | 11,320 
Same annealed oe pe oe oe -- 14,000 | 22,000 | 43.00 | 5500 Ditto 2.92 1.519) 5094 | 11,320 
Aluminum wire from } in, to y', in, in diameter as | 
drawn oe eo ee oo oe oo +» 12,000 | 24,570 | 58.46 | 4500 | 
Same annealed oD oT I) 20) s0ye70 | 22;880 | 65.57 | 4500 | 
Aluminum wire No. 14 to No. 20 B, and 8S. gauge as: | | 
rawn ue ee se bes ae ri 2) | 
Aluminum wire No. 20 to No. 40 B. and 8. gauge as | | | 
Mee dick) & weil cides s éeilt “Weer o cae) Oca | 
Same annealed ef as < is ze | H | 
Aluminum plates to } in. thick as rolled —... -- 9,800 | 22,740 | 12.40 | 4000 
Same annealed Boe fae + ne . | 8,500 | 17,740 | 13.73 | 4000 | 
Aluminum plates No, 8 to No, 20 B, and S. as rolled 12,500 | 25,000 | 35.50 4500 
Same annealed as eo ee 0 .-| 10,700 | 21,070 | 39.00 | 4500 | 
Aluminum sheets No. 20 to No. 30 B. and 8. as rolled| 13,500 | 27,500 { 40.00 | 4500 | | 
Saine annealed kavily apd EcperlS isaatis > 30h RD VR | 43.50 4500 | | 
Motel of 94 per out, sieminnm, 1.5 per cent. iron, | | | | | 
and 4,5 per cent. silicon : ' | | | | 
Sheets § in, thick .. oe “6 Pr .. 12,000 | 29,650 | 11.00 | 4500 lin. highx$in. dia. .995— .508 | 4800 | 15,275 
Casting }in by lin... oe ae o +» 10,500 25,550 9.50 | 4500 | | 








The coefficient of linear expansion, as determined 
by one of the authors of this paper, of rolled rods 
of aluminum (of the average of the Pittsburg Re- 
duction Company’s 98.52 per cent. aluminum, above 
described) is approximately, per degree Centigrade 
between the freezing and boiling points of water 
; that of wrought iron, by the same 
method, being .0000122, From this it is apparent 
that aluminum has a coefticient of expansion closely 
approaching that of tin, which is .0000217, and 
higher than copper, which is .000017182. 

Sound castings can be readily made of aluminum, 
using dry sand moulds. The moulds can be ad- 
vantageously lined with plumbago, The metal 
should be poured quickly, and at very little above 
the melting point ; otherwise the castings will be 
unsound. olten aluminum floats readily ; and 
not much larger gates are needed than with brass. 

The shri e of average aluminum castings 
made by the Pittsburg Reduction Company is 
about }{ in. to the foot, as measured by an Olsen’s 
shrinkage testing machine. The shrinkage can 
be reckoned to be about 2.26 per cent. of the length 
of the mould ordinarily. 

According to Deville, water has no action on 
aluminum, either at ordinary temperatures or at 
the boiling point. The accuracy of this statement 
the authors have very frequently verified, findin, 
aluminum wire subjected to the action of steam an 
heated air to retain its original polish and not to 
lose weight after six hours’ exposure. 

Aluminum containing sodium is rapidly acted 
upon by hot water, dissolving out the sodium and 
leaving the aluminum spongy and weak, fit only to 
be remelted, whence it comes out purer and better 
in quality for its freedom from the sodium. 


Aluminum is unacted upon by either concen-| 


trated sulphuric or nitric acids ; hydrochloric acid 
is its natural solvent, and when either sulphuric or 
nitric acid is contaminated with any hydrochloric 
acid, even though in very small proportions, they 
rapidly corrode aluminum ; the hydrochloric acid 
forming chloride of aluminum, which in turn is 
converted into sulphate or nitrate, the hydro- 
chloric acid being again set free in a nascent state 
to again attack the aluminum, and in this way the 
corroding chloride acts asa carrier for the sulphuric 
or nitric acid. 

Aluminum is unacted upon by sulphuretted hy- 
drogen, carbonic oxide, or carbonic acid gases, or 
by sulphurous acid or other sulphur vapours. The 
facts add much to the value of aluminum for many 
urposes where the tarnishing of silver is a serious 
inconvenience. 

It is also practically unaffected by common salt, 
either wet or dry, or by sea water, or by weak solu- 
tions of salt in acetic acids. ¥ 

A piece of aluminum 3#in. by 1} in. by xz in. 
was immersed for 23 days in a 3 per cent. solution 
of common table salt, at a temperature of 80 deg. 
Fahr. The strip lost 0.025 gramme in weight ; 
4.27 square inches were exposed ; this would give a 





loss by corrosion per square inch per week of 





0.00178 gramme. A similar strip was immersed 
for a similar length of time, under like conditions, 
in a solution of 3 per cent. common salt with 2 per 
cent. of No. 8 acetic acid. The action in this case 
was not confined to that portion immersed in the 
liquid, but a crust of basic salts was also formed on 
the portion of the plate above the liquid. The strip 
was frequently reversed end for end in order to 
equalise the action. This piece lost 0.165 gramme 
upon an area of 6.4 in., me the loss was at the rate 
of 0.00785 gramme per square inch per week. 

Solutions of caustic alkalies readily attack alumi- 
num, but it is not acted upon by organic secretions, 
hence is useful for dentists’ plates and for surgical 
instruments. Care should taken in such cases 
that the metal is free from iron. 

The results of a drop testing machine at the 
Pittsburg Testing Laboratory, in which an accu- 
rately ground hardened steel point of 60 deg., cen- 
trally fixed, ina weight of 32 tb, falling in guidesa 
distance of 24 in., were as follows: 


Depth and Diameter 
of Point Mark. 





_ Material. Kind. 
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These results show only partially the difference 
in the surface hardness, due to working aluminum 
when cold; castings of aluminum, made a little 
larger than the finished object desired and drop- 
we. in dies, are very considerably hardened and 
made more rigid. For many bearings where t 
weight does not have to be sustained, as for bear- 
ings of surveying instruments, the metal hardened 
in this way answers very satisfactorily. 

Pure aluminum is one of the most ductile and 
malleable of metals, and can be drawn into the 


: Big 3 
finest wire and rolled tu sheets ines thick. It 


can also be hammered into foil as thin as gold leaf. 
The relative malleability of aluminum, as shown by 
its capacity to beat out well into thin foil, is one of 
the best tests of the ee | of the metal. The less 
—— of silicon and iron in the metal, the 

tter and more readily it works up under the 
beater’s hammer. Metal with more than 1 per 
cent. impurity will not beat out well into foil. 

Pure aluminum is absolutely non-paramagnetic ; 
the same remark practically applies to aluminum 
with 0.05 per cent, iron in its composition. A wire 
of the average lot of 98.52 per cent. aluminum, 
suspended by nearly torsional chord, exhibited ne 
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appreciable polarity. An ingot of aluminum, con- 
taining .15 per cent. iron, showed a very faint 
trace of polarity ; with 2 percent. iron the polarity 
was distinct and very decidedly marked. All com- 
mercially pure aluminum sold by the Pittsburg 
Reduction Company contains less than 0.20 per 
cent. iron, much gf it running as low as 0.04 per 
cent. iron. For this reason, aluminum will answer 
very well for compass boxes or cases for electrical 
apparatus, where non-magnetic properties are de- 
sirable. There are very few commercial metals not 
chemically pure containing as little iron as does 
aluminum ; certainly all of the brasses, bronzes, or 
German silver contain a larger percentage of iron. 

The following Table and the Table on the pre- 
ceding page show the average tensile and compres- 
sion tests of commercially pure aluminum of com- 
position varying in each constituent : 


Aluminum ee “ ae ne “ from 97 to 99 p.ct. 
Silicon, graphitic re ee + -. from 0.10to 1.00 ,, 
_ yy» combined “e a me so op O80 5 2H0 ,, 
Iron Ge ae ad os as oe) gp 0.08 ,, O20 ,, 
Elastic limit per square inch in tension— 
castings a oe se a °F 6,500 Ib, 
Ditto ditto sheet 12,000 ,, 
Ditto ditto wire 16,000 ,, 
Ditto ditto bar 14,000 ,, 
Ultimate strength per square inch in ten- 
sion—castings re ae ‘da aa 15,000 ,, 
Ditto ditto sheet 24,000 ,, 
Ditto ditto wire 30,000 ,, 
Ditto ditto bars 26,000 ,, 
Percentage of reduction of area in ten- 
tion—castings Be se ‘ “ 15 per cent. 
Ditto ditto sheet GS «# 
Ditto ditto wire 60 os 
Ditto ditto bars 40 pe 
The modulus of elasticity of aluminum 
in—castings is about ‘es 12,000,000 


Ditto sheets is about 13,000,000 

Ditto drawn wire is about 19,000,000 

Elastic limit per square inch under com- 
pression in cylinders with length twice 


the diameter .. “ pa ze 3,500 Ib. 
Ultimate strength per square inch under 

compression in cylinders with length 

twice the diameter .. oe on 18,000 Ib. 


Taking the tensile strength of aluminum in rela- 
tion to its weight, it is as strong as_ steel of 
80,000 Ib. per square inch, ultimate strength. 
Comparative results in this way are tabulated below 
as taken from Richards’ work on ‘‘ Aluminum.” 





} 
| Weight of | Tensile (LengthofaBar 
ooo | lcub. ft. in Strength per rr toes sary 
| Pounds. Square Inch. itsWeightinft. 





Castiron.. ..  ..{ 444 | 16,500 | 535 
Ordinary bronze .. Ea | 525 36,000 | 9,893 
Wrought iron .. ‘ 480 | 50,000 15,00C 
Hard structural steel .. 490 | 78,000 | 23,040 
Aluminum ae re 168 | 26,000 | 23,040 





Want of space prevents us from concluding 
our notices of these papers in our present issue. 
We must therefore postpone doing so till next 
week 

(To be continued.) 





OIL-TESTING MACHINE. 
(Concluded from page 323.) 

Results of the Tests.—A large number of experi- 
ments have been made by aid of this machine. The 
object of these has been to determine the effect 
upon the friction of the following conditions or 
influences : 

1. The pressure, at different speeds and increas- 
ing temperatures, the pressure varying progressively 
from the lightest to the heaviest found in railway 
vehicles. 

2. Speed, at different pressures and increasing 
temperatures, 

3. Temperature of the oil, at equal pressures, 
and at rising temperatures of the viiies surfaces. 

4. The nature of the oil at pressures equal to 
those on passenger and wagon stock, and at corre- 
sponding speeds. 

Under the first three heads there has been used 
only Russian mineral oil (the residue of Caucasian 
petroleum), the sole lubricant employed by the 
company for its vehicles. Under the last head 
there have been tried the following oils: Crude 
colza, mineral colza, mineral oil from Russia, and 
mineral oil from Péchelbronn. These oils were 
tested in the first instance quite fresh, then in the 
condition in which they are found in the axle-boxes 
of vehicles brought in for repairs. Later, old oil 
was tried with new greasing pads, and then with 
Lo that had been in use. The results of the 

ifferent tests are given in the diagrams, Figs. 1 
to 18. Each diagram indicates, in addition to the 
pressure, the speed of the circumference of the 
journal per minute and per second, the speed of 
the vehicle in miles per hour, the total pressure on 


the bearing, and the pressure per square inch on! speeds the too great heating of the shaft in its end 
the horizontal projection of the surface in contact. bearings was prevented by water. The coefficients 
i f the intermediate temperatures were obtained 

P=the total pressure on the bearing. 1? : 
p=the seenioe r square inch pm horizontal pro- | by varying the flow. of the water. The speed of 


jection of the surface in contact. | the shaft was deduced from the number of revolu 
V=the speed of the circumference of the journal per , tions made during the experiment. To reduce the 
minute. 2 . ‘dimensions of the curves in the di the origin 
i ae of the circumference of the journal per of the ordinates has not been taken from zero, 
‘W =speed af velinio tu wales per hour. neither has the same origin been taken for all the 


; ae | curves, except in those cases in which the traces 
Each coefficient of friction is the result of a run at are required to be comparable. 


0.209 LGRAM WPI. Vu 108 FE, ve 20-4ins. We 12:75 miles. DIAGRAM NO2. Ve 102 FE Vax 20-4 ing. We 12:75 miles. 
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a constant temperature of the rubbing surfaces, | Influence of Pressure upon Fr‘ction.—Two serie 
carried on for at least 30 minutes, during which of experiments were made to determine the in- 
time the friction remained constant. The co- fluence of pressure upon friction. In the firstseries 
efficients are classed, without exception, according the speed was constant at 31.086 metres per minute 
to the temperature at which they were obtained. (102 ft.) or .518 per second (20.4 in.) at the circum- 
The first of each column, and the first point. of | ference of the panes the pressures upon the 
each curve, corresponds to the lowest temperature bearing were of sixteen different amounts, ccm- 
of the bearing which it was possible to obtain by | prised tween 177 lb. and 8994 Ib., or between 
eooling the shaft with the full water current, and | 10.2 Jb. and 517 lb. per square inch of the hori- 
the last, on the contrary, was obtained by stoppin posers projection of the surface of ccntact of 
the water, and allowing the temperature to rise until the bearing. The results of the first ceries of 





it became constant. In certain trials at high experiments are given in the curves Nos, 1 and 
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2, in which No. 2 is a reproduction to a larger scale 
of the lower part of No. 1. 


CHARACTERISTICS OF THE OIL. 








The second series corresponds to six different 
speeds and four pressures, combined according to 
the Table below : 


Physical and Chemical Characteristics. 


Fluidity Measured by the 
Ixometer. 


— 
| 





Series II.—TZable of Speeds and Pressures. Density at 


Reaction. 15 deg. Cent. 


Siccative. 


. Appear- | De- | 
Purity | ance. | posit.| 


100 


Wed ] 
\Inflamme-| Freezing , Ascension by | 0 | 20 | 35 | 50 | 75 4 
eg 


bility. | Point. | Capilarity. deg \deg deg |deg deg 





| Pressures. —_—— |_| |—- 
Robots. Perfect | Black | Nil | Zero | Neuter | 910 


| —| —|—|— 
| 130deg. Mean van 45 min. | 2 |12.5| 42 (a2. 251) 510 





| sence athe 


| 
| 


At Circumference | 


the pressure. (3) For the speed considered, and 
for pressures varying between 10.2 Ib. and 517 lb. 
per square inch, and for temperatures between 
16 deg. and 40 deg. Cent., the coefticient of friction 
decreases as the temperature increases. 

Diagrams 3 to 8 show that for speeds higher 
than those given in Diagrams 1 and 2, and comprised 
= | between 101 ft. and 379 ft. 6 in. per minute, the 
same conclusions apply without modification. 

Influence of Speed.—Diagrams 9 to 12 give the 
results of the second series of tests, classed not in 
regard to speed but in regard to pressure, in order 
to demonstrate the influence of speed upon the 
friction at the same pressure. No exact conclu-, 
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At Circumference 
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Per Square Inch. 
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of Wheel 39in. in 
per Hour. 
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3 = | Per Square Inch. 
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DIAGRAM NY 9. P3483 Ibs. p= 200 /bs. 
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DIAGRAM NO II. P= 5908 16s. p= 340 Ibs. Temperature of bearing in degrees 


cients of Friction 


Coeffi 
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25 
(saz0 £) Temperature of bearing in degrees centigrade. 


The lightest and the heaviest of the four pres- DIAG N13. P= 5687 Ibs. p = 330 Ibs. 
sures, 3480 lb. and 89941]b., are those which come 
upon the axles of the braked coal wagons (Series H) 
of the Compagnie de l'Est, the former when the 
wagons are empty, and the latter when loaded with 
10 tons. They have been tested up to a speed of 
36? miles an hour. The two intermediate pressures, 
4806 Ib. and 5908 lb., correspond to first-class 
carriages with three compartments, empty and full 
respectively. They were tested at speeds higher 
than 36 eile, but the heating o} the shaft bearings 
did not allow the test with the larger weight to be 
carried up to 72 miles an hour. 

The Russian mineral oil employed in these two 
series of tests had the following characteristics : 

Diagrams 1 and 2 show the results of 100 tests. 
From these it will be seen that (1) the coefficients 
of friction found for different pressures at a con- 
stant mean speed of 102ft., and under identical 
conditions of cooling of the journal, decrease as the 
pressure augments, down to a minimum, which 
under the particular conditions of the test, seems 
to correspond to a pressure of about 426 1b. per sions can be deduced from the tests summarised in 
square inch. Beyond this the coefficient rises with Diagrams 9 to 12, the number of tests being insuf- 
higher pressures. (2) The conditions of cooling ficient. These trials will be completed later ; the 
remaining constant, the temperature increases with results obtained so far show ; (1) that for a given 


Vu 297 F.9in. va53-4 ins. We3T-3milas 


of Friction 


50 55 69 


35 
centigrade DIAGRAM N22. P= 6994 Ibs. p= 5/8 Ibs. 


pressure and under uniform conditions of cooling 
of the journal, the temperature augments with the 
speed, and consequently the coefticient of friction 
diminishes ; (2) that for the pressures tried, and 
with equality of temperature, the coefficient of 
friction increases generally with the speed. 
Influence of Temperature upon the Oil.—Russian 
mineral oil was generally employed, and the tests 
were made at two different temperatures, 17 deg. 
and 45 deg. Cent. (62.6 deg. and 113 deg. Fahr.). 
These temperatures were maintained constant, the 
first by means of a current of water in the double 
bottom of the lower box, and the second by a gas 
burner in the lower part of the box. They took 


N°10. P4606 Ibs. p= 246 (bs. 


45 50 


35 


CIAGRAM N2I4, Pa 568? Ibs. p= 330 Ibs. 


Ved94 Rein V-= 78-7ias. We 43-2 milss 


40 45 50 


Temperature of bearing in degrees centigradc. 


place at two different speeds, 297 ft. 9 in. and 
394 ft. 2in. per minute, or 59.4 in. and 79 in. per 
second at the circumference of the journal, corre- 
sponding to speeds of 37.2 miles and 49.2 miles per 





Efficients of Friction 
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hour of a vehicle with wheels 39 in. in diameter, 
and for a pressure of 5687 lb., or of 327.51b. per 
square inch. Diagrams 13 and 14 summarise the 
results, and show clearly that the friction diminishes 
as the temperature of the oil increases. 

Influence of the Nature of the Oil.—Tests were 
made with colza, pure or mixed with shale oil, and 
with mineral oils. Both were taken, in the first 
instance, fresh, and afterwards in the state in 
which they were found in axle-boxes which had 





come in for overhauling. Finally, these last oils | 


las. V=IDIFE 6 V= 





A. Russian mineral oil ; fifteen months in use ; old pad. 
B. Russian mineral oil ; fifteen months in use ; new pad. 


C. Russian mineral oil and pad ; eight months in use. 
D. Russian mineral oil ; eight months in use ; new pad. 
E. Colza oil and taken from axle-boxes, P.L.M. 

F. Fresh mineral oil and new pad. 


M N°I7, Po S¢agIbs p=927 Ibs, Vu 394 Ft 3in. 


», 


e®et @o6 


& Colza oil and old pad. 


C. Russian mineral oil and pad ; five months in use. 


D. Russian mineral oil and pad ; nine and a half months in use. 


E. Russian mineral oil; five months in use ; new pad. 


were tried with new pads, and then with pads which 


had been removed with the oil and had seen the! 


same service. Two speeds and two pressures were 
tried, that is, there were four series of trials. In 
the first series (Diagram 15) the total pressure on 
the bearing was 8113 lb., or 467 Ib. per square inch 
(corresponding to a loaded coal wagon of the type 
H); speed at the circumference of the journal 
101 ft. 7 in. per minute, or 20 in. per second, 
corresponding to a speed of translation of 12.7 miles 
per hour, with wheels 39 in. in diameter. In the 
second series (Diagram 16) the same pressures were 





w : 
Temperature of bearing in 





Ve 7-9 in. We 49-3 miles 4 


used ; the speed at the circumference of the journal | 


was 198 ft. 9 in. per minute, or 39? in. per second, 
corresponding to a speed of translation of 24.8 
miles per hour. In the third series (Diagram 17) | 
the pressure on the bearing was 5687 lb., or 
327.5 lb. per square inch (corresponding to a first- | 
class coach of three compartments, type 1878); 
speed at the circumference of the journal, 394 ft. 3in. 
per minute, or 78.7 in. per second ; corresponding | 
speed of translation 49.3 miles per hour. 

In the fourth series the same pressures were used 


REFERENCES, 


G. Péchelbronn oil and new pad. 

H, Fresh colza oil and new pad ; P.L.M. 

I. Mixed colza oil and new pad ; P.L.M. 

Russian mineral oil ; fifteen months in use ; new pad. 
Russian mineral oil and ; fifteen months in use. 


K. 
L. 
M. Russian mineral oil and pad ; eight months in use. 


DiagRAM N218 P- 


= 


¢ of bearing in degrees centuugraae 
REFERENCES, 


F. Fresh Russian mireral oil ; new pad. 
G. Péchelbronn oil ; new pad. 

H. Fresh colza oil; new pad; P.L.M. 

I. Mixed colza oil ; new pad ; P.L.M. 


as in the third (Diagram 18); the speeds were 
487 ft. 5 in. per minute, or 97 per second ; speed 
of translation, 61 miles perhour. The Table on next 
page shows the characteristics of the various oils. 

A study of the four diagrams leads to the follow- 
ing results as regards fresh oil: (a) The diminu- 
tion of the coefticient of friction with increase of 
temperature is less for colza, both pure and mixed 
with 10 per cent. of shale oil, than with mineral 
oils. (b) For the same temperature the coefficient 
of friction is higher for ordinary colza than 





mixed colza, and it is also higher for the mineral] 





K. 
M. 
N. 
0. 


oils than for colza ; the same temperature does not 
correspond for the different oils to the same con- 
ditions of cooling. (c) The difference between the 
coefficient of friction given by colza and mineral 
oils decreases very rapidly with elevation of tempe- 
rature. Generally, the coefficient of friction tends, 
with rise of temperature towards a limit of about 


0.01, with all the new oils tested. 


In comparing fresh with old or used oil we find 


‘(d) that the previous conclusions (a), (b), and (ec) 
‘apply equally to old oils, as far as each oil taken 


- Fan. 


eegrees centigrade 


N. Russian mineral oil ; eight months in use ; new pad. 
O. Colza oil and old pad from axle boxes ; P.L.M. 

| P. Fresh Russian oil; new pad. 

| ¢ Péchelbronn oil ; new pad. 

| . New colza oil ; new pad. 

' §. Mixed colza oil ; new pad; P L.M. 


= 927,1bs V= 487 FES = 97 9 miles 






Colza oil and old pad from axle-boxes; P.L.M, 
Mineral oil and pad ; nine and a half months in use. 
Russian oil ; nine and a half months in use; new pad. 
Russian oil and pad ; five months in use. 


alone is concerned. (e) It is the same when the 
mineral oils are compared with the vegetable 
oils in the first series of trials, that is when 
the loads were light and the speed low. But the 
results change completely when we pass to high 
speeds. In the trials of the third and fourth series 
old colza oil gave higher coefficients than mineral 
oils. (f) The temperatures, which for old mineral 
oil differed but little from those given by new oil, 
show on the contrary considerable differences for 
fresh and old colza, particularly at high speeds. As 
to the value of the coefficients of friction correspond- 
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CHARACTERISTICS OF OILS TESTED. 


PHYSICAL AND CilEMICAL CHARACTERISTICS, 
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j ated ec. | hrs. min rp  sttuaiieasclenl Ht i 
Fresh Russian mineral oll...» ..__«». Perfert| Brown | Nil Nil Neutral | 908} BS fae | ee ea |. ae hee] ae | 245) 502 
Fresh crude colza, P.L.M. .. ‘- - | ap o | Perfect Fresh  .914 wast Ce > lt owit | 56. ‘ 3 7 
(olza mixed with shale oil, 10 per cent. .. Mixture Yellow Li ht | oi (eel | ee .. ae eee ae 2 is 219 | 499 600 
Péchelbronn o} + oa te b> te sol: od B Ni . . a | Stron 915, 6 10 | —1285 | 8 55 |... eo 1eAae - 
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Old colza oil removed from axle-boxes, P.L.M. i ia oo Green » | rH | Slightly = —* -948 vo [oe | le | 6 0 | hha’ dete al | 9 | c, te 8 re 100 
! og aci \ ia 4 } } | \ 








ing to these temperatures, they are higher than) per second ; d, the density of air; d the density large fans, because the orifice of discharge, which 


those which correspond to the same temperature for 
fresh oils. (g) The coefticient of friction tends to 


of water ; and 12 the number of inches in a foot.* 
This value (as shown by Table I.) is never realised 


measures the resistance of the fan to the passage of 
the air, must necessarily be less fora small than for 


a limit for all oils, but more particularly with new |in practice, owing to the various imperfections | a large fan. 


oils ; this limit is about 0.015. 

The results given in regard to the friction of oils 
after a certain period of service depend on the 
modifications which are produced in the properties 
of the oils, and those which wear has affected in the 
working of the petns pad, especially as regards 
its enpillarity. hus it was necessary to make the 
tests of old oils not only with partly used pads, but 
also with new ones. The results got with old oils 
and new pads are markedin the diagrams in fulllines, 
and those got with the same oils with new pads are 
marked in dotted lines. Only the results obtained 
with Russian oil have been given, those got with 
old colza oil and a new pad having shown anomalies 
impossible to explain on account of the uncertainty 
as to the period of service of the oil. An examina- 
tion of the curves shows that for the different speeds | 
and pressures tried, the results are very nearly the | 
same, with mineral oils of the same age, whether 
the pad is new or old, 





MINE VENTILATION. 
A Few Notes on the Volume and Depression Pro- | 
diced by the Chief Systems of Ventilators. 

By M. Watrton-Brown. 


CoNnSIDERABLE interest has been created by the 
interesting notes on the depression afforded by mine 
ventilating fans lately appearing in these pages, and 
written by Mr. A. L. Steavenson. 

The results recorded by Mr. A. L. Steavenson 
may be tabulated as under : 








| inherent to all classes of centrifugal fans ; and the 
| equation becomes, for the value of the initial water 


These equations (C and F) can be used to deter- 
mine @ priori the volume of air and water gauge to 


_gauge, produced when the fan is exhausting from | be produced by any centrifugal fan upon a given 


a closed chamber adjoining the inlet, 
| H=K“x4%x19 . . . (B) | 
e-|% | 
| in which K is a fraction representing the maximum 


ercentage of manometric efficiency realised by the 


| If an opening to the mine be made in the closed | 

chamber adjoining to the inlet, and gradually | 
| enlarged, the initial water gauge is destroyed and 
| decreases proportionally to the increase of the 
volume of air traversing the fan and is reduced 
| to zero when the equivalent orifice of the mine is 
| infinite in area, 

If a be the equivalent orifice of the mine in| 
square feet,} and o the orifice of discharge of a fan | 
in square feet, then the value of the effective water | 
gauge is 





hee u? x d, x 12 
o 
| or, 
H Ho? (D) 
= gi "a4 al hd | 
1+ of 


The formula (D) shows that the manometric 
efficiency is a variable expression, increasing with | 
the resistance of the mine, and that its maximum | 
value is attained when the orifice of the mine is at | 
its minimum or entirely closed. It also concedes | 
































Tasiex I. that the manometric efficiency may be somewhat | 
; a are I ; constant for fans of all reasonable and similar | 
, | Someveen. Caloulations. dimensions of the same type. ; ; | 
a a -| The volume exhausted from the mine per minute | 
3 ae g Ha | i Bag is given by the following equations : 
Description Ss | a 3 | eas | 3 & .4 8 > | 3K 
of Fan, Bu! 7g oS | HE WY | 25 V=40au 14 a . : » (FE) 
| ws & | S A 
les | ¥ 36 3 | | o% 
lz & $ Ps aS38 | pF aa | si | or, | 
‘ or I : ‘ VK eat | 

Guibal. | ft. in. in. in. | ps 7 
Maximum. 4} enzo 135 | 147e | 1.988 | 741 = Ou A/  otyat’ . (F) | 
Minimum .. . i; 8 ° < | 57) ; | 

2 | on The formula (F) shows that, if the speed of the 

eee * | Me ere iy . | : fan is maintained constant, the volume varies 
om 410300} 297 | .961 1.988 | .47g | directly with the resistance, and becomes nil where 
Minimum ..] 7 | 73.27 98 811 1.988 | .408 | the resistance of the mine is infinite or when the, 

inlet from the mine is closed. The volume willalso | 

Average . | | os 443 < : =e ; 

Bedi. | | | : be increased as the orifice of discharge of the fan | 
ro ne | ss.s6 | .03 | 2.068 1.988  .534 | or (and) the orifice of the mine is increased. 
Minimum ..| 7 99.78 | 1.29 | 675 1.988 | .289 The formula shows that small fans can never 

Matias sak ss | | ae produce volumes of air equal to those produced by 














These! results show that the manometric efti- 
ciency should not be alone considered in affirming 
the value of any fan. Itis usually accepted that, if 
the conditions otherwise remain unaltered and where 
the action of natural ventilation may be disre- 
. garded, the water gauge varies with the square of 
the speed of the periphery or the number of revo- 
lutions. If the ~— conditions of the mine are 
altered, then the water gauge is more or less 
modified. 

The theoretical water gauge produced by the per- 
fect centrifugal fan is calculated by the formula : 


He = Oxo. xi2 . . (A) 


in which u is the velocity of the circumference in 
feet per second ; g force of gravity, or 32.19 ft. 


* This problem may be solved upon the ordinary slide ° 
rule as under : 











A line Ho 
| B line .0144 (= d, x 12) 
Cline 32.19 
D line u | 
+ On the slide rule the equation can be solved thus: | 
A line | 
B line z (= K x .0012 x 12) | 
C line 82.19 | 
Diineu — ated J 
t Calculated by the formula | 
a= 00038, 
vh 


or on the slide rule 





mine of known resistance, if the values of K and 
o are known for the fan. 
These values have been determined in a more or 


_less reliable manner for a large number of centri- 


fugal fans, and the writer has selected the results 
contained in the following Table : 











Taser II. 
Description of Fan. | Diameter. K. Orifice of Dis- 
| charge. 
| it. 
Pelzer.. a seit 8 47 ma 90 a 
bac 0% <n ns 10 47 
Schiele 3) 1 5 50 % 
Pe ha 12 ‘50 30 
Guibal om “| 30 .69 65 
oe bs 40 .69 135 
Waddle <; | a0 “60 70 
” oe oo 40 .60 145 











Examples.—What will be the volume and water 
gauge produced by a 12-ft. diameter Schiele fan, 
when running at a circumferential speed of 100 ft. 
per second upon a mine whose equivalent orifice is 
20 square feet ? 

hx 250 x 100? x .0012 x 12 


32.19 x1 x(1 + a) 
302 
=1,.54 in. 





1 


V= 40 x 20x 100 Z 14.20" 
30? 
=66,600 cubic feet per minute. 

Similarly for a 30-ft. Guibal fan under the same 

conditions, the values would be 
h=2.81 in. ; and 
V=89,850 cubic feet per minute. 

In the case of a 30-ft. Waddle fan, 

h=2.48 in. ; and 
V =84,250 cubic feet per minute. 

Some idea of the operantete application of a fan 
to any mine is given by the ratio a+-o. If the value 
so obtained is equal or greater than unity, the fan 
is too small for the resistance of the mine, it is 
running under unfavourable conditions, and the 
resistance of the fan to the passage of the air must 
necessarily reduce its efticiency. 

Where the value is less than unity, .560 may be 
considered to represent a fair working ratio, and if 
it falls as low as .30, the orifice of the discharge of 
the fan may be considered as being most favourably 
proportioned to the requirements of the mine. 

Taking the examples to which the formule have 
been applied, i.e., the Schiele, Guibal, and Waddle 
fans, it will be seen that the Schiele cannot be 


‘satisfactorily applied to a mine whose equivalent 
| orifice is measured by 20 square feet. In the case 


of the Guibal and Waddle fans the comparison is 

very favourable. This is confirmed by a compari- 

son of the respective volumes and water gauges, the 

ratios (a-+o) being .30 and .28 respectively, as com- 
red with the high figure of .70 in the case of the 
hiele fan. 


MODERN FRENCH ARTILLERY. 
No. XII. 





| Tue St. CHamonp Company--concluded. 


We have indicated in previous articles the general 


_C line A .000,000,147 | features of construction thatcharacterise the ordnance 
—_s | designed at the St, Chamond Works; as we stated in 
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a previous article, the inner tube is relatively thin, 
and is made of a very hard quality of steel to resist 
as far as possible the erosive action of the powder 

and the wear from the passage of projectiles. 
Over this tube are shrunk, one, two, or more rows 
of hoops, according to the size of the gun ; around 


the surface, which is cylindrical, is laid longitudi- _ 
the 
| 


nally a series of steel staves, so as to form a con- 


Taking first the 80-millimetre (3.15 in.) mountain 
gun, we find that it is designed to fulfil the same 
conditions necessary for easy transport as are aimed 
at by other makers of this class of ordnance. 
Fig. 124 is a section of one of these guns ; from 
this view it will be seen that it is divided into two 
connected near the trunnions by a screw joint, 
union being made gas-tight by means of a 


sixth of a revolution, and the joint is further com- 
pleted by means of two keys that are forced into 
grooves cut in the two parts forming the joint, and 
are attached to the gun by small chains on the 
trunnion ring (Figs. 127, 128). A special form of 
wrench which is a part of the equipment of the gun 
is used to screw and unscrew the two sections ; 
recesses are cut in the jacket near the breech to 
retain the wrench. The diameter of the powder 
chamber is 3.27 in., and its length 8.46 in. ; the 
rifling is of the regulation French type for guns of 
this calibre. The iage upon which the gun is 
mounted is illustrated by Figs. 125 to 128; it consists 
of the following parts which are easily separable. The 
trail C; the swinging trunnion arms D to which are 
connected the axle E and its covering F ; the hy- 
draulic brake G and two wheels which are of wood 
with a steel boss. The trail is box-shaped, made of 
thin steel ; to the front end is rivetted a casting d 
which receives the tapered projection e on the 
casing that surrounds the axle ; this is fastened to 
the trail of the gun by the key f, The swinging 


























FO OT a ee ee ee ee a 


beam supporting the gun is formed »f two cast-steel 
levers, the distance between which is somewhat 
greater than the width of the trail ; these levers are 
| connected together on the forward side by a steel 








MOUNTAIN GUNS, 3.15 IN, BORE, MADE BY THE ST, CHAMOND COMPANY, 
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DISAPPEARING CARRIAGE AND TRAVELLING PLATFORM FOR 4,72 IN. GUN; 8ST, CHAMOND COMPANY, 


tinuous jacket ; each of these staves is locked at 
both poh into the hoops in such a way as to add 
a considerable amount of longitudinal strength to 
the gun. The connections between this jacket and 
the hoops are so arranged that in firing, a strain is 
thrown on the joints, somewhat less than 13 tons 
to the inch. 

We have also described the principal natures of 
ordnance constructed by the St. a Company, 
and we may proceed to describe the chief of these 
guns and their carriages somewhat more in detail, 
using largely as our authority the Revue d’ Artillerie, 





copper obturating ring. The thickness of the 
inner tube is not uniform throughout its length ; 
besides the bore being enlarged for the powder 
chamber, the tube, a little in advance of the junc- 
tion, is turned down so that its outside diameter 
is reduced ; over the thinner portion of the tube 
is shrunk a long jacket with an enlarged and pro- 
jecting socket at the back ; this socket is cut with 
an interrupted thread, and on the jacket which 
reinforces the rear section of the gun, a similar 
screw thread is cut; the gun can thus be put 
together or disconnected by turning it through one- 


plate and at the rear by the two bars g and h; they 
are mounted on the axle around which they are free 
to turn, the axle itself being held fast to the casting by 
means of a key shown in Fig, 125. The hydraulic 
brake is placed beneath the frame of the carriage ; 
at one end it is suspended to this frame by the 
brackets k, but the other is articulated to the 
swinging levers by the pin m. The brake consists 
of two cylinders M and N, one placed above the 
other ; it is the ram of the former that is attached 
to the levers D ; the stroke of this ram is 5.27 in. ; 





when recoil takes place the liquid is forced into 





ENGINEERING. 


__ 380 





[Marcu 28, 1890. 








the second cylinder N, the ram of which has a/ elevating lever s, the upper end of which is jointed 

larger diameter than that of M ; the stroke of this to the ring a pass@d around the gun. The usual 
iston is 1.18 in., and around its rod are placed | graduations are provided for adjusting the eleva- 
elleville springs which take their bearing against tion to any desired angle. The firing angles 

the projection | of the brake and serve to bring the range from — 10 deg. to + 20 deg.; the total 

gun back into firing position. When the gun is’ weight of the carriage is 440 lb. 

fired it falls hack as shown in Fig. 127, the lower _ Figs. 129 to 131 illustrate a special form of car- 

part of the swinging arm withdrawing the piston of riage for a 4.72 in. gun which is mounted on a 
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rollers eon which the carriage is traversed. Beneath 
this cross-beam are also placed two rods, on. which 
are a number of Belleville springs that serve 
as recuperators to bring the gun back into firing 
position ; at the upper part there are also two other 
rods f that act as guides to the traverse D of the 
brake in its longitudinal movement, and on which 
also are placed Belleville springs that serve as buffer 
stops in the event of the recoil being excessive. The 
two rollers above mentioned run on a circular way, 
and the crossbeams between the two longitudinal 
frames are attached by clips to this roller path to 
prevent the carriage from being overthrown when 
the gun is fired. The hydraulic brake is of the 
same type as has already been described for the 
above in connection with the mountain gun. It 
has two cylinders, in the first of which is a plunger 
H, and in the other (of larger diameter) is the ram 
I, which compresses the series of Belleville springs 
k that abut against the rear crossframe of the 
carriage ; between the two cylinders is interposed a 
communicating pipe in which is a valve q’. The 
maximum stroke of the ram in the large cylinder is 
31.50 in. for the cylinder H, and for the cylinder I 
it is 9.45in. The two brake cylinders, together 
with the connecting pipe, are cast in one piece of 
steel, and the brake is bolted to the bottom plate 
of the carriage. When the gun is fired it at once 
falls back into battery, turning upon the horizontal 
shaft b which is mounted on the carriage. The 
ram of the cylinder H is forced back by its rods, 
driving the liquid into the larger cylinder and 
raising the valve g' ; at the same time the Belle- 
ville springs are compressed. As soon as the recoil 
is completed, the valve falls back on its seat, 


‘communication is interrupted between the two 
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6.10-IN. MORTAR AND FIRING PLATFORM. 6,19-1N, 


the brake cylinder M and also forcing out that of N ;| travelling platform. 





GUN AND NAVAL CARRIAGE ; ST. CHAMOND COMPANY. 


As will be seen from the! brake cylinders, and the gun is held down in its 


above the centre, the arms come in contact with | illustrations, the trunnions of the gun rest in/ lowest or protected position. The operation of re- 


rubber buffers attached to the trail. As soon as| the bearings formed in the v4 


of two long arms a’ loading is now performed, and the gun can be 

















the effort of recoil is finished, the compressed 


springs come into action and bring the gun back | 
The stability of the carriage | 


into firing position. 
is increased by the anchor q fastened to the lower 
end of the trail. The training device for elevation 
consists of two parallel screws turning in bearings 


fixed inside the frame of the trail ; at the upper | ; or ele 
‘beams of rectangular section ¢ connected together | vation are illustrated by Figs. 129 and 130 ; it will 


part of each of these screws is a pinion which gears 
into endless screws on a spindle actuated by the 
lever r. Upon the parallel screws carrying the 
pinions are two nuts, the guides of which are attached 
to the inside of the trail ; these nuts are connected 


| pivotted on a shaft b whic 


by a crossbar from the centre of which springs the | 


is mounted on the brought up to firing height by opening a second 
carriage ; these arms are rectangular in section, | valve, which allows the liquid to flow back into the 
and are made of steel. The lower ends of the! upper cylinder, thus removing the resistance 
levers a! project: below the horizontal shaft and are offered to the Belleville springs, which, in expand- 


‘attached to the two connecting-rods C C, which, at | ing, force the swinging arms carrying the gun up 


the rear part of the carriage, are connected to the into the highest position. 

hydraulic brake. Thecarriage is framed withtwosteel| The means adopted for training the gun for ele- 
by a plate above and below, the latter being stiffened be seen that a collar is bolted round the gun near the 
by a central girder, which also forms the pivot d, on| breech, and that to this are attached two small 
which the carriage turns. The frames are also con-| trunnions. On each side of the main frame is 
nected in the front by a cross-girder, which, in| bolted a casting shown at K, in the centre of which 


addition, serves the purpose of supporting the two |is mounted a screw running in bearings, and having 
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at the upper end a wormwheel which gears into an 
endless screw, on the spindle of which is the hand- 
wheel V ; this arrangement is similar on each side 
of thecarriage. On the endless screw is a nut on 
which a stud is attached. A connecting-rod M 
joins the stud onthe nut, and that on the collar 
around the gun, and by turning the handwheel in 
one direction or the other, the gun is raised or 
lowered to any desired angle. For pointing hori- 
zontally, long bars are inserted in the brackets P 
on the side of the frame, the fine adjustment being 
made with a pinion gearing into the circular rack 
. upon the frame of the carriage. 

The carriage on which the gun is mounted is 
placed on a travelling platform shown in the illus- 
trations ; on this underframe are mounted four 
pairs of wheels, one pair being at right angles to 
the other pair ; on the centre of the platform is 

laced the pivot on which the gun-carriage works. 
Both of the two pairs of wheels are of normal gauge 


braced together and bolted to the circular bedplate 
before mentioned. As will be seen on Fig. 132, at 
the end of the circular bedplate is placed a toothed 
quadrant I; into this gears a pinion 1 as shown, which 
can be turned by a lever and ratchet; the horizontal 
training is effected by this arrangement. For eleva- 
tion the following detail is employed: A toothed 
arc « is attached at each end of the gun, collars B 
being placed around the latter near the breech and 
the muzzle for this purpose. Upon the side frame 
is mounted a handwheel V by which gearing can be 
operated, actuating a pinion that works with the 
curved rack just referred to ; a graduated are m is 
placed on the side of the carriage concentric with 
the trunnions, and on one of the latter is fixed a 
pointer which indicates the angle through which 
the gun is being trained. The platform which in 
the drawing is shown anchored to the ground, is 
arranged for the reception of axles and wheels for 
convenience of transport. The weight of the 
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THE DAUDETEAU-DARMANCIER QUICK-FIRING GUN ; ST. CHAMOND COMPANY. 


so as to travel on an ordinary railway; and one/ mortar illustrated is 8541b.; that of the carriage, 
pair can be lowered when going over crossings or | 792 1b.; and that of the bedplate 2000lb. The 
when it is desired to fire the gun. It will be seen total weight as mounted on wheels for transport is 
that at each angle of the platform there is a about 2 tons. The angles at which it is designed 
powerful screw p ; before the gun is fired all of these to be fired vary from +10 to +60 deg. 
screws are lowered until the heavy wooden shoes In Figs. 134 to 139 are shown the general out- 
mounted on them take a firm bearing on the lines of a 6.19-in. gun and carriage made by the 
ground and thus afford considerable stability to the St. Chamond Company. The gun is constructed on 
structure. The gun is lowered by the recoil through the principles usually adopted at these works, 
a distance of about 40 in. ; the angles of elevation and of which we have already given a general 
range from —5 to +30 deg. for the 120-millimetre idea. In the piece illustrated only one row of 
gun, and between +5 to +45 deg. for the 155 mil- | hoops is shrunk over the inner tube; the lon- 
limetre. The weight of the carriage is 3.5 tons, | gitudinal staves are then added and these are 
and that of the travelling platform 6.5 tons. | covered by a second row of hoops, in which the 
The mortar illustrated by Figs. 132 and 133 is | trunnion ring is included. The De Bange breech 
6.10 in. bore of the light type ; it is mounted on a| mechanism is applied to this gun, modified to the 
carriage without any provisions for recoil ; in fact | French regulation pattern ; it is adapted for firing 
both mortar and mounting are so constructed as to | percussion fuzes. The safety device is not shown 
forma single piece. This gun is five calibres in | on the drawings, but may be generally explained as 
length, and the total length of bore is 45 in. It| follows: A horizontal groove is cut at the back of 
consists of an inner steel tube reinforced with a/|the breech in which a bolt is free to slide and is 
steel jacket, and fitted with breech mechanism. | constantly pressed towards the right by means of a 
The rifling consists of eighteen grooves of increas- | spring ; in the bolt is made a central rectangular 
ing pitch from 2.30 deg. to 12 deg. With a’ slot, in which slides a box containing the striker ; 
charge of 3.63 1b. it throws an 88 lb. projectile | this box projects from the face of the bolt and a 
with an initial velocity of 656 ft. The mounting spring presses it constantly towards the right. 
in which this gun is placed rests on a timber! When the breech-block has been turned through 
foundation strongly braced together ; upon this one-sixth of a revolution corresponding to its closed 
platform are bolted two curved plates C that! position, the right-hand end of the bolt strikes 
serve the double purpose of holding down the gun against an inclined plane which is formed in the 
and acting as guides for the horizontal training. | ring that carries the breech-block, and the bolt is 
The carriage consists of two side plates of steel A | pushed towards the left ; this movement uncovers 








the vent and the fuze can be introduced. If the 
main lever be now thrown down, a projection upon 
it acts upon the box containing the striker and forces 
it towards the left over the fuze. The hammer 
which is mounted on the lever is arranged as shown 
in Figs. 136 to 138. A small hollow cylinder R, 
Fig. 136, is mounted horizontally on the lever and 
occupies a position beneath the vent; in this cy- 
linder is a pin T forced always to the left by a 
coiled spring and having a ring r at the other end 
to which the firing lanyard is attached ; on this pin 
is mounted the tail of the hammer, the head s pro- 
jecting through the cylinder and the tail passing 
through a spiral groove cut in the cylinder. In 
its normal position the spring always holds the 
hammer away from the breech and out of line with 
the vent ; it is only when the lanyard is pulled 
that the hammer can be brought upon the fuze 
traversing the spiral groove in the cylinder. The 
gun illustrated is 36 calibres in length, its total 
length being 19 ft. 6 in., while the weight is nearly 
5 tons. The powder chamber is 6.29 in. in diameter 
and 49.21 in. long; there are sixty-eight grooves 
varying in pitch from 1 deg. to 7deg. The powder 
charge is about 474 Ib., and two classes of shell are 
fired with a velocity of 1970 ft. and of 2300 ft. ; 
the former weighs 121 1b., and the latter 88 Ib, 
Besides these, the ammunition supplied for this gun 
comprises shrapnel and case shot. A section of 
the large capacity shell is shown in Fig. 139. 

The gun is carried in a cradle of cast steel, bear- 
ing on horizontal slides in the top of the under- 
frame, the bearing surfaces on this latter are of 
bronze. The under carriage, which is of the form 
shown in Figs. 134, 135, is of cast steel in one piece, 
including the brake cylinders on each side. The 
system of hydraulic brake is similar to that already 
described ; the cylinder C on each side of the car- 
riage is the smaller one of the pair forming the 
brake, and its ram is connected with the cradle on 
which the gun rests ; these cylinders are connected 
with the larger pair by the pipe a, and the batteries 
of Belleville spring that are used to store up the 
force of recoil and to bring the’ gun back to firing 
position, are placed in the cylindrical recesses E E 
cast in the body of the carriage. The rear of the 
carriage is supported by two rollers d running on a 
circular path bolted to the deck of the ship, and in 
front it is carried by a ring of live coned rollers that 
bear upon the baseplate. Training for eleva- 
tion, which ranges from —10 to + 30 deg., is 
effected by means of a toothed are attached to a 
ring passing round the gun in front of the trunnions ; 
this arc is traversed by means of suitable gearing 
operated by the handwheel V. Horizontal train- 
ing is regulated by a pinion gearing into a curved 
rack on the bedplate, movement being given to this 
pinion by the handwheel V?. 

Finally, we may mention the 1.85in. rapid-firing 
gun on the Daudeteau-Darmancier system already 
mentioned, which is being experimentally manufac- 
tured by the St. Chamond Company ; a general view 
of this gun is given in Fig. 140, and the details of the 
mechanism are illustrated bythe Figs. 141 to 144. In 
this gun the breech is closed with a block on which 
an interrupted thread is cut in three sectors, and the 
action required to open and close it is performed 
by a reciprocating movement given to the handle d. 
Upon the end of the breech is shrunk a steel block 
of the form shown in the figures, the back being 
curved to the are of a circle; guides a are cut in 
the rear face of this block and in the end of the 
breech, and in these guides v slide the various parts 
composing the breech mechanism. These parts 
consist of a hollow bracket B, and the slide D at 
the end of which is the handle d, while the front is 
formed into a ring through which the end of the 
breech-block passes, and is held by the recess c 
shown in Fig. 142 ; in the breech-block are cut two 
spiral grooves M, and fitting into these grooves are 
projections that form part of the ring b. It is by 
means of these studs and grooves that the breech- 
block is caused to turn either for locking or un- 
locking, by moving the piece D to and fro. The 
form of the spiral groove is such that in drawing it 
towards the rear, the block is first set free and can 
then be withdrawn from the gun by the projection 
at the end taking its bearing in the recess of the 
ring b. While this is being done a projection H in 
the bracket B (Fig. 142) fits into a recess H' and 
holds it fast in the proper position; but as the 
breech-block is withdrawn, it compresses a spring 
which retains H, causing it to shift clear of the 
recess H', and the bracket falls into the position 
shown in Fig. 141, bringing the breech-block with it 
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and leaving the chamber of the gun clear for re- 
loading. The operation of closing the breech is the 
reverse of that wehave just described; when in place, 
the various parts occupy the positionshown in Fig. 144, 
where it will be seen that the eccentric block Lis in 
contact with the end of the gun. The firing 
mechanism is set at half-cock by the falling of the 
breech and bracket, and the gun may be fired by 
pulling the trigger R, or automatically if the block 
L is thrown over into the position shown by the 
dotted lines, in which case the travel of the breech- 
block and its mountings is increased sufficiently to 
trip the lever G and cause it to release the detent. 
In order that this latter may be raised, it must 
come opposite a recess U (Fig. 142) formed under- 
neath the carrier D, and the striker, which is placed 
in the centre of the breech-block, can only be 
released when the block is fully secured to its seat. 
The extractors consist simply of two flat springs 
with projecting hooks placed symmetrically on each 
side of the block ; when the latter is in place the 
hooks pass over the rim of the cartridge case, which 
is afterwards withdrawn with the block. Fig. 140 
illustrates one method of mounting this gun ; it 
also shows a cartridge-holder which facilitates rapid 
firing ; this holder consists simply of a light iron 
frame large enough to hold five rows of cartridges, 
ten in each row ; beneath them is a spring v which 
forces them constantly up towards the top of the 
frame ready to the hand of the man serving the gun. 
The gun can be turned horizontally on its vertical 
pivot, and the training device for elevation consists 
of a toothed arc not shown in the engraving, but one 
end of which is attached to the gun near the breech ; 
into this arc gears a pinion driven by a hand fric- 
tion wheel. The weight of the gun is 500 lb., and 
the length of the bore is 45 calibres, the total 
length of the gun being 964 in., including the 
breech mechanism ; the powder chamber is 12.44 in, 
long and 2.23 in. in diameter ; the rifling consists 
of twenty grooves cut with a pitch increasing from 
30 deg. to 7 deg. The ordinary metallic cartridges 
of the French regulation pattern constitute the 
ammunition, and the powder charge is 1.7 lb.; the 
projectiles weigh about 34 lb., and have an initial 
velocity of 2030 ft. Three kinds of projectiles are 
fired—steel shell, 3$ calibres in length, heavy 
bursting shell of 4$ calibres, and case shot contain- 
ing thirty-five balls. The total weight of the com- 
plete cartridge is about 6.30 lb. However efficient 
this mechanism may be for quick-firing guns, it 
would seem that the work of handling the breech 
mechanism, except for very small calibres, would 
be extremely heavy. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a slightly stronger 
tone in iron circles last Thursday, and a fairly large busi- 
ness was done in the iron warrant market. Prices, how- 
ever, were slow to move, but the close showed a small 
advance on the day, that being the third day in succession 
to show a slight improvement. Scotch iron closed 24d. 
per ton dearer, and Cleveland and hematite iren were, 
respectively, 5d. and 24d. per ton higher in price, and the 
settlement prices at the close were—5ls. 3d., 52s., and 
64s. per ton respectively. The market was again firmer 
on Friday forenoon, and prices improved. At noon Scotch 
warrants were 5d. per ton higher than the closing quota- 
tion of the previous day, Cleveland being 3d., and’hema- 
tite iron 54d. higher in price. In the afternoon the im- 
provement was maintained, the buying being heavy, and 
the best quotations of the day ruling. Scotch warrants 
closed at 51s. 9d. per ton, Cleveland at 52s. 3d., and 
hematite iron at 64s. 44d. per ton. Makers’ brands of iron 
were firmer, and a more hopeful view of the situation 
revailed. On Gartsherrie Nos. ] and 3 and on Eglinton 
Vos. 1 and 3 the price was in each case advanced 1s. per 
ton. The market was characterised by a fairly good tone 
on Monday morning, part of the buoyancy being due to 
the fact of the previous week’s withdrawals of iron from 
the warrant stores being the largest on record. The ship- 
ments were also reported as being large, while the reports 
as to the home consumption seemed to show that there 
was no falling off to any noticeable extent. Business 
opened strong in Scotch iron, and the price was run up 
. per ton, but near the close there was some heavy 
selling, and prices lost their early gain, the close being 
Sis. 64d. per ton cash buyers, which showed a decline of 
2d. per ton from last week’s close. Cleveland iron 
was very buoyant, the demand was fair, and the 
rumour of a proposal to reduce the number of furnaces 
in blast, with the existing comparatively low stocks, had 
a firming effect. Although the closing price, 53s., per 
ton cash, was 4d, under the best: quotation, still there 
was a gain of 9d. per ton on the day. The closing quota- 
tion for hematite iron was 64s. r ton cash, an 
advance of 14d. on the day. At the forenoon meeting 
of the pig-iron warrant market yesterday selling rather 
preponderated, and prices generally gave way, the fluctua- 
tions ranging up to about 3d. per ton. Still the tone was 
steady, and at the afternoon meeting they firmed, so that 





the quotations recovered. Scotch iron closed 1d. under 
Monday’s close, and hematite 14d. ; but Cleveland iron, 
after being 3d. down, recovered andclosed as on the previous 
day, being 1s. 64d. per ton dearer than Scotch iron. The 
market was depressed this forenoon. A fair amount of 
business in Scotch iron was done at lower prices, but 


Cleveland iron was without animation. Quietness was | }, 


the rule as regards hematite iron. Down to 51s. 24d. per 
ton cash was accepted for Scotch iron in the forenoon, 
but sellers were asking 51s. 44d. cash at the close in the 
afternoon, when buyers were offering only 52s. 3d. per 
ton cash for Cleveland iron, and 64s. 14d. for hematite 
iron. Last week’s shipments of pig iron from all 
Scotch ports amounted to 9809 tons as compared with 
8526 tons in the corresponding week of last year. 
They included 100 tons for the United States, 112 tons 
for South America, 210 tons for India, 548 tons for Aus- 
tralia, 130 tons for France, 230 tons for Italy, 865 tons for 
Germany, 490 tons for Holland, 600 tons for Belgium, 710 
tons for Spain and Portugal, smaller quantities for other 
countries, and 5444 tons coastwise. The number of blast 
furnaces in actual operation in Scotland still remains at 89 
against 82 at this time last year. The stock of pig iron in 

essrs. Connal and Co.’s public warrant stores yesterday 
afternoon stood at 835,108 tons, as compared with 846,084 
tons yesterday week, thus showing for the week a decrease 
amounting to 10,976 tons. 


Foreign and Colonial Shipments of Machinery, &c., 
from the Clyde.—The foreign and colonial shipments of 
machinery, &c., from the Clyde, reported last week, in- 
cluded the following: Marine, sugar-crushing and other 
machinery, of the value of 9489/., chiefly for Chili, 
Penang and Singapore, Melbourne, Shanghai, Japan, 
New York, and Trinidad; blooms, slabs, billets, rails, 
and bars, and other steel goods, for Japan, New York, 

altimore, China, Melbourne, Bombay, and Bilbao, 
valued at 12,200/.; pipes and other castings, sleepers, 
tiebars, cottars and keys, plates, sheets, bars, tubes, and 
miscellaneous iron manufactures, of the value of 49,4000. 


The Coal Trade.—The extra demand for coals, induced 
by the English colliers’ strike, has now passed, and the 
market has returned to its normal position. In the 
Lanarkshire and other districts (excluding Ayrshire) 
the miners are working well, and the supplies of coals are 
consequently large ; but up to the present all that comes 
to hand is moving freely away. The top price of splint is 
down 3d., and that of ell coal about 6d. since this da 
week, but main coals maintain the former rate. The fol- 
lowing are the prices at Glasgow Harbour to-day : 


F.o.b. per Ton 

: 0 wed, 
Splint... am se <« a0 Sto dT 0 
Main coal 536 soe a 10°) ., 0 Oo 
Steam... es ae oa a2 °O ,, 226 
Ell 10 9 00 


Ayrshire coal 9s. 9d. to 10s. f.o.b. at Ayrshire ports. 
Best dross is in good demand, but lower qualities, being 
abundant, are rather easier in price. Household coals 
are now plentiful on account of the mild weather, but 
there is no change in wholesale prices so far. In Ayrshire 
the colliers are working unsatisfactorily, and for this 
reason the trade is quieter, and the prices are not quite 
so good as they were last week. Founders have now less 
difficulty in getting full supplies of coke. 


Institution of Engineers and Shipbuilders in Scotland.— 
The usual monthly meeting of this Institution was held 
last night—Mr. Eben. Kemp, president, in the chair. 
Fourteen new members and graduates were elected, two 
of the former being life members. A very interesting 
discussion took place on Mr. A. S. Biggart’s paper on 
“The Erection of the Superstructure of the Forth 
Bridge,” the speakers inclu iw } Mr. 0. -P. Hoge, Mr. 
Henry Dyer, Mr. Charles C, Lindsay, Mr. W. Renny 
Watson, and the president, all of whom heartily con- 
gratulated Mr. oy on the high character of the 
series of papers which he had communicated to the 
Institution in regard to the great work in whose con- 
struction he had been so intimately concerned. Mr. 
Biggart made an interesting reply, in the course of 
which he expressed the opinion that it was but right 
that such a body of engineers as were embraced in the 
membership of the Institution were entitled to get such 
detailed information as he had been able to commu- 
nicate to them in his papers. A discussion then took 
place on Mr. Edward C. Peck’s paper on_‘‘ The Loss by 

ondensation and Re-evaporation in Marine Engine 
Cylinders.” The speakers were: Mr. Dyer, Mr. James 
Weir, Mr. James Rowan, and the president. Other two 
new papers were afterwards read. One was on ‘‘The 
‘Rota’ Engine,” by Mr. J. MacEwan Ross, and the 
other was on “ The Delivery of Water through Co per 
Wire Gauze Strainers,” by Mr. John Barr, of the Glen- 
field Company, Kilmarnock. 


Lecture on Public Lighting by Electricity.—Last Wed- 
nesday — a lecture on this subject was delivered to a 
meeting of the Philosophical Society of Glasgow in the 
grand banqueting hall of the new Municipal Buildings 
in George-square. The meeting was attontel by a large 
representation of the Town Council and by many non- 
members of the Society who were present by invita- 
tion. Mr. Henry A. Mavor was the lecturer, and 
he had the benefit of the electric light on the premises, 
the primary current from his firm’s central lighting 
station having a potential of about 2400 volts. The 
lecture was exceedingly interesting, and was extensively 
illustrated by striking experiments. At the close, Sir 
William Thomson, past-president of the Society, made 
some very approximate and valuable supplementary 
remarks, and on his motion a very cordial vote of thanks 
_— awarded to Mr. Mavor for his highly instructive 
ecture, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Engineers’ Wages.—The workmen engaged in the en- 
gineering trades of Sheffield are agitating for an increase 
of wages to the extent of 2s. per week. A full meeting 
as been held, when it was reported that two large firms 
had conceded the advance, and that others were consider- 
ing the matter. The engineers contended that, not 
having had an advance for seventeen years, they are 
entitled to make the present demand. They determined 
to hand in notices terminating on April 12, and, whilst 
deprecating a strike, resolved to cease work if the neces- 
sity should arise. 


The Application of Water-Gas to Steelmaking.—A num- 
ber of gentlemen representing important steel works in 
various parts of the country have visited the Leeds Forge 
Company’s works to judge for themselves of the capa- 
bilities of water-gas in melting pig iron and converting it 
into Siemens steel. The whole charge, consisting of nine 
tons, was completely converted into mild steel within the 
space of five hours four minutes, and when tapped it was 
to all appearance in a more fluid and better condition 
than that usually obtained under ordinary producer gas. 
At the same time, the material is described as being much 
better under the new method. 


Advance of Wages in the Iron and Steel Trade.—The 
accountants’ return submitted to a meeting of the stand- 
ing committee of the Midland Iron and Steel Wages 
Board in Birmingham on Monday, Mr. B, Hengley 
presiding, showed that the average selling price of iron 
during jem and February was 7/. 18s. 4d. per ton. 
This ascertainment entitles puddlers in this district 
under the sliding scale to 9d. per ton, and tonnage men 
to 74 per cent. advance, commencing on Monday next. 
Selling prices have advanced 13s. since the December 
return, and puddlers’ wages are raised to 9s, 3d. 


A New Feature in the Coke Trade.—In consequence of 
the recent strike in South Yorkshire, fourteen furnaces 
have been damped down at Frodingham, leaving only 
four working. Little or no iron has been sent away from 
the district during the monthof March. This is a serious 
matter for the South Yorkshire coke trade, as owing to 
the number of furnaces standing idle, a large quantity of 
coke will be thrown on the market. ‘There are now about 
2000 men thrown out of employment in the district of 
Frodingham. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Market.—Y esterday the attendance 
on ’Change was not large and the amount of business 
transacted was small. Prices were not quite so strong 
as on the previous day. This was to some extent 
accounted for by the fact that owing to the advanced 
quotations holders of warrants commenced to sell pretty 
freely. In spite of the slight fall in prices yesterday, 
however, the tone was pretty cheerful, but buyers were 
somewhat chary about entering into contracts for delivery 
ahead, and in fact very little if any forward business was 
done. It must be noted that shipments of iron and 
steel are beginning to improve, and that inquiries, 
especially from Continental firms are more numerous 
than they have been for some time past. The first 
thing yesterday morning No. 3 g.m.b. Cleveland pig 
iron for prompt f.o.b. delivery was sold at 53s. 
per ton, but information from Glasgow showed prices in 
the Scotch centre rather easy, and this caused buyers here 
to hold off. Ata later hour some purchasers were not 
willing to give more than 52s. 6d. for No. 3, but there 
were others ready to do business at 52s. 9d. Towards the 
close of the market affairs again improved, and trans- 
actions were recorded at 53s. Makers would not do 
business at the foregoing figures, but it is believed 
that if pig iron advances another shilling or two there 
will be producers ready to sell. They have not 
booked orders for several months, and many of them 
must by this time have got well through their contracts. 
The price of grey forge iron is 53s. Middlesbrough 
No. 3 warrants opened yesterday at 52s. 9d., but closed 
steady at 53s. cash buyers. To-day affairs were quiet 
and not much business was done. In the morning it was 
reported that No. 3had changed hands at yesterday’s 
closing figure, but as the day wore on prices fell, and 
No. 3 g.m.b. Cleveland pig, for prompt f.o.b. delivery, 
was at the close of the market nominally 52s. 6d., but 
buyers would not give that figure. Middlesbrough war- 
rants closed at 52s. 3d. cash buyers. Makers of hematite 

igs here ask 72s. 6d. per ton for mixed numbers, but 
Srasine warrants are very considerably cheaper than 
makers’ iron. 


Manufactured Iron and Steel.—The manufactured iron 
industry continues quiet, but some makers report a rather 
better inquiry. Few, if any, new contracts, however, are 
being entered into and prices do not improve. There are 
producers who state that prospects are improving, but 
others express doubts of quotations advancing much. 
Common bars are 7/.; ship-plates, 6/. 15s. to 7/.; and 
angles, 6/. 15/., all less the customary discount for cash. 
In the steel trade there is very little new to report. Pro- 
ducers, however, continue fairly active, but inquiries are 
few and new orders are very difficult to obtain. Heavy 
sections of rails are 6. and ship-plates 7/. 15s., both at 
works, 

Weardale Ironstone.—The inability of the Weardale 
Iron Company to blend satisfactorily the Weardale iron- 
stone so as to make steel, has necessitated the building of 
a special furnace at Tudhoe, which is about to be lit up 
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with 40 tons of ironstone from the several mines of the 
company in Weardale, upon the result of which the re- 
sumption of the Dales industry at present depends. 


The Fuel Trade.—Fuel of all kinds continues in good 
demand, but quotations are reported to be not quite so 
firm. Coke for blast furnace purposes, however, is still 
quoted 21s. per ton at the ovens. 





NOTES FROM THE SOUTH-WEST. 

Tiverton.—The Tiverton borough surveyor reported at 
a meeting of the town council on Wednesday on the 
progress made with the Warncombe Water Works, which 
now yield 44,500 gallons per day, and he advised measures 
being taken for temporarily augmenting the existing 
water supply by this yield during the summer. A fear 
having been expressed that the springs thus tapped were 
exhausting surface springs supplying Warncome Farm, 
the surveyor was emphatic in his assertion that this could 
not be the case. His suggestion was adopted, and he was 
also authorised to take steps for bringing under the notice 
of an inspector of the Local Government Board schemes 
for extending improved drainage to Horsdon and St. 
Peter-street, and for preventing the Hooding of the Low- 
man at the east end of the town. 


The ‘*‘ Blanche.”—The Blanche cruiser has made a trial 
of her machinery in Plymouth Sound. The results were 
satisfactory. The engines (by Earle’s Shipbuilding Com- 
pany) worked well, and there was no priming in the boilers 
and no complaints of hot bearings. The indicated horse- 
power was below the contract, but it was being gradually 
worked up when the trial concluded. Annexed are the 
statistical results attained :—Mean steam, 134]b. ; vacuum, 
25.7 in. ; revolutions, 167.1: indicated horse-power, 1832 ; 
and speed by log, 14.75 knots. Some minor alterations 
will be made in the machinery before the Blanche makes 
her forced draught trial. These alterations will, it is 
thought, take about a week or ten days to carry out. 


The Bute Docks.—A Committee of the House of Lords 
has approved the preamble of a Bill empowering the 
Bute Docks Company to acquire the powers granted by 
the Rhymney Railway Company in 1888 for the construc- 
tion of a railway connecting the Monmouthshire valleys 
with Cardiff. 


Pembroke Dockyard.—Only one vessel is to be laid down 
at Pembroke this year, viz., the Cambrian, a second-class 
cruiser protected. The estimated expenditure for the 
current year is 16,635/., and the vessel is to be completed 
by September, 1893. The other vessels which have been 
in course of construction at Pembroke are the Nile, a 
first-class armoured battle-ship, laid down in April, 1886, 
and to be completed at Portsmouth in August next (esti- 
mated expenditure for the current year, 54,6671.) ; the 
Blanche, third-class cruiser protected, laid down in 1888 
and to completed at Devonport this year (estimated 
expenditure for the current year, 14,3041.) ; the Renown, 
first-class armoured battle-ship, laid down in July, 1889, 
and to be completed in December, 1893 (estimated expen- 
diture for the current year, 283,643/,) ; the Repulse, first- 
class armoured battle-ship, laid down in May, 1889, and 
to be completed in March, 1894 (estimated expenditure 
for the current year, 244,984/.); and the Pearl, second- 
class cruiser protected, laid down in April, 1889, and to 
be completed in July, 1891 (estimated expenditure for 
the current year, 54,290/.). 


Kingsbridge.—Some officials of the Great Western Rail- 
way have visited Kingsbridge, with reference to a pro- 
posed line to that town. It is expected that constructive 
operations will be commenced next month and that they 
will be pushed forward with energy. The site selected 
for the station at Kingsbridge is what is known locally as 
the Archery Field. 


Rhymney Railway.—A Select Committee of the House 
of Lords has passed so much of a Bill promoted by the 
Rhymney Railway Company as refers to the Aber Valley. 
The Rhymney Railway Company has thus—at any rate, 
so far as the House of Lords is concerned—obtained Par- 
liamentary authority for the construction of a line four 
miles in length by which coal will be conveyed from the 
Aber Valley district to Cardiff. The cost of the line is 
estimated at 50,000/. 


_ The Severn.—A. Bill, which is being promoted in Par- 

liament by the Severn Commissioners, is now to stand 
over until after Easter. The object of this adjournment 
is to secure, if possible, an arrangement with the Great 
Western Railway Company for the withdrawal of its 
opposition to the Bill. 


West Gloucestershire Water Works Company.—The half- 
yearly report of the engineer states that the company’s 
works are in good condition, that they continue to be 
managed with economy, and that the supply to cus- 
tomers has been well maintained during the past six 
months. The extensions made in the course of that 
period have raised the number of houses passed by the 
company’s mains from about 2900 to about 3200; but 
this is still only about one-fourth of the estimated num- 
ber of houses within the company’s limits of supply. Of 
the houses ed by the mains about half only, or one- 
eighth of the whole number in the district at present, 
avail themselves of the company’s water. 


Bristol Docks.—The revenue collected from the docks 
of Bristol last year was 82,212/., as compared with 
84,2221. in 1888, showing a decrease of 2010/. last year. 
The value of the imports into Bristol in 1889 was 
8,114,711/., befits with 7,841,229/. in 1888. The 
value of the exports from Bristol last year was 1,229,5311., 
as compared with 830,351/. in 1888. The question of 
securing a fast service of Transatlantic passenger steamers 
to and from Avonmouth has been revived during the 





t year, and it may accordingly be necessary to 
engthen the lock so as to accommodate large vessels, and 
also to provide piers capable of affording the necessary 
accommodation to ocean steamers. 


Cardiff.—Rather a better feeling has prevailed in steam 
coal, and prices have been well supported. The best 
ualities have made 15s. 3d. to 15s. 6d., and secondary 
escriptions 14s. 6d. to15s. per ton. Household coal has 
been in fairly good demand at about former rates. The 
inquiry for patent fuel has continued pretty good. Coke 
has been relatively quiet ; foundry qualities have made 
25s. to 26s. per ton, and furnace descriptions have brought 
26s. to 25s. per ton. The local manufactured iron and 
steel works are busy ; heavy section steel rails have made 
7l. to 7l. 5s., and light section ditto 7/. 15s, to 8/. per ton. 


The Forest of Dean.—The price of coal of all descrip- 
tions, small included, was advanced on Monday 1s. per 
ton. 


Barry Dock and Railways.—The directors at their 
board meeting on Friday approved plans for the construc- 
struction of extensive patent fuel works near the hydraulic 
engine houses at Barry Dock. 





MISCELLANEA. 

THE gross receipts of the 23 principal railways in the 
United Kingdom, for the week ending pa 16, 
amounted, on 16,152} miles, to 1,230,162/., and for the 
pe srg of 1889, on 16,030 miles, to 1,189, 2082., 
an increase of 122} miles, or 0.7 per cent., and an increase 
of 40,954/., or 3.4 per cent. 


During one of the snowstorms of the past winter in the 
Rocky Mountains, nineteen engines were required for one 
train, which was made up as re mand First a snow-plough 
with nine engines behind it, then a train of nine cars 
with another five engines, and behind this five engines 
—* gang of men to dig the train out should it get 
stuck. 


Liquid glue possessing great resisting power, and par- 
ticularly recommended for wood and iron, is prepared, 
according to Hesz, as follows: Clear gelatine 100 parts ; 
cabinet-makers’ glue 100 parts ; alcohol 25 parts; alum 2 
parts; the whole mixed with 200 parts of 20 per cent. 
acetic acid and heated in a water-bath for 6 hours. An 
ordinary liquid glue, also well adapted for wood and iron, 
is made by boiling together for several hours 100 parts 
glue, 260 parts water, and 16 parts of nitric acid. 


Some experiments recently made on the Paris, Lyons, 
and Mediterranean Railway on the comparative merits of 
short and long boiler tubes, have resulted in standard 
lengths of 13 ft. to 143 ft. being adopted by the company 
for their locomotives. Boilers with tubes of this length 
were found to give a total evaporation in a given time five 
per cent. greater than boilers having tubes 164 ft. long, 
though the rate of evaporation per pound was slightly 
greater with the long tubes. 


At one of the sugar factories in Philadelphia there are 
a large number of small engines, many of which are bolted 
to the beams or girders of third or fourth story floors. In 
certain cases these engines have given a lot of trouble 
from vibration, and to correct this the engineers have hung 
heavy foundations from the bottom of the engines. These 
are entirely suspended in the air, but by their weight 
absorb the vibrations from the engines as well as if they 
were located on solid ground. 


A new explosive, the invention of Mr. H. S. Maxim, is 
prepared as follows: Gun-cotton is first dissolved in ace- 
tone, ethylic acetate, or some similar solvent, nitro- 
glycerine, or nitro-gelatine is added to this, and then a 
certain quantity of castor oil, and the whole thoroughly 
incorporated. The resulting compound can be obtained in 
the form of threads or strips by forcing the compound 
through small holes, like macaroni. Thecastor oilincreases 
the toughness of the product, and diminishes its liability to 
deterioration. 


The official natural draught trial of the new first-class 
—— gun-vessel Sheldrake, 2735 tons, 4500-horse power, 
took placein the North Sea last Tuesday, under the superin- 
tendence of a party of engineering officials from the Admi- 
ralty and the Medway Steam Reserve. Themachinery was 
tested on a continuous trial of eight hours’ duration, and 
the results were of a most satisfactory character. The 
hull of the Sheldrake is to be stiffened before she proceeds 
to sea for her forced draught trial. The vessel has been 
engined by Messrs. Maudslay, Sons, and Field. 


The Admiralty have ordered the Devastation, 4, first- 
class battle-ship, the largest of the first reserve ships in 
the Sheerness district, to be relieved in the course of a few 
months of her duties as coastguard ship at Queensferry. 
She is to be despatched to Portsmouth for extensive 
alterations and a thorough overhaul and repair. The 
Devastation is at present one of the slowest first-class 
battle-ships afloat, and to improve her speed the Admi- 
ralty have ordered her to be fitted with new engines capable 
of developing 7000-horse power under forced draught and 
propelling her at a speed of 14 knots. Her armament is 
also to be improved by the replacing of her four 35-ton 
muzzle-loading guns with four new 10-in. 30-ton breech- 
loading guns. 


On Thursday, the 20th inst., Mr. Arnold Taylor held 
an inquiry at the Board Room, Soothill Nether, near 
Dewsbury, with respect to taking 4 acres of land other- 
wise than by agreement, for the purpose of dealing with 
the sewage of the district. Mr. Malcolm Paterson, 
M.I.C.E., of Bradford, explained the scheme. The 
estimated cost is 11,500/., inclusive of the main drainage 
of the district, sewage tanks for lime treatment, and land 
for intermittent filtration. A special feature of the scheme 
is the provision for taking trade refuse into the sewers, in 





accordance with the Rivers Pollution Act, 1875, thus 
striking at the root of rivers pollution in the manufactur- 
ing districts. Soothill Nether is one of the districts pro- 
posed to be incorporated by Dewsbury, whose extension 
scheme was rejected in its entirety by the Local Govern- 
ment Board. 


Speaking at the annual dinner of the Institution of 
Naval Architects on Wednesday —s Lord George 
Hamilton referred to the strictures which had been passed 
on the very heavy guns now mounted in some of our iron- 
clads. Comparing English and foreign-made guns, he 
stated that a 110-ton gun made here gave when tried in 
Italy better ballistic results than a 120-ton gun of German 
manufacture tried in the same country, whilst at the 
same time the internal pressure was lower in the English 
gun. As to manceuvring the weapons, he stated that a 
110-ton gun can be fired very nearly as quickly as a 
35-ton gun, and he entirely disagreed with the view held 
by some naval officers, who appear to be incapable of 
understanding machinery, that all the guns should be 
capable of being easily worked by hand, and thus limited 
in size. On one point, however, he did not touch, and 
that is upon the useful life of large weapons. It is com- 
monly believed that the 110-ton guns require relining 
after firing 200 rounds. 


Amongst the remarkable irrigation works which have 
been completed in America during the past few years, the 
San Diego flume holds an important place. This work 
brings water to the city of San Diego from the Cuyamaca 
Mountains 50 miles off, at the same time supplying the 
district through which it passes with irrigation water. 
The water is, in the first place, collected in a 
storage reservoir situated amidst the mountains and 
capable of holding 3,739,000,000 gallons, and situated 
630 ft. above sea level. Hence the water is led off through 
a narrow gorge named Boulder Creek to a solid masonry 
diverting dam 450 ft. long by 35 ft. high, and situated 
12 miles below the storage reservoir. From this point 
the water is led off ina great flume, 35 miles long by 6 ft. 
wide and 16 in. deep. This flume is constructed of red 
wood planking 2 in. thick, carried in many places on 
trestles, the longest of which is 1774 ft. long and 56 ft. 
high. In addition to this the flume has had also to be 
carried through a number of tunnels cut through solid 

ranite or slate rock, the longest of which is 1900 ft. in 
ength. It is expected that in addition to supplying the 
city with water, it will be possible to irrigate co 40,000 
to 100,000 acres of land. The total cost of the work has 
been 200,000/., a very moderate amount for the work done. 


A rather remarkable accident is described by Herr 
Schilling in a recent number of the Centralblatt der 
Bauverwaltung. During the construction of the Neu- 
strelitz and Wena Railway, a small stream, the 
Recknitz, some 164 ft. wide by 5 ft. deep, had to be 
crossed near Laage, and it was determined to span this 
by an arch. To secure good foundations for the abut- 
ments, it was necessary to pass through a stratum of peat 
16 ft. thick, below which was found a bed of fine sand, 
on which the foundation courses were laid. The two 
excavations were made by driving steel piles around the 
area to be excavated and then removing the soil in the 
usual way, and the bed of the river was not interfered 
with in the least. The spaces inclosed measured 28 ft. by 
13 ft. each, and the piles were driven 5 ft. into the sand. 
There was no difficulty in removing the first 10 ft., but 
after that pumping had to be resorted to, a double suction 
and force pump being started at each side of the river. 
In this way another 3 ft. was removed, but to excavate 
the remaining 3 ft. it was necessary to concentrate all the 
available pumping plant in one pit, so that the other 
gradually filled with water up to the river level. Shortly 
after the masons had started work in the dry pit, the 
bottom suddenly burst up and the trench became half 
full of water, whieh curiously enough did not come from 
the river, but from the other trench, as was proved by the 
level of the water in this pit sinking as it rose in the 
other. The two pits were 50 ft. apart. 





Tue ELxEcrRIcAL TRANSMISSION OF PoweR.—A_ re- 
markable electrical transmission plant has_ recently 
been put down in the State of Nevada, in the world- 
famous Comstock Lode and the almost equally famous 
Sutro Tunnel. At the Nevada Mill there is a 10-ft. Pelton 
water-wheel, which receives water through a pipe-line 
delivering water from the side of Mount Davidson under 
a head of 460 ft., giving 200 horse-power. Here the water 
is again caught up, delivered into two heavy iron pipes 
and conducted down the vertical shaft and incline of the 
Chollar Mine to the Sutro Tunnel level, where it is again 
delivered to six Pelton water-wheels, this time running 
under a head of 1680 ft. Each of the six wheels is but 
40 in. in diameter, weighing 225 lb.; but with a jet of 
water less than § in. in Seeawe, they develop 125 horse- 
power each. On the same shafts, which revolve 900 times 
a minute, are coupled six Brush dynamos, which generate 
the current for the electric motors that drive the stamps 
in the mill above ground. The result is that, where it 
formerly took 312 miners’ inches of water to operate 
35 stamps, but 72 in. are now required to run 60 stamps. 
This is the greatest head of water ever used by any wheel, 
and by itself constitutes an era in hydraulic engineering. 
A solid bar of iron thrown forcibly against this tremen- 
dous jet rebounds as though it had struck against a solid 
body instead of a mobile fluid. The speed of this jet, 
where it impinges against the buckets of the wheel, is 
two miles a minute—176 ft. a second. The wheels onl 
weigh 1.8 lb. per electric horse-power when working wit 
the maximum head, figures which are only surpassed by 
the Brotherhood engines used for driving torpedoes, and 
possibly by the Parsons steam turbine. At the Terni steel 
works in Italy there is a Girard turbine using water under 
a head of 1000 ft., which we believe is the greatest head 
used in Europe. 
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THE DALMARNOCK BRIDGE, GLASGOW. 
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THE Dalmarnock Bridge, of which we this week give 
illustrations, is a steel girder road bridge over the River 
Clyde, at Glasgow. There has, for some years past, 
been a timber bridge on the site where the present 
bridge is being built, but this showing signs of decay it 
became necessary to erect a new bridge more in accord- 
ance withthe requirements of the district. 

As there is old coal waste below the river not now 
accessible, a girder bridge was decided on, although, 
as it is some years since the coal was worked, it is im- 
probable that there will be any further subsidence in 
the district than has ony | taken place. 

As will be seen from our illustrations Figs, 1 to 5 (see 
the two-page plate), the bridge consists of five spans of 
54 ft. 8in. each. The width between the parapets is 
50 ft., the roadway being 32 ft. wide, with two foot- 
ways each 9 ft. wide. 

ur illustrations show the construction of the super- 
structure so fully that any explanation of them is 
unnecessary, but we may give a short description of 
the foundations of the piers. 

The bed of the river consists of fine running sand 
and muddy clay, which the borings showed to extend 
down to the carboniferous sandstone ata depth of from 
50 ft. to 60 ft. below low water, and it was considered 
advisable to carry the foundations down to the rock, 
and for this purpose caissons are being sunk on the 

neumatic system. Figs. 6 to 10 above show the 
details of these caissons, which, as will be seen, are 
formed of wrought-iron plates, and have a workin 
chamber 8 ft. high, with a roof of girders and plates, an 
a cutting edge of steel round the bottom. There are 
two shafts in each caisson communicating with the 
working chamber, one for men and the other for 
materials, on which the air locks ere fixed; these air 
locks are shown in Figs. 11 to 16, Figs. 11, 12, and 13 
being respectively a sectional elevation, and elevation 
and sectional plan of the lock for the material shaft, 
and vig. 14, 15, and 16, the same for the lock for the 
mens’ shaft. All the joints in the inner and outer skins 
of the working chamber, as also those of the shafts, 
are caulked, so as to be air-tight. 

The permanent caissons are made of sufficient height 
to reach from the rock up to low water, and above this 
temporary lengths of caisson are fixed to allow of the 
masonry of the pore being built above high water. 

The sides of the working chamber and enough of the 
caisson above it to give sufficient weight, are filled with 
Portland cement concrete when the sinking is com- 
menced, and more concrete is added as it proceeds. 
The excavation is carried on until the cutting edge of 
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the caisson has a fair bearing on the rock all round, 
and the area inside is then levelled and concrete filled 
into the chamber, rammed hard up to the roof, and 
finally grouted through the shafts. The remainder of 
the caisson up to low water is also filled with concrete, 
and the masonry of the piers commenced upon it. 

Messrs. Crouch and Hogg, MM. Inst. C.K., are the 
engineers of the bridge, and the contractor is Mr. 
A. H. Boyle. The iron and steelwork are being 
executed 
Motherwell, and the ornamental cast ironwork by 
Messrs. Walter Macfarlane and Co., of the Saracen 
Foundry. The cost of the work will be about 30,000/. 

Up to the present time the sinking of two of the 
caissons has been completed, and that of the other two 
is in progress. The masonry of the abutments and of 
one of the piers is completed, and the girders laid over 
one span. It is expected that the bridge will be com- 
pleted during the ensuing summer. 





THE ACCIDENT ON BOARD H.M.S. 
‘* BARRACOUTA.” 
(Continued from page 370.) 
Mr. W. J. Harris, coroner for the Sittingbourne dis- 
trict of Kent, resumed the inquiry upon the victims of 


ness, on Thursday, the 20th inst. 
assisted by Mr. T. A. Crompton, as assessor. 


citor), and Mr. Denton (assistant general manager o 
behalf of the contractors for the boilers and machinery. 
The examination of Mr. Batey, who was in charge of 


In reply to Mr. Baker he said: I believe the accident 


The men are always hampered a little for the first 
half-hour. It was no worse in the Barracouta than 
any other trial I have attended. It is dangerous to 
have too much water in the boiler because it causes 


to the blow-off cocks at the bottom of the ship, the 
cock is so fitted that when it is open the spanner can- 








y Messrs. Goodwins, Jardine, and Co., | 


/no orders from 
| what steam he should keep up. Noother person received 
| orders from the contractors so far as he knew. 


Manuel (expert), Mr. Baker (solicitor), Mr. Durston | could refer to me. 
(Engineer-in-Chief of the Navy), and Mr. Spyer (of the | stokehold all the time. 
Engineering Department, Whitehall), attended on behalf | 
of the Admiralty. Mr. Parker (expert), Mr. Ince oo 
the 
Palmer Shipbuilding Company), attended the inquiry on | 


the men in the port stokehold, on behalf of the con- | it just under 154 
tractors at the time of the accident, was proceeded with. | 


happened about 8.30a.m. on February 7. I have been to | 
sea and present at several contractors’ trials of machinery. | 
' minute or two, and after that they were taken out and 


priming. I should consider 9 in. was too much ; that’s | 
what wehad when wecommenced. In applying the spanner | 


not be drawn out of position. These spanners generally | 
have cross-handles attached, and they are very much in the | 
way of the stokers and others passing along the sides of | 
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the boilers to the different stokeholds. At the beginning 
of the trial it is rather awkward to blow off the boilers, 
on account of the traffic, and the men have to get used 
to their stations. I did not consider it necessary to blow 
the water off, because I considered I had a better way 
|of doing it. There were more men in the stokehold 
| — were really workers, and whose duties I did not 
now. 

By Mr. Manuel: If I had seen danger I should have 
done my best to keep the passage clear. I adjusted the 
feeds. Suppose the levelling valve between the two 
| tanks was shut, together with the valve on the middle 
‘bulkhead of the main feed, I could not adjust the 
| feeds to any great extent without using the auxiliary 
| donkey. y orders were to keep 2 in. to 3 in. water 
|in the port midship glass aft. This refers to starboard 
'as well. To the best of my belief, if you have 1in. 
|of water in the after glass of the middle bulkhead of 
‘the port boiler, there would be five-eighths of water 
| showing in the forward glass. I had no orders to keep 
| up to 153 lb. of pressure. I gave no instructions to 





| Mr. Fielder to keep any amount of steam ; I expect he 
| got his orders from those aboveme. Mr. Fielder was 


ere called, and in reply to Mr. Manuel, said he received 
Messrs. Palmer’s representatives as to 


By Mr. Burnet (a_juror): I did not consider myself 
under any orders of Batey ; but if I were in the stokehold 


the Barracouta accident at the Fountain Hotel, Sheer- | and he wished anything carried out _so far as the furnaces 
The coroner was | were concerned, I should do it. Batey could ask the 
Mr. | stokers to do anything ; and if they declined to do it, he 


r. Hall’s deputy should be in the 


Batey said he did not consider himself in a position to 
to give any order to Mr. Fielder; but he believed that 
officer would carry out any request he made to him. 

Replying to Mr. Manuel, Batey said: The safety 
valves lifted at between 154 Ib. and 155 Ib. of steam. Ihad 
orders by telegraph to keep full-power steam, and I kept 

tb. The safety valves lifted a number 
of times and the noise would be heard on deck. I con- 
sidered it right to make Gibbon acquainted with all the 
valves and cocks in connection with the donkeys. To the 
best of my belief the ashpit dampers were put on fora 


put in their place. I have not the slightest complaint to 
make with regard to the actions of the engineers, stokers, 
or any one under the Admiralty. ‘ 

Mr. T. A. Simmons (a juror): Who was really in charge 
on behalf of the Government? I cannot understand this 
divided responsibility. 

Mr. Durston said that Mr. John Hall was really re- 
sponsible, because he represented the Steam Reserve. 

= deputy was in the stokehold during the whole of the 
trial. 
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THE DALMARNOCK BRIDGE; DETAILS OF AIR LOCKS. 
(For Description, see opposite Page.) 


Fig. 11. 
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: | _By Mr. Ince: I have been in Messrs. Palmer’s employ 

nee aien f gine | about five years, and have been on at least a score of 
| trials of ships, many of them Government vessels. I was 

| at the test of the steam ipes, and they answered the 
| cameos satisfactorily. blew the gauge glasses both 
| before and after the trial commenced. I do not think the 
| lever working the gauge | ag could have been moved 
| without me seeing it. When I went into the stokehold 
| after the accident, everything was as I left it, and every 
cock wasopen. The time between seeing the glasses before 

| the accident and after was not more than four minutes. 
| On starting the fires in the morning there were about 
|9in. or 1lin. of water in the boilers. After the stop 
| valves were open and all the auxiliary engines connected 
with the ship were started, there was necessarily a certain 
amount of waste. We kept the donkey working slowly 
round after the main engines were started until I had 
from 2in. to 3in. of water in the glass. Until the donkey 
was running at the proper feed the water must be falling. 
is When we got down to the proper working level the boilers 
deadlight | were adjusted, at ten minutes to eight ; after that I don’t 
think the water varied half an inch. After the accident 
the donkey in the port stokehold worked about the same 
speed as before the accident. We always had plenty of 
water in the feed tanks, but I can’t say whether they 
! were overflowing in the early part of the morning. It is 
| not my duty to leave the stokehold to see to the feed 


ED TEAR beeen eae eee ay tanks. It is not unusual for steam pressure to vary. [ 
: | 3fe« 36+ 72 Loars | — the valves to Gibbon. 
the Assessor: Both Normandy condensers were 


| working with the idea of making fresh water. I believe 
| they were working from the time we left the harbour until 
| we returned.— Witness: I am here without fear or favour, 
| and have nothing to fear; I am willing to answer any 
straight questions you put to me, but I can’t account for 
| the exact time.—By the Assessor: I have nothing to do 
| with the Normandy condensers ; there was no necessity to 
put the auxiliary feed on.—Witness: I don’t understand 
you, as I do the other gentlemen. Give me a question, 
| and I'll answer you.—The Assessor: I’m endeavourin; 
todo so. I have no wish to confuse you.— Witness : 
must confess I don’t understand all your questions.—The 
| Coroner: You should tell me if you don’t understand 
| anything.—Cross-examination continued : I don’t know 
| how long the Normandy condensers were working. If 
| the tank is full, it must overtiow. 
| Mr. Burnet (a juror): I am no engineer, but I think he 
has made this matter remarkably clear. 
By Mr. Manuel: To the best of va, Ah mey. the glasses 
on the feed tanks were full when the boilers showed 3 in. 
| There was about a foot in the glasses when we commenced 
| to adjust.—Witness : I am not used to speaking to a lot 
| of gentlemen like this, and it rather confuses me.—The 
| Coroner: Yes, many witnesses have found that.—By Mr. 
| Burnet: I fitted the water gauges, the size of which is 
| specified by the Government. I merely fitthem. | 
| Commander Osborne, in reply to Mr. Baker, said he 
| did not hear the safety valves blow off. Had they done 
| So he would have heard them. He was in the engine- 
| room two or three minutes off and on. 
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Richard Collins deposed : I am a leading stoker belong- 
| ing to the Medway Steam Reserve, and was one of the 








| 

| 
3} | party told off for the trial of the Barracouta, I was on 
-| 45 -_-- | Sty in the port aft stokehold from 7a.m. until the 
the | | accident occurred. I was standing between the gee 
wet | wing furnace and the passage-way between 8 and 9 when 
i ike! | I heard a scrambling in the forward stokehold. I made 
vm | my way there and saw a sudden burst of flame in the aft 
46 Kae eo stokehold. In the passage I met Saxton coming towards 
1 me. Isaid “‘ Joe, you cannot come this way,” and he 


replied, ‘* By God, you can’t come this way.” Three of 
us fell down ina heap. I was the first to get up, and 
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said I could not stop any longer, because I could not get 
my breath. I put my arms across my face, and bo! 

through the fire into the starboard stokehold. I made 
my way through the wing. The flames burnt my arms 
and face. I was nearly suffocated, and was he. — on 
deck by astoker. I was attended by the doctor, and after- 


wardsconveyed to Melville Hospital. Theflamescame from | f 


the ashpit. Deceased was carrying coal from the bunker. 
—By the Assessor : I was in charge of the firemen in the 
stokehold. Gould and Ovenden were under my charge. 
Richardson fired a few minutes before the accident. The 
fires were in good condition. heard no complaints or 
any noise or explosion. Saxton and I had noconversation 
before the accident. I saw 3 in. or 4 in. in the port mid- 
ship glass three or four minutes before the accident. The 
lamps were burning brightly and in good order. I heard no 
remarks passed between the contractors’ men and Saxton. 

By Mr. Baker: If I thought it requisite I should do 
what the contractors’ men asked me to do. I had no 
request. I was only responsible for the fires. I act 
under the orders of the chief engineer of the ship. 

By Mr. Manuel: I had charge of the fires in both 
stokeholds. There were good fires. I knew the pressure 
required was from 150 Ib. to 1551lb. It would ‘ blow off” 
at - Ib.; and I was told to keep it as near 154 1b. as I 
could. 

By Mr. Ince: I never heard the steam blow off.—-By 
Mr. Gordon (a juror): I have never known back draught 
in my previous experience as a stoker.—By Mr. French 
(a juror): The rakes were a little short, but it did not 
interfere with the firing. 

By Mr. Howe: Ovenden had never been on trial with 
me before. I have been on trials with forced and natural 
draught, and never had a hitch. 

By Mr. Hare: They were all first-class firemen in 
charge of the fires. 

The Coroner said the jury should have the evidence of 
Mr. Saxton, and he was afraid they could not arrive at a 
decision without him. If it were really necessary, his 
depositions could be taken at his residence. 

Feet Surgeon Kell said he did not think Mr, Saxton 
could attend for at least a week or ten days. 

Charles Richardson deposed: I am a stoker-mechanic, 
and formed one of the steam party at the trial of the 
Barracouta. The deceased was one of the party. I was 
in charge of the fires in the port after rae me T have 
been on four trials before. I took my orders from Collins. 
About a minute before the accident I was in the port 
stokehold aft. The fires were in good order and were 
fired up about five minutes before. Mr, Fielder once 
complained that the fires were rather heavy. 

By Mr. Munn (ajuror): He addressed his remarks to me, 
and told me to open the door so that he could look in. 
By the Assessor: I burnt them down for about a quarter 
of an hour ; it was just as the trial commenced. No one 
gave me any orders as to the gauges ; Collins told me to 
keep below 1501b. The rakes were not long enough ; but we 
could keep the fires in good order. I looked at the gauge 
glasses, there was about 5 in. in the port boiler when we 
got under way in the midshipline glass. It lost the water 
suddenly ; we could just see it keep bobbing in the nut. 
[ heard Saxton say a had better get some water in the 
boiler, and then they put on the auxiliary donkey. I know 
the auxiliary from the main feed. I did not notice who 
put the auxiliary on; but it was one of the contractors’ 
men. After it was put on the watercame up in the boiler 
and rose to between 4 in. and 5 in. I did not hear Saxton 
make any remark about it. The water worked well after 
that. The auxiliary was working about five or ten minutes. 
I remember looking at the gauge—middle-line gauge— 
just before the accident ; and there was then about 5 in. in 
the glass. I went into the starboard stokehold for a rake, 
but before I could get back the accident occurred. 

The Assessor: It was only that little incident that 
saved your life, then.— Witness: Yes. I asked Ovenden 
(one of the deceased) to shovel some coals out for me 
during my absence. 

I took one of the injured men on deck and then re- 
turned to the port stokehold, being absent about three 
minutes. I looked at the water gauge, and there was 
44 in. in the glass. I had orders to ‘fire up and try to 
get steam,” as Mr. Sharp wanted to get back to Sheer- 
ness with the injured men. I opened the door and saw 
that the coal had blown in a lump from the back. I did 
not notice any leaking. I looked in both furnaces and 
they were in the same condition. There was plenty of 
water in the ashpits. I cannot say whether the water 
service was on or off. I opened the water service several 
times on the way back. The fans were going all the way 
back, which prevented me from hearing any noise. I was 
not alarmed, and would have gone on as usual had it not 
been for the flame. 

By Mr. Manuel: No one but Mr. Fielder complained 
of the condition of the fires. I did not hear the safety 
valve lift at any time. I was stancing in the water-tight 
door, and saw the flame come out. I have never seen a 
flame come out like it before. There was at! of air in 
the stokehold, and the fans were kept going. There was 
no smell of gas or anything. 

By Mr. Sent Collins gave instructions to keep the 
fires well back. The water gradually rose after starting 
from the buoy. I could not see the working of the 
auxiliary engine ; there was a casing round it. I know 
the auxiliary was working on the boiler, and I heard 
some one say, ‘* Put it on the boiler.” From the time 
the auxiliary was put on until after the accident I never 
saw any shortness of water. Asa rule a stoker watches 
the water in the gauge glasses. I knew our lives de- 
pended on the gauge glasses; and if I saw anythin 
wrong I should have called attention to it. The vesse 
had a list to port. If she had turned under a starboard 
helm she would give a greater list to port. I don’t know 
the names of any of the contractors’ men. 





By Mr. Howe: Ovenden was a second-class stoker. If 
I had seen the water go down I should have complained 
to Collins. 

Alfred Wood “or : I am a fitter in the employ of 
Messrs. Palmer. I was on board the Barracouta on the 
trial trip. My duty was to attend to the starboard main 
donkey. I went on board at 5 a.m. and was in the 
starboard stokehold when the accident happened. Whilst 
I was getting out as quickly as I could tos Gibbon 
standing alongside the main feed donkey in the port 
stokehold ; I leapt through the flames and picked him up 
as he fell. I took him into the engine-room, where I met 
Mr. Sharp, who asked me what was the matter. I told 
him flames were coming out of the ashpit, but I could 
not account for it. Mr. Sharp and several others rushed 
into the stokhold, but the flames had then disappeared. 

By the Assessor: Iwas under the charge of Batey, 
and Mr. Sharp told me that if I saw anything wrong I 
should report it. At 5.30 I went into the stokehold ; 
there was about 9 in. or 10 in. in the port glass of the 

rt boiler. There was about 7 in. or 8 in. in the star- 

ard boiler. I blew the glass through and satisfied 
myself that everything was all right. I blew the glasses 
through on several occasions on the port boiler. We 
had plenty of water and had no difficulty in feeding 
the starboard boiler. We had a little too much water 
for trial when we left the harbour, so we eased the 
main feed donkey down. After the check valves on 
the boiler were first opened to let the donkey go slow, 
they were never touched. About twenty minutes to eight 
Mr. Batey opened the communication valve between the 
two boilers. I unders it was done to level the water 
in the boilers. I don’t know why it was done. Mr. 
Fielder, on oneoccasion, said we had alittle too much water 
in the starboard boiler and that 2 in. or 3 in. would be 
quite sufficient to run the trial. He said we had about 
34 in. above the combustion chamber. He made this 
remark to me. The distillers were working all the time 
and discharging into the main feed tank. My mate 
(Gibbon) being injured I did the best I could until the 
vessel anchored. I am fairly well acquainted with the 
connections of the main feed and donkey engines. 

By Mr. Manuel: We could only level the water in the 
boilers by closing the check valve. Mr. Sharp gave in- 
structions to keep a sharp look out for the water. I have 
been to sea and have a chief engineer’s certificate from 
the Board of Trade. 

By Mr. Ince: I blew through the middle line gauge of 
the port boiler about ten minutes before the accident and 
there was a difference of an inch between that and the 
starboard boiler. I never heard of a sudden fall in the 
port boiler just after leaving the moorings. There was 
an order to turn round the auxiliary engines to see that 
they were in working order. I started mine about 7.30, 
but it was not working two minutes. It was only turned 
four or five times. Batey left me to go into the port 
stokehold to try the auxiliary engine, and if it had been 
used to pump water into the port boiler I must have 
known it. 

By Mr. Gordon: The glass I blew through was in the 
middle-line bulkhead and is the one which has been pro- 
duced to the jury. 

Joseph William Reed deposed: I am manager of the 
engine department for the Palmer Shipbuilding Company. 
I had charge of the boilers and engines of the Barracouta 
on behalf of the company. I went on board about seven 
o’clock and had a general look. I found the necessary 
form had been signed by Mr. Sharp, who had direct charge 
of the engines under me. I noticed everthing was ready, 
and for some little time I was generally about the engine- 
rooms, and, as soon as we got the order for ‘‘ full speed,” 
I gave instructions for steam to work up to full pressure 
and the engines to be gradually opened out and maintain 
that pressure. I ordered the stokeholds to be closed and 
the fans to be started at fair speed and to keep about a 
fin. air pressure until we saw what was actually 
required. I found we were working steadily up to our 
required speed, and about 7.30 I saw we would be able to 
commence the trial very shortly. It was arranged to 
start at 7.40. The engines were running from 173 to 174 
revolutions per minute, and the steam was from 1401b. 
to 150 1b., with an air pressure of fin. to Zin. of water. 
I made a general glance of the water gauges and saw 
there was sufficient in all of them. I drew attention to 
the men in the port after stokehold to keep the water 
higher than 1fin. About eight o’clock I again visited 
the stokeholds and satisfied myself that everything was 
in order, after which I returned to the engine-room, 
checking the performance of the engines and making a 
general observation. I was satisfied we were exceeding 
our contract power, and, judging from the performance 
of the engines, thought we were going to have a success- 
ful trial. Captain Osborne came and asked how the trial 
was proceeding, and I told him nothing could be better. 
Between 8.20 and 8.30 a number of men hurried through 
the engine-room from the starboard stokehold in an 
excited state. I saw through the open doorway a consi- 
derable quantity of smoke in the port stokehold. Mr. 
Sharp went in as soon as possible, and came back and 
reported that nothing serious was the matter. He said a 
number of candles had caught light and filled the stoke- 
hold with smoke. Mr. Dodds made the same report. 
Not feeling satisfied, I went on deck and found a number 
of men who had been seriously burned by a flame of the 
furnace. I hurried back to the port eh dbs and told 
Mr. Sharp to look at all the glasses, and he informed me 
that they were all right. I saw that there was 4 in. in 
the middle-line bulkhead glass, and the water was moving. 
I looked into all the four furnaces and saw water 
running down apparently from the tubeplates, Mr. 
Sharp and Mr. Seer were there, and we discu: 
the advisability of shutting off the port boiler, and I de- 
cided not to do it, but to keep it working with very easy 





fires. I returned to the deck and found two of the men 
more seriously injured than I expected. I arranged to 
keep up steam and not to exceed 1001b. The port boiler 
was kept going and the engines on the way back to har- 
bour were going with 70 lb. to 80 1b. I visited the stoke- 
hold several times, but saw no reason for shutting off the 
boiler. Upon returning to the moorings I was informed 
the steam would not be required any more thatday. I 
gave instructions for the steam to be run down by means 
of the ‘‘silent blow off.” Captain Fane came on board 
and asked if I could give him steam to take the vessel 
into the basin. I told him I could give one boiler and 
both engines, and arranged to do so by shutting off the 

rt boiler and getting steam up in the starboard boiler. 

he order was countermanded. 

The inquiry was then adjourned until Friday morning 
last, the 21st inst., when the jury reassembled at eleven 


o’clock. The coroner excused two of the jury from 
attending, and remarked that the jury had had many 
technical questions before them during the inquiry. But 


in order to make the matters more clearer to them, he 
suggested that the boilers should be filled, tested with 
cold water, and subject to the pressure named by the 
witnesses so that the leaks in the combustion chamber 
could be seen. 

Mr. Howe: It would not help me in the slightest 
degree. We have heard as much explanation as we 

uire about the boilers. 

_ After a brief discussion the majority of the jury con- 
sidered it unnecessary to carry out the coroner's sugges- 
tion and the inquiry was continued. 

Mr. Reed was then called and his evidence was con- 
tinued as follows: After Captain Fane's order was coun- 
termanded we commenced again to blow the steam down, 
and I believe the port boiler pressure was reduced to some- 
thing like 30 1b. of steam. The fires in the starboard 
boiler were allowed to die out ; but before the fires in the 
ah boiler were out they were drawn and the firebars 

rawn from the after furnaces. 

By the Assessor: I noticed the water in the gauges at 
7a.m., but did not note the amount; there was plenty, 
in fact more than sufficient. That applies to all the boilers 
so far as I[amaware. At 7.40 it was a little lower than 
I like to see it working. Ispoke to either Batey or Gibbon 
and the man gave me to understand he would keep it 
higher. I did not tell them what height to keep the water 
because Mr. Sharp had charge of the detailed arrange- 
ments. At 8 o’clock I went into the stokeholds and saw 
there were 3 in. or more in each gauge glass. 

Between 8 and 8.30 I saw there was about 4 in. in the 
middle line gauge. I particularly noticed that the water 
was still moving. I did not notice any one blow the 
gauges through about this time. The water increased in 
the boilers between 7.40 and 8.30. The water came from 
the feed tank ; it might have been surplus water, or it 
might have been from the distillers. In either case it 
must have been fresh water. I believe the supplemen- 
tary feed on the main condenser was not put on. 
I dove there was no difficulty in feeding the 
boilers. Mr. Sharp informed me that Gibbon told him 
he had no difficulty in the feed. The feed tank was 
three-quarters full. I believe the Normandy condensers 
were working from 7.40 till the time of the acci- 
dent. As near as I can remember, I believe the 
feed tank overflowed, the reason being that the donkeys 
were not taking the same quantity out of the tanks 
as was being put in. It was about the beginning 
of the trial (7.40) when the tanks were overflowing. 
It was probably before 7.40 and before the trial com- 
menced. I believe the levelling valve was moved on the 
middle line bulkhead once during the trial or immediately 
before ; it was between 7.30 and the accident. The speed 
of the feed donkeys—from 28 to 32 revolutions-——would 
just keep the boilers supplied with water. The instruc- 
tions to the men in charge of the donkeys are to keep them 
going sufticiently to supply the boilers with water ; the 
speed of the donkey is found by trial. It might take an 
hour to get everything in proper working order, includ- 
ing donkeys, engines, fires, and everything. No salt water 
was put in the boilers on the way back, so far as I know. 
I never saw the auxiliary donkey working on any of my 
visits before the vessel arrived in the harbour. I looked 
into the furnaces after the accident, and saw water trick- 
ling down from the tubes. We assumed the water came 
from leaky tubeplates. I saw steam come out of the funnel 
when I was on deck. heard no explosion or noise of 
any kind. I don’t remember hearing the safety valves 
blowing off. I know the steam was kept up to working 
pressure, I made no report to the Admiralty officials about 
the accident, but I wired my company informing them of 
it. After the accident, I did not consider it dangerous to 
work the port boiler back to Sheerness with 100 Ib. pres- 
sure, but I would not have deemed it wise to have gone 
on with the trial. It is no uncommon thing to see tubes 
leak.—The Assessor: But its an uncommon thing to see 
flames come out of the ashpit.—I saw the combustion 
chamber partly about one or two o’clock on the day of 
the part scaly when there was from 25 1b. to 30 Ib. of 
steam, the fires drawn, and the firebars taken out. I 
cannot fix the exact time. I saw a considerable amount 
of leakage from the tubeplates at the junction of the 
tubes and one or two amail jets of water shooting across 
the combustion chamber. Between one and three o’clock 
I entered the combustion chamber for a few minutes. 
The leaks were not so great then. I was alone, and simply 
noticed that a considerable number of tubes had been 
leaking. The brick bridges were perfectly intact. I was 
on board at the steam trial of the Barossa. After the 
natural draught trials of the Barossa the grates were 
lengthened about 16 in. I discussed that matter with 
Mr. Hall (the late mera) under whom the machi- 
nery was made, and also with the chief engineer 


of Portsmouth Dockyard (Mr. Corner). I suggested 
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the lengthening of the grates to enable the power 
to be got with easier firing, and it was carried out. I had 
had a short run with forced draught, and I was under 
the impression it would require 2 in. or more pressure 
to get the required power, and by lengthening the grate 
we could get the power with less pressure and con- 
sequently lower rate of combustion per square foot. 

“Prhe Assessor said the Admiralty specification stated 
that the grates should be 6 ft. 6 in.] 

The lengthening of the grate was not officially approved 
by the Admiralty, but it was done on the responsibilit: 
of myself and with the approval of Mr. Corner. 
lengthened the grate of the Barracouta because I 
lengthened the Barossa. All these things are approved 
in an unofficial way ; the Admiralty were aware of the 
alteration in the Barossa and made no objection. If the 
dockyard officials had objected to anything I should have 
altered it. 

By Mr. Baker: I was in sole charge on behalf of the 
contractors. I deputed Mr. Sharp to carry out the trial 
in detail, and he was fully aware of the usual routine of 
the trials. I gave him no instructions as to the water, 
and would not interfere with him unless I saw anything 
going on unsatisfactorily. My instructions were not 
interfered with by the Government officials. I made no 
complaint to Captain Osborne about the slight list of the 
ship; the trial had not then been under way an hour. 
did not consider the list was of any consequence so far as 
our contract was concerned. It’s usual to carry sufficient 
water in the boilers to allow for a small list either one 
way or the other; a list is not unusual. It is generally 
caused by the trimming of the coals in the bunkers, and 
sometimes by the wind. The water was kept in quite a 
safe line for the list. The trial of the Barossa (a duplicate 
ship to the Barracouta) was quite satisfactory to the 
Government and the contractors ; the vessel exceeded her 
contract power by 230 horse-power. 

By Mr. Manuel: There was no objection to have the 
steam pressure up to 154 lb. during the whole trial, or any 
necessity for it during the first half-hour of the trial. We 
only aimed at keeping about 150 lb. during the trial. I 
do not consider it advisable to keep 154 lb. at any part of 
the trial, seeing that the safety valves were supposed to 
blow off at 155 lb. I considered it necessary to get a 
good result from the trial, and the machinery is designed 
for 150 1b. working pressure. It is not absolutely neces- 
sary to have 150 lb. during the first half-hour. 

y a Juror: The engines had been working about forty 
minutes before the trial commenced, during which we 
were getting the men into their proper positions and gra- 
dually working up the engines. I believe that during the 
first half-hour we were developing over 2000 horse-power, 
judging from the revolutions and steam pressure. The 
contract power was 1900. I did not see any diagrams. I 
would not be surprised to hear that the engines were 
developing 2308 during the first half-hour—408 over the 
contract. There was no inducement (no bonus, I mean) 
to get aresult like this. I had no other desire than to 
attain the same power asthe Barossa. 

By a Juror: Four hundred and eight horse-power is 
not an excessive power beyond what is stipulated by the 
Admiralty. I did not consider it dangerous. I was more 
satisfied with the trial of the Barracouta than with the 
trial of the Barossa. 

By Mr. Manuel: I have never been to sea, but I know 
that firebars have to be cleaned at sea, and, practically, 
the coal and ashes are all taken out. I am satisfied that 
no damage was done by cold air passing into the furnace ; 
to the best of my knowledge the bars were never un- 
covered at the back, therefore back draught could not be 
caused by passing through them.—The Foreman: The bars 
could not have been uncovered, because the rakes were 
not long enough.—Mr. Howe (a juror): We have heard 
evidence the other way.—Witness (by Mr. Manuel): I 
don’t know that salt water was put into the boilers ; but 
they may have been pumped up with it after the ship 
came into the harbour. I believe a little salt water was 

yut into both boilers after the ship returned to harbour. 
ore water was pumped into the starboard than the port 
boiler. 

A Juror: It’s a very common thing to have back 
draught in the furnaces in Sheerness Dockyard. 

Replying to a juror, witness said the boilers were of the 
usual type; the plates and tube-plates were not thinner 
than usual; if anything they were the other way. 

On the resumption of the proceedings after luncheon on 
Friday, Mr. Manuel, Admiralty expert, produced two 
bottles showing the quantity of salt extracted from a 

allon of water drawn from both the port and starboard 
ilers. He said the trial was supposed to have been con- 
ducted with fresh water, and it was therefore desirable 
that they should ascertain the density of water in the 
boiler to see if they could find out anything which would 
help them in arriving at the cause of the accident. The 
samples of water were submitted to Professor Lewes, of 
Greenwich College, who had certified that the water 
drawn from the starboard boiler contained a mixture of 
saline matter to the extent of 2.9 oz. to the gallon. The 
sea water about here, as a rule, contained from 5 oz. to 
60z. per gallon. The water from the port boiler 
contained 1.79 oz. of saline matter to the gallon. 
In order to make the matter perfectly plain to thé jury a 
gallon of water was taken from the river at the spot where 
the Barracouta anchored on her return to Sheerness after 
the trial, and this was found to contain 5} oz. of salt to the 
gallon. A gallon was also taken from the spot where the 
accident occurred, and this upon analysis was found to con- 
tain 60z. of salt. A gallon was also drawn from the hydrant 
which supplied the fresh water to the boiler before the ship 
was put out of the basin for her trials, and the sediment 
left in this was the small quantity—not a teaspoonful—in 
the bottle produced. Mr. Manuel said the result of the 
analysis showed that salt water must have been taken 





into the boilers in a considerable quantity, and even if 
5 in. of water were pumped into the boilers on the return 
of the ship to harbour they would not find saline matter 
to the extent shown in the bottles produced. 

Mr. Reed said that the starboard boiler performed the 
most work on the Barracouta prior to the trial on Feb- 
ruary 7, at it was used in harbour when testing the steer- 
ing gear, and also for the trial of the auxiliary machinery. 
Judging from the samples produced he should say that 
the water in both boilers had a mixture of saline matter 
when the ship returned to port. He had no knowledge, 
however, of salt water being put into the boilers except 
after the ship returned from the accident. 

Mr. Howe wished to know whether the fresh water 
obtained at Sheerness was not prejudicial to the trials of 
ships. He knew of ships going to Portsmouth for their 
steam trials on account of the water in thislocality. The 
Sheldrake, which had gone out on trial that very day, 
had water in her boilers brought from the River Lea at 
the expense of the contractors.—The Coroner said that no 
doubt Mr. Durston would cause inquiries to be made 
respecting the action of Sheerness water upon the boilers. 

Mr. Reed, in reply to questions, said that practically 
the pressure of steam was pe same in both boilers. The 
vessel was fitted with twin screws, and each engine 
worked on its own screw. At the request of Mr. Ince, 


I| the witness traced on the plans the course taken by the 


steam from the time it left the boilers until it reached the 
condensers, and said there was always a certain amount of 
loss going on from leaky joints, and this deficiency was 
made up by the distillers. So long as the feed rank | was 
well supplied with water it did not matter about _their 
overflowing on a short trial like that the Barra- 
couta was out for. The only effect would be that the 
ship might burn a little more coal than was other- 
wise necessary. He estimated that an inch of water in 
the boiler would evaporate at the working level in 
24 minutes. With the donkey going from 28 to 30 revo- 
lutions per minute, it would feed an inch in 24 minutes. 
He aimed at bg my b ressure of 150 lb. of steam in the 
engine-room. The ioher the steam pressure used the 
higher would be the rate of expansion to obtain the same 
pe ; that was to say, the quantity of steam used would 

e less. It was absolutely safe to work the engines at 
2308 horse-power, as at their forced draught trial they 
would have to develop 3000 horse-power. ‘o obtain that 
power under natural draught was a direct gain to the 
Admiralty on their contract. 

y Mr. Ince: I believe the sea water must have been 
put in at some time before the trial—it might have been 
when the ship returned to harbour from her previous 
trials. I cannot see how the accident can in any way be 
attributed to the salt matter in the water in the port 
boiler, seeing that it is less than one-third the density of 
sea water. oreover, the starboard boiler, which con- 
tains the largest quantity of saline matter, worked satis- 
factorily. Boilers could be safely worked with salt water 
even when the salt was in the proportion of 25 oz. to the 

allon. A gallon of water weighed about 10 lb. Witness 

ad not any sea experience as an engineer. The boilers 
were made with materials obtained from the firms 
specified by the Admiralty. The Admiralty had given the 
contractors the outline plan, showing the space the boilers 
are to be fitted to and specified the weight of the machinery. 
Witness never had a complaint at any time about either 
of the boilers being short of water. If the middle line 
bulkhead gauge showed 14 in. that would give a mean 
height of 6 in. of water over the centre line of the com- 
bustion chamber. So far as he could remember he 
believed the water was kept at about the same level as at 
the trial of the Barossa. 

By the Foreman : I believe the leak came on suddenly. 

By the Assessor: The design of the bridges was ap- 
proved by the Admiralty. 

Commander Osborne was re-called, and, in reply to the 
Assessor, said that when the ship left the harbour for her 
trial, she heeled over to starboard, but it would be very 
little, as she would turn on twin screws. The ship had a 
slight list to “saa at the tria 

enry Usher, engine-room artificer, deposed that he 
had charge of the fore port and starboard stokeholds at 
the trial, and his duties were to keep a correct tally of the 
coals used and to look after the stokers, the water, and 
the fires. He went below five minutes before the trial 
commenced. The gauges were then all right, and the 
fires burning brightly ; in fact, everything went alon 
swimmingly ‘aetil's quarter of an hour after the secon 
half-hour of the trial commenced. He was then stepping 
from the starboard after to the port after stokehold when 
he saw the flame. Heran to the starboard forward stoke- 
hold and told the men something serious had happened, 
and they all went on deck. He went below again shortly 
afterwards, and stayed until the ship anchored in Sheer- 
ness Harbour. He had no occasion to report to Fleet 
Engineer Hall about the boilers being at any time short of 
water. He saw no leakage until after the accident. 

Dr. Miller, R.N., stated that Mr. Saxton would not be 
able to attend under a week, and the inquiry was ad- 
journed until Monday next, the 31st inst., when itis ex- 
pected to terminate. 

(To be continued.) 





MINERS’ WAGES AND THE PRICE OF 
COAL. 


To THE Epitor oF ENGINEERING. 

S1r,—As the leading articles in ENGINEERING are always 
written from a fair and judicial standpoint, I cannot 
help regretting that the subject of the relation of the cost 
of working coal and the prices obtained for it should be 
so little understood b the consuming public, that even 
ENGINEERING should be mystified on this vital question. 
As to most of ycur article I have nothing to say except 





that it deals with the question in a manner which shows 
with what an earnest desire to be fair it gvas written. I 
must, however, dissent from your statistics, and as no 
authentic statement of the actual figures has yet been laid 
before the public in this unfortunate dispute, I will give 
the actual costs of production and the actual selling prices 
ata large colliery raising several kinds of coal during 
three periods—two of which are those you take in your 
article. These periods are January to June, 1888, July 
to December, 1889, and January and February, 1890. The 
figures show that the wages cost in 1888 was 3s. 8.97d. and 
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Coal hewing (including heading) --/1 9.65 2 2.79/2 6.11 
Maintenance of mine underground ..,0 8.32 0 9.29 0 965 
Haulage of coal to shaft and raising to! 
bank = nf << oa --|0 4.66 0 5.47 0 6.27 
Official superintendence and examina- 
tion of mine mm ee oe --/0 156 0 1.78 0 1.86 
Cleaning and repair of safety lamps ../0 0.51 0 06.52 0 0.59 
Total underground charges 3 0.70 3 7.85 4 9.48 
Screening coal as od - --/0 3.12 0 3.36 0 3.68 
Stokers and miscellaneous enginemen 0 1.57 0 1.56 0 1.70 
Mechanics .. os ee ee --/0 2.020 2.01.0 2.35 
Miscellaneous labourers, &. .. - O 1.56 0 1.550 1.46 
Total surface charges... --|0 827 0 848 0 9.18 
Stores .. ee ee ee ee --|0 7.36 0 8.54/0 7.22 
Mine rents .. an < a4 --|0 7.69 0 7.89 0 832 
Management and sale expenses, rates, 
taxes, &c... ae ee oa --|0 3.27 0 3.34 0 3.5 
Total cost per ton .. ee -- 5 3.29 6 0.10 6 4.71 
Average price per ton realised .. --/5 0.04 6 5.66 7 9.43 
Profit per ton ae «é we “ on 0 5.56 1 4.72 
Loss 9 ee ee ee --|0 2.35 
Gain to colliery workmen as én 0 736 1 0.69 
Actual increase in price .. ae ms ad 1 4.72 2 8.49 
Gain to colliery owners .. a “a ae 0 9.36 1 7.80 





that prior to the strike it had risen to 4s. 9.66d. The 
underground wages taken separately were nearly 1s. per 
ton more (11.78d.). The rise in price during the same time 
was 2s. 8.49d., of which the men get 1s. 0.69d., and the 
coalowner 1s. 7.80d. This increase is largely due to the 
temporary increase in the price of coke, which is now 
rapidly falling. Deduct the loss of 2.35d. in 1888 and 
this becomes 1s. 5.45d. When it is considered that the 
years 1884 to 1888 were all unprofitable, and during 1889 
there was certainly not a profit of more than 6d. per ton 
and that the collier during the whole uf that time receivec 

‘ood (if not excessive) wages, say 5s. per day, up to 
Rochen 1888, and considerably more since, while the 
coalowner has had nothing with which either to depreciate 
his exhaustible property nor to pay even ordinary interest 
on the capital laid out in his ae venture, I think you 
will agree that there is nothing very exorbitant about his 
present profits. Yours truly, 

CoLLieRY MANAGER. 
March 24, 1890. 





To THE Eprror oF ENGINEERING. 

Srr,—I have read the leading article in your issue of 
Friday last with much surprise, and I feel sure that you 
will admit a correction of some of the statements you 
have made. I have taken out the figures of a colliery in 
which I have an interest with the following results : 

Between June 30, 1888, and December 31, 1889, the 
selling price advanced 7.69d. per ton. In the same period 
wages were advanced 5.72d. per ton. Workmen's share 
of advance 5.72d., owners’ share 1.97d. 

From December 31, 1889, to February 28, 1890, sell- 
ing price advanced 1s. 3.31d. In same period wages 
were advanced by 9.28d. Workmen’s share of advance 
9°28d. Owners’ share 6.10d. It should be noted that 
the inflation of prices in January and February of the 
present year has been caused in a great measure by the 
agitation for a further advance of wages, &c., that out of 
the total advance in the average selling price of coal 
from June, 1888, to the present date, which is 1s. 11d., the 
workmen have received 1s. 3d., the owner 8d. 

It is difficult to make the public understand the con- 
ditions under which the coal trade has hitherto been 
carried on for many dreary years, sometimes at an 
absolute loss to the colliery owner, or at a very meagre 
profit. One thing is certain, that a settled state of trade 
is the best, both for producer and the consumer, and 
that any arrangement that would conduce to that end 
would be greatly to the advantage of both. 

I am, Sir, yours truly, 
SEPTRIONALIS. 


[We are obliged to our correspondents for the valuable 
data they have forwarded, and we shall be glad to receive 
similar information from other collieries. It would add 
to the value of such data, however, if our a 
would add, not necessarily the name of the colliery, but 
the “T of the district to which the figures apply.— 
Ep. E. 





Tramways IN OpEssa.—The net profit realised last year 
by the Odessa Tramways Company was 21,175/., ad- 
mitting of the payment of a dividend at the rate of 7 per 
cent. per annum, and leaving a balance of 136/. to be 
carried to the credit of 1890. The capital of the company 
stood as follows at the close of 1889: Shares, 252,000/. ; 
obligations, 69,200/. 
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BRIDGING ALLUVIAL PUNJAUB 
RIVERS. 


In a recent article—where, by the way, that 
convenient abstraction, the ‘‘ printer’s devil,” has 
to bear the blame of substituting the Indus for the 
Jumna in a list of Himalayan rivers whose waters 
ultimately fall into the Bay of Bengal—the modern 
process was described that confines errant rivers 
to manageable widths by a combination of trans- 
verse embankments which prevent evulsion, with 
lateral breakwaters that withstand erosion, and 
some particulars were promised of the effect of the 
size of span on the efliciency and economy of a 
bridge to fill the gap between the two breakwaters. 

During winter, which is, in India, the dry season, 
these river-beds silt up, and their channels are then 
both shallow and narrow, to an extent that admits 
of many of the piers being commenced on practi- 
cally dry land. The base of the pier is invariably 
one or more wells formed after once the well curbs 
are pitched by building up a length of masonry and 
then sinking it by dredging out the ground inside. 
In the early Punjab bridges over the Beas and 
Sutlej, 40 ft. deep was conceived to be amply safe 
against scour with spans of 100 ft. clear, a view 
that disastrous experience has modified to the 
extent of making first 70 ft. and then 105 ft. the 
vogue. The present fashion takes its stand at 75 ft. 
deep, with, in all cases and at all depths, a mass of 
rough stone put round each pier in order to keep 
the scour at arm’s length. As to the depth it 
should be understood that in probably every case 
yet treated there is practically no finality in the 
sense of getting down to a better stratum, and the 
wells stand when concreted up merely on sand or 
silt as it may happen, and depend for their stability 
vary largely on the lateral friction of the strata 
they pass through, a factor that disappears when 
the strata are scoured away long before the base of 
the well is actually undermined. The friction in 
question has necessarily to be overcome in the 
process of well sinking, and is at times so enor- 
mous that an addition of 1500 tons in air 
added to another 1500 tons of masonry, reduced 
by half from being submerged, has failed to push 
down a well of less than 20 ft. diameter, although a 
hole some 15 ft. deep had been dredged under its 
curb which was then 102ft. in the ground. This 
particular case happened to the centre well of a 
group of three, when both flank wells were down 
to 1034 ft., and it is probable that the side wells 
helped to hamper the descent of the third. Of 
late years opinions vary as to the relative merits of 
two wells as compared with one large one, the 
main objection to the latter being that if round and 
big enough to carry the length of a pier superstruc- 
ture, it protrudes objectionably into the spans 
sideways of the pier. On the Jumna at Muttra, 
and the Chinavat Sher Shah, the advantages of the 
two-well and the one-well systems are, it is claimed 
by the designer, combined in a twin well with two 
shafts, the whole being built and sunk in one solid 
block. 

The present paper is not the place to notice the 
various adaptations of local means to special ends 
by which the loading, sinking, and straightening 
of wells are accomplished. Suffice it to say, that 
these points give room for an immense variety of 











ingenious adaptations, and that here, as elsewhere, 
the growing cost of labour is being met by the 
gradual introduction both of special machinery and 
of types of design that leave a minimum of risk 
at the mercy of accident. 

In all cases, as has been said, the piers have to 
be protected against dangerous scour by stone 
pitching, and as the river bed, even when not dry, 
is invariably shallow at the time when the pitching 
can be handled, the practice is to lay this—just as 
in the breakwater—in the form of an apron, which 


306| when underscoured and engulfed takes automati- 


cally the position of a curtain, or rather, in the 
case of a pier, that of a conical mound, generally 
egg-shaped in plan by dint of the apron falling into 
the hole that scour creates. As a rule the stone as 
it falls in water assumes a slope of about two to 
one, and the condition aimed at is that the slopes 
of the cone should terminate upwards at or very 
near low water. In order to at once conserve a 
maximum proportion of the friction which is 
desirable in the interest of the well’s stability, 
and to, at the same time, enable the engineers to 
know with certainty that the cone of stone is there, 
and has not rolled away with the current. In 
ractice with a 75-ft. well it is not held safe to 
et the crest of the cone that surrounds a pier or 
foundation, sink much lower than 15 ft. below low 
water, and this, which leaves from 25 ft. to 30 ft. of 
the pier exposed ‘to the direct thrust of the stream, 
is a condition in which the absolute safety of a 
foundation is not always easily ascertainable when 
a great flood is playing its utmost havoc, and the 
pier is as unapproachable by boat as the vortex of 
a maelstrom, in which the heaviest deep sea lead 
that a man can wield is a mere silly top and might 
as well be a feather. 

Luckily the floods of the upper rivers which have 
the greatest fall, and consequently the greatest 
velocity, only last a very few hours in their utmost 
intensity. Consequently there is practically a 
rough equation established in the matter of scour, 
so that although the angry sea of muddy water that 
lashes the piers of the upper bridges is a sight not to 
be easily forgotten, it is matter of question whether 
the calmer but more persistent attack of the lower 
reaches is not, though less impressive, a no less 
damaging manifestation of torrential power. 

As already said, the stone, if it stands at all, 
stands at about 2 to 1, a resultant that is the out- 
come of the speed, depth, and time of the attack, 
as modified by the weight, size, and shape of the 
stone. In this respect round boulders and cubical 
masses of stone are exceedingly ineffective, and in 
this regard it is even questionable if the holding 
quality of large boulders cannot be improved by 
splitting them up into angular pieces with sharp 
arrisses that tend as in a macadamised road, to inter- 
lock with each other and in the soil. 

Whether the stone round the piers ultimately 
stands or rolls away, its angle of repose while it 
does stand being practically invariable, in an 
ordinary span the slopes of the cones round two 
adjacent piers tend to meet each other in mid-span, 
and do in fact so meet if the spans are not very 
great. In aspan of 100 ft. for instance the cones 
must meet at, under normal conditions, a depth of 
25 ft., while in spans of 200 ft. this meeting will 
ordinarily take place if at all at 50 ft. below low 
water. Here there is obviously a most enormous 
difference between the discharging power, foot per 
foot of the two spans. If the river rises in both 
cases 10 ft. we have in one case an area of 100 x 


10 +100 x 2 = 1000 + 1250 = 2250 per 100 tt., 


50 
= 1000 
2 “ 


and in the other half 200 x 10+200 x 
2500=3500 per 100 ft., and the latter under the 
conditions that apply to hydraulic mean depth, is 
with the same fall per mile probably equal to a 
delivery of twice as many cubic feet per second as 
the former for each foot of span. 

Looked at in another light we have in one case a 
mean depth of 22% ft. against in the other 36 ft., 
and, moreover, in the larger span we entirely 
obviate the enormous eddy of back current that 
one pier necessarily creates, and we arrive at the 
startling conclusion that the double span is, roughly 
speaking, able to discharge not twice but four 
times as much water as the single span. 

This case is clearly quite a different one to that for 
which the popular formula is designed that makesthe 
cheapest span that which equates the cost of the 
girder to that of the pier, an equation that in cases 
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of the class under consideration obviously does not 
apply. The result arrived at is one of much interest, 
for wter alia it justifies, on explicable and solid 
grounds, the conclusion at which engineers had 
previously arrived, perhaps intuitively, that there 
is a good deal more in large spans than the mere 
honour and glory of building to outvie previous 
efforts, and that apart from the comparative cer- 
tainty with which the cost of spans, as compared 
with that of foundations, can be estimated, the 
present practice of large spans has a basis that is in 
fact demonstrably true in a large class of cases. 

Not only is it the case as proved in Indian expe- 
rience that large spans are more effective, but they 
are also cheaper and safer, both to construct and 
to maintain. Reverting to the previous illustration 
of 100-ft. spans, as compared with spans of 200 ft., 
we may take it as true in the case of Punjab rivers 
a scour of some 40 ft. below low water, 7.e., from 
50 ft. to 55 ft. below high-water is the normal 
maximum depth. In a span of 100 ft. the cones of 
stone meet at 35 ft. below high water and a mean 
depth of 224 ft. upholds the river bed some 17} ft. 
creating a weir of that height, over which the 
stream runs with appalling velocity and digs 
an enormous hole on the down-stream side. In a 
span of 200 ft. the mean height of this submerged 
weir is only 5 ft., and the violent action in the 
nature of bed scour is pro rata less, while in spans 
of 250 ft. and upwards the bed scour is practically 
of no account, for there is so wide a space in mid- 
span on which bed scour is free to act that the 
stone-faced cones are practically left to themselves 
by a current that can exercise its powers without 
stint in eating away the sand of the middle of the 
span. 

These views are amply borne out by actual expe- 
rience in such rivers, for if they are correct we shall 
expect to find that the wasteage of stone in bridges 
with small spans, no matter how wide the bridge is, 
very great indeed as compared with cases where 
the spans are large, and that is exactly what expe- 
rience shows to be the case. On the same river, 
spans of 100 ft. have swallowed up as much as 
120,000 cubic feet of stone per pier; spans of 
150 ft., 90,000 cubic feet ; and spans of 250 ft., 
75,000 cubic feet ; i.e., per foot of span, 1200, 600, 
and 300 cubic feet of stone, and in the last case the 
original supply stands good after twelve years, 
while in the first, one pier or other demands further 
support in the shape of stone, year by year. 











THE INSTITUTION OF NAVAL 
ARCHITECTS. 


THE annual meeting of the Institution of Naval 
Architects is being held this week, the first 
sitting being on Wednesday last. The meeting 
was continued yesterday, this being a morning and 
evening sitting, and the final proceedings will take 
place this evening, there being a morning sitting 
also in accordance with custom. There were twelve 
Ee on the programme, the following being the 
ist : 

1. ‘‘ Notes on the Recent Naval Manceuvres,” 
by Mr. W. H. White, F.R.S., Director of Naval 
Construction and Assistant Controller of the 
Navy. 

9. «The Marine Conference,” by Rear-Admiral 
P. H. Colomb, R.N. 

3. ‘On Leak Stopping in Steel Ships,” by 
Captain C. C. Penrose Fitzgerald, R.N. 

4. ‘* Strength of Ships, with Special Reference 
to Distribution of Shearing Stress over Transverse 
Section,” by Professor P. Jenkins. 

5. ‘*Steatite as a Pigment for Anti-Corrosive 
Paints,” by Mr. Frank C. Goodall. 

6. ‘*On the Evaporative Efficiency in Boilers,” 
by Mr. C. E. Stromeyer. f 

7. ‘*Onthe Application of a System of Combined 
Steam and Hydraulic Machinery to the Loading, 
Discharging, and Steering of Steam Ships,” by Mr. 
A. Betts Brown. 

8. ‘*The Revolving Engine applied on Board 
Ship,” by Mr. Arthur Rigg. 

9. **On the Variation of the Stresses on Vessels 
at Sea due to Wave Motion,” by Mr. T. C. Read. 

10. ‘‘Spontaneous Combustion in Coal Ships,” 
by Professor Vivian Lewes, F.C.S. 

11. ‘*On the Screw Propeller,” by Mr. James 
Howden. 

12. ** Experiments with Lifeboat Models,” by 
Mr. J. Corbett. 
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the Society of Arts, Lord Ravensworth, the Presi- 
dent, occupying the chair, the first business was the 
reading of the report of the Council. From this it 
appeared that the Institution remains in a satisfac- 
tory financial position, there being a balance of 
nearly 10001. in hand on the general account and 
800/. invested. Reference was made to an invita- 
tion received from the Institution of Engineers 
and Shipbuilders in Scotland to co-operate ‘with 
that body in arranging to be represented on the 
Committee of Lloyd’s Registry. The Council 
nominated Mr. Henry H. Laird and Mr. A. E. 
Seaton to represent the Institution on a deputation 
to wait on the Committee of Lloyd’s Registry for 
the purpose of bringing forward the views of 
shipbuilders and marine engineers. Lloyd’s Com- 
mittee, in replying to the deputation, agreed that 
when new rules were to be made for the construc- 
tion of ships or machinery, twelve representatives 
of shipbuilders and engineers should be invited to 
join the sub-committee of the society ; these repre- 
sentatives exercising the same power as other mem- 
bers of the sub-committee, and to be allowed fees 
for attendance. The election of the representa- 
tives to rest with the institutions named in the 
address. The report of the Council states that the 
arrangement was considered a satisfactory reply to 
the address. 

Reference was next made in the report to the 
loss sustained by the Institution through the death 
of Admiral Sir Spencer Robinson, who had been a 
prominent member of the Council. The deaths of 
Mr. W. Stroudley, of the London, Brighton, and 
South-Coast Railway, and of Mr. Robert Duncan, 
of Port-Glasgow, were also referred to in terms of 
regret. 

New rules for the election of vice-presidents were 
next proposed and carried. It was felt that the 
number of vice-presidents had become too numerous 
of late, and in future there will be no additions 
until the list has been reduced below twenty-four, 
the numbers not to exceed that figure. 

Other formal business having been disposed of, 
Lord Ravensworth proceeded to give a short 
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He referred to the loss the Institution had sus- 
tained in the death of the members above men- 
tioned, and also of Mr. Thomas Gray, of the Board 
of Trade, whose decease had occurred since the 
report had been framed. Lord Ravensworth next 
went on to comment upon the state of the ship- 
building trade of the United Kingdom. He had 
collected the opinions of a large number of ship- 
builders and marine engineers, and found that the 
characteristic of the past year had been large pro- 
duction but moderate profits. The output of ton- 
nage had been in excess of even the remarkable 
year 1883 by a considerable amount. During the 
latter year, the respective proportions of iron and 
steel shipbuilding had been 85 per cent. of iron and 
15 per cent. of steel vessels, whilst last year the corre- 
sponding figures 92 percent. of steel, and only 8 per 
cent. of iron ships. It was noticeable also that the 
bulk of the steam tonnage built last year was for re- 
gularliners or special trade; a fact which showed that 
the building had not been of an inferior and specu- 
lative class, but for superior classes of vessels. The 
President next dwelt on the improvement that had 
been made in the strength of construction and 
increase of engine power of merchant ships. At 
the opening of the present year there had been 
every prospect of continued activity, but a check 
had been given in the increased price of labour 
and material. Orders appeared to be very scarce 
now ; and in some places there were no orders at 
all; although in most yards there was plenty of 
work, as there were at the beginning of the year 
830,000 tons in hand, exclusive of Government 
work, The price of ships had recently advanced 
25 per cent., but in spite of this there was a large 
demand from foreign sources, many British ships 
being sold for abroad. His lordship considered 
that there would be no falling off in price, and, if 
matters continued settled, there was a fair pro- 
spect of continued activity. 

Up to the end of February all appeared to be 
going well in the shipbuilding and engineering 
world, and the amount of labour employed was 
larger than at any previous time. The labour 
statistics of the Board of Trade showed that only 
nine per thousand of men were not in work ; 
which was considered so good a state of affairs that 
better results could hardly be expected. There 
had been an increase of wages from 25 to 30 per 





cent., and yet there had been strikes. Lord 
Ravensworth dwelt on this unfortunate state of 
affairs, saying the moral effect was perhaps worse 
than the immediate material injury. Such strikes 
shook the confidence of employers in their ability 
to execute orders ; but orders must be executed 
somewhere if the ships were required, and pur- 
chasers went elsewhere. There is no doubt of the 
truth of Lord Ravensworth’s contention. We are 
acquainted with more than one case in which orders 
have gone abroad through the uncertain state of the 
labour market ; in one recent case especially, where 
the order for a large war vessel for a foreign power 
was given to a Continental firm because the English 
contractors did not feel safe in waiving a strike 
clause, to which exception was taken. The work 
was thus lost to this country, in spite of the English 
firm’s price being lower than that of the foreign 
shipbuilders. We could give other instances in 
which British workmen have driven away the trade 
by which they live through demands made, to 
which employers could not accede, and Lord 
Ravensworth rightly said that the working men of 
this country should take such facts into their serious 
consideration. Every fair-minded person must 
sympathise with the striking of men who are under- 
paid whilst employers are receiving large profits, 
but such can hardly be said of engineers’ and ship- 
builders’ operatives of late. Lord Ravensworth 
was, however, hopeful that good would come out of 
these labour troubles, and that the men would 
learn to look on the question in a juster and more 
thoughtful spirit. He thought he saw signs of a 
better future, for at a recent meeting of employers 
and men the representatives of both sides had come 
provided with a proposal to introduce a scheme 
whereby disputes might be settled without recourse 
to extreme measures. 

The address next dealt at some length with the 
Load Line Bill, a measure with which the President 
was not in sympathy. He anticipated that if it 
became law many British ships would be trans- 
ferred to foreign flags, and regretted that British 
shipowners did not bestir themselves to oppose 
the Bill. A reference to the Washington Maritime 
Conference and to the papers to be read at the 
meeting concluded the address. 


Tue NavaL Mancevvres. 

Mr. White’s paper was the first taken, being 
read by the author in person. This paper we print 
in extenso in our present issue, and we may there- 
fore proceed at once with the discussion which fol- 
lowed. This was of a protracted nature, and occu- 
pied the whole of the rest of Wednesday’s sitting. 

Admiral Mayne was the first speaker. Mr. White 
in his paper had referred to the gallant Admiral’s 
statement that forced draught was ‘‘ the invention 
of the Evil One”; and he, Admiral Mayne, was 
not inclined to withdraw from the position he had 
taken. If, however, by forced draught was meant 
simply the use of fans, he would modify his opinion. 
He was aware that forced draught was used with 
success in torpedo boats, but the conditions were 
there very different to those present in large ships 
in which were used boilers with thick plates and 
having many stays. Mr. White had referred to an 
incident in the manceuvres in which two ships were 
engaged, but both Captain Domville and Captain 
Clark had stated that they were afraid to use forced 
draught. Mr. White here explained that the use 
of forced draught was actually prohibited during 
the manceuvres, Admiral Mayne continued that 
that might be the case, but, asa matter of fact, 
the captains were afraid to use forced draught 
whether allowed to or not. His own view was 
that forced draught was undesirable under any 
circumstances, for, even in the case of war, 
when additional speed was of the highest import- 
ance, there would be more likelihood of loss from 
the breakdown of the engines than of gain from 
additional speed that might be obtained. Most 
naval officers were of that opinion and that forced 
draught was worse than useless. Referring to the 
seaworthiness of the Admiral class the speaker 
said that in the Howe there was green water on 
the whole of the deck forward up to the turrets. 
It was a wonderful sight and the way the vessel 
lifted with the seas, with all that weight of water 
forward, was really beautiful, but none the less 
they could not fight the guns. With regard to 
what had been said at different times as to the 
habitability of modern vessels he might mention an 
incident that had come before him personally. 
When the Wyvern was at Hong-Kong complaints 
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had been made as to the health of the seamen. He 
had inquired into the matter and found that those 
on board the Wyvern had enjoyed better health 
than those berthed ashore, Any one old enough 
to remember the life and accommodation of the old 
10-gun brigs would not be apt to complain of the 
accommodation afforded in the present day. Ad- 
miral Mayne concluded his remarks by referring to 
the unwise policy of the Admiralty authorities in 
observing so much unnecessary secrecy, and throw- 
ing unnecessary obstacles in the way of those who 
were endeavouring to supply the public with legiti- 
mate information. 

Mr. J. I. Thornycroft was the next speaker. He 
could not agree with Mr. White in his statement 
that a 20-knot torpedo boat would be reduced to 
8 knots speed by a summer gale in the Channel. 
Such was contrary to the speaker’s experience. 
He would not then attempt to explain the fact, but 
a fact it was that light boats of excessive power did 
not bury themselves in a seaway in the manner that 
Mr. White appeared to think. With regard to 
forced draught, the trouble did not arise from the 
engines, but from the boilers in these large vessels ; 
but if the boilers were properly designed, there 
should be no trouble with them. 

Sir Edward Reed was the next speaker, the meet- 
ing having adjourned for lunch after Mr. Thorny- 
croft had been heard. Sir Edward was surprised 
that Mr. White had intimated that great changes 
had been made in the proportions of war vessels. 
He would not contradict so high an authority in 
this matter, but it seemed to him that there was not 
any less proportion of breadth than of old in vessels 
not carrying side armour. The Edgar and War- 
spite had been compared, but the former was not 
armoured whilst the latter was. Short ships of old 
were always associated with side armour, and that 
from stem to stern. The recent large ships of Mr. 
White’s design were amongst the best ships in Her 
Majesty’s Navy, and they justified the contention 
that great size and length were advantages for fight- 
ing ships in sea service ; and it went without say- 
ing that when other circumstances drove the de- 
signers to adopt large dimensions, improvement 
was manifest in sea-going capabilities. For this 
reason he was glad to see that the nonsensical 
idea, that the days of large warships were num- 
bered, was knocked on the head. When the 
design of the Nile and Trafalgar was put before 
the House of Commons, he was horrified to hear 
it said that they were the last heavy armour-clads 
that would be built for the Royal Navy. He was 
rejoiced to find that that calamity had passed 
away, and that those responsible for the naval 
defence of the country took a sounder view of the 
country’s needs. Mr. White had pointed out that 
the Medea would have been decked from end to 
end with advantage, and this brought to his mind 
the strange want of continuity of experience so 
often observed at the Admiralty. It seemed that 
there was a reluctance at Whitehall to profit by the 
teachings of the past, or at any rate the teachings 
of the past did not take effect. Mr. White 
might remember that he, Sir Edward, had made, 
many years ago, the same mistake in designing two 
vessels which now appeared in the Medea. In 
the Active and the Volage he had introduced a 
poop and forecastle with a waist between. It was 
found by experience that these vessels ought to 
have been ‘‘covered deck corvettes.” He was 
glad, however, that the Admiralty had. decided 
that some of the new vessels should be built 
as flush upper deck corvettes. Sir Edward 
wished to support what Mr. White had said about 
measured mile trials. It was worth mentioning 
that he had often had controversies with foreign 
naval officers on the measured mile system of making 
trials of warships. One gallant officer of the United 
States Navy had cast much derision on the English 
system, and had referred with pride to the superior 
sense of his countrymen in sending their ships to 
sea for four days to make their speed trials. Sir 
Edward had pointed out that this might have been 
an admirable method of making a trial of the state 
of the weather during those four days—supposing 
the speed of the ship had been previously ascer- 
tained on the measured mile—but it was not a 
very valuable criterion of the ship’s own capa- 
bilities in rate of steaming. The fact was, Sir 
Edward said, that the measured mile speed 
was simply a standard, and an ideal standard 
must be laa on ideal conditions. If any but the 
best coal was used, what was to be the allowance ? 
If the sea was rough what should be claimed for the 





ship for that disturbing element ? In deciding the 
respective merits of different ships a common basis 
of comparison must be used and this was the use of 
measured mile trials made under the most favour- 
able conditions common to all. Referring to the 
effect of low freeboard forward as compared to 
higher bows, Sir Edward quoted what Mr. White 
had said as to the water taken on board the Ad- 
miral class of ships when driving head to sea ina 
breeze. This disturbing element would not be 
brought out by measured mile trials. He therefore 
hoped that Mr. White would some day say what 
allowance should be made from the measured mile 
speed of the Admirals when driving head to 
wind in seas of various magnitude. He had so 
often criticised the Admiral class that he was glad 
to be able to say something in their favour. 
Perhaps he had too hastily concluded that 
when the Admirals buried forward they were too 
bad. That the effect was bad was true, but how 
far was it bad? Evidently nothing threatening 
safety. In the indictment of the manceuvres referred 
to it had been said that the Hero could not fight her 
big guns but thatthe Admirals could. This he was 
bound to accept on such authority as that of Mr. 
White when speaking from personal observation. 
He would point out that we were now doing, with 
improved conditions, what the Americans had done 
years before. The Admirals had 8 ft. or 10 ft. of 
freeboard forward, whilst the American monitors 
had but 18 in. ; but with us the guns were raised 
higher. He accepted the statements put forward, 
evidently in good faith, and he was more pleased to 
do so as he had been told, on what seemed 
to him the best authority, that the Admirals 
so buried themselves in a head sea that solid water 
came over the barbettes, and a bulkhead 7 ft. to 
8 ft. high had to be built up to break the rush of 
water aft. Mr. White here explained that this was 
the case in an unfinished ship that had not had her 
gun platforms placed in her barbettes, and that 
loose water got below. Sir Edward said doubtless 
this was the case, but his informants, naval officers, 
said that the ship took green seas fore and aft. He 
was much relieved to find he had been misinformed, 
He had likewise heard that the reports of the 
manceuvres had been kept back from Parliament 
because they condemned the behaviour of the 
Admiral class in a seaway. In conclusion, he 
thought that the Institution should give testimony 
to their appreciation of the high value of these 
naval manceuvres. In former times it was not 
difficult to get any amount of money to built ex- 
perimental vessels, but scarcely a sixpence could be 
got to put such vessels to a practical test when 
built. For his own part he wished to express how 
grateful he felt to Mr. White for reading such a 
paper as that then before the meeting, and to the 
Board of Admiralty for sanctioning and encouraging 
such a discussion. 

Admiral Morant was the next speaker. He 
wished to confirm what Mr. White had said as to 
the habitability and seaworthiness of the Admiral 
class. He had been living a month on board one 
of these ships off the coast of Scotland, and expe- 
rienced a summer gale of some strength, although 
not equal to a heavy winter gale. The ship had 
been steamed head to sea, and there was constantly 
water on the forccastle and sometimes fore and aft, 
but at no period was there a time when he could 
not have fought his guns. The Collingwood was 
in company with his ship, the Anson, steaming 
alongside, and he thus had an excellent oppor- 
tunity of judging of both vessels. In the fore part 
there had been a good deal of leakage, and the 
officers in the fore part had to leave their cabins, 
but this was due to local causes which had since 
been removed. As to the men’s quarters in the 
Admiral class, they would compare favourably for 
comfort with any other shipsin the Navy. Admiral 
Mayne had referred to an incident relating to the 
Wyvern. He would further explain that in that 
case he had found that the men on the Wyvern 
were in better health than those on the Albatross, 
which was a wooden vessel. As to the matter of 
speed, he held that a man-of-war should be able 
to steam at speed from one end of the world to 
the other so long as her coal lasted, in the 
same manner that a merchant ship would do. 
Forced draught was a troublesome subject. He 
knew that fans must be used, but he would not 
allow of closed stokeholds. It was that which 
caused the trouble and produced the ‘‘ blow-pipe 
effect’ which was so disastrous on the tubes of 
boilers. One ship under his command had been 





sent out on her trials at Hong-Kong. She had 
been put under forced draught for two hours, and 
the result was that her tubes had leaked to such an 
extent that water poured out, and it was feared the 
ship would have to be anchored. Extensive re- 
pairs were made and the ship was tried again, but 
after she had been under forced draught for one 
hour the trial had to be stopped, and she hardly 
got into harbour. He thought that no naval com- 
mander would use forced draught in action, as it 
would have the effect of leaving the ship like ‘‘a 
log upon the water.” 

Admiral Sir George Willes said he wished to first 
of all confirm the last paragraph in Mr. White’s 
paper, in which he had spoken of the high profes- 
sional ability of the officers and men of the Navy 
under circumstances so trying. He, the gallant 
admiral, pointed out that the crews were scratch 
crews and acting under the most trying circum- 
stances. Mr. White had said a good deal about 
o— but not much about steadiness of gun 
platform. He would ask what was the use of 
going at high speed if the oscillations of the ship 
were too great to allow of the guns being fired. 
He would like to see tables prepared showing the 
expected number of oscillations per minute for 
given ships. As to forced draught he considered 
it might be necessary for cruisers, but he did not 
think that captains would take their ships into 
action under forced draught ; nevertheless it was a 
dangerous thing to put within their reach. 

Captain Long, R.N., pointed out that although 
there were great advantages in high freeboard there 
were drawbacks too, one being the bigger target 
offered to the enemy. It was the duty of naval 
constructors to weigh such facts and draw the line. 
In high-powered ships it was the speed itself that 
created asea. A vessel steaming moderately would 
be going calmly through the water, but when she 
was put to her highest speed it was almost like 
raising a galeof wind. He had spoken tothe com- 
manding officer of the Rodney who had reported 
well of the ship. He had suggested that if water 
did come on the deck forward the difficulty might 
be met by making the fore part of the superstruc- 
ture ship-shaped, so that the water would be 
divided and allowed to run off without great resis- 
tance. He wished to support the statements made 
by Captain Morant, for a man-of-war would be 
called upon to do in war time what merchant vessels 
did in time of peace. It seemed to him, however, that 
in war the naval ofticer’s lot would be divided 
between a tine when he would be covered with coal 
dust and a time when he would be covered with 
water. He agreed with the remarks of Sir Edward 
Reed on the subject of measured mile trials. He 
was of opinion that if data were obtained and tabu- 
lated as to the indicated horse-power required by 
different ships to obtain certain speeds under 
different conditions of weather at sea, it would 
afford valuable information to aid those designing 
ships for various descriptions of service. Something 
had been said by Mr. White as to the time it takes 
for a cruiser to pass from a moderate speed to full 
speed upon receiving the order. He thought that 
ten minutes would be sufficient for the purpose. 
A good deal of misconception had arisen on the 
subject of forced draught owing to inability of naval 
oflicers to give proper interpretation to the term. 
Mr. Thornycroft had referred to the ability of 
torpedo boats to steam at speed against a head sea. 
The speaker quoted an instance when the Rattle- 
snake, a 150-ft. torpedo boat (No. 81), and some 
smaller torpedo boats had been outside Plymouth. 
They had been all steaming before the wind, but it 
was necessary to turn round to proceed in an oppo- 
site direction. The Rattlesnake did so without 
trouble, going 15 knots. No. 81 torpedo boat had 
had to be eased to half-speed, whilst the smaller 
craft were not thought capable of facing the sea 
at all. 

Admiral Sir Vesey Hamilton said he was sure 
Mr. White could not have written his paper twelve 
months before, and this illustrated the value of 
sending a chief constructor to sea. He thought 
great credit was due to Mr. White for falling in 
with the suggestion of the First Lord, and making 
the cruise. He hoped he would go every year and 
take his staff with him. Bearing somewhat on this 
point, he would like to see more intercourse 
between the Admiralty and the dockyards. It 
was well known that the best foremen in a dock- 
yard were the ‘‘ foremen afloat ;” that is those who 
had to go out to superintend repairs to be done 
to ships that were not brought intothe yard. These 
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men got an experience that made them acquainted 
with the actual requirements of machinery in 
use at sea. As to forced draught, he did not 
like it at all; but forced draught was in its infancy, 
and the troubles now experienced might be mere 
infantile complaints which the system would out- 
grow. He would not use it in chase as he would 
not run the risk of breaking down his engines; he 
would only have recourse to it as a last resource of 
escape in the event of having to run away. 

Mr. Baden Powell asked some questions as to 
the steering of the Ajax, and Mr. Ellis was also 
desirous of being informed as to certain details 
referring to the structural strength of some of the 
recently built vessels, notably the Sheldrake and 
the Barham, respecting which ships he referred to 
certain statements contained in the daily press. 
He pointed out that the Polyphemus had recently 
steamed in the Mediterranean for four hours with 
2 in. water pressure and closed stokeholds and that 
the boilers were not a whit the worse for such 
exercise; in fact, the engineer of this vessel had carte 
blanche to do as he liked in the matter of forcing 
the furnace draught. 

Mr. Fothergill pointed out that 4-in. water 
pressure was only equal to thedraught obtained with 
a moderately high chimney, and no harm should 
accrue, but with 2 in. of draught and a closed stoke- 
hold the rushes of cold air upon the furnace doors 
being opened must cause damage to the tubeplates 
and tubes. This would not be the case were the 
closed ashpit arrangement substituted for the closed 
stokehold. He had under his charge fifteen 
steamers making voyages to India. These would 
steam thirty days continuously with ? in. to % in. of 
air pressure in the water gauge, the closed ashpit 
system being in use, and no trouble arose. If an 
inch of water gauge pressure were exceeded diffi- 
culties arose. Mr. Sennett here asked what was the 
rate of evaporation per square foot of heating sur- 
face, or what amount of coal was burned per square 
foot of bar surface. Mr. Fothergill said he could 
not answer the former question without reference, 
but he had burnt 40 Ib. of coal per square foot of 
grate per hour as an experiment, although this was 
by no means the ordinary practice, as questions of 
economy had to be considered. 

Mr. Macfarlane Gray pointed out that if 4 in. 
above atmosphere was shown on the water-gauge 
this by no means corresponded to $ in. of actual 
natural draught in the funnel, as the natural 
funnel draught (due to the difference in specific 
gravity of the atmosphere and funnel gases) had to 
be added to the induced draught caused by the 
fans. The funnel draught was equal to about 
ys in. to every 10 ft. of chimney. (Mr. Sennett 

1ere pointed out that in war vessels the chimney 
is very low.) The person who discovered how 
fireclay could be made to stop on the back tubeplate 
would, in Mr. Gray’s opinion, solve the difficulty 
of forced draught. The heating surface there was 
not of value, and incrustations of tube ends would 
be further prevented. 

Mr. Sennett, late engineer-in-chief, said that 
he must take avery large part of the responsibility 
of the arrangements of machinery in war vessels 
now and recently coming forward. Much misap- 
prehension was now caused by a misuse of the 
terms forced and natural draught, and he would 
substitute the expression ‘‘mechanical draught.” 
In old days very long funnels were used, often 
combined with the steam jet. Now fans were em- 
ployed, and in that way many objectionable fea- 
tures, such as cowls and ventilating pipes, were 
removed. The use of fans was not new, for they 
had been placed in the stokeholds of earlier iron- 
clads; but then the stokeholds were not closed, so 
that all the air was not forced through the fires. 
In early days of forced draught application the 
use had been much abused, it being thought that 
with this powerful factor at command, all that had 
to be done was to blow as hard as possible to 
get any amount of power. This was not a fault of 
the system, but of the abuse of the system. The 
Polyphemus showed that forced draught was per- 
fectly safe when properly applied to machinery 
correctly designed for its use. He gave instances 
in which forced draught was in successful use in 
merchant vessels. 

Mr. Durston, engineer-in-chief to the Royal 
Navy, pointed out that forced draught came into 
use at the same time as higher pressures, and the 
troubles from one cause should not be put down to 
those of another. He had been a experi- 
ments in the direction indicated by Mr. Macfarlane 


Gray with regard to the use of fireclay, and hoped 
> give the results to the Institution at a future 
ate. 

Admiral de Horsey said he would like to have 
an accurate expression of the term forced draught. 
Was not the question of draught one of degree, 
and need forced draught be 2 in. ? If 4 in. was the 
limit of safety he would fit air safety valves to 
stokeholds just as steam safety valves were fitted 
to boilers. He thought it an anomaly that the 
horse-power quoted for a ship should be that 
obtained by forced draught, whilst forced draught 
was not permitted. He thought the naval officer 
would use forced draught in an emergency, just as 
he would screw down the safety valve, and chance 
ne up his boiler, rather than be worsted in a 
fight. 

Mr. A. E. Seaton said he had come from Hull to 
London the previous evening by means of ma- 
chinery using a very high pressure of forced draught, 
but this was applied to an express locomotive of 
the Great Northern Railway. He felt the greatest 
confidence that the train would get to King’s Cross 
with safety, and he thought naval officers should be 
put in a position to feel the same confidence with 
regard to their ships. Mr. Durston had said that 
high pressures were introduced coincidentally with 
forced draught ; but the locomotive engine in ques- 
tion had a pressure of 160 1b. The troubles of the 
naval engineer were not, however, unprecedented. 
When the Great Western Railway first used iron 
tubes to their locomotive boilers, the engines used 
to run into Swindon Station and not be able to get 
out again. The boiler would be all right on the 
run, so long as it was kept at work, but the ten 
minutes’ stop set the tubeplate ends to such an 
extent that the engine could not start the train 
again after the stop. The Great Western Railway 
engineers, however, did not fold their hands and 
abandon themselves to despair, neither did they 
give "p iron tubes. They set to work to investi- 
gate the difficulty, and succeeded in their task. 
Another point was that the naval authorities 
would insist on using Welsh coal, and the boilers 
were made with small combustion chambers, a 
high percentage of bar surface, and a low pro- 
portion of heating surface. If an excessive grate 
area must be used, the naval engineer must be 
content with lower pressure. Mr. Seaton, how- 
ever, thought it would be far better practice to 
have smaller grates and run with even 6in. of air 
pressure. One speaker (Mr. Fothergill) had 
referred to the blasts of cold air that entered the 
furnace when the closed stokehold was used. That 
was true, but it was not absolutely necessary to 
feed the fires with the shovel. He was aware that 
mechanical stoking had never proved a success on 
shipboard, but there were devices by which the use 
of hand firing could be dispensed with. Turning 
to another subject, he thought it a disgraceful 
thing that the newspaper correspondents should 
get their information in such a hole-and-corner 
way. They ought to go direct to head-quarters. 
Some reporters will smile at Mr. Seaton’s simplicity. 
He concluded his remarks by reference to the design 
of naval screw propellers, but the subject was far too 
heavy to be treated at the end of a speech, so we 
shall leave Mr. Seaton’s remarks for the present, 
hoping to deal with this matter at a future time. 

Mr. Martell wished to express his condemnation 
of the course into which the discussion had been 
directed. The engineers had one whole evening 
allotted to them and yet engineering details must 
be intruded into a subject such as the naval 
manoeuvres. It seemed to have degenerated into a 
question of forced draught. May we point out 
to Mr. Martell that ‘‘ the question of forced draught 
was raised by a naval officer, and it was one in 
which the distinguished naval -oftficers present 
appeared most anxious to discuss, and indeed it is 
one upon which naval manoeuvres in real earnest 
of the future are likely to most largely turn. Mr. 
Martell had seen the new ships of the Navy in the 
courseof construction, he had special facilities for 
doing so, and he had grave doubts whether they 
were strong enough in construction to do the 
work required of them, comparing them with 
the ships built under Lloyd’s rules. He noticed 
the wide spacing of the frames and thinness 
of plates with apprehension. He had gone once 
afloat with the Beccotasy of the Navy, and that 
gentleman had proposed to him that it would be 
a desirable thing if the war vessels of the Navy 
should be classified at Lloyd’s. He had replied 





that he did not think he could give the best of 


them an 80 A. Weare afraid Mr. Martell’s well- 
known keen sense of humour must have been 
somewhat blunted at the time, due, no doubt, 
to unusual exterior circumstances. He could not 
conceive how men could live in comfort cn the 
ships described, but he was glad to hear they 
could. He approved of giving the ships higher 
freeboard forward. 

Mr. Kirk was next called upon by the Presi- 
dent, but he said after Mr. Martell’s remarks he 
would refrain from speaking. 

Mr. Archibald Denny said he would not be 
repressed like Mr. Kirk. He did not think 
that we should ever get warships to run from end 
to end of the world as merchant ships did, for the 
conditions they had to fulfil and which governed 
their design were so different. Mr. Macfarlane 
Grey had said that the man who could keep fire- 
clay on the back tubeplate would solve the forced 
draught question, but the trouble he had had ina 
vessel his firm had built was to keep the fireclay off, 
it was so carried up by the forced draught used. 
This vessel ran with over 2in. of water and was 
none the worse for it. 

Mr. A. F. Yarrow said that fireclay on the tube- 
plate had been tried years ago and had failed. The 
difficulty was that it did not expand and contract 
with the metal, and so worked off. It would not 
last above one run, and was only good to get a bad 
boiler through its trial. The Midland Railway, in 
their locomotives, go up to 9 in. water pressure of 
forced draught, and he himself, in his boats, had 
used 8 in. and had blown the water out of the 
boiler, but had no difficulty with the boiler. The 
boilers required to be properly designed for the work 
and then difficulties would not arise. He might re- 
mind the meeting that there was in Her Majesty’s 
Navy one boiler of the locomotive type supplying 
steam suflicient to give 1800 indicated horse-power, 
and this was working at forced draught with air 
pressure of high tension. There was no difficulty 
in the matter so long as the boilers were properly 
designed. 

Mr. White, in replying to the discussion, said 
that a vast number of questions had been asked 
and he was afraid he might not be able to deal with 
all of them. Mr. Ellis appeared to have the 
greatest thirst for information, and he would deal 
with him first. That gentleman appeared to think 
the British Navy was in a terrible state ; that its 
vessels would go to pieces without the enemy firing 
ashot. He would reply to Mr. Ellis’s questions 
as far as he was at liberty to do so. One or two 
vessels of the Rattlesnake class had had a light 
bulkhead built in the wake of the cylinders. This 
was a small structural addition which he had 
thought it as well to make. The Rattlesnake 
herself had not had it, and he might state that the 
cost did not exceed about 1001. In one vessel of 
the Sharpshooter class there had been considerable 
vibration during trial. On subsequent examina- 
tion it was found that the steel structure had 
not been injured, but the planking laid over 
the steel deck had worked up. This was at first a 
mystery, but it was solved when, upon examina- 
tion, it was found that through one-third the mid- 
ship part of the ship the pillars between the decks, 
shown in the design, had been omitted, and the 
vessel was actually without those vertical connec- 
tions. This was an accident (the ship, we believe, 
is a dockyard built vessel), and it had been remedied 
as soon as discovered, and now the vessel would 
run as steadily as required. The case of the Bar- 
ham had been referred to by Mr. Ellis, and here it 
was said she was so structurally weak that her 
engines could not be run in her. Mr. White was 
at a loss to know where his critics obtained the 
data upon which they founded their strictures, 
for, as a matter of fact, the Barham’s engines had 
never been tried in her. Mr. Ellis here said 
that he had been told that the Barham was 
structurally so weak that they dare not run 
her engines in her. Mr. White protested against 
the repetition of unauthorised and false reports 
contained in newspapers before such a meeting as 
that present. It was a monstrous thing that the 
work of professional men, holding official appoint- 
ments, should be judged on the mendacious reports 
of anonymous persons contained in newspapers. 
As to Mr. Martell’s criticisms respecting the want 
of structural strength in warships in Progress, 
he would point out that ships in Her Majesty’s 
Navy had to be designed on very different lines to 
those destined to carry o. The provision for 





structural strength was provided in a very different 
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way, and this modified the scantling to such an 
extent that he could quite understand Mr. Mar- 
tell imagining the ships would be weaker than 
they might be when he saw them but partially 
finished. There were bulkheads in warships, and cel- 
lular subdivisions that never appeared in merchant 
vessels, and this added immensely to the strength. 
There was the armoured deck affording a very sub- 
stantial and rigid means of support ; there were 
the attachments for side armonr, also supplying 
the same features. The Barham had been selected 
by his critics as an example of a weak ship, but he 
thought they had been rather unfortunate in their 
point of attack. This vessel was practically of the 
same construction as two others te had designed 
some five years ago for a foreign government, viz., 
the Panther and the Leopard. These had greater 
power than the Barham, and they had been working 
satisfactorily for years with no complaint as to vibra- 
tion. He would support what Mr. Archibald 
Denny had said ; and he retorted on Mr. Martell by 
asking him whether it would not be worth his while 
to consider whether he should not relax the rules 
as to the scantlings of merchant ships now he knew 
that the lightness of construction, which had 
so shocked him, was not unsafe. One thing how- 
ever he could assure the meeting, that so longas he 
was responsible for the construction of Her 
Majesty’s ships, no foolish emulation should induce 
him to try and design a lighter ship than other 
builders, either English or foreign. As to what 
had been said as to the firing heavy guns in rough 
water, of course there might come a time when 
it would be impossible to fight the big guns through 
stress of weather. All he would say was that that 
time would come later with the Admiral class ships 
than with the other designs, such as the Hero or 
Devastation, and this on account of the greater 
height of the armament. Much had been said at 
times about the danger of hydraulic gun machinery 
getting damaged, but one point was overlooked by 
naval officers, and this bore on the question of 
fighting guns in bad weather. Naval oflicers 
often failed to grasp what a powerful weapon the 
hydraulic machinery placed in their hands. They 
could stand in a protected position, and by working 
levers keep the gun on the object. They did not 
have to wait for the ship to roll the guns on, 
but could follow their target as the ship rolled 
so as to fire a shot at any time. Sir Edward 
Reed had referred to the experience before 
gained at the Admiralty in the matter of decking 
corvettes throughout. Mr. White was acquainted 
with the facts given, but it must be remembered 
that a war vessel is a compromise, and that designers 
would often like to introduce desirable features were 
it not that other—possibly more desirable features— 
were required. So it was with spar decks. They 
were desirable, but they were dear, and there were 
other points to be considered. The Mersey class, 
he might state, were actually designed as spar deck 
vessels, but the armament was afterwards increased, 
and the flush deck had to give way. Sir George 
Willis had spoken of seaworthiness. He was glad 
the point had been raised. In the Colossus the 
weights were low, and the movement was therefore 
uneasy ; in the Admirals the weights were high, 
and their behaviour was therefore better, comparing 
favourably with the Warspite. He would state that 
in the new ships building there would be a return 
towards the steadiness of.the Hercules, which was 
taken as a standard. A question had been asked 
as to the steering of the Ajax. He was glad to say 
that the alterations to the stern had cured her 
erratic tendencies in that respect. Comparisons 
were made between the steaming powers of mer- 
chant vessels and naval ships. Mr. White gave 
many reasons why these comparisons were falla- 
cious ; it will be sufficient for technical readers if we 
sum up his conclusions in the statement that if the 
British public wants cruisers to steam at equal speeds 
in all weathers and for as great distances asthe new 
14,000 ton Atlantic liners, the British public must 
pay for 14,000 ton cruisers. As far as forced 
draught was concerned he thought that when the 
speakers in the discussion came to look at his 
paper at leisure, most of them would conclude 
there were not many points of difference. He 
agreed with what had been said as to the system 
now going through its ‘‘infantile complaints.”’ 
Admiral Sir Vesey Hamilton said he hoped the 
constructors would go to sea every year. However 
much constructors might incline towards so health- 
giving a break in their ordinary duties, the latter 
were too onerous for them to be able to spare the 








time. All young constructors coming on were, 
however, under obligation to go to sea. 

Lord Ravensworth proposed a vote of thanks to 
Mr. White, which was carried with acclamation, and 
the members separated. 

In the evening the annual dinner was held at the 
Holborn Restaurant, the First Lord of the Ad- 
miralty being present. 

On the the next day, Thursday, Admiral Colomb’s 
paper was the first taken. The remaining papers 
read at that sitting were those of Professor Jenkins 
and Mr. Goodall. We shall deal with the subse- 
quent proceedings in our next issue. 





THE EXHIBITION OF THE ROYAL 
METEOROLOGICAL SOOIETY. 

Tue eleventh annual exhibition of instruments 
and objects illustrative of meteorological science 
was held last week under tke auspices of the Royal 
Meteorological Society in the library of the Insti- 
tution of Civil Engineers, and it was the object of 
the Council to make this year’s exhibition especially 
illustrative of the application of photography to 
meteorology, but as a matter of fact the objects 
contributed were far from being exclusively con- 
fined to that category. 

The Meteorological Council contribute specimens 
of the thermometer tubes used in the Kew pattern 
thermograph, as well as scales and reading-glasses 
for tabulating the thermograms and barograms pro- 
duced by photographic means by the thermograph 
and barograph. Both of these instruments are 
illustrated by a very clear drawing lent by Mr. C. 
H. Thompson. By the thermograph a continuous 
record is produced of the temperature of the air 
and that of evaporation, that is to say, by it an 
automatic record is kept of the indications of the 
dry and wet bulb thermometers. The Kew pat- 
tern thermograph consists of a cylinder which, by 
means of a clock, is made to revolve on a vertical 
axis once in twenty-four hours. This cylinder is 
covered with sensitive photographic paper, and 
the image of a spot of light coming from an air 
speck, which breaks the mercurial column of a 
thermometer, is formed upon the surface of the 
paper by a photographic lens placed between the 
thermometer and the revolving cylinder; and behind 
the thermometer tube is a mirror which reflects the 
light coming from a gas or petroleum lamp (after 
passing through a condenser) and transmits it 
through the air speck in the mercury to the photo- 
graphic lens, by which a bright image is formed on 
the sensitised paper, and by which the graduations 
on the stem are also photographed on the record; 
and in order to eliminate time errors, due either to 
irregularity in the clock or to variations from ex- 
pansion or stretching of the paper, a screen is 
brought between the lens and the cylinder for four 
minutes every two hours, the light being thereby 
interrupted from two minutes before to two minutes 
after the alternate hours. By this means a narrow 
white line is left in the record which serves as a 
fiducial line for computing the region of the curve 
in its own vicinity. There are in the thermograph 
two exactly similar systems, consisting of lamp, 
condenser, mirror, thermometer tube, and lens; 
the one for the dry bulb instrument and the other 
for the wet; and the apparatus is so arranged as 
to cause the image of the air speck in the wet bulb 
thermometer to fall on the sensitive paper a little 
below that of the speck in the dry bulb instrument, 
but exactly in the same vertical line, so that a 
precisely simultaneous record is produced on the 
same line. The two thermometers are attached to 
a frame which can be raised or lowered by a screw, 
so that by raising the thermometers in winter and 
lowering them in summer the range of variation of 
the air specks is kept more nearly in the neigh- 
bourhood of the collimation of the lenses. The 
accompanying diagram, Fig. 1, will explain the 
principle of the apparatus, and the general arrange- 
ment is shown in Fig. 2, which is a ground-plan of 
the instrument. In Fig. 1 the sensitised cylinder 
is shown on the right, and on the left is the stem 
of a thermometer in which a little air space is left 
in the mecurial column. It will be readily under- 
stood that if the cylinder were so encased that no 
light could reach it except through the thermometer 
stem, the spot immediately behind the air gap would 
become discoloured, and, if the cylinder were caused 
to rotate, a line of discoloration would be traced 
out on the cylinder, which would be a record of 
the vertical movements of the air space, and there- 
fore of the variation of temperature in any given 





time represented by the angular displacement of 
the cylindrical surface. The above illustrates only 
the general principle, for it is clear that records of 
two different thermometers could not be made pre- 
cisely under one another by the arrangement shown 
in Fig. 1. In the apparatus shown in Fig. 2, how- 
ever, an optical image of the air gap is formed by a 
lens, and under this arrangement there is no diffi- 











culty whatever in forming two or even more images 
in the same vertical line; and the thermometers and 
lenses are so fixed that the image of the air space 
in the wet bulb instrument is always below that of 
the dry bulb thermometer, and, with this precau- 
tion, the two records can never cross. 

For tabulating the records or thermograms so 
produced a very simple device is employed which 
also was exhibited by the Meteorolgical Council. 
This consists of a sheet of plate-glass divided on its 
lower surface by a series of vertical lines correspond- 
ing to the hours of the day, beginning at 10 a.m. 
on the left and extending to noon of the following 
day. The plate is also divided by a series of hori- 
zontal lines corresponding to degrees of Fahrenheit’s 
thermometer, and having a range of from 0 deg. to 
100 deg. In using this apparatus it is simply laid 
over the photographic record which has come off 
the rotating cylinder, and the figures are read off 
and tabulated with great facility. The whole of the 
recording apparatus above described is within the 
building of the observatory, and is fixed on a shelf 
which forms the bottom of what is, inside, a recess, 
but which outside the building is a projection. By 
this arrangement the stems of the two thermometers, 
— through the table on which they are fixed, 

ave their lower ends which carry their bulbs out 
of doors, where they are protected from the wind and 
from radial heat by being enclosed in a cupboard, 
the sides of which are gratings composed of louvres 
or Venetian laths; the stems of the thermometers 
are so bent as to insure the bulbs being at least 
2 ft. from the face of the wall on the north side of 
the building, and about 9 ft. from the surface of 
the soil. 

The barograph works on very similar principles. 
There is a rotary cylinder covered with sensitised 
paper, and an image of this portion of a barometer 
tube above the mecurial column is formed by a 
photographic lens on the sensitised surface, which 
rotates once in twenty-four hours, a lamp and con- 
denser being fixed on the opposite side of the baro- 





it 


SS Oe Lena ahett eon 


Ta ee eS 


pigraaneer aay 


a. wea oR oan 
i Re cena age nan a ee ORE EE ON MG EE Se aR 


ees Sr te 





A ec iB RO 


——— 











_ 394 





ENGINEERING. 





! 


[Marcu 28, 1890, 








meter tube. The record thus produced consists of 
a broad band of discoloration, bounded between a 
horizontal line and a variable line or curve, which 
is the record to be tabulated, and which is the per- 
petual image of the bounding surface of the 
mercury and vacuum within the barometer tube, 
and as the apparatus is fitted with a periodically 
occulting shutter similar to that employed in the 
thermograph, the broad band of discoloration is 
divided by vertical white lines, representing inter- 
vals of two hours each. 

The instrument is compensated for errors due to 
variations of temperature, bya very ingeniousdevice, 
which it would be difficult to describe without 
drawings, but which may generally be said to consist 
of a screen placed in front of the sensitised paper, 
and which is caused to rise and fall by the expansion 
and contraction of a pair of zinc rods under the 
influence of variations of temperature, and which 
traces out a temperature curve on the record, which 
forms the base line from which the barometric curve is 
measured, and by which it is corrected. 

The apparatus for tabulating the barometric 
records thus produced is a much more elaborate 
affair than that employed for the tabulation of the 
thermometric records. It consists of a sloping glass 
desk, which is traversed by a vertical bar which 
slides on a horizontal scale at the top of the glass 
plate ; and which is divided into twenty-four divi- 
sions representing the hours, each of which is again 
subdivided into six divisions of ten minutes each. 
The vertical traversing bar is fitted with quick and 
slow motions, whereby it can with rapidity and 
accuracy be adjusted to the time scale. This bar 
carries, one below the other, two long reading 
microscopes, having their axes perpendicular to the 
io plate, and to their lower ends are attached two 

ittle sights, each consisting of a small disc of glass 
having sight lines etched on its under surface. The 
lower microscope and sight slides along the bar in a 
direction parallel to the hour lines, and to it is 
attached the scale on which the vernier of the upper 
microscope slides, the motions of both being effected 
by fine screw or rack adjustments. 

The use of the apparatus is very simple; the 
diagram or record to be tabulated is laid on the 
glass plate and the observations of the temperature 
compensation curve is observed with the lower 
microscope ; and the reading of the vernier when 
the upper microscope is adjusted to the barometric 
curve, measures the distance between the two curves 
along any hour line. The operation is repeated for 
each hour line on the record, and the scale-reading 
(which can be read with accuracy to .001 in.), 
when converted into inches of pressure gives the 
true height of the barometric column reduced to 
32 deg. Fahr. for every hour of the day or night. 
This instrument, which was constructed by Mr. 
R. W. Munro, is exhibited by the Meteorological 
Council. 

The Kew Committee exhibited Sir Henry 
Roscoe's chemical photometer. In this instrument, 
which was devised by Sir Henry Roscoe in 1863, 
a strip of sensitised paper can be so exposed to 
daylight that the time necessary to produce a de- 
finite chemical action may be calculated in seconds. 
The sensitive paper is attached to a band which 
passes through a metallic slide, having on its upper 
surface a small opening which can be opened or 
closed by a sort of instantaneous shutter. 

Mr. J. B. Jordan, who has made the subject of 
sunshine recording quite his own, exhibited an 
interesting series of his instruments for recording 
the intensity of daylight and the duration and 
intensity of sunshine. In his apparatus for record- 
ing the intensity of daylight a disc of sensitised 
paper is caused to revolve by means of a clock 

yehind an opaque screen, in which is a rectangular 
aperture, the record being made by the discolora- 
tion of the sensitive paper. Of the sunshine re- 
corders, Mr. Jordan showed three different patterns, 
the first (March, 1885) consisting of a cylindrical 
box, on the inside of which is fixed a strip of sensi- 
tised paper, and the sunlight is admitted by three 
small orifices and shines on the paper on the 
opposite side of the box, the earth’s rotation caus- 
ing the paper to travel under the spot of light, and 
thus a chemical record is produced of the frequency 
and intensity of solar radiation throughout the day. 
In the second pattern (November, 1885) two aper- 
tures are employed instead of three, whereby a 
more distinct record is obtained, and in the last 
pattern (March, 1888) a far more perfect apparatus 
is produced ; in this instrument, instead of one 
cylindrical chamber, two semi-cylindrical boxes 


are employed having a small slot at the centre of 
the flat side of each box, of which it is the dia- 
meter. The two semi-cylindrical boxes are attached 
to a triangular flat plate, which is hinged to the 
horizontal base of the apparatus, and can be 
elevated to any required degree of altitude indicated 
by a graduated arc, to which it can be clamped, 
so that the semicircular sides of the boxes 
can be adjusted so as to lie in the equatorial 
plane in any latitude. As the slots which admit 
the beam of sunlight lie in or are parallel to the 
polar axis, and the rectangular sides on which they 
are cut are fixed at an angle of 30 deg. on each 
side of the plane of the meridian, or 60 deg. to one 
another, it follows that a straight path is traced 
out by the beam of light on the semi-cylindrical 
sensitised papers fixed within them, the one box 
taking the record from sunrise to a little after 
noon, and the other recording the sunshine from a 
little before noon until sunset. 

Next to these instruments was Professor Herbert 
McLeod’s sunshine recorder, which was described 
in these columns some years ago, and which con. 
sists of a spherical mirror fixed in front of the lens 
of a photographic camera, the axis of which passes 
through the centre of the silvered sphere and lies 
in the polar axis of the instrument. The light 
from the sun being reflected by the surface of the 
sphere is focussed on a sheet of sensitised paper 
fixed within the camera, and in consequence of the 
rotation of the earth the image describes on the 
paper an arc of a circle, which is a record of the 
sunshine and of the times at which variations 
occur. 

A very interesting contribution to the exhibition 
was made by the Meteorological Council, who 
showed Captain Abney’s photo-nephograph for 
registering the distance and direction of motion as 
wellas the velocity of clouds, and a model was shown 
to illustrate the method adopted and the general 
arrangement of the apparatus. Under this system 
a small camera is set up at each end of a base line of 
say a nile in length ; the two cameras are electri- 
cally connected together so as to be simultaneously 
exposed when directed to the same cloud ; thus two 
photographs are produced of a cloud at the same 
instant from two stations a mile apart, and if a 
series of such pictures be taken, very accurate esti- 
mates can be made of the distance, velocity, and 
direction of motion of the cloud, as well as of the 
changes taking place in its form, and of other clouds 
in the same line of sight of either camera. The 
Meteorological Council also exhibited a slide-rule 
designed by General Strachey, F.R.S., for obtain- 
ing the height and distance of clouds from the 
photographs produced by the above apparatus. 

One of the most interesting objects at the exhi- 
bition was a model of the whirling machine used at 
Hersham for testing anemometers and for experi- 
ments on wind pressure, exhibited by Mr. W. H. 
Dines. This whirling machine consists of a light 
but very rigid radial arm, about 20 ft. long, 
attached to a vertical axis, which is driven 
round at a high velocity by means of a steam 
engine. To the end of this arm the anemo- 
meter to be tested, or the apparatus for ex- 
perimenting upon wind pressure, is attached, 
and is thus whirled through the air at various velo- 
cities, its circumferential speeds corresponding to 
wind velocities. With this apparatus a very inte- 
resting series of experiments has been made, in 
which plates of various sizes and shapes, spheres, 
cylinders, cups, cones, and other forms were sub- 
jected to the action of the artificial wind produced 
by being whirled through the air on the revolving 
arm, and some very curious results have been ob- 
tained. One very curious fact has been proved by 
these experiments, and that is that the action of 
the wind upon a flat plate is but inappreciably 
affected by making perforations in the plate ; thus, 
the wind pressure on a plate a foot square, having 
eight circular holes each 1 square inch in area, 
four near the centre and one near each corner, was 
found to be the same whether the holes were 
closed or open ; and, although the combined area of 
the holes reduced that of the plate by more than 
5 per cent., no difference of pressure could be 
detected although a difference of 1 per cent. would 
certainly have been apparent. 

But the most startling result of the experiments 
is the effect produced by presenting to the wind a 
flat plate set at different angles to the direction of the 
wind, and Mr. Dines exhibited a curve, which is 
reproduced in the next column, and which shows 





the normal component of the wind pressure upon a 





sloping surface, 1ft. square, the normal pressure 
being taken as 100, and the pressure at various angles 
of inclination being expressed proportionately. 
Referring to the curve, it must be observed that the 
abscissze represent angles of inclination made by the 
plate with the vertical, ranging from 0 deg., where 
the plate is vertical and facing the wind, to 90 deg., 
in which position it is horizontal and presenting 
only its edge to the wind. The ordinates show the 
component of pressure at different angles of inclina- 
tion, and it will be observed that as the plate is 
deviated from the vertical the curve slowly falls 
until an inclination is reached of about 47 deg. with 
the vertical, when it suddenly rises between incli- 
nations of 47 deg. and 55 deg., at which angle it is 
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(2906) Angle of i of plate to drdition wind 
higher than when the plate is normal to the direc- 
tion of the wind by about 10 per cent. If after 
this the plate be still further inclined towards the 
horizon the curve quickly falls in an almost straight 
line, reaching zero when the plate becomes hori- 
zontal and presents no surface to the wind. If these 
results are correct (and from Mr. Dines’s reputa- 
tion as a careful investigator, and corroborated as he 
has been by Mr. G. M. Whipple, the director of the 
Kew Observatory, we have no reason to doubt 
that they are) some very important questions are 
opened up by them respecting wind pressures on 
walls and sloping roofs, and, indeed, upon all great 
engineering structures exposed to the influence of 
the wind. 
(To be continued.) 





INDUSTRIAL NOTES. 

Tne event which has overshadowed all others, in 
connection with labour, during the last fortnight has 
been the great strike of the miners and its sudden 
termination, almost wholly in favour of the men. The 
original demand was for an immediate advance of 10 
per cent., or about 3d. to 34d. per ton on the average, 
on the then current rate of the miners’ wages. This 
demand was made by the National Federation of 
Miners, representing nearly one-half of the total 
number of the men engaged in coalmining operations. 
The notices of the men terminated at or about the 
15th of this month, and in some cases on or about the 
19th. The demand was resisted by the Federation of 
Employers, representing generally the area over which 
the strike extended, on the ground that prices did not 
warrant any further advance at the then present time. 
In support of that contention the coalowners offered to 
allow an inspection of their books, and on the basis of 
the prices realised to submit the question to arbitra- 
tion. The representatives of the miners refused arbi- 
tration on the terms offered, and on Saturday, the 
15th, commenced the great strike, followed by batches 
on the 17th, 18th, re 19th, until nearly 250,000 men 
were involved. <A general strike on so large a scale 
has not been witnessed in our time. Its effects ex- 
tended over a vast area in which the great staple 
industries of England are carried on, including all the 
iron and textile trades of the country. 

At the date when the strike commenced, and 
for a few days subsequently, there appeared to be a 
stout determination to prolong the struggle. The men 
decided not to take strike pay for the two first weeks, 
thus showing that they expected a long period of idle- 
ness. The coalowners on the other hand adjourned 
their meeting, thus indicating that their decision was 
taken, and that their offer was final. There was, how- 
ever, a rift inthe cloud from the very first day of the 
strike. A number of coalowners hesitated, and some 
few early gave way. Others quickly followed, until 
some 50,000 or 60,000 men obtained the advance, or 
the compromise of 5 per cent. immediate, and a further 
5 per cent. on July 1. The fact is that many of the 
coalowners are to a large extent financially interested 
in the engineering and iron trades, and in textile and 
other industries, so that they ran the risk of heavy 
losses in more ways than one. During the first four 
days of the strike the men came to a fresh determina- 
tion to stand by the compromise which they offered, 
of two instalments of 5 per cent. each. The coalowners 
then met on the 20th and arranged with the miners 
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representatives to close the strike by a 5 per cent. 
advance at once, and a further 5 per cent. on August 1, 
one month later than the men had at first agreed to. 
This offer the men wisely accepted, and the greatest 
strike on record closed after a struggle lasting only four 
days. The tidings of a settlement were everywhere 
received with satisfaction and rejoicings. 

The most important item in the final arrangement 
was the acceptance of a principle by which wages ques- 
tions are in future to be dealt with in all the districts 
affected by the strike. This mutual arrangement is of 
such vast importance that it is worth the whole cost 
of the strike. Of course it would have been better 
had it been won or agreed to without any interruption 
of labour and industry, but bought experience is 
usually the most lasting and the most valuable. The 
details of the scheme have yet to be finally settled, but 
the acceptance of the principle leaves little doubt as 
to the ultimate result fete of a satisfactory character. 
When the method is arranged we shall have the entire 
coalmining industry of the country under a system of 
wages boards, similar to those in Durham, North- 
umberland, Cleveland, parts of Staffordshire, and 
South Wales. This will be a triumph for labour in 
the best sense of the word. It will also be a victory 
for the more moderate section of the working class 
eaders, of men who have grown grey in the cause of 
conciliation and arbitration. In labour struggles, as 
in war, there is but one disaster which is greater than 
a victory, and that is a defeat. The cost of a strike is 
so great, the suffering often so acute, the chances are 
frequently so evenly balanced that, apart from the 
rights or wrongs of the contest, both parties should 
avoid them whenever practicable. Public opinion is 
tending in this direction, and plans are being matured 
which may render strikes a matter of history. 

The fact that fuel is the chief factor in all manufac- 
turing and industrial enterprise is acknowledged 
universally, but it was never brought home to the 
minds of all sections of the community so vividly as 
during the few days over which the coal miners’ strike 
extended. Within a few hours, comparatively speak- 
ing, there was a dearth of fuel, in some industrial 
centres there was positively a coal famine. Prices 
went up in London from 3s. to 3s. 4d. a ton in the 
space of two working days. In seme manufacturing 
districts the advanced prices realised reached 10s. per 
ton. As a matter of fact coal is so essential in all 
trades and occupations, and in the economy of social 
life, that utter stagnation and ruin would result if the 
supplies were cut off for only a few weeks. The imme- 
diate result of the strike was the stoppage of some iron 
works, where large quantities of coal are consumed ; 
then followed the stoppage of some mills and factories 
in the textile trades where the tonnage consumed weekly 
is so great that storage room for stocks is not possible. 
There was something approaching to consternation in 
connection with some of the large gas works of the 
country, where enormous quantities of coal are needed 
from day to day, at the bare prospect of two or three 
weeks’ strike. Happily all anxiety is over, and indus- 
trial England breathes freely again. But the lessons 
taught are not to be forgotten nor lost sight of by 
all concerned. 





The great strike of the engineering trades in the 
north, and along the shores of the north-east coast, was 
second only in importance to that of the coal strike. 
The estimates of the total number of men involved in 
the strike differ, but the total was between 30,000 and 
40,000 men. In the one firm of Messrs. Armstrong, 
Mitchell, and Co., at Elswick, no fewer than 10,000 
men were out, and at many other establishments the 
numbers involved were counted by thousands. In this 
instance, as in the case of the miners’ strike, both 
— declared their intention of fighting it out to the 

itter end. This strike had the dual distinction of 
being one of the biggest engineering strikes of our 
time for the smallest object. The strike was for one 
hour on Saturdays; the masters refused this, but offered 
ls. advance in wagesinstead. The struggle was one of 
sentiment rather than of values, for the ls. offered 
more than represented the value of the time in dispute. 
The men were firm for the hour, but the masters re- 

arded itasan interference with their mode of conducting 

usiness ; hence the difference and the dispute. There 
was naturally a good deal of dislocation of trade in all 
the districts affected, and many industries, not actually 
involved in the contention, were affected injuriously by 
the struggle. The non-associated employers were the 
first to concede the hour demanded, so that in those 
firms the men resumed work. The non-union’ men 
fought side by side with the union men, all being 
supported by the strike committee. Happily the 
strike has now been settled on the basis or a com- 

romise. At a conference held in Newcastle on 
Sieaduy night last, with the mayor as mediator, it 
was agreed that the men should resume work on the 
old terms, and that the hour should be conceded on 
and after May 10. The men therefore resumed work 
on Tuesday morning. 

The engineering trades throughout Lancashire con- 
tinue to be well employed generally in all branches 





on orders in hand ; but there is a decided slackening 
off in many cases in the weight of new orders, the im- 
pression being that prices will ere long be more favour- 
able to buyers than they have been, and are at the present 
time. There is no dispute of any consequence in any 
of the Lancashire engineering or iron trades, the dis- 
pute in the north not affecting the men in this district. 
It is a very significant fact that, during the whole 
period of the recent advance in wages, in various parts 
of the country, no serious dispute has arisen in busy 
Lancashire. In the few cases of a demand for higher 
prs ve the affair has been settled without much friction, 
and with no prolonged strike. 

In the Cleveland district the shipping trades were 
only partly affected by the engineers’ strike on the 
north-east coast. The rivetters and platers continued 
at work, but there was a lack of labourers in some 
shipyards. Messrs. H. Mainwarings induced their engi- 
neering hands and others to continue at work, with 
the promise to concede the terms asked at once tem- 
porarily ; and if conceded elsewhere permanently. A 
strike was averted at Messrs. Sadler and Co.’s works, 
Middlesbrough, by the interposition of the manager, 
who engaged to lay the matters in dispute before the 
firm. The question is one of Saturday and Sunday 
shifts. New works, or rather old works long idle, 
are being started at Stockton, for ens a 
orders for India having been secured. The Bowesfield 
Iron Works are also restarted ; these have been idle 
for some little time. Trade is everywhere busy in 
all branches, and all hands are fully employed. The 
coal strike did not seriously affect the district. 





In the Sheffield and Rotheriam district there was 
much anxiety as regards the coal strike, and there were 
some complaints against the coalowners for not avert- 
ing it by earlier concession. In many branches of the 
Sheffield trade the orders in hand are more than suffi- 
cient to keep all the men employed for some time ; in 
other branches orders are coming in faster than the 
firms can deal with them. In the tool trades, agricul- 
tural implements, files, machine knives, &c., the men 
are generally working overtime in order to increase the 
output. Any serious interference with the heavier 
industries was averted by the speedy collapse of the 
coal crisis. 

In parts of Staffordshire the effects of the coal dis- 
aac were seen very early. Previously to the strike 

uel could not be obtained fast enough in many places, 
and prices were high, premiums even being offered on 
the contract price for supplies. Concurrently with 
the miners’ strike some of the larger works had to be 
partially idle, and for some days there was a partial 
stoppage. However, the — have been resumed, 
and work is busy on all sides, the workmen being 
everywhere fully employed, except for any temporary 
stoppage for the want of fuel or other materials. 





At the Consett Steel Works the award of the ac- 
countants is that the current wages shall continue 
through April, May, and June on the same basis as for 
December, January, and February of this year. The 
present scale terminates at the end of the present 
month, and the men are seeking to renew the scale at 
24 per cent. higher minimum than that now in force. 
It is probable that the higher rate will be agreed to. 





The dockers’ strike at Liverpool adds another 
disaster, to the many that have recently occurred, of 
large masses of men rushing madly into a strike with- 
out adequate resources, and without adequate reasons 
therefor. Some of these men seem to imagine that 
they can carry a strike by banners and brass bands, 
and cause the walls of the capitalist Jericho to fall by 
demonstrations and noise, as the Jews did Jericho of 
old, by the blowing of rams’ horns. But the conditions 
are not quite the same. Mr. Cunningham Graham, 
M.P., is not a Joshua, nor is Mr. Tom Mann the high 
priest of trade unionism. 

It is positively painful to listen tothe expressions of 
some of the men on strike, even when engaged in 
demonstrating ; how they cursed the leaders who, so 
they allege, had led them into the strike. As the 
news spread of hundreds of new hands arriving, to 
take the places of those on strike, there was consterna- 
tion and dismay, for to many thousands of these men 
Liverpool is their only home. They have never been 
outside of it. It is so in many parts, the riverside 
men never seek a change, whatever betides. 

When the Joint Committee of the Liverpool Dock 
Labourers’ Union offered to resume work on certain 
conditions, the fight was virtually over. The men 
had decided the issue without the intervention of the 
Committee, but it was thought just possible that a 
meeting might smooth away some difficulties and enable 
the old hands to resume work. The promised help to 
the men, in hard cash, was not forthcoming, and much 
suffering has been endured during the struggle, short 
as it has been. The suffering will not cease with the 
termination of the strike, for the effects remain after 
the conflict is ended, 





The bargemen’s threatened strike in Kent has been 
averted by the intervention of the Conciliation Com- 
mittee of the London Chamber of Commerce. This is 
a good beginning. The matters in dispute were freely 
discussed in a business-like way by four employers and 
four representatives of the men and two representatives 
of the Conciliation Committee. The details were not 
all settled at the first meeting, but these were ad- 
journed to a later day. At the second meeting all 
matters were satisfactorily arranged, and no alteration 
is to be made in the terms agreed upon for six months. 





The ship joiners have been winning the advance 
asked for of 6d. per day. Two firms out of the six 
who refused the advance gave way before the close of 
last week, leaving four only who stood out. Most of 
the other and smaller firms had previously conceded 
the advance. 


The men employed on the North-Eastern Railway 
have submitted certain claims to the directors and 
asked that these shall be considered by a board of 
arbitration. The directors have previously received 
deputations of the men on two occasions, and as a 
result had conceded advances in wages. Questions of 
hours of labour and overtime greatly exercise the 
minds of the men as well as wages, and these the 
employés think might well be considered by the board. 





Germany is determined to master and understand 
the labour question in all its bearings. This fact has 
long been known to those well acquainted with the 
history of the labour question, and the interest taken 
by German scholars and economists in all that pertain 
toit. Last year a batch of working men and students 
visited this country to inform themselves as to the 
social and industrial condition of the people of this 
—— all its chief centres. Now we have in our 
midst Dr. Brentano, by far the ablest man in all Ger- 
many, or indeed in the continent of Europe, on matters 
of labour and industrial organisation. His knowledge 
of English trade unions is not surpassed by many even 
in this country. He had interviews with Mr. Mun- 
della, M.P., and Mr. George Howell, M.P., at the 
House of Commons last week, both of whom had known 
Dr. Brentano for twenty years as an able writer on 
labour subjects. He is now visiting the great indus- 
trial centres of the north, of the Midlands, and in 
Scotland in order to carry back to Germany the fruits 
of his investigations and accumulated knowledge. 

The Berlin Conference seems to have agreed that 
children shall not be employed under twelve years of 
age, and then only for six hours per day up to fourteen. 
Women and children are not to be employed in mines; 
and working on Sundays is to be prohibited for women 
and children. It is probable that the Continental work- 
people of both sexes will be greatly benefitted as a 
result of the conference. It is also possible that in an 
indirect way English capitalists may gain some advan- 
tages by the more equal conditions of competition 
which will result from its final decisions. 





WartER In NEw Soutu WALEs.—The formation of a dis- 
trict water conservation branch of the New South Wales 
Mines Department is in progress. Mr. McKinney, who 
in the past held the position of engineer in charge, has 
been appointed commissioner for the Murray, and chief 
engineer for water conservation. A further appointment 
in the same branch is that of Mr. McMurdie, to the post 
of engineer. Some time since a number of engineering 
surveyors were appointed to inspect portions of the 
colony, with the view of ascertaining the districts favour- 
ably situated for water conservation. The first reports 
from these officials have been received by the department, 
and they contain the results of a survey on the Lower 
Darling. 





A Larce Perroteum Tank STEAMER.—A large petro- 
leum tank steamer was launched on Tuesday, March 18th, 
at the Bergsund Engineering and Shipbuilding Company. 
It is built for account of a Persian firm at Moscow for the 
transport of petroleum between Baku and Astrakan. The 
steamer is built of Domnarfret Bessemer steel in two 
halves, so that it can be taken to pieces for the sake of 
puns through locks. Her principal dimensions are : 

mgth, 252 ft. ; breadth, 28 ft. ; and depth, with a —- 
of 55,000 poods (one pood==33 Ib.) petroleum, 11 ft. The 
fore part of the steamer is divided into tanks, and aft 
there are two cylindrical portable tanks for apa ; 
in the bottom of the aft steamer there is a tank for astatka, 
which serves as fuel for the boilers. In a separate com- 
partment are large steam pumps for the fillmg and empty- 
ing of the vessel. There is also accommodation for pas- 
sengers both on deck and in a saloon. The engines con- 
sist of two compound engines with surface condenser, and 
the speed is calculated at 10knots. The steamer is rigged 
like a schooner, and is fitted with steam winches, &c. 
The whole of the steamer will be lighted by electricity. 
The steamer will be delivered at St. Petersburg, from 
where the transport to Baku takes about three months. 
The route is via Neva, Ladoga Lake, the Swir River, and 
Onega Lake, where the steamer is taken to pieces. She 
then passes through a number of canals and locks as far 
as the Tjockua River, where she is again put together, 
and continues her passage down the Volga and the 
Caspian Sea to her destination. 
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STOVE’S DIVING DRESS. 

A DIVER’s equipment consists of three parts; the 
helmet, which is of metal, the breastplate, also of 
metal, and the dress proper of waterproof fabric. The 
man gets into his dress through the neck opening, as 
if it were a sack, and when it has been pulled up into 
position, a water-tight joint is made hetween the dress 
and the breastplate, which is dropped over the man’s 
head and rests on his chest and shoulders like a tippet. 
The helmet is then screwed into the neck opening of 
the breastplate and the toilet is complete. 

The way hitherto adopted of making the joint be- 
tween the dress and the breastplate has been to insert 
a row of studs round the edge of the breastplate, and 
to punch corresponding holes in the dress. These holes 
were threaded over the studs, and then four brass 
cover plates were put on to the studs and screwed up 
with wing nuts. The india-rubber margin of the dress 
was thus nipped tightly between the cover plates and 
the breastplate, and a water-tight joint was made. 
It will be easily understood that it was very easy to 
lose the nuts, and even the plates, when working in 
cold weather, which benumbed the fingers of the 
men who assisted the diver, while the constant adjust- 
ment of the dress on and off the studs made it sub- 
ject to rapid wear at the holes. If the dress had only 
to be put on and off once in each shift the making of 
the joint would be sufficiently troublesome, but as the 
pressure on the abdomen often obliges men to come 
to the surface for relief at frequent intervals, the wear 
and tear and loss of time is serious. 

To remove these inconveniences Mr. Alfred E. Stove, 
of Mansion House Chambers, Queen Victoria-street, 
London, has devised the form of dress illustrated in 
our engravings on the present page. The neck open- 
ing of the dress is made smaller than usual, the upper 
part being of exceedingly elastic rubber, so that the 
opening can be readily stretched to the required size 
to admit the diver. Around the neck of the dress 
there is moulded a flange or fillet (Fig. 7), shaped to 
correspond with a recess turned in the collar of the 
breastplate (Figs. 3 and 4). This flange is pulled up 
through the neck opening of the breastplate and drops 
snugly into position (Fig. 2). The helmet is made 
with an interrupted screw in the usual way (Fig. 5), 
and is secured with one-sixth of a turn, its bottom 
edge pressing upon the rubber flange of the dress, and 
making a secure joint. : 

The difference between the old and new methods is 
seen at a glance. In the former there are two water- 
tight joints, four cover plates, and twelve nuts; in the 
latter there is only one joint, and no loose pieces what- 
ever. The advantages of the new method in conve- 
nience and facility of adjustment are self-evident. 








THE WASHINGTON MARITIME 
CONFERENCE.* 


By Rear-Admiral P. H. Cotoms, R.N., Associate 
Member of Council. 


I NrkED not enter into particulars as to the rise of the 
idea of a maritime conference which the American 
Government afterwards carried out into practice, beyond 
noticing that I think it must have originated from the 
meeting of the Association for the Codification of Inter- 
national Law in London in 1877. At that meeting several 
maritime questions were discussed, and some distinguished 
American members spoke with emphasis on the necessity 
of further action. I suspect that they must have carried 
their views across the Atlantic when they went home. 

The invitations to attend the Conference were widely 
spread, and twenty-eight powers sent one or more dele- 
gates.+ It had been arranged bythe United States Govern- 
ment that when it came to voting each state represented 
should have but a single vote. Hence it came to be 
humorously suggested that the kingdom of Siam would 
be an efficient check on any tendency to wander from true 
views which might be displayed by a power of so little 
maritime consequence as Great Britain. 

As, however, the functions of the Conference were sug- 
gestive and advisory only, no real harm could result from 
such an arrangement of the voene. and in any case good 
sense and courtesy might be relied on to give to the voices 
of the greater maritime powers their due weight. 

Most of the great powers sent several delegates, and 
Great Britain was represented by Mr. C. Hall, Q.C., 
Rear-Admirals Sir George Nares, K.C.B., F R.S., Sir 
Robert Molyneux, K.C.B., and N. Bowden-Smith, Mr. 
Thos. Gray, C.B., Captain Wyatt, of the P. and O. ser- 
vice, and Captain Kendall, of the City of Dublin Mail 
Service. : ‘ 

The programme proposed for consideration was suffi- 
ciently wide and comprehensive. It stood thus: 

General Division I.—Marine signals or other means of 
plainly indicating the direction in which vessels are 


* Paper read before the Institution of Naval Architects. 

+ The powers represented were Austria-Hungary, Bel- 
gium, Chili, China, Costa Rica, Denmark, France, Ger- 
many, Great Britain, Guatemala, Hawaii, Honduras, 
Italy, Japan, Mexico, Netherlands, Nicaragua, Norway, 
Portugal, Russia, Siam, Spain, Sweden, Turkey, Coogee, 
Venezuela, and United States. Rear-Admiral S. R. 
Franklin, of the United States Navy, was chosen presi- 
dent, and Lieutenant V. L. Cottman, of the same service, 
secretary. 
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moving in fog, mist, falling snow and thick weather, and | such accidents occupied a foremost place in maritime 
at nig . ‘ Be affairs, and might be taken as excluding all other dis- 
Rules for the prevention of collision, and rules of the | cussion until something tangible was arrived at. If an 
‘ me ‘ one reading my letter had looked up the next Friday’s 
General Division II.—Regulations to determine the | report of ‘* Maritime Casualties” they would have noticed 
seaworthiness of vessels. that seven ships were reported sunk in this way during 
General Division III.—Draught to which vessels should | the week, but this was an unusual number. 
be restricted when loaded. The Conference met, with Great Britain’s restrictive 
General Division TV.—Uniform - regarding | ter upon its p ings, and it was not till the 
the designating and marking of vessels. ebate on the prevention of collisions drew towards a 
General Division V.—Saving life and property from | close that consent was given to consider the other parts 
shipwreck. of the programme. By far the greater part of the time 
General Division VI.—Necessary qualifications for | of the Tonlerense was thus given up to the consideration 
officers and seamen, including tests for sight and colour- | of the first General Division, and it is evident that the 
blindness. Conference when it came to business was fully of the 
General Division VII.—Lanes for steamers on fre-| opinion of the British Government, that the importance 
quented routes, of the other questions paled before this. 
General Division VIII.—Night signals for communi-| Discussions on the rule of the road at sea, and on the 
cating information at sea. prevention of collisions at sea generally, are so familiar to 
General Division 1IX.— Warnings of approaching storms. | us, and differences of opinion are so frankly expressed as 
General Division X.—Reporting, marking, and remov- | between seamen and landsmen, and as amongst seamen 
ing dangerous wrecks or obstructions to navigation. themselves, that there is a general impression existing 
General Division XI.—Notice of changes in lights, | that the whole thing is very abstruse, and terribly com- 
buoys, and other day and night marks. plicated. It certainly does contain matter for close and 
General Division XII.—A uniform system of buoys | clear thinking, and for highly technical and carefully 
and beacons. chosen language. It is a subject, however, not complex 
General Division XIII.—The establishment of a per- | in itself, and resting on very clear and determinate prin- 
manent International Maritime Commission. : ciples, ‘“‘if a man might come by them.” But it has 
There is evidently a double character discernible in the | gradually gathered complexity round it as a silkworm 
matters proposed for discussion in this programme. | spins its cocoon. And it seems that the full understand- 
There are some divisions which can nig oes treated inter- | ing of it is remote, and difficult to minds which do not 
nationally as concerning often the ships of different | get the key to it in the first instance. It is in this way 
nations equally at the same time. There are others | somewhat resembling the first law of motion. Its prin- 
which may be offered for international discussion, with a ciples seem — to all our experience, and yet we have 
view to improvement of system, but which are not directly no true view of our experience until we have fully 
of international importance. Such are: Division II.-- mastered the conception ot the first law. 
Determining the seaworthiness of vessels. Division III. | All that was authoritatively laid down on the subject 
—Draught to which vessels should be loaded. Division | of preventing collisions came before the ‘‘ Conference in 
V.—Saving life and property from shipwreck. Divi- | the International Regulations for Preventing Collisions 
sion VI.—Qualifications for officers aud seamen. Of these | at Sea,” extended over twenty-six articles, eleven of them 
four subjects it may be said that uniformity of system | being actual ‘‘ Rules of the Road,” three being of a special 
amongst the nations is not so important as a good system ; | and exempting character, and the remainder dealing with 
and that nothing would be gained by calling on a minority | signals necessary for carrying out the rules, many of which 
of powers to give up better systems and take to worse | embraced several sub-sections, and which contained a 
because the majority had agreed to do it. But of most of | great many fundamental and highly technical terms, the 
the other subjects it may be said that uniformity is of the | meaning of which all the Admiralty lawyers on the Con- 
essence of any plans adopted, and that even some sacri- | ference knew had never been, and perhaps never could 
fices in efficiency might be made, if in no other way could | be, defined 
uniformity be secured. | ‘That such terms should have crept in as the basis of 
Our Government 2 ey have hesitated for some time | an international Jaw of the highest importance to life and 
before they consen to take part in the Conference, | property, is, perhaps, not less strange than that they 
and when they at last agreed, they proposed to restrict | should never have appeared officially until 1863. But 
discussion to what was probably in their judgment not, the fact that the terms were in the law, and were made 
only the most perfectly international subject, but also the basis of the law when it was first formulated inter- 
that which most distinctly appealed for elucidation and | nationally, was a fact which the Conference could not get 
improvement—the arrangements for preventing collisions over. 
atsea, | Now, constituted as the Conference was, and with a 
In writing to the Times the other day on the work of | thing of this kind before it, what had we a right to expect 
the Conference, I expressed my belief that so long as that | from it? Not conciseness, certainly ; not the discarding 
journal every Friday repo three, four, or five ships | of all that was non-essential, and the bringing out in firm 
sunk by collision during the preceding week, any Govern- | terse language, exactly what was wanted, and no more. 











ment would probably consider that the prevention of | Such things never come from large and diverse assemblies, 
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If we wanted them at all, we should seek them at the 
hands of a very small number of minds, highly trained to 


treat the subject, and not tied to time, or pressed in any | 


way to cease in research, proof, and, if necessary, experi- 
ment, until the very bottom of everything had been 
reached. 

From the large body assembled in discussion, and from 
the certainty that a majority of the delegates were to be 


brought suddenly face to face with a study which had | 
become difficult, and apparently abstruse, and to be called , 


on to pronounce uponit before they could really know what 
they were about, we could really only expect grave mis- 
takes and further complication. 

To me it is a subject of wonder and pleasure to think 
how few serious mistakes the Conference really made, 
how well it generally avoided the faddists, and how much 
that is solid remains to build upon. I take it that the 
result must at least be in some measure due to the fact 


that the strong body of the English delegates met many | 


times in separate conference before leaving this country, 
and that the compromises they came to here were loyally 
sustained by them across the Atlantic. 
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voluminous law for preventing collisions before them 


originally, they left it two or three times as voluminous 
as it was before, then I say no one ought to have ex- 
pected anything else ; this is our historical experience of 
the rules. But if Iam told that the Conference has made 
such serious mistakes as will tie the hands of those who 
may hereafter be called on to formulate a revised law for 
adoption by the various powers, then I say that Ido not 
think they have; and that in the most important point of 
all—the very foundation and base of every part of thelaw 
—they have recorded opinions which will do more towards 
unwinding the cocoon than anything that has heen done 
since the caterpillar began to wind it in 1857. 

T must now show the work that was before the Confer- 
ence in this matter, and then detail the manner in which 
it dealt with it. 


I have said that the Conference found the rules hinging 


ona series of indefinable terms. These terms have 
made their appearance since 1856, and were unknown to 
the rules for preventing collisions before that date. They 


are: 

1. “ Risk of ae ripe gil 

‘Tt was utterly impossible for the Legislature ave 
determined or poe what should: constitute risk of 
a collision,” said the judge of the Admiralty Court in the 
case of the Mangerton.* 

2. ‘ Keep out of the way of.” 

This phrase has no apa except the general one, 
“* not to get into collision with,” as it specifies no pa: ti- 
cular act. If no collision follows the act, it is right what- 
ever it is; if collision follows, it is primd fucie wrong, 
whatever it is.t 

3. “* Wind aft.” 


* Swab, Ad. 120. 
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‘* A further question arises,” says Marsden,* the great 
authority on the law, “as to how the dividing line 
between ‘ running free’ and having ‘the wind aft’ is to 
be drawn. These difficulties will be found discussed at 
length in the Privateer, a recent Irish case. In that case 
the Court appears to have been of opinion that a ship 
may at the same time be ‘running free’ and have ‘the 
wind aft.’” 

4, ‘Meeting nearly end-on.” 

‘*The meaning of ‘nearly end-on,’” says Marsden,t 
‘“*has not been exactly defined. Vessels upon parallel 
courses, each with the other nearly right ahead, and 
vessels upon courses making with each other an angle of 
two, or even three, points have been held to be meeting 
‘nearly end-on.’ But in a case where the courses of the 
two ships were within a point of being directly opposite, 
the Privy Council decided that the ships were ‘ crossing,’ 
and not meeting (‘ nearly end-on’).” 

5. ‘* Crossing.” 

This is the converse of ‘‘ nearly end-on,” and the inde- 
finable point, as above, is where ‘‘ nearly end-on” ends 


¢ ,and “‘ crossing ” begins. 
If it is alleged against the Conference that having a too : 


6. ‘* Overtaking. 


Fug . 2 
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Marsdent says: “There is nothing in the regulations 
to indicate how one ship must bear from another in order 
to be an ‘overtaking’ ship. . . . Under the regulations 
of 1863 a rule was suggested by Brett, L. J., in the Fran- 
conia. . . . Ina subsequent case, however, doubts were 
expressed in the Court of Appeal as to the correctness of 
the rule suggested by Brett, L. J.” ‘ f 

Now, the whole law is in motion or not in motion, 
according to whether there is, or is not, a something 
called “‘ risk of collision,” and yet no one can decide what 
that something is. 

The separate action of each ship, and therefore their 
presumed mutual action, depends upon whether or no the 
wind is ‘“‘aft”; whether or no the ships are ‘nearly 
end on”; whether or no they are crossing”; or whether 
or no one ship is “‘ overtaking” the other. And yet, as 
we have seen, the ‘‘whether or no” must be in each 
case entirely a matter of guesswork at the moment. 

There are only three definite actions prescribed in the 
ten ‘ steering and sailing rules”: 1. To-“ alter course 
to starboard.” 2. To ‘‘ keep the course.” 3. In narrow 
channels, to ‘‘keep to that side of the fairway or mid- 
channel which lies on the starboard side of such ship.” 

So much for the matter of the law as coming before the 
Conference for revision ; now for its manner. 

It is obvious that any regulations for preventing colli- 
sions must consist of two parts: 1. Rules which deal 
with the motions prescribed to ships on approaching each 
other. 2. Signals to enable ships to ascertain the situa- 
tion and make the proper movements. 

In the existing regulations the cart is before the horse. 
The signals are put in the primary, and the rules which 
either dictate, or ought to dictate the signals, come in the 
secondary place. 


* P. 361, 





t P. 374, $ P. 400, 
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Having thus spoken of the matter and the manner of 
the law, let us now come to the facts on which the law is, 
or ought to be, founded, and which should be in full view 
of anybody undertaking its revision. 

What is the law wanted for? When is it required for 
the mutual safety of two ships? and when are any two 
ships safe without it ? 

he answer is that in the open sea, or in any space of 
water where ships are presumably free to act under a law 
relating to the two ships only, the law is never required 
unless the two ships are steering for the same point. If 
they are not steering for the same point law 1s not re- 
quired, because both ships are al y in perfect safety. 

If this is so, then what sort of a law is required? The 
appeal here is to history,* and until 1840 history had but 
one answer. The law provided that one of the two ships, 
designated by facts which were known to, or presumably 
known to, both, should be given the right to go on steer- 
ing for the point, and that the other ship was forbidden, 
absolutely, to steer for that point, or for any other point 
in the path which the first ship was pursuing. 

Of course there are limitations. Although the ships 
were steering for the same point, one might be so near it, 
and the other so far from it, that it would be impossible 
for both to arrive at it at nearly the same time. In such 
a case no law was required, and no movements were 
necessary. But by the law, in all cases where each ship 
was steering for the same point, and where there was the 
least doubt about the times of arriving there, the ship 
which had not the right to go on, was bound to steer so 
as not to pass in front of the other ship. 

This was the answer which the history of maritime 
law had given to the question up to 1840. There was 
then an innovation made with regard to steamers, and a 
new law ayonen which conflicted with the old one in 
principle, but had the excuse that possibly no way had 
then been suggested of making the condition of each 
ship known to the other at night ; and also that provision 
for an exceptional case was mistaken as provision for the 
general case. 

This innovation and breach of principle proceeded to 
swallow up, after the manner of such things, the whole 
of the old ange age so that, by new British laws promul- 
gated in 1854 the old principle absolutely disappeared 
until 1863. In 1863 there was only the shadow of it left, 
and to my mind the best work of the Conference has 
been to give substance to the shadow, and to bring us 
nearer to where we were in 1839. 


(To be continued.) 





NOTES ON RECENT NAVAL 
MANCUVRES.+ 


By _ W. H. Wuirt, F.R.S., Assistant Controller of the 
Ee, and Director of Naval Construction, Vice-Pre- 
sident. 


Tue Council of the Institution, finding themselves less 
favourably placed than in former years in relation to 
papers offered for reading and discussion, urgently 
requested me to contribute to the programme of the pre- 
sent meetings. Under existing circumstances, as will be 
readily understood, compliance with this request was for 
me no easy task, especially as the notice has been so 
short. Moreover, after the very large amount of time 

iven last year to the discussion of my paper ‘“‘ On New 

attle-Ships,” I should have preferred leaving to other 
members the opportunity of giving direction to our dis- 
cussions. 

Yielding to representations that the interests of the 
Institution would be best served by compliance with the 
request of the Council, my difficulty was to select a sub- 
ject of general interest, which could be treated with some 
a *— to completeness in the very limited time avail- 
able. Finally, 1 decided to place before the Institution 
these ‘‘ Notes on Recent Naval Manceuvres,” dealing with 
some important matters which have already been made 
the subject of discussion and criticism in the public press, 
or elsewhere, and respecting which there seems room for 
further explanation or illustration. My chief aim in 
writing this paper has been to deal chiefly with facts, and 
to provoke discussion. 

embers of this Institution are aware that, at the 
request of the First Lord of the Admiralty, I went afloat 
last August, and remained with the fleet during the 
manceuvres. Excellent opportunities were thus afforded 
me for observing the operations of mimic warfare and 
fleet manceuvring ; and we had the good fortune during a 
considerable part of the time to experience weather of 
exceptional severity for the season of the year, so that it 
was possible to make useful notes of the behaviour of 
ships of various types. My interest naturally centred in 
matters affecting or related to my professional work as the 
responsible designer of Her Majesty’s ships ; and in what 
follows I shall endeavour to place before the Institution 
certain broad deductions which have impressed themselves 
on my mind, and certain opinions a held, which 
meee been deepened as the result of my brief cruise with 
the fleet. 


I. Tue InriuEnce or SizE AND WEIGHT UPON THE 
SEAGOING QUALITIES OF SHIPS. 

This matter was discussed at some length at our meet- 
ings last year, in connection with papers read by Sir N. 
Barnaby and myself. It also occupied a prominent posi- 
i paper read by 
Sir N. Barnaby before the Institution of Civil Engineers. 
It would appear, however, that there is room for further 
consideration of the question. 
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The point here raised is not the absolute behaviour at 
sea of ships of different sizes and weights, but their 
relative behaviour, under identical conditions of wind 
and sea. Consequently, a judgment can only be formed 
by comparing the behaviour of ships of different sizes 
navigating together. And the comparison is made most 
valuable when a fleet includes vessels of widely divergent 
dimensions, with the gradations of size, from the smallest 
to the largest represented, at fairly close intervals. Pro- 
bably the manceuvres of 1889 fulfilled these conditions 
better than any previous assemblage of ships. Beginning 
with the Inflexible, of nearly 12,000tons, by successive 
steps, one could pass down to the torpedo gunboats of 
about 500 tons, and torpedo boats of less than 100 tons. 
Table A shows this at a glance, 

While recognising the comparatively limited scope of 
the observations possible during the manceuvres, it is 
undoubted that every one who saw these ships under 
circumstances of weather, must have been impressed 
with the superior behaviour and fighting qualities pos- 
sessed by the larger vessels as compared with the smaller, 
when other features—such as freeboard and height of 
guns above water—were similar in the ships of differing 
sizes, Reference will be made hereafter to the influence 
of freeboard and disposition of armament on fighting 
efficiency. But dealing simply with weight and length, 
as elements influencing the behaviour and the mainte- 
nance of speed at sea, it may unhesitatingly be asserted 
that increase in size has a most marked effect in improv- 
ing seagoing qualities, 

his may seem a mere truism, but there is a special 
reason for dwelling upon it. Thereis a general agreement 
that, - to certain limits, increase in size results in con- 
siderable advantages. But it has been maintained by 
some authorities that, beyond a certain limit of size, and 
that not very considerable, these advantages become 
relatively less important. For instance, Sir Nathaniel 
Barnaby last year made the following remarks (at the 
Institution of Civil Engineers), when advocating the con- 
struction of vessels of 3000 to 3500 tons displacement for 
service on the line of battle : 

‘** Tt was said that the ship of 3000 tons was very small. 
His object in advising those who Peepared the design was 
to keep to a = of minimum size for doing the work. 
That aship could be made larger with advantage was no 
doubt true; but he thought the ship in question fairly 
balanced all the qualities that could be got in a ship of 
the smallest size, capable of fighting an action at sea. . . 
He agreed with those naval officers who thought that any 
weather which would sensibly affect the comparative 
behaviour of the ship of 3200 tons and that of 14,000 tons, 
—s be found to be not fighting weather for either 
ship.” 


Tas._e A.—List of Vessels engaged inthe Naval Manwuvres 
of 1889, arranged in Order of Displacement. 




















o : Fi 
as 4 §. € 
Ship. eS & Ship. (es PB 
aa) § ae 8 
tons | ft. | tons, ft 
Inflexible .. -«/11,880) 320 Iris and Mercury | 3730 | 300 
Northumberland. ./10,780| 400 | Active and Volage | 8080 70 
10,600 | 2950 
Admiral class to io |Medea class { to jes 
9,500) | | 2800 
Devastation —..| 9,330) 286 [Calypso ..  ..| 2770 | 236 
Neptune .. es 9,310) 300 |Ruby * ++| 2120 | 220 
Biack Prince —-.| 9,210) 380 | Archer class -+| 1770 | 225 
Hercules .. **| 8,680) 325 [Hearty .. -.| 1800 | 212 
Ajax +» «+| 8,660} 280 |Nymphe .. ../ 1140 195 
Warspite .. 8,400! 815 |Curlew.. ..| 950 | 195 
Monarch .. -.| 8,320! 830 | Pheasant class | 755 | 166 
Northampton ..| 7,630 280 'Traveller .. «.| 700, 161 
6,910 |Watchful .. --| 560, 136 
Audacious cts | to 280 Rattlesnake class | 625 200 
6,010 |Medway class ..; 363 110 
Hecla .. _ ..| 6,400) 302 | 
Conqueror & Hero! 6,200 270 | (187 = 150 
Inconstant ..| 5,780) 837 |Torpedo boata ../{ to to 
Belted cruisers ..| 5,600; 300 | i ( 28 86 
Rupert... -+| 5,440, 250 } 
Shannon .. -.| 5,300) 260 | Coast Defence 
Belleisle .. --| 4,870 245 Vessels. | 
Leander class 4,300 300 |Glatton .. -.| 4910 | 245 
Mersey ,, 4,050, 300 |Prince Albert ..) 3880 | 240 
Hotspur .. oem 235 |Cyclops class. | 3600 | 225 
\ 





The great majority of naval officers with whom I have 
discussed this matter differ entirely from Sir N. Barnaby, 
and, as I think, with reason, Even the limited ex- 
perience of the recent manceuvres yee that, for fighting 
In a seaway, ships of 3000 tons and upwards are not prac- 
tically on an equal footing. ‘‘ Fighting weather” at sea 
is not a fixed or determined quality for chips of 3000 tons 
and upwards. The possibility of sny ship continuing to 
fight and maintainin ee | depends largely upon her 
length and size, as well as upon her freeboard and the 
disposition of her armament. 

No one doubts that ships of 3000 tons, or even of much 
smaller displacement, may be perfectly safe and sea- 
worthy inany weather, and may be capable of fighting in 
bad weather. The vessels of the Medea class, for example, 
proved good sea boats; and as they carry two-thirds of 
their heavy armament on ee ny and forecastles about 
20 ft. above water, it woul very bad weather that 
placed them entirely hors de combat, At the same time 
it was obvious, when they were seen in rough weather 
alongside a belted cruiser of 5600 tons, or the Warspite of 
8400 tons, that these latter had very superior powers of 
maintaining speed and fighting because of their greater 
size and weight. And if there had been present one of 
the new battle-ships of 14,000 tons, her advantages rela- 
in at the Warspite would probably have been no less 
marked, 


Experience shows that even in a very moderate sea, 
torpedo gunboats can run down torpedo boats which in 
dead-smooth water would ‘“‘show their heels” easily. 
Similarly as the sea rises it would be practically im- 
possible to continue to drive a torpedo gunboat at any- 
thing like full power : considerations of safety would lead 
to the speed being eased down, under conditions when 
vessels of larger size (like the Medeas) could maintain 
their speed. But these, again, would have to be eased 
long before the Warspite would require to be similarly 
treated ; and if the Northumberland possessed the requi- 
site engine power she would in her turn surpass the War- 
spite, because of her greater size and length. 

Similar remarks, size, would apply to relative 
steadiness of platform and power of fighting the guns, if 
the armaments were similarly Sapoued ; but these need 
not be amplified. 

In speaking thus I do not- desire to ignore the well- 
known fact. that under certain conditions of sea larger 
and longer ships may pitch or roll more heavily than 
smaller ships. am dealing not with such exceptional 
circumstances, but with ordinary or average occurrences. 
At the same time it may be interesting to add that during 
the manceuvres I repeatedly noted heavier pitching in 
the Warspite and Black Prince than was occurring simul- 
taneously in vessels of the Medea class. Occasional 
heavy rolling of large ships has also been noted under 
conditions when smaller ships were comparatively steady. 
These exceptions will not, I think, shake the opinion of 
most naval officers that the largest ship is, for sea work, 
the best. 

‘Fighting weather” is a very elastic term. Modern 
appliances howe done much to extend its meaning. I 
may mention one example. In the Howe, when ae 
intentionally beam-on to a heavy sea, and with the ship 
rolling through ares of 35 deg. to 40 deg. every 5} seconds, 
the after turntable carrying two 67-ton barbette guns was 
cast loose, and the guns successfully worked, Even under 
these conditions the ship could have been fought; but it 
is doubtful if a smaller ship would have been as well 
placed under the circumstances. 

It will be noted that reference has been made chiefly to 
weight and size; but I am not oblivious of the great 
influence of length — the maintenance of speed at sea. 
It is well known that in all recent designs for Her 
Majesty’s wv greater lengths have been accepted in pro- 

rtion todisplacement than have ordinarily been adopted. 

‘or example, the Edgar class of cruisers will have a 
length of 360 ft. for a displacement of 7700 tons, as 

ainst 315 ft. for 8400 tons in the heey og The Apollo 
class of cruisers are 300 ft. in length 
placement, as compared with the same length for 4050 
tons in the Mersey class. This increase in length natu- 
rally arises from the high speeds aimed at in recent 
designs, and it will undoubtedly add to the power of 
maintaining speed at sea. Still greater relative length has 
been given to some foreign cruisers, which, as a rule, are 
more lightly armed than Her Majesty’s ships ; and can 
therefore be constructed of different proportions. And in 
the mercantile marine, where the vertical distribution of 
weights is altogether different from that in warships, 
still greater relative length and narrowness are common ; 
but it is the element of absolute length, and not ratio of 
length to beam, which is of the highest importance for 
maintenance of speed at sea. 

This audience is well aware of the fact that the first- 
class passenger steamers of the first rank greatly exceed, 
in displacement as well as nae even the largest 
cruisers yet constructed (H.M.S. Blake and Blenheim). 
On this account it is unreasonable to expect that an 
regularly built war cruisers yet contemplated can catc 
vessels like the City of Paris, or Teutonic, or Umbria at 
sea. Moreover, in these grand steamers the ratio of load 
carried—exclusive of hull fittings and propelling _— 
ratus—to total displacement is altogether different from 
the corresponding ratio in a war cruiser. In fact, they 
are designed for entirely different services and cannot 
well be compared. y ; 

It has been proposed that war cruisers should be built 
equalling these ‘‘greyhounds” inspeed and coal endurance, 
but surpassing them in armament and protection. To 
do this must involve still greater displacement and cost ; 
and one may well hesitate in embarking on such a course, 
so long as we possess not merely a vast superiority in swift 
merchant steamers available as auxiliaries to the regular 
fleet, but also larger war cruisers than are to be found in 
foreign navies. } 3 

In concluding my remarks on this section, let me say 
that, while I most strongly maintain the opinion that in- 
creased size and weight give great advantages in the 
maintenance of speed, steadiness of gun platform, power 
of concentrated attack and superior defence, I also hold 
that in the Reyal Navy there is not merely room, but a 
positive necessity, for vessels of widely differing sizes and 
types. Furthermore, there is a consensus of — that 
no small proportion of our total force, particularly in the 
cruiser classes, should be of moderate size and cost, in 
order that a considerable number of vessels may be avail- 
able without an inordinate outlay, For sea work andthe 
line of battle, however, there seems good reason for the 
opinion generally held in the naval service that ships of 
1 size are nog wom necessary ; while the conditions 
unter which our ships have to serve, more particularly as 
regards coal endurance, practically necessitate that in 
any special class the British ship should be of greater 
dimensions than the foreign ship she may have to en- 
counter. 


II. Tae INrLuENCE oF FREEBOARD, HEIGHT oF GuNS 
ABOVE WATER, AND DISPOSITION OF ARMAMENT UPON 
FIGHTING QUALITIES AT SEA. 


The fleet mobilised for the manceuvres last year con- 





tained specimens of most of the classes of armour-clads 


or 3400 tons dis- | d 





and cruisers built during the last twenty-five or thirty 
ears. Some of the latest constructions—such as the 
barbette ships of the Admiral class, the belted cruisers 
Orlando class), and the protected cruisers (Mersey and 

edea classes)—were in company with grand examples 
of the earlier ironclad period, the Northumberland and 
Black Prince, with broadside ships of later date (such as 
the Hercules, Northampton, and Audacious) with turret 
ships of high and low freeboard, and with unarmou 
cruisers possessing good sail power as well as steam. 

It was possible, therefore, to make very interesting 
comparisons of fighting efficiency. 

Taking first the question of freeboard, one could com- 


re: 
ae = Ships of high freeboard throughout the length. 


(L) Ships of moderate or low freeboard at the extre- 


mities, and high freeboard amidships. 

(c) Ships of moderate or low freeboard at the fore end, 
but high freeboard for a portion of the length to the 
stern. 

(a) Ships with long poops and forecastles, with moderate 
freeboard between. 

(e) Ships with low or moderate freeboard throughout the 
length, with “ flying structures” amidships for stowage of 
boats and other services. 

Speaking broadly, the experience of August last con- 
firms the conclusion generally reached beforehand, viz., 
that low freeboard forward puts a practical limit upon the 
power of driving ships against a head sea ; while it entails 
a sensible increase in the expenditure of power required 
to maintain a given speed in a moderate sea, as compared 
with the expenditure in high-ended ships of similar form 
and equal size. ' 

Lowness of freeboard aft is, of course, less important ; 
but there were times during the manceuvres when the 
low after ends of the Admiral class, and of certain turret 
ships, were clean swept by the sea, and when a greater 
freeboard would have been advantageous, especially as 
regards habitability and comfort. ; 

Lowness of freeboard throughout the length (as in 
Devastation and Rupert) necessarily intensifies discom- 
fort, and reduces sea-keeping qualities. 

High ends associa‘ with moderate freeboard (or 
a ‘‘ waist”) amidships give er living quarters and an 
increased power of driving head to sea; but while it 
admits of a smaller and cheaper ship being built to fulfil 
fixed conditions of speed, coal supply, armament, and 
protection, it entails some sacrifices in the way of ‘‘ wet- 
ness” and discomfort when hard driven ; as compa 
with vessels equally high-ended, but with a complete spar- 
eck. Every one who saw the vessels of the Mersey class, 
for example, when hard driven in rough water, must have 
re herraw ¢ that they were not built as first designed, with 
a flush upperdeck. The Warspite and belted cruisers fur- 
nished examples of the advantages of such a flush 
deck when steaming head tosea. , 

It may be interesting to state, in passing, that the 
Admiralty have decided, largely as the result of experi- 
ence gained with cruisers during the manceuvres, to con- 
struct a considerable number of the second-class cruisers 
building under the Naval Defence Act with flush upper 
decks. This entails increase in size and cost, but will add 
to the seagoing and fighting qualities. | : 

Turning to the closely related questions of the influence 
of height of guns above water, and their disposition upon 
fighting efficiency, very brief remarks may suffice. 

It had been previously demonstrated that in the low 
freeboard turret ships a moderate amount of sea made 
difficult or impossible the fighting of the fore turret guns. 
Confirmation of this view was furnished in August last. 
Those who were present will not soon forget the contrast 
between the Hero mages along towards Ushant against 
a long smooth swell (12 t. to 15 ft. in height) with her fore- 
deck buried under masses of water and her turret guns 
practically unworkable, and the other ships with guns 
placed higher, and perfectly capable of fighting. In the 
Admirals on that occasion the low fore deck was con- 
tinuously buried under broken water, but the barbette 
= 9 ft. to 10 ft. above the deck) were not affected. 

he Melpomene, rushing to the front in the chase—and 

lacing herself in a position which in real warfare would 
fave been certainly questionable—fought her 6-in. guns 
with ease, the Hero feciages heavier gun to reply with. 
There were many other cases which might be mentioned, 
illustrating the disadvantages of guns placed low, but to 
these I need not refer. 

This same incident in the manceuvres may be used to 
enforce once more the undesirability of that extreme con- 
centration of armament which oh ships of effective 
stern fire from heavy guns. The Hero has only one 
turret which could not be fought, and her pursuers had 
her at their mercy, as she could only bring one or two 
6-in. guns to bear on them. 

The Inflexible and Ajax pr wane the moderate free- 

rd central citadel ship with turrets, en échelon, placed 
close to the sides of the vessel. This arrangement is open 
to very serious objection, especially with long breech- 
loading guns; for even a moderate angle of roll or a 
moderate lift of the sea geen 4 interferes with efficient 
fighting of the turrets, especially when trained nearly 


al ’ 
Last year I sketched the reasons which have led to the 
very various dispositions of armament, as well as heights of 
freeboard and of guns above water, in modern warships. 
It is unnecessary to repeat what wasthensaid. Further, 
it cannot be doubted that, under other circumstances than 
fighting in rough water, there are compensating advan- 
tages in lowness of f: and of guns—particularly as 
regards diminution of target and of surfaces requirin 
tection. On the other hand, we have in the Roy: 
avy a very large number of ships of moderate freeboard, 
with guns at a small height above the decks; and in view 
of this fact it will be generally agreed that in building 
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most recent ships with high freeboard, and guns placed at 
considerable heights above water, the Admiralty has done 
wisely, adding greatly to the power of our fleet, for what 
after all is its great necessity—fighting in the open seas. 

Habitability, the power of cy errr | speed, and of 
fighting in rough water, are all favoured by good free- 
board. After all has been said about fighting efficiency, 
habitability claims some attention. Comfort to: officers 
and menunder the ordinary oveny day conditions of peace- 
service must not be ignored. great deal of nonsense 
has been written and spoken on this subject; not a little 
by persons who clearly had no real acquaintance with the 
ships they decried. For instance, 1 have read severe 
strictures on the accommodation, ventilation, and living 
queries on the Admiral class, for which there was no 
oundation in fact. One gentleman went so far as to de- 
scribe the ‘‘pasty-faced” condition of the crew as 
obvious to the casual observer. He drew upon his 
imagination freely, and described a hypothetical deterio- 
ration that must have been wofully rapid—seeing that 
with the single exception of the Anson, none of the 
Admiral class was in commission more thantwo months, 
or at sea more than a month. Having lived on board one 
of the class for a month, and carefully inspected all 
parts of the vessel in all weathers, and at all times of the 
day and night, I emphatically deny the truth of these 
anonymous assertions. The living quarters for the crew 
are excellent in all respects—the officers have good accom- 
modation. When battened down for several days the 
living spaces below the low ends are naturally not so 
fresh as when every hatch is open in harbour; but even 
toa landsman like myself there was nothing to seriously 
complain of, and my cabin at the extreme after end of 
the ship was probably least favourably situated. The 
crew were much better off than the officers when battened 
down, a very large part of them being berthed in the main 
deck battery, where there was always good natural venti- 
lation. Some increase in ventilation of the officers’ 
quarters is admittedly desirable, and will be carried out, 
but no such change is needed in the crew omy 

One inconvenience was suffered which has been much 
exagmeensed. Certain minor defects of workmanship in 
the fittings on the low deck forward resulted in leakage 
of water into that portion of the crew space. The cables 
also were kept bent with anchors ready to let go. When 
the vessels were in rough weather, and the foredeck was 
continuously flooded, water did pass below and cause 
some discomfort ; but these defects are easily remediable, 
and they will be remedied. It is well known that in the 
Devastation, when first sent to sea, the arrangements for 
water-tightness, when battened down, were not altogether 
satisfactory, but experience has removed all trouble, and 
so it will in the Admirals, 

I may add that similar misrepresentations have been 
made of the living quarters in the Medea class, which 
compare very favourably, as a matter of fact, with those 
of any ships of equal size in the fleet. These quarters 
are situated, as already explained, in the high ends under 

ps and forecastles, with good natural light and venti- 
ation ; not a man being berthed over the machinery or 
boiler spaces. 

Further, it may be interesting to state that in the 
Polyphemus, a vessel of altogether exceptional character 
and low freeboard, where dependence has to be placed on 
artificial light and ventilation, and which has had a con- 
siderable period of service in the Mediterranean, the 
health of the crew is found to be exceptionally good, thus 
disposing completely of the ‘‘ pasty-faced ” theory above 
mentioned, 


III.—Sga Speeps AnD MrAsurED MILE SPEEDS OF 
ARSHIPS. 

This is a very thorny section of my paper, but so much 
has been said and written on the subject of late that it 
cannot be omitted. It seems probable that some public 
advantage may result, moreover, from the explanations I 
have to offer. 

Members of this Institution do not require to have any 
statement of the real purpose and use of measured mile 
trials. Still, it may be well to remark that they are 
designedly and avowedly made under the best possible 
conditions—engines and boilers in perfect order, the best 
coal, skilled stokers, calm weather, smooth water, and 
Clean freshly painted bottoms. Only under these condi- 
tions can such trials be of service either for purposes of 
competing, ship with ship, or of yielding information 
which will be of value in future designs. For warships 
of all nations, moreover, this system of trial is established, 
and the recorded s are measured mile speeds. 

In recent years Admiralty practice in the trials of Her 
Males» ships has-been varied considerably, and always 
in the direction of greater stringency. It is said, although 
I do not vouch for the statement, that formerly various 
devices were used, classed under the generic term 
“* jockeying,” which gave to the measured mile results a 
character much beyond what was deserved, particularly 
as regards the development of power. Between the runs 
on the mile stean: was ‘ bottled up” to be used during 
the runs, and on the mile the steam blast was freely 
applied to increase development of power. If this were 
true in the past, it has long since ceased to be true. 

In 1877 a regulation was laid down that, for the future, 
contractor’s steam trials should extend over six hours’ 
continuous steaming; the specified horse-power being 
attained as the mean of the power indicated over the six 
hours, When “forced draught” was introduced about 
seven years the trials made with it were limited to 
three or four hours; the duration of natural draught 
trials remaining as before. About four years ago a 
further change was made, the duration of the natural 
draught trials being extended to twelve hours when the 
season of the year permitted. After considerable ex- 
perience it was found that this was an inconveniently 





long time for trial, especially in the shorter days, and 
eight hours has now been substituted. 

All these trials are now made, at least for a typical 
ship engined by each firm, at full load draught ; and the 
ships often have to take on large weights of ballast 
for the purpose of bringing them down. @ engineer 
contractors have no responsibility for speed, but guarantee 
development of a certain power for a certain period, with 
a certain approximate number of revolutions. 

Sometimes these contractors’ trials are made without 
placing the ship on the measured mile, distinct progres- 
sive speed trials being made, especially with new types 
of ships, in order to construct curves of speed, power, 
revolutions, &c. Then, knowing the revolutions an 
power obtained on the contractor’s trial, the correspond- 
ing speeds can be determined from the curves. In other 
cases, during the contractor’s trial, four or six con- 
secutive runs are made on the mile to ascertain the speed. 
But the point on which J am now insisting is that the old 
practice of simply “‘ running the mile ” has long ago been 
abandoned, and that the Fong recently estimated as 
measured mile speeds for Her Majesty’s ships are those 
corresponding to powers to be developed over eight or 
twelve hours with natural draught and three or four 
hours with forced draught. I much doubt if equally 
severe trials are made with the ships of any other navy. 

Official records of speeds for Her Majesty’s ships in the 
Navy Estimates and elsewhere have also for some years 
past given both the natural and the forced draught 
speeds. In the Navy List only the forced draught power 
is given. 

assing from these standard trial conditions to the 
conditions of actual service, every one having any 
acquaintance with the subject is well aware that there 
must be a considerable reduction made both in the powers 
developed and the speeds obtained. Engines and boilers 
will not remain in perfect order; coal is often of indifferent 
quality ; stokers are not always equally efficient, nor can 
one expect from them over long distances work equal to 
that performed over a trial of a few hours ; the bottoms 
of ships do not longremain clean, and it is rarely calm 
weather at sea. All these variable conditions affect actual 
rformances at sea, and it is practically impossible to 
ay down any scale of even approximate uction in 
order to connect smooth water or trial speeds with sea 
speeds for all classes and sizes of ships. 

For years past, however, in Admiralty practice a rough 
rule has been followed, of which I have previous! spoken 
here. It assumes that the maximum power likely to be 
developed continuously, for steaming at sea over long 


periods, will be not more than two-thirds, or less than | Med 


one-half of the natural draught power develo on the 
contractor’s trial. And further, recognising the impossi- 
bility of making any constant allowance for foulness of 


bottom, roughness of sea, or force and direction of wind, | Th 


it has been our practice simply to record the speed which 
the reduced power would give if the vessel had a clean 
bottom and were steaming in smooth water. In the 
Navy Estimates for 1890-91, particulars are given for all 
the ships now building, not merely of the contractor’s 
trial speeds and powers, but the approximate speeds and 

wers for continuous steaming under the assumed con- 

itions of clean bottoms and smooth water. 

A new regulation made about three es ago has given 
practical tests to this approximate rule for the ratio of 
power developed when steaming for long — to the 

wer developed on the contractor’s trial. The Admiralty 
Res ordered trials to be made in Her Majesty’s ships when 
newly commissioned, and in some cases after years in 
commission, pes 2g BS ninety-six hours, or such 
shorter time as might be found more convenient. This is 
clearly a severe test, especially in the case of newly com- 
missioned 
satisfactory, much more than fulfilling the office assump- 
tion. In Table B, I give the figures for a considerable 
number of ships, but } roam not to give the names. Most 
of these vessels are of quite recent design, but a few are 

















of the older types. 
TABLE B. 
Results of Trials. | 
Percen- | 
Oe cagremie; 
fey ery Indicated Horse- | Actual to| 
eee Power. Con- Remarks, 
' tract 
Te 
Actual. Contract. | Power. | 

96 4237 | 5000 85.0 | 

96 640 900 71.0 

96 718 850 84.5 | 

76 1807 2300 78.5 | 

120 815 950 86.0 | 

96 546 600 91.0 | 

96 565 600 | 94.0 | 

733 943 1000 | 94.0 | 

80 2295 2200 | 101.0 | Stopped on avcount of 

| heavy head sea. 

96 2195 2200 | 90.8 | 

96 939 1400 | 71.0 | 

68} 4855 5500 88.2 | 

58 843 850 99.0 | 

20 735 720 1020 =| Stopped on account of 
| weather. 

14 730 | 720 | 101.0 | Ditto. 

754 | 1000 75.0 | 
35 545 | 720 | 76.0 | 
905 1995 | 2100 | 95.0 | Slowed for 5§ hours 
| On account of rough 
| weather. 

96 613 | 1400 44.0 Slowed on account of 
| fog. Net time made 
| up. 

96 1123 | 1400 80.0 

90 685 720 95.0 











ships, but the results have been eminently | 4 


An example or two may illustrate what is the effect of 
the explanations given above. The following are the 
results of trials and estimates for H.M.S. Howe: 


8 
Indicated ” 
Smooth Water, 
Horse-Power. Clean Bottom. 
Contractors’ trials : knots. 
Forced draught... on 11,600 16.9 
Natural ,, ee es 8,200 15.9 
Continuous steaming (estimated) 4,500 13.5 


Here we have a loss of 3.4 knots per hour from tbe 
forced draught trial to estimated working conditions, or 
of 2.4 knots from the natural draught trial. Any one 
having only a superficial acquaintance with the matter 
might s' of the Howe as a 17-knot ship ; ignoring the 
fact that “ forced —— is avowedly introduced only 
for full use over very short periods (three to four hours), 
when an emergency arises which makes the gaining of a 
knot or two in s of supreme importance. But every 
one familiar with the subject has recognised always the 
facts to which I now invite attention. 

naam another example I would refer to the case of H.M.S. 

usa : 


Speed. 
Indicated > 
Smooth Water, 
Horse-Power. Clean Bottom. 
Progressive trials: nots. 
Forced draught... ee 10,000 19.9 
atural ,, oe os 6,300 18 
Continuous steaming (estimated) 3,500 15} 


This class of om poem because it is the last com- 
pleted, has been made the subject of considerable criti- 
cism, more especially on the ground that the intended 
speed has not been realised. As the designer of the 
vessels I may be permitted to state that the intentions of 
the design have been realised in all respects ; not merely 
as regards speed, but also draught, trim, stability, and 
structural strength. The criticism arises from a misun- 
derstanding of facts, 

These vessels were designed to have a smooth water 
speed of 18 knots per hour with natural draught, when 
unsheathed with wood and co oe ; and it was anticipated 
that the sheathed ships woul about a quarter of a knot 
slower. The unsheathed Medusa on her trials attained 
18 knots with natural draught; and the sheathed Mara- 
thon and Melpomene exceeded 17.6 knots with natural 
draught on their twelve hours’ trials. 

It was estimated that with forced draught (not exceed- 
ing 2 in. of water as air pressure) the unsheathed on 
would attain 20 knots as a maximum speed, and the 
sheathed ships about 19? knots, In the first trials of the 

dusa a speed of 194 knots was attained, but the screws 
then fitted were clearly not suited forthese higher speeds. 
Other screws were fitted ; and with fewer revolutions, but 
the same power, the speed of 19.9 knots was reached. 
ese new screws practically gave no better results than 
the preceding screws up to17 or 18 knots which covered 
all working epee: it was therefore decided not to change 
the screws of the other ships. Without any change of 
screws the sheathed Melpomene made 19.6 knots on her 
forced draught trial. In view of these facts I think it will 
beadmitted that the intentions of the design have been 
practically fulfilled, 

The contrary opinion rests on a misconception. Promi- 
nence having been given to the forced-draught smooth 
water measured mile trial speed of 20 knots, it has been 
treated as if it were the rey ney but without any official 
authority. As a matter of fact, before the mancuvres 
began, a statement was issued to the fleet in which the 
speed of the Medea class for continuous steaming was esti- 
mated at from 154 to 15? knots, and experience justifies 
this estimate. No doubt this speed could be exceeded for 
short periods; just as in the chase in the North Sea the 
nson and Howe steamed for six hours, and developed as 
much power over that period as had been developed on 
their contractors’ natural draught trials. Further expe- 
rience with all these new ships will doubtless give better 
results, It is often overlooked that it is no fair test of 
what ships can do to take the results obtained on a first 
commission of the temporary nature incidental to the 


- | Manoeuvres, 


The introduction of forced draught has been described 
by a gallant officer as ‘‘an invention of the evil one”— 
presumably, because it is associated with high tempera- 
tures. No doubt forced draught requires careful use, and 
may be abused, So far as I have been able to ascertain, 
however, naval officers who have had experience with 
forced draught are unanimous in desiring to have in their 
possession the power and control which it gives, although 
they it as a provision for emergencies, and not for 
every-day use. To be in a position to gain a knot or two 
in speed each hour for only three or four hours may be of 
the greatest importance in critical circumstances. To 
deliberately sacrifice this power, while it is retained in 
foreign hee = would be unwise. By circular issued 
rather more than a year ago, the Admiralty laid down 
special rules for the use of the forced draught appliances, 

t has been determined that under ordinary circumstances 
the air pressure in the stokehold shall not exceed 4 in. of 
water; and this condition was fulfilled during the 
manceuvres. It is further ordered that “forced draught 
appliances are not to be used above the }-in. pressure 
except in circumstances of emergency, and then only for 
short periods, when the maintenance of the highest pos- 
sible speed for three or four hours may be of great advan- 


e result of the use of forced draught has been to widen 
the gap between sea speeds and trial speeds, and hence, 
as L-have explained, misunderstandings have arisen. But 
I must insist again that the facts have been clearly put 
before the public in official documents, and that our ships 
in this matter of recorded speeds are on the same footing 





as foreign warships. For all practical purposes, the 
natural Graught trial speeds are, however, to be preferred 
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to forced draught speeds, when comparisons are being 
made, tcconig there may be, and have been, various 
degress of “forcing”: and the Admiralty rule for maxi- 
mum air pressure has clearly not been adhered to in the 
trials of some foreign ships. : 

Another circumstance deserving notice is that the intro- 
duction, = recent years, of fying —— of small — 
necessarily been accompanied by ter disparity between 
trial rons in smooth water ane speeds at sea. This is 
only another way of a. has already been said— 
that the larger ship feels the check of the sea upon her 
speed less than the smaller ship, and may actually be 
capable of running down the smaller one at sea, although 

nceapable of doing so in smooth water. This source of 
reduction in sea speeds is necessarily incommensurable. 

So is that incidental to foulness of bottom. The fact is 
generally admitted, but scarcely —— as it ought 
to be, and it is so important that I will venture to give a 
recent illustration. 

The Medea was ordered to be tried late in 1888 as a 
typical vessel of this class, Orders were given that her 
bottom should be perfectly clean and fresh painted at the 
time of trial. These orders were not fully carried out, 
and no anti-fouling composition was applied. The ship 
was also kept afloat for several weeks in the basin before 
proceeding on trial. These circumstances did not come 
to my knowledge until the trials were in progress, when 
it became obvious that some causes of seriously increased 
resistance or waste of power were in operation. The 
trials were stopped and the vessel docked. Her bottom 
was found to be in a rough and dirty state, fully account- 
ang Sor the unsatisfactory performance. 

he sister ship Medusa was then tried under identical 
conditions of draught and trim, with engines by the 
same firm, and with screws of the same dimensions ; the 
only difference was that her bottom was clean. In the 
Medea, 5800 horse-power had been required to attain a 
= of 16.9 knots; this power sufficed to give the 
edusa a speed of 17.6 knots, and 5000 horse-power gave 
her a speed of 17 knots. At lower speeds the difference 
was equally marked. For 13 knots the Medea, with a 
rough coating, required nearly 2000 horse-power, as 
inst 1600 horse-power for the Medusa, with a smooth 
skin. It will be understood that the condition of the 
Medea was not nearly so bad as that of many ships on 
actual service ; and the figures given illustrate the im- 
portance of frequent docking and cleaning of the bottom 
In ships intended for high speed. They also furnish a 
strong argument in favour of the course taken by the 
Admiralty in giving wood and copper sheathing toa large 
proportion of the new cruisers now building. 


IV. Spectra, CHARACTERISTICS OF WARSHIP PROPULSION, 


It is very much the fashion to criticise adversely the 
steaming powers of warships, and to contrast them un- 
favourably with those of mercantile vessels. This is done 
without reference to the essential differences between the 
services that have to be performed by war and merchant 
ships, or recognition of the inherent difficulties attaching 
to warship propulsion. 

Speaking broadly, a merchant ship is built and engined 
for the purpose of steaming continuously at certain 
maximum speeds. Passenger steamers are constructed to 
cover certain distances, from port to port, at certain 
specified speeds. In fact, merchant steamers work under 
fairly uniform conditions of development of power and 
revolutions of engines, and everything is and can be regu- 
lated to give the best results under these conditions. 
Every one on board is accustomed to fairly regular per- 
formance, and this fact greatly favours economy and 
efficiency, and their regular return to port enables 
constant attention to be given to desirable repairs or ad- 
justments. 

A warship is by no means similarly circumstanced. 

Assuming the simplest case, where she is proceeding 
alone, it will be found that she is not so favourably 
Pp Such passages, and most of her cruising is done 
at low y a¢en requiring only a small proportion of the 
power she possesses, in order that on occasion she may 
rush up to a high speed. This difficulty becomes greater 
as the upper limit of speed is raised. Yor example, the 
Howe can be driven at nine knots for less than 1200 
horse-power, not one-sixth of the power she can develop 
with natural draught for a few hours. Yet she has to 
carry about always engines and boilers capable of giving 
her a speed of over 15 knots with natural draught, and 
over 164 knots with forced draught. The “‘ waste work” 
inevitable under circumstances of this kind must be con- 
siderable at low abe mrs speeds, although every effort 
may be made to diminish it by using one of the twin- 
screws or other devices, In the Blake and Blenheim, 
with engines of over 13,000 horse-power natural draught, 
.four sets of engines have been adopted, with special dis- 
connecting arrangements, to permit of throwing out the 
forward sets when gene | at low speeds. In this great 
range of power, and small development under ordinary 
conditions, is to be found, doubtless, the cause of not a 
few of the difficulties which arise with warship ma- 
chinery. Such difficulties would disappear if the engines 
were continuously worked at high speeds like those of 
merchant ships, 

When a warship forms a unit in a fleet the case is still 
more difficult. It is a grand spectacle to witness the 
manceuvres of a large fleet, and to see these huge vessels 
changing formations while keeping stations accurately. 
But when one realises what is involved, particularly in 
the management of the propelling machinery and steering 
gear, the ——_ becomes even more interesting. Let 
me take a hypothetical case, and suppose the fleet ordered 
to mancuvre at 9 knots. Every commanding officer 
would be compelled to have command of steam equivalent 
to a possible margin of speed of 2 to 3 knots, in order to 
insure keeping station. This may seem little, but it in- 





volves a good deal. I will take an actual vessel for which 
the case stands as follows: 


Knots. Horse-Power. Revolutions. 
¢ 1000 50 
11 1800 60 


& 7, 


3000 
has | In order to secure the ready command of 10 revolutions, 


therefore, above the average ordered, 80 per cent. more 
power is needed to be available whenever ordered ; and 
to have command of 20 revolutions, 200 per cent. margin 
of power is needed. Standing on the bridge, and taking 
observations continuously as to his relative position, the 
commanding officer is frequently obliged to vary the speed 
of the engines, and the engineer officers have to be ready 
to obey promptly the constant flow of orders from the 
deck. this is mere matter of course to naval men, but 
to professional men it furnishes ample explanation of 
many otherwise difficult questions concerning the con- 
sumption of coal, or wear and tear of machinery in war- 
x: as compared with merchant ships. 

ake anothercase. A fleet is proceeding, with cruisers 
thrown out as scouts some distance ahead, say at the same 
8 of nine knots. Let us assume that the Medusa is 
the cruiser. For nine knots, about 550 horse-power only is 
needed in her—about one-third of what one of her four 
boilers would give at natural draught, when fully worked. 
Probably, under these circumstances, fires will be banked 
in all the boilers. The admiral signals suddenly to pro- 
ceed with all despatch in some direction; let us assume 
it to be straight ahead. Now, clearly, some time will be 
necessary to work up from 550 horse-power to 3500 horse- 
power, or 4000 horse-power, and the regulations provide 
against rapid changes being made in the pressures of 
steam or temperatures of boilers, For purposes of illus- 
tration only let it be assumed that an hour is occupied 
in so working up to, say, 16 knots speed. Then the 
mean speed for the hour of the Medusa would be about 
124 knots, and although at the end of the hour she would 
be steaming 16 knots, she would only have gained 34 
knots on the fleet. 

I commend .this short statement to the notice of the 
gentlemen who, during the recent manceuvres, were so 
greatly surprised that so-called swift cruisers when 
ordered to proceed with all despatch did not immediately 
rush off at full speed, and speedily disappear in the dis- 
tance. 

It is also very important to note that in a cruiser em- 
ployed as a scout, with the fires alight, but banked in 
order to be in a position to rapidly raise steam, there can 
be no equation of the coal consumed to the power required 
simply to ase 4 company with the fleet. The fact is 
obvious enough, but is not unfrequently overlooked. 

Still another example. In the chase towards Ushant 
the Hero was steaming about 12 knots, with the Howe 
and Rodney raga her, and the Camperdown 
was keeping just outside the range prescribed by the 
rules. t us suppose she was two knots distant. Sud- 
denly she turns, and comes down upon the Howe and 
Rodney at a speed of 13 to 14 knots ; so that her relative 
speed of approach would be 25 to 26 knots an hour. In 
less than five minutes she would be close upon her ene- 
mies, and if both kept on they would soon far apart 
again. A spectacle of this kind impresses one greatly, and 
indicates how important a part in future naval actions the 
auxiliary armaments and quick-firing guns must play, for 
with all things at their best three minutes are necessary 
to reload a 67-ton gun, 

This paper has extended to a much greater length than 
I pro re ret before closing I must allude briefly to 
one or two other points which have been brought promi- 
nently before the public. 

There have been allegations, for instance, of structural 
weakness in some of the ships engaged in the manceuvres. 
For these allegations there is no foundation whatever in 
any of the reports received. As an example of the loose 
way in which these statements are made, I may mention 
that a short time ago an officer from one dockyard was 
sent to another to take notes of certain small fittings in 
ships of the Medea class, in order that similar fittings 
might be carried out in the Medea and Medusa. It was 
immediately announced that he had gone to obtain parti- 
culars of structural Lange penne required in consequence 
of original weakness of construction. This erroneous 
statement was circulated far and wide; but it had no 
foundation whatever, as all the vessels of the class have 
proved to be amply strong, and almost entirely free from 
vibration, even when developing the full forced draught 
power. It would be idle to attempt to correct or con- 
tradict statements of this kind ; but before this Institution 
it may not be out of place to allude to them. 

There were a few instances, to some of which I have 
already referred, where minor defects of workmanship 
caused leakage and discomfort in some of the ships—not 
the Medeas. None of these, however, indicated struc- 
tural weakness, 

Experience in these manceuvres has led to alterations, 
or rather to additions, in certain classes of ships, which 
may be —— under three heads. 

(a) Additional ventilation has been found desirable, 
especially to ‘.< and boiler-rooms placed under pro- 
tective decks. far as past experience could guide, the 
arrangements originally fitted might reascnably have 
been expected to prove efficient; but with increasing 

ressures of steam, greater powers, and multiplied auxi- 

iary machinery, further ventilation was clearly necessary, 
and is being supplied. 

(b) Greater facilities for intercommunication between 
engine-rooms and boilers at a low level in the ships have 
been proved to be absolutely necessary for safety and 
ag working, and are being provided. Similar experience 

, | know, been gained in some high-powered merchant 
steamers. Of course this involves forming doors in bulk- 
heads, but with the perfect drill in closing water-tight 





doors now established in the Navy the interference with 
unbroken water-tight subdivision can be accepted. 

(c) Improved arrangements for the transport of coal 
from the wpaee bunkers to the fires in ships, with pro- 
tective decks, have been shown to be desirable by the 
hard continuous steaming done during the manceuvres. 
This matter had been very carefully studied in all recent 
de:igns, and it was clearly undesirable to pierce a 
tective decks more than was absolutely necessary. The 
principle on which I have proceeded in the Medea class, 
and all subsequent designs, is to stow at least half the 
coal, and often a larger proportion, in bunkers below the 
protective deck ar jacent to the stokeholds. For 
the bunkers above, longitudinal transport has been 
arranged; so that all the coal can be readily carried 
where required and dropped into lower bunkers near the 
fires, these arrangements stand good ; the additions 
consist of three or four additional scuttles on each side 

laced within the bunkers and fitted with armour covers. 

venture to state the facts, as it would appear from some 
published statements, that instead of the simple addition 
we had been engaged in some reconstruction of the 
vessels, 

In the belted cruisers similar but more extensive 
ana, adeeae needed to facilitate coal transport: these 
have been completed already in several of the vessels, 
and the others are in hand 

One very useful purpose of the manceuvres is to dis- 
cover any features in the ships, or their equipment, 
which can be substantially improved ; and when, as last 
year, many new ships of different types are sent to sea 
for the first time, some such discoveries are inevitable. 
The foregoing remarks summarise all important sugges- 
tions received: besides these there were considerable 
numbers of recommendations on minor points, which 
will be of service in building the ships now in progress. 

In conclusion, let me say that, while the test applied 
to Her Majesty’s ships by their temporary commission 
for the manoeuvres is necessarily a very severe one, and 
not of a character to show all that can be got out of the 
ships when officers and men have grown accustomed to 
their surroundings, it is a matter for congratulation 
that this great fleet was brought together, sent to sea, 
and passed successfully through the manceuvres without 
any accident worth notice. There were, no doubt, de- 
rangements of machinery, ney troubles with 
boilers, and other incidents, which were not of an im- 
portant nature. And it speaks well for the professional 
ability of the officers and men of the Navy, that under 
the circumstances such excellent results were obtained. 
Had the manceuvres lasted longer, still better perfor- 
mances would have been secured. 








Coat IN Vicrorta.—The discovery of a seam of coal at 
Boolwa is regarded by the Victorian Government 
geologist as of considerable importance. In May, 1888, 
the Government put a bore down in the direction of the 
dip of the seam on the banks of Berry’s Creek, at Mirboo 
North. In No. 1 bore, 3 ft. of coal was passed es 
between 400 ft. and 500 ft., and a 4 ft. seam at 900 ft. 
Four other bores were my mage put down, but the 
seams passed through were thin when compared with 
those in No. 1 bore. The drill was then removed further 
north and another discovered at 701 ft. The coal is of 
good quality, and the Government geologist is of opinion 
that it is identical with the first seam found in No. 1 bore. 
He recommends that the bore should be continued down 
another 500ft. or 600 ft. so as to ascertain whether it 
will reach the second seam corresponding to the 4 ft. 
seam passed through at 900 ft. in the No. 1 bore. 





British AND AMERICAN TELEGRAPHY.— Mr. Norvin 
Green was examined recently before a Committee of 
Congress upon the American telegraphic system, with 
special reference to the experience acquired in connection 
with Government telegraphy in Great Britain. Mr. Nor- 
vin Green, it should be observed, is chairman of the 
Western Union Telegraph Company. Mr. Green said 
American telegraph rates were now about half those 
prevailing 22 years since. The ratio between American 
and British rates was as 25 cents to 20 cents. The 
Postmaster- General proposed to reduce these rates 
one-half, and this in the face of the fact that the British 
system had been operated with a deficit of 2,360,000/. 
during the past 11 years, and probably a loss of 6,000,000/. 
since its establishment. The British system had about 
one-fifth of the poles and one-quarter of the wire owned 
by the Western Union alone. If the American Govern- 
ment embarked in telegraph business, it must have good 
managers or the business would go to the bottom. 


CanapiAn Rattways.—Work on the Manitoba South- 
Eastern, a line to be built from Winnipeg to the boun- 
dary to connect with the Duluth and Winnipeg Railway, 
will be commenced at an early date. The company is 
applying to the Canadian Parliament for an amendment 
to its charter, — more extensive powers and 
authorising a slight deviation from the route originally 
prol . The Sault Ste. Marie, Quebec, and Atlantic 

way Company is seeking incorporation from the 
Quebec legislature. The railway which it is proposed to 
construct will be more than 500 miles in length. It 
is to start from a point on the left shore of the 
Ottawa between the mouth of Riviere Du Moine and 
that of the outlet of Lake Kuppewa, and will run east- 
ward in a straight line through the district of Ottawa, 
Terrebonne, Joliette, Three Rivers, and Quebec. It will 
cross the St. Lawrence at the Island of Orleans, and 
reach the south shore of the river at or near the environs 
of Pointe & la Mortiniere. Thence it will run south-east, 
through the districts of Montmagny, Kamowraska and 
Temiscouata, and end at the Temiscouata main highway 
in the neighbourhood of the frontier, 
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‘ENGINEERING’ ILLUSTRATED PATENT 
RECORD. 


Compitep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1888. 

The number of views given in the ification Drawings is stated 
tn each case after the price; wi none are mentioned, the 
Specification is not illustrated. 

Where Inventions are communicated from abroad, the Names, 
ce., of the Communicators are given in italics. 

oe of Specifications — obtained at 38, Cursitor-street, 

hancery-Lane, E.C., either personally, or by letter, enclosing 
amuunt A ap and postage, addressed to H. READER LACK, Esq. 

The dave of the advertisement of the acceptance of a complete spe- 
——- ts, in each case, given after the abstract, unless the 

‘atent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Ofice of ition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS. 


4106. J. Donaldson, Chiswick, Middlesex. Steam 
Generators or Ap atus in Connection therewith 
for Feed Water. (8d. 2 Figs.) March 8, 1889. 
—The figures illustrate this invention in connection with a steam 
generator of the type described in specification of Letters Patent, 
No. 1404 of 1885, granted to J. I. Thornycroft. The feed water 
to be purified enters past the valves 5, and is directed by inlet 
pes 4, on to the top of a curved baffle plate 2 arranged in the 

orizontal cylinder steam collector and separator 1, where the 
water becomes intimately mixed with and heated to a high tem- 
perature by the steam that will also be discharged upon the baffle 


plate from the tubes 7 which are connected at their lower ends 











with water vessels 6 that are arranged, one at each side of the 
firegrate (not shown). The feed water and its impurities thus ren- 
dered insoluble, flow over the baffle plate to the bottom of the steam 
collector 1, and thence by the return tubes 8 to the water vessel 6 
where the impurities are deposited and may be blown off through 
the pipe 10 and cock 11. Zinc plates 9 are provided to act as 
baffles and aid in the deposition of the impurities, or a removable 
box 12 shown in dotted lines in Fig. 2, may be employed to receive 
the impurities. The purified water passes from the vessels 6 to 
the tu 7 7 where it is converted into steam. (Accepted January 
15, 1890). 


4937. J. R. Fother; West Hartlepool, Durham. 
Marine Boiler or other 


Furnaces or Ap tus for 
Effecting Combustion of Fuel by the Injection of 
Liquid Fuel with Air under Pressure. [1s. 1d. 10 Figs.) 
March 21, 1889.—The petroleum contained in a receptacle A is 
evaporated by means of a steam coil B. The receptacle A is sup- 
plied with oil through a pipe J by a small pump worked by the 
engine. The vapour generated in the receptacle A passes the valve 
E and is conveyed by a pipe E! to a separator, in which any 
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liquid passing over with the vapour is retained. The vapour then 
passes by the pipe L to the branch pipes M, each of which passes 
through an air pipe 20, terminating with a nozzle R in a perforated 
chamber 21, where the vapour in each case issuing from the nozzle 
R mixes with air under pressure from a casing 19, to which it is 
supplied by suitable means, and thus enters the combustion 
chamber 23, where it ignites, producing intense heat. S is a de- 
flector placed at the inner end of the furnace. (Accepted January 
29, 1890). 








20,650. J. D. Gray, W: mn, D.C. U.S.A. Auto- 
matic Governors and Cut-Off Valve Gear for Steam 
4 
bd 
aay) 6 
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ines. (8d. 6 Figs.) December 23, 1889.—The reciprocating 
motion of the valve stem 2 of the engine is communicated to the 


reciprocating rod 5 by connecting arm 4, and is converted into 
rotary motion of the valve shaft 16 by means of the rack 12 and 
pinion 14. This rotary motion is imparted to the valve face 25, 
—— the latter to assume varying positions relative to the seat 
24, an quently op ig and closing the admission port to an 
extent proportionate to the throw of the reciprocating rod, which 
throw is dependent upon the tension of the springs 8 and 9. As 
the velocity of the engine increases, the resistance of the weights 6 
and 7 becomes greater, which in turn increases the resiliency of 
the springs 8 and 9, thus shortening the throw of the reciprocating 
rod 5and the relative width of the opening of the admission valve, 
and vice versa. (Accepted January 29, 1890). 


20,087. W. Lloyd Wise, London. (M. E. Hall, Washing- 
ton, D.C., U.S.A.) Valve Gear for Steam Engines. (8d. 
4 Figs.) December 13, 1889.—The operation of the valve gear is 
as follows: As long as the engine revolves at its normal speed the 
pin E in the slide block F of the valve stem F! is confined to a 
narrow eccentric groove (as in Fig. 1), for where the groove A! in 
the fixed disc A is wide, the groove C1 in the loose disc C is narrow, 
so that the combined effect of the loose and fixed discs is to give 
the ordinary movement, the cam B not coming into play. On in- 
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crease of speed, the centrifugal weights H fly out and, by means of 
the links L, increase the angular advance of the loose disc C. This 
brings a part of the wide portion of the groove C! of the loose disc 
C opposite the wide portion of the groove A! of the fixed disc A, 
and it brings the cam B into a sliding contact with the slide block 
F, thus instantly cutting off steam by means of the valve at the 
end of the valve stem Fl. On slackening of the speed the weights 
are drawn in by springs K. (Accepted January 29, 1890). 


286. A. M. Clark, London. (7. R. Almond, Brooklyn, and 
E. G. Freligh, New York.) Ro Engines, (8d. 17 Figs.) 
January 7, 1890.—The two cylinders B, C are traversed by one 
shaft A, and within each of the cylinders is mounted on the shaft 
an eccentric H surrounded by a ring I, which is always in contact 
at one part of its circumference with the inner wall of the cylinder 
shell F. The steam enters the cylinder B by the port g and acts 
upon the eccentric H through the ring I and against the abutment 
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Jof the ring. Meanwhile the conduit 7 communicates with the 
exhaust side of the cylinder, but the moment the eccentric with 
its ring has passed the opening J, live steam enters through the 
conduit 2 into one end of the steam chest M and pushes both 

lungers h into such a position as to shut the inlet y of the cy- 
inder B and open that of the cylinder C, whereupon the live 
steam will act in the cylinder C, whilst in the cylinder B the 
steam will act expansively only. (Accepted February 19, 1890). 


307. J. Imray, London. (fF. P. Martin, Easton, Pa., 
U.S.A.) Piston-Rod Packing. (6d. 7 Figs.) January 7, 
1890.—Tne improved piston-rod packing, when applied to an ordi- 
nary stuffing-box, consists of a gland 3 bearing against an annular 
seat 8, in the cylinder cover 1; within the gland is a ring support 
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14 with internal recesses in which fit cleft packing rings 17, 18. 
Fluid under pressure in the cylinder can pass into the recesses 
behind the packing rings through ch Is and When 


applied to a cylinder having no stuffing-box the arrangement is as 
shown in Fig. 2. (Accept:d February 12, 1890.) 


INJECTORS AND PUMPS. 


1691. H. Holden and R. G Brooke, Salford, Lan- 
caster. ectors, [1ls. 1d. 17 Figs.) January 30, 1889.—This 
invention has reference more } articularly to means for automati- 
cally closing the overflow openings which are provided for the free 
escape at times of a portion or the whole of the jet ; also to means 
for automatically closing other or relief openings ; also to improve- 
ments in low-pressure or exhaust steam injectors and in combined 
low-pressure or exhaust steam and live steam injectors, and in 
supplementary injectors. The figure illustrates a supplementary 
injector provided with a relief valve and an independent over- 
flow valve. 1 is the inlet for live steam, 2 the live steam nozzle, 
3 the inlet for mixed water and steam from an exhaust injector A, 
4 the combining nozzle, 5 the ordinary overflow, 6 the overflow 
opening controlled by a loaded overtiow valve 7, 8 the overflow 
outlet, 9 the delivery nozzle, 10 the delivery ch and passage, 
11 the relief passage controlled by a relief valve 12, and 13 the 
relief outlet. The relief valve is shown arranged directly beneath 
the discharge nozzle, and is normally pressed upward from its 
seat so as to open the relief e 11 bya spring 14 carried b 
the guide of the valve spindle. The strength of the spring is su 











that when the injector is started there is a free exit through the 





relief passage for the jet issuing through the delivery nozzle, and 
when the jet has acquired the necessary velocity to pass to the 


boiler, it will automatically force the relief valve on to its seat 





and close the relief o 
properly. (Accepted 

650. G. E. Dow, San Francisco, Cal., U.S.A. Mul- 
tiplex Plunger Pumps. (8d. 5 Figs.) January 14, 1890.— 
The hollow plungers A are driven from cranks B upon the crank- 
shaft C by means of connecting-rod D. Each plunger is provided 
with an inlet valve I opening upwardly into the independent 
chambers G, and similar valves J open from the casing H into the 
said chamber. Above, the latter delivers through valves L into 
a discharge chamber K whence the water passes out at M. The 
lower chamber H below the diaphragm O forms a complete com- 


ning as long ¢s the injector is working 
‘ebruary 5, 1890). 





partment for the shaft, cranks, &c., and is entirely separate from 
the suction chamber H!, so that all the working joints may be 
immersed in oil in the chamber H. The bearings of the crank- 
shaft are lubricated by means of an oil extending through 
the shaft and opening through small holes into the journal bear- 
ings. A constant downward pressure is maintained upon the 
crank journals by means of extensions V from the plungers A, to 
prevent knocking. (Accepted February 19, 1890). 


MACHINE TOOLS. 





3406. N. Bird, Workington, Cumberland. Punch- 
ing and Shearing Machines. (6d. 4 Figs.) February 26, 
1889.—This invention ists in bining with a punching and 


shearing machine A, having shear blades B and punching dies 




















C at the same side of the machine, of a reciprocating plunger F 
and die-Llock H so placed that the plunger F at each stroke will 
enter the die H and bend to the required extent a bar of metal 
carried down withit. (Accepted February 5, 1890). 


4551. R. H. Haywar Crewkerne, Somerset. 
Machines for Scutching x and the like Fibrous 
Materials. (8d. 2 Figs.) March 15, 1889.—The improve- 
ments relate to an improved spring scutcher and spring feed board 
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in combination with manual labour. The scutcher comprises 
strikers A furnished with springs 8 for giving elasticity to the blow 
of the strikers. The feed board v is normally retained in position 
by means of a spring F. (Accepted February 5, 1890). 

19,583. C. P. Schumacher, Kalk,Germany. Rivet- 
t or other Pressure es. (6d. 4 Figs.] De- 
cember 5, 1889.—This invention relates to hydraulic rivetting 
machines. The movable rivetting tool G with its piston-rod F and 
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piston E is brought up to its work by means of a hand lever k and 
a pinion / gearing with a rack formed on the piston-rod F. The 
‘losing up of the rivet is effected by pressure water supplied at /, 
and acting through the cock g and pipe i upon the piston a of the 

. large cylinder B, to force the water contained in the hollow piston- 
b and passage e against the top of the rivetting piston E., The 
piston a is returned after rivetting 7 means of the constant pres- 
sure of the water against the end of the piston-rod b, which serves 





as the piston of cylinder c, The water behind piston a exhausts 
through the pipe ¢ and cock g, the excess water passing off from 
above the rivetting piston E through the valvej (which is operated 
by the depression of the hand leverh that also operates the cock g) 
into the chamber H. A is the portable framework of the machine 
to which the cylinders are fixed, (Accepted January 29, 1890). 


256. W. H. Halladay, Chi o, Ill., U.S.A. Saw- 
Sharpening Machines. (8d. 6 Figs.) January 7, 1890.— 
The operation of this device is as follows: As soon as the driving 
shaft B is set in motion the pulley C rotates and drives by means 
of a belt V! and pulley U!, the grinding wheel K!. At the 
same time the wormwheel D engaging the gear F, drives the shaft 
E, turning the crank K and carrying the roller O about in a circle. 
This roller O slides in a groove R, and causes the bar S to rock on 





its pivot T. The loosely pivotted finger X thus engages the tooth 
of the saw X! in its forward motion, and rotates saw. In its 
rearward motion it slides over the tooth. The pinion G, as the 
shaft E rotates, en; the pinion Y, and rotates the shaft Z and 
grooved camwheel A!, thus rocking the arm Cl and rocating 
the rod D! so as to place the grinding wheel K! in positions suit- 
able for grinding a crosscut saw. (Accepted February 19, 1890). 


SMALL TOOLS. 

528. T. Norton, Birmingham. Vices. (6d. 7 Figs.! 
January 11, 1800. This invention relates to an improved arrange- 
ment of movable jaws, whereby articles of various shapes can be 
gripped. The fixed jaw b is formed on one end of a base or frame 
a, upon which is formed a a on which is carried the sliding 
olock ¢ and screw nut d, actuated by the screw e by means of the 
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square /; the upper part of the block ¢ is adapted to receive the 
movable jaw g, which is held down by the plate 4. The appa- 
ratus may be used to Py. parallel in the ordinary manner with the 
fixed jaw b, but whantt 8 required to grip an article of taper form 
the movable jaw y is moved round until its face assumes the de- 
sired angle. ‘The movable jaw may then te secured to the block c. 
(Accepted February 19, 1890). 


SEPARATING MATERIALS. 
2699 H. Simon, Manchester. Coal and 
Breaking A — tus. (Gd, 1 F¥g.) Robeoery 15, a 
This invention relates to an arrangemen ot opparets wat y 
Truc 


for the ning and breaking preparat ng in 
ine mane a to economige time and Tebow, eek tons 
ernde coal are run onto a tippi ‘ here 

ined deliver their contents upon an inetined ovctfieting screen 
. The smaller fragments fall through the meshes ef the screen 














into a pit P, the larger pieces are delivered over the lower end of 
the screen and an inclined shoot N toa stone breaker § by which 
they are crushed. From the stone breaker 8 the crushed coal is 








el 











delivered into the pit P, whence the crushed coals along with the 
smaller fraginents that had passed through the screen are raised 
by an elevator F, and are delivered to washing apparatus. (Ac- 
cepted February 5, 1890). 


14,677. R. R. Moffatt, New York, U.S.A. Utilisa- 
tion of Electro- etism for the Separation of 
e an c Substances from Sand and 
other Ma and Apparatus therefor. (8d. 10 Figs.) 


September 17, 1889.—Magnets A are fixed in a horizontal position 
within a rotating drum B in the plane of its axis. The drum is 
caused to rotate about hollow trunnions el horton 3 part of the 
—_ A and fixed to the framing of the apparatus ; the cylindrical 
shell of the drum B is made of thin sheet-iron. The electric current 
conductors pass through the hollow trunnions e! to the electro- 





c 
Fig. 2. 
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ae ae A. The material to be treated falls from a hopper C on 
to the drum B, and are conveyed into the field of force, where the 
non-magnetic metallic particles are deflected into a receiver a, 
and the magnetic metallic particles are attracted and carried 
round to a neutral point where they are brushed off by rotary 
brushes D, and fall intoa receiver c. The non-metallic substances 
being unaffected, fall vertically from the drum into a receiver b. 
Fig. 2 illustrates a compound arrangement designed to insure a 
1000). perfect separation of the material. (Accepted January 29, 


MISCELLANEOUS, 

2461. F. Wynne, London. Wheels for Vehicles. 
(8d. 9 Figs.) February 12, 1889.—The wheel spokes are connected 
to the hub 1 in the ordinary manner. The hollow driving shaft 
2 is provided with a driving pinion 3 and mounted to rotate u 
ball ngs 4 carried by a fixed rod 5 connected to the framing 
of the vehicle. In the lar space 6 bet the shaft 2 and the 
hub 1, are ner a number of tubular rings 7 of elastic matter to 
serve as a buffer between the shaft and the hub. Arms 9 fixed to 
the driving shaft are connected by strips of yielding material 11 





Bp, 











to arms 12 fixed in the hub. Fig. 3 illustrates a method of secur- 
ing an elastic tyre 14 to a wheel rim 13 by forming the tyre 
with a hole throughout its length, placing a cotton covered wire 15 
therein, passing an electric current through the wire so as to raise 
its temperature and expand it, drawing the ends of the wire 
together whilst heated, connecting the ends by electrically weld- 
ing them, and allowing the wire to cool contract whilst the 
tyre is in place on the wheel rim. (Accepted February 19, 1890). 


3827. P. Foulkes and C, Clay, Manchester. Hoists, 
(6d, 4 Figs.) March 5, 1889,—This invention relates to improve- 
ments in colliery , hoists, and other similar lifting us 
to arrest the same in case of accident, also ly applicable to 
hauling us, The improvements con: in the use of a 
lever A with an eccentric jaw in combination with a ved 
bracket B and centre we C, applied to grip a rope E either for 
hauling a wagon or tub, or suspending a cage, the arrangement 





being such that when put in action the lever moves dowxwards 
and causes the eccentr.c jaw to press the rope against the sides of 





the groove in the bracket and thus firmly grip the rope or guides. 
(Accepted February 5, 1890). 


4597. W. Young, Peebles, and G. T. Beil Slate- 
ford, Midlothian. Distillation of Mineral and 
Apparasas mmploved therefor. (8d. 6 Figs.) March 
16, 1889.—The improved distilling apparatus consists of a vertical 
cylindrical dome-covered still composed of outer and inner shells 
8, 8? of iron, with an annular space between which is divided into 
compartments by horizontal partitions s4. The oil is fed in at the 
bottom p of the still, and is made to travel upwards by vertical 
partitions s6 round the annular compartments and through the 
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upper chamber. The residue or undistilled portion is drawn off 
by an overflow pipe p4 in the upper chamber. The different com- 
——- are provided with pipes »? through which steam may 

admitted to aid in the distillation. The still is built in brick- 
work with suitable flues 2, £4, and is heated by a furnace f, the 
fire gases from which are first made to act upon the dome s° of the 
inner shell s2, whence they are drawn under the annular ring and 
round the outer shell s and thence to the chimney. e oil 
vapours from the still are carried through regenerative con- 
densers c. (Accepted February 5, 1890). 


4854. S. W. Carlton, Swansea. Buffers. (6d. 2 Figs.) 


March 20, 1889.—This invention has reference to means for auto-. 


matically compensating for the slack caused by permanent set of 
the buffer spring. The improvement consists in the combination 
with the buffer-rod 1, and a buffer spring or springs 2, of a sup- 
plementary spring 9, and a wedge 11 automatically controlled by 
another spring 14, the arrangement being such that if the buffer 











one 2 take a permanent set, the spring 14 will automatically. 


raw down the wedge 11, which, through the plate 10 and sup- 
plementary spring 9, will then move the plate 4 forwards so as to take 
up the slack. The wedge 11 will then serve as the abutment to 
take the pressure transmitted through the buffer springs 2, and 
through the supplementary spring 9, which is then brought into 
action to aid the buffer springs. (Accepted January 29, 1890). 


6005. C. J. Van Depoele, Mass., U.S.A. Carbon 
Contacts or Commutator Brushes. [8d. 4 Figs.} (Date 
under the Convention.) September 7, 1888.—The improved brushes 
consist of carbon plates A shaped to fit loosely within their boxes 
Cl and held in Fag ure against the commutator D by the tension 
of springs F. e boxes C! are secured to a hand lever Al! jour- 
nalled so as to he movable radially with respect to the armature 
shaft B. The free ends of the springs F fit in slots in posts G which 








are arranged diametrically with respect to the commutator. From 
each of the posts G projects an arm H, These arms are connected 
by alink I. From the upper post G projects a hand lever K ar- 
ranged to en, with one or other of the notches in the quadrant 
L attached to the lever Al, The brushes A can be moved away 
from or against the commutator D by operating the lever K ; and 
the brushes are moved about the commutator by means of the 
lever Al, (Accepted January 29, 1890). 

4288. Besson, Paris. Manufacture of Fuel. 
4d.) March 12, 1889.—The improvements consist in the mixture, 
n suitable proportions and with water, of small particles of 
various kinds of coal with each other, and with an agglomerating 
silicate or silicious substance so as to obtain a paste of plastic 
consistency that can be moulded to various shapes and sizes. 

(Accepted January 29, 1890. 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cages in the United States, may be 
consulted, gratis, at the cffices of Encinxgnine, 35 and 36, Bedford: 
street, Strand. : : 
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; ment when, very tardily, we abandoned the crude 
a eg eee | and clumsy method of muzzle-loading to which we 


|had clung with so much pertinacity, long after it 

Tue De BancE System. ‘had been given up by other nations. As we have 
Ir is very generally assumed to be a fact that seen in previous articles, this system of breech- 
French modern practice in the manufacture of closing is claimed by France for Treuille de Beaulieu 
ordnance, is largely represented by the De Bange and Vérchére de Reffye. During the war of 1870 
system, which forms a speciality of the Cail Com- | France possessed a considerable number of field 
pany, and the almost universal manner in which guns fitted with the interrupted screw breech-block, 
some of the most important details of this system | while nearly all of the heavy ordnance in the navy 
have been adopted, attests clearly the value of the was constructed on a similar principle. Imme- 
services rendered to gun constructors by the able diately after the termination of the war, the first 
director of the Cail Works. Colonel De Bange has and most pressing care of France was to renew her 
been obliged to resign his situation of generaldirector | armament, and it was at this time that Colonel de 
of the Cail Works nearly a year ago. In France, | Bange rendered such signal services to his country. 
England, and the United States, more than one | The imperfect method of breechloading then in use 
special feature of the standard breechclosing | was remodelled by him, until it took the present 
mechanism, is in one form or another that of well-known form, the modifications he introduced 
De Bange, and its wide amie is the best | referring most particularly to the lever for operat- 
evidence of its practical value. But though this is ing the block, the arrangement of the latch, and 
undoubtedly the case, military writers run into | above all, to the obturator, which was an adapta- 
fallacy, when, in making comparisons between|tion of the gas check used in the Chassepot 
French ordnance and that of other nations, the | rifle, and in which the rubber expanding pad was 
De Bange system is taken as the standard type. replaced by a packing of asbestos and suet that 
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DIAGRAM ILLUSTRATING CONSTRUCTION OF A DE BANGE GUN, 


French, as well as foreign critics, very frequently , was found to make a very efficient gas check, and 
make this error and so fail to convey any just idea to withstand the effect of high temperatures pro- 
of the real condition of the gun question in| duced by the powder gases. These and some other 
France. There are, besides the Cail Company, | improvements in detail, converted the interrupted 


several important and old-established manufac- 
turers of heavy ordnance in the country, such as, 
for example, the St. Chamond Company, and, 
probably more important than this, the gun fac- 
tory of the Société des Forges et Chantiers de la 
Méditerranée. There are besides, of course, the 
various factories belonging to the State in which 
ordnance, that is not by any means built on the De 
Bange model, is constructed. It is not too much 
to say that with the Forges et Chantiers factory at 
Havre, and the co-operation of M. Canet, an alto- 
gether new departure in the production of war 
materials was inaugurated in France, and that the 
practice followed at the Havre works should 
rather be taken as a standard for comparison. 

On this subject a French writer is probably able 
to offer a more valuable opinion than a foreigner, 
and as in any case it is a point on which they are 
chiefly interested, we prefer rather to put forward 
the views of a French military critic than our own. 


screw-block into a thoroughly eflicient breech- 
closing mechanism ; Colonel de Bange, however, 
was not so fortunate with other details in his sys- 
tem. The form he adopted for the body of the 
gun itself was found suitable enough for field artil- 
lery, though it was but ill-adapted for ordnance of 
a larger calibre ; it is also found that the breech- 
closing arrangement itself possesses many objections 
in the confined spaces available on board ship, 
where the men who are forced to stand behind the 
gun to serve it, are exposed to the dangerous 
— of gas from the friction fuzes; the 

racket carrying the breech-block when the latter 
is swung, is not sufliciently stable when the vessel 
on which the gun is mounted, rolls ; it is urged, in 
addition, that the necessary safety appliances are 
either absent or are deficient. The obturator wad 
itself is criticised, it being urged that while it is 
suitable enough for small calibres, it presents difti- 
culties with heavy types, as it becomes com- 





The following paragraphs contain the embodiments | pressed hard, and is difficult to manceuvre after 
of such an opinion, coloured very possibly with a see i been exposed to the pressure of the 
certain amount of partiality, but none the less| powder gases; it is further shies that this draw- 
interesting to us on that account. According to back resulted in the non-adoption of the De 
this critic, whose name is not essential to our pur- | Bange obturator, pure and simple, in the French 
pose, the fallacy in the comparison, above referred; Navy. It is not, however, enough that in 
to, arises from a confusion of ideas. In any piece|any piece of ordnance the breech mechanism 
of ordnance two principal features have to be con-|should be simple and efficient in all senses, the 
sidered : the body of the gun itself, including its|/form and construction of the gun itself must be 
form, material, mode of construction, dimensions such as to enable it to resist the great strains to 
of powder chamber, &c. ; and on the other hand, | which it is exposed in service. It is also an essen- 
the mechanism for closing the breech. The French tial condition of gun design that the various parts 
breechclosing system of interrupted thread, which, should be so disposed as to give the greatest 
with the exception of Krupp, is practically adopted amount of useful work for “am pound weight 
by all gun manufacturers, is accepted as thoroughly | of metal employed, and to arrive at this result 
trustworthy ; thanks to its simplicity, lightness, | all the various elements introduced must have 
and the rapidity with which it can be handled, the|their proper proportions, so that the form of 
efficiency of modern ordnance has been vastly in-|the bore, the size of the powder chamber, the 
creased, and it was this system that was adopted, | weight and nature of the projectile; all these 
after long consideration, by our own War Depart- and other conditions enter into the question of 








design in order to secure a high degree of efficiency, 
as well as that the striking power of the projectile 
may be as high as possible, for on these conditions 
being fulfilled depends the flatness of trajectory, 
the length of range, and the penetrating power of 
the shot. It is urged that Colonel de Bange ob- 
tained all the experience that gave such excellent 
results with guns of only small calibre, with field 
guns in fact, and that while these left. little to be 
desired, the results were given with quick-burning 
— such as are obsolete to-day, when a higher 

uty can be obtained with the slower powders and 
guns of considerably less weight. 

After a large number of these guns had been 
made, M. de Bange proceeded to build siege 
and other types of ordnance, which showed, for 
the time, comparatively good results ; they can- 
not, however, be considered as of high efficiency, 
because from the light mode of reinforcement 
by which the inner tube is strengthened, they 
are not adapted to resist the high pressure, due 
to large charges. But the conditions that made 
these guns fairly successful do not apply at all to 
those heavier classes of ordnance required for naval 
service or for coast defence ; such guns are needed 
to develop long ranges, to throw heavy projectiles, 
and to possess considerable penetrative power ; to 
combine these various conditions, a special system 
of construction is necessary. It is urged that the 
fundamental principle of the De Bange construc- 
tion is not consistent with securing the results just 
named ; this principle is the doubly tapered form 
of rings and jackets (frettes biconiques), to which 
there are serious objections. In the first place, as 
the gun is built up of a number of parts, each 
of which must be in the closest possible con- 
tact, it is impossible to secure such contact 
with double tapering rings as with cylindrical 
ones, and therefore the same amount of longi- 
tudinal strength cannot be obtained with the 
former as with the latter. Theoretically the prin- 
ciple of the biconic rings is a very attractive one, 
but there are many difficulties in the way of its 
successful execution ; it is stated that it is impos- 
sible to obtain the advantages that the system pro- 
mises on paper ; absulute contact of all the super- 
imposed rings is a necessary condition for the best 
results, and this, which cannot be secured even 
with cylindrical elements, is far more imperfectly 
attained with the double tapering rings, and with 
any considerable absence of continuity in this 
respect, the longitudinal strength of the gun 
decreases very rapidly. For the same reason it 
almost inevitably happens that in the course of 
manufacture, the inner tube is not properly rein- 
forced at some points in its length, and this defect 
also causes the shrinking on of the rings to become 
irregular ; so that in carrying out this system the 
alternatives present themselves either of reducing 
the taper on the rings to almost imperceptible pro- 
eetenes in which case the speciality of the design 

isappears ; or the rings must be made so short 
that a very large number is required in building up 
the guns, and this involves all the disadvantages of 
complication and its natural results of imperfect 
workmanship. The form of the rings requires that 
they should be expanded more than is the case with 
cylindrical ones, and this involves the danger of 
passing the critical temperature beyond which the 
quality of the steel is deteriorated ; to compensate 
as far as possible for this overheating the subse- 
quent process of annealing has to be carried on 
more energetically, which is also likely to injure 
the temper of the steel ; for these reasons, there- 
fore, it appears difficult to suppose that the strength 
of the gun can be satisfactory, and it is stated that 
this difficulty of construction is the chief reason 
why the system has never been adopted by the 
French Government. 

The part that has been taken by Colonel de 
Bange in the reconstitution of the French arma- 
ments, thus appears to have been exaggerated 
and misunderstood, at least if we may accept the 
authority of French military critics, who should be 
disinterested. The fact appears to be that the 
whole of the heavy ordnance used in France for 
coast defence and for the marine, except the 240- 
millimetre gun, has been designed by the officers 
of the French Naval Department ; that not only 
was Colonel de Bange not consulted on the sub- 
ject, but that, apart from the interrupted screw, 
which dates back for many years before he was 
associated with gun construction, and the obturator, 
there is nothing in the modern practice of French 
aitillery in common with the De Bange system, as 
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carried out in the field and siege guns made by the | the so-called swan-neck type of mounting, but this | gun made bythe Cail Companyand exhibited by them 
Cail Company. Considering the undoubted services| was of no practical utility, partly on account of its | at the Antwerp Exhibition a few years since. Fig. 
rendered by this eminent artillerist, it seems to us| large and awkward proportions, partly on account | 145 is a section of this gun in which the tapering of 
that he obtains but scant justice at the hands of his | of its offering so broad a target to the enemy’s guns, | the rings is exaggerated tenfold in order to illustrate 
countrymen, who specify his claims about as fol-| but chiefly because of its lack of strength, those | the mode of construction. It is built up of an inner 
lows. It is admitted that after the termination | portions of the frame which had to resist the | steel tube surrounded by 74 steel hoops ; the first 
of the war of 1870, Colonel de Bange introduced | greatest amount of strain being altogether too weak | row of these hoops extends for the whole length of 
very important improvements in the screw-block | for the purpose. ' the inner tube, the second from the breech to the 
breech mechanism, and built a large number of field; The foregoing strictures are confirmed, accen-| middle of the chase ; the third from the rear face 
and siege guns of great efticiency, for the period ; | tuated indeed, in the criticisms of another military | to the front of the trunnions ; the fourth row is 
that he was the first to make use of a plastic | writer, and though his remarks must be read with a| made up of three breech coils and the trunnion 
material as a gas check, which in principle has since | remembrance of the fact that he writes as a special ring. The object of double tapering the hoops is 
been widely adopted, but that since that time he | pleader, they are of sufficient interest to put on to distribute the longitudinal strains equally over 
has invented nothing new which has been of real | record in this place. In a comparison instituted every part of the structure ; the idea being that 
service to the makers of ordnance. As regards gun | between the Krupp and De Bange systems," a de- | by the form adopted the rings would do more than 
mountings Colonel de Bange has never shown any | scription isgiven of the great 34-centimetre (13.39in,) | take up the transverse strains. Owing to difticul- 
originality, so far as coast defence and naval car-|*“Krupp and De Bange,” by E. Monthaye, captain ties in construction the initial tension exerted by 
riages are concerned. It is true that he designed | in the Belgian General Staff. the rings is very variable, chiefly because of irregu- 
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larities in shrinking ; in places this tension dis- 
appears altogether, and even were it all uniform 
and as great as has been claimed, the additional 
resistance offered by the tapering surfaces is com- 
paratively insignificant. The section, Fig. 145, gives 
a very good idea of the system ; it will be seen that 
the rings are rolled to a double truncated conical 
section and are shrunk on so that the larger base of 
one ring coincides with the smaller thickness of the 
one above. The hoops are made of steel bars 
coiled into the required shape and welded, a mode 
of construction that has been severely criticised. 
On the other side of the question it is urged that 
‘*even should a flaw exist and remain undetected 
before rolling, which is hardly conceivable, it could 
not extend beyond its own coil and would not affect 
the other strands that make up the hoop.”* This 
is the argument advanced by an advocate of the 
system, but the claim is rather a negative one. 
The breechloading mechanism has already been 
described, so that further reference to it here is 
unnecessary, but we may follow somewhat in detail 





* “ French and German Guns,” by Captain A. Mariotti.” 








the history of this 34-centimetre gun, as given by 
the authority we have just referred to. The gun 
weighed 37.5 tons ; it fired a projectile weighing 
880 lb., with a powder charge of 396 lb. After the 
close of the Exhibition at Antwerp the gun was 
taken to Calais for experimental purposes, The 
result was an unlooked for and very disastrous 
failure, the story of which was told by M. de Macar 
substantially as follows: The 14-in. De Bange gun 
| was taken to Calais in August, 1887, for the pur- 
pose of undergoing a series of trials to test its 
qualities. It was intended to fire shot weighing 
925 lb. ; two of the prescribed conditions being 
that an initial velocity of at least 2030 ft. should be 
obtained, and without straining the gun beyond 
35,000 lb. per square inch. Considerable doubt 
had been thrown on the power of the carriage on 
which the gun was mounted to resist the strains, 
but it answered the purpose extremely well. On 
August 4 two rounds had been fired under the condi- 
tions named above, but on the third the gun failed 
about the middle of the length of the inner tube, ren- 
|dering it useless for further service, showing the 
| weakness of the biconic system. The ya of 





| firing at the time of the accident was 10 deg., and 

the range that was obtained was 9300 yards. The 
explanation offered was that during the course of 
| construction Colonel de Bange had noticed a weak 

spot in the inner tube where the gun afterwards 
| failed, but being pressed for timehe preferred to send 
| it in an imperfect condition to Antwerp rather than 
‘not exhibit at all. Such an explanation is scarcely 
‘in harmony with the fact that the gun—known to 
| be imperfect—was subjected to severe trial, and 
| the explanation does not seem to have been accepted 
| cheerfully in France. 

We have devoted considerable space to an ex- 
planation of the position occupied by the De Bange 
system in France, partly because erroneous ideas 
on the subject prevail in this country, but chiefly 

‘on account of the evident desire which prevails 
' among French artillerists that it should not be sup- 
| posed that their country depends for its armament 
on a system that modern progress has rendered 
| obsolete, even for the smaller calibres, 








THE INSTITUTION OF NAVAL 
AROHITECTS. 

In our last issue we commenced our report upon 
‘the annual meeting of the Institution of Naval 
| Architects, carrying our account down to the end of 
| the first day’s (Wednesday, the 26th) sitting. In 
'the evening the members dined together at the 
| Holborn Restaurant. The principal guest was 
| Lord George Hamilton, who, in returning thanks 
| for the toast of the Navy, took the occasion to touch 
on several points of interest. The chief of these 
was the 110-ton gun, the responsibility for ordering 
which he was careful to disclaim before entering on 
its defence. His lordship was very indignant that 
false statements respecting this weapon should have 
appeared in the daily press. He has, however, none 
but himself to blame for this, knowing, as we do 
on the very highest authority, that the First Lord is 
responsible for everything done at the Admiralty. 
| The gentlemen who gather news for the daily press 

are bound to get their information somehow. If 
|they are debarred by official edicts from official 
| sources they naturally have recourse to those which 
lare unofficial, and therefore irresponsible. Of 
| course errors creep in, and of course exaggerations 
| arise, and it will be easily understood that, under 
| these circumstances, those who compose newspaper 
reports are not in a frame of mind to tinge their 
| accounts with the most roseate hues. A speaker at 
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one of the sittings reproached the newspaper people 
with obtaining their news in a hole-and-corner 
manner. A member of the daily press who was 
present was heard to retort that the Admiralty con- 
ducted their trials in a hole-and-corner manner. The 
most elementary knowledge of human nature should 
enable Lord George Hamilton to forecast what 
would follow an endeavour to keep secret the 
—— of trialswhich the public is determined to 
now, and has a right to know, and he should not 
therefore cry out when the natural results of the 
actions he ‘‘is responsible ” for follow. We will, 
however, leave the daily press and the First 
Lord to fight out this unpleasant subject between 
them, and turn to Lord George Hamilton’s remarks 
on naval matters, in which, by-the-by, we find a 
— admixture of those brighter tints which 
ave been so painfully absent in recent newspaper 
reports. In the first place we are told ‘‘that the 
110-ton gun is the most powerful piece of ordnance 
that this world has ever seen.” Not long agoa 
trial took place in Italy between the 110-ton gun 
designed in this country and the 120-ton gun, not 
designed, but built in Germany. ‘‘In ballistics 
the 110-ton gun beat the foreign 120-ton gun 
easily, while the internal pressure upon the foreign 
~ was much greater than the pressure upon the 
inglish gun.”  ‘‘T mention that fact,” continues 
the First Lord, ‘‘to show that that particular piece 
of ordnance, which amongst a certain class of critics 
it is the fashion to decry, has more than held its 
own against any foreign piece of ordnance of the 
largest dimensions. ... . The one object of all 
naval and of all military tacticians is to concentrate 
force on a given space and within a given area; 
and they do so because they believe that not merely 
the material destruction which the concentration 
of fire effects, but the moral effect of the damage 
which it does is of enormous importance.” In the 
Army they multiply the number of rifles, but in 
the Navy it is possible to increase the capacity and 
the size of ordnance, and therefore the simplest of 
all methods is adopted in increasing the calibre of 
a gun; and the great characteristic of modern 
ordnance is the enormous bursting charge which a 
shell can carry. The ratio of the bursting charge 
is increased in proportion to the calibre of the gun. 
‘*We ought not to go beyond guns of a certain 
calibre ; but, on the other hand, the moment we 
come to ordnance of such a calibre as a projectile 
which cannot be lifted by one or two men, so far as 
rapidity of fire is concerned it is almost immaterial 
what is the size of the gun. There is little differ- 
ence between the rapidity with which the 35-ton gun 
and the 110-ton gun can be loaded, for the mecha- 
nical engineer supplies appliances by which every 
gun can be loaded and reloaded with almost equal 
rapidity. In certain quarters there is a great 
wish that we should substitute manual effort for 
mechanical power in loading guns of a certain 
calibre.” Lord George Hamilton considered that 
all the objections against loading and training guns 
by mechanical power are a mere reproduction of 
the objections which were urged against the substi- 
tution of steam for sail power. Mechanical power 
may occasionally break down, but the speaker 
believed there was no machinery on board a man- 
of-war so unlikely to break down as the hydraulic 
power by which the great guns are loaded and 
trained. But if mechanical power be substituted 
for manual power in loading, the men must stand 
level with their guns, and protection must be 
afforded them, otherwise they can be swept away 
by the smallest gun. This means adding extra 
weight and offering a much larger target to the 
projectile of the enemy. The object of the Board 
of Admiralty has been to encourage private enter- 
prise in the desire to build ships of war and to 
supply ordnance for the public service. Lord 
George believed the more this country can be made 
the source of supply of the warships of the world 
and of the ordnance of the world, the better it is 
for our mechanics during the time of peace, and 
the better it is for us all in time of war. A certain 
number of gentlemen who wished to be con- 
sidered designers and inventors have failed ; 
and the speaker said there is a certain clique 
of men who have failed as designers and inven- 
tors, who have combined together for the purpose 
of detracting and depreciating the efforts of those 
who, during the past four years, have made the 
gun-producing powers of this country and brought 
them to a higher state than those of any country 
in the world, placing our guns, so far as_ ballistics 
are concerned, in advance of the guns of any other 





nation in the world. The result of this constant 
eee and disparagement is to drive abroad 
orders that would otherwise come to this country. It 
is a most remarkable fact that since modern breech- 
loading guns have been introduced into the Navy, 
there has not been one single accident on board a 
man-of-war by which either an officer or man of Her 
Majesty’s Navy has been killed or even permanently 
injured for life, and that is more than any other 
navy armed with modern breechloaders can say. 
Although explosions have occurred on board Her 
Majesty’s vessels with modern breechloaders, in 
no single case has the breechloader in which the 
accident occurred been rendered absolutely un- 
serviceable. So far as the Admiralty are concerned 
they are not designers or constructors ; they speak 
simply as users, and according to the First Lord, 
they are perfectly satisfied with the design, strength, 
rapidity of fire, and the general excellence of the 
ordnance which is now supplied to them. Alto- 
gether Lord George Hamilton took a very opti- 
mist view of the state of our naval ordnance, a view 
which is perhaps well-suited to an after-dinner 
speech, but which we have some difficulty in accept- 
ing seriously. 

Lord George referred to the discussion of Mr. 
White’s paper of last year on the designs of battle- 
ships, the result of which, he said, was that the 
matter had not been gone into in the House of 
Commons, thus obviating a profitless controversy 
and a waste of valuable Parliamentary time. In 
concluding a long speech Lord George spoke of the 
assistance he got from the scientific and technical 
ofticers of the Admiralty, referring more especially to 
the Director of Naval Construction, Mr. W. H. 
White, one of whose characteristics the speaker 
was in particularly good position to appreciate, 
viz., his power of exposition of scientific questions 
which Lord George had rarely known equalled. 


THE WASHINGTON MARITIME CoNFERENCE. 


On the members re-assembling on Thursday 
morning the first paper taken was that of Admiral 
P. H. Colomb on ‘The Washington Maritime 
Conference.” The first part of this paper we 
printed in our issue of last week, the remainder 
being contained in our present issue. 

The first speaker in the discussion which followed 
the reading of Admiral Colomb’s paper was Mr. 
Baden-Powell, who said that the Washington Con- 
ference appeared to have left the rule of the road 
at sea practically in the same state as it was before. 
Was the rule of the road a good rule, and were any 
of the suggestions made at the Conference or by 
experts likely to lead to fewer collisions at sea than 
the present rules? He had had experience of the 
working of the rule of the road both at sea and in 
the Admiralty Courts, and it had been a totally 
different experience. The sailor looks at the rule 
of the road from quite a different point of view from 
the lawyer. The seaman had no fear of the Ad- 
miralty in his mind, and his sole idea was to 
navigate his ship according to his lights as a 
seaman. It wasa very different thing being on the 
bridge of a vessel in a dark and stormy night in the 
Channel and seeing a green light approaching, not 
knowing the conditions under which the other 
vessel was progressing, and with only a second of 
time in which to make up one’s mind; this was very 
different to arguing the matter afterwards in Court 
with all the knowledge evidence on both sides could 
give, or weighing it judicially in an arm-chair in 
chambers. He did not wish to go into details, but 
in the whole of his experience in the Admiralty 
Court he could not point to one single case in which 
the rule of the road had caused a collision, or 
even aided in a collision. There had always 
been negligence one or both sides—negligence to 
which the collision could be attributed, and 
which the best rules would never prevent. He 
believed that if every bridge of a steamship were 
marked in brass letters ‘* Engines—Helm—En- 
gines,” so that the officer on duty would have his 
attention constantly directed first to the engines 
and then to the helm, there would be fewer colli- 
sions from steamers. His experience was that the 
man in charge seemed to forget the motive power 
under him until it was too late to use it. Officers 
should think of their engines before their helm ; 
for a very slight alteration of the helm causes risk 
of collision, and so long as an object did not alter 
its bearing, there was risk of collision. It seemed 
as if the Conference had assumed that there would 
be only two ships at a particular portion of the sea 
at the same time, but in crowded waters there were 





ships all round, and if a ship began to avoid a 
danger from one vessel directly it was possible, or 
there was ‘‘risk of collision,” it might run into a 
worse danger from another vessel. The experience 
of the mercantile marine was that the rule of the 
road was perfectly well understood by intelligent 
officers, and it was only careless men who would not 
rouse themselves to the state of things in regard 
to other ships in their neighbourhood, and who, 
as a rule, got into collision. Sometimes our 
best ships got into collision, but very often the 
first fault was on the other side, and in the hurry 
the officer made a slight error which he could not 
afterwards retrieve when he had acted on his helm. 
He did not know whether our own Government 
was going to adopt all that was done at the Confer- 
ence, but so far as the rule of the road was con- 
cerned, the Conference had done no harm. As to 
the question of keeping the speed, he agreed with 
the Conference that the ship which was to keep 
her course should not check her speed, an expres- 
sion of opinion which elicited hearty expressions of 
indorsement on the part of many members present. 
If the ship that should keep her course checks her 
speed, the movement on the part of the other ship 
which should take her under the stern of the vessel 
keeping her course may either carry the giving- 
way vessel across the holding-on vessel’s bows or 
cause the former to run into the broadside of the 
latter. This was one respect in which the rule of 
the road should be altered. The speaker gave 
another instance in which he was of opinion that 
the 1ule of the road should be altered, although he 
had never known a case occur in his own expe- 
rience. It was on the supposition that a ship was 
sailing on the port tack. Another vessel approach- 
ing her would only see her green light if on the 
starboard side, but the approaching vessel would 
not know whether the first one was sailing free or 
close hauled, and would not know, therefore, 
whether to give way or keep on. With the excep- 
tion of these two points the speaker considered the 
rule of the road, as it at present exists, quite satis- 
factory. 

Admiral de Horsey agreed that the rule of the 
road was responsible for very few collisions. There 
were doubtless some cases in which the rule of the 
road conflicted, but he would defy any one, lawyer 
or sailor, to make a rule to meet all cases. The 
causes of collision were, firstly, bad look-out ; 
secondly, ignorance of the rules; and thirdly, 
neglect of the rules when known. Admiral 
Colomb preferred the expression ‘‘Give way” to 
that used, ‘‘ Keep out of the way.” The speaker was 
of opinion that the latter was the better. No one 
could give two meanings to ‘‘ Keep out of the way,” 
but ‘*Give way” was a seaman’s expression for 
going off the wind, and as this was not the sense in 
which it would be used, were Admiral Colomb’s 
wish fulfilled, it would lead to confusion amongst 
sailors. Admiral Colomb also appeared desirous 
of drawing a distinction between having the wind 
free and having wind aft. To the speaker it 
seemed they must be the same, for certainly the 
wind could not be freer than dead aft. Admiral de 
Horsey considered that signals to convey the inten- 
tion of one ship to another would be useless. 
What sailors had to do was to stick to the rules 
and not bother about what the other was doing. The 
question of vessels meeting was one of bearings and 
speed, but certainly one must not forgetspeed. He 
pointed out that the rule as to sailing ships bearing 
up or tacking was of some antiquity, and that in old 
days a captain felt very pleased with himself if he got 
his ship about. Things were quite different now 
with fine bows and deliveries and deep draught. 
Now one can make sure of going about, and when 
a ship comes to the wind her way is checked, but 
with the long modern sailing ship, often with four 
masts, it takes a long time to alter her course by 
running her off the wind. For this reason it would 
often be preferable to tack rather than bear away. 

Mr. Macfarlane Gray was the next speaker, and 
gave an instance in which he had, in conversation 
with three masters of merchant vessels, supposed 
acase of risk of collision. By a remarkable in- 
stance the case he supposed had actually occurred 
between two of these captains. He thought much 
might be done by enabling ships to speak each 
other at night by ‘‘ winking” their lights. His 
opinion was that a quartermaster ought to steer his 
ship from the other bridge ; what an officer wanted 
to know was what the other ship intended to do. 

Admiral Bowden Smith, who was one of the 
English delegates at the Conference, said that he 
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was not at liberty to say as much as he would 
desire in this discussion, because the report of the 
Conference had not yet been presented. No man 
had given more attention to the subject of lights 
at sea than Admiral Cclomb, to whom he was 
under great obligations, although he could not 
subscribe to all the remarks contained in the 
paper. When Admiral Colomb first heard he, the 
speaker, was going to the Conference, he supplied 
him with cuttings from the Shipping Gazette re- 
lating to collisions extending over ten years, and 
these were of very great assistance. Admiral 
Smith and his colleague also had very great 
assistance from the Board of Admiralty, who made 
some most valuable experiments with regard to 
lights, and sent out the results to them in America. 
The Board also made some experiments with re- 
gard to the turning power of ships, and the space 
over which steamers travelled before they could be 
brought to rest by reversing the engines, both at 
high speed and at the moderate speed of six 
knots. The ships selected for this trial were the 
Warspite, the Thames, and the Hecla, the last 
vessel being chosen because she was formerly 
a merchant steamer. The results of those ex- 
periments were also sent out, and they were of the 
greatest value. Admiral Colomb took exception to 
the lights, and the first speaker had said that in the 
matter of lights we were ‘‘as we were” before the 
Conference. It had been proposed by some of 
the delegates to extend the range of the lights, but 
that proposal was resisted, and he thought wisely 
so, by a very large majority of the Conference, and 
it was pointed out that what was wanted was not an 
alteration of the present rules, but better super- 
vision. It was shown that no inspection was exer- 
cised with regard to the great number of sailing 
ships that went to sea. When he first considered 
the Regulations for Preventing Collisions at Sea, 
he said moderate speed must be defined. The Com- 
missioners tried to define the phrase, but found it 
utterly impossible to do so, although they spent two 
whole days over the matter. In fact they got into 
such a fog that he thought they would never get 
out of it. He therefore agreed with Admiral 
Colomb that the moderate speed clause should 
stand as it was. With regard to the steering and 
sailing rules there was one very important rule 
which it had been proposed to alter—the cross- 
ing rule. He was glad that alteration was approved 
of. He considered the present crossing rule 
was most mischievous. The holding-on ship which 
had the right of way, did not know whether she had 
to slacken her speed or not. She did not know 
what the giving-way ship was going to do, and they 
wanted to make it perfectly clear that the holding. 
on ship was to have the right of way in every sort of 
way, and that the giving-way ship might do any- 
thing she liked when there was risk of a collision, 
except cross the other steamer’s bows. It was not 

roposed to change the overtaking rule. He had 
had no trouble about that rule, but other people had, 
and it was now proposed to insert an explanatory 
clause, which he thought was quite necessary. 
Some people might say the explanation was a very 
long one, but it would be difficult to make it shorter. 
Admiral Smith here narrated an incident bearing 
on this subject. He had met in Washington the 
captain of one of Her Majesty’s ships and had 
asked him what he thought of the overtaking rule. 
The captain said it was a tender subject. Some 
time before he had been with two other captains 
examining a midshipman, who was to pass as 
lieutenant in seamanship. The overtaking rule 
came forward, but the three captains fell into such 
a controversy as to what constituted an overtaking 
ship, that they had to send the midshipman out of 
the cabin, and even then they could not come to an 
agreement. Probably that midshipman got through. 
He thoroughly agreed with Admiral Colomb that 
the new rules were too long, and he felt sure they 
might be shortened, but nine men could never draw 
up a concise set of rules, but they could lay down 
the necessary principles, and one good draughts- 
man could then frame a compact set of rules. 
The last speaker suggested that things had been left 
as they were with regard to lights. He hoped he 
did not mean that as a reproach to the Conference 
(Mr. Baden-Powell said it was a compliment). 
Until the Conference was held he had no idea what 
an enormous amount of light was lost by the use of 
coloured glass. Side lights were to be visible for 
two miles; but one of the Austrian delegates said 
90 per cent. of the light was lost in consequence of 
the use of coloured glass, while a report of certain 





experiments in Germany showed that red lenses 
absorbed 60 to 80 per cent. of light, while green 
lenses absorbed 90 per cent. American investigations 
differed somewhat in results, but supported the 
general proposition that an enormous amount of 
light was lost, and it could not be expected that 
small vessels should carry more powerful lights. 
The amount very much depended on the way in 
which the glass was manufactured, and the United 
States delegates had asked their Government to 
grant them 5000 dols. to make an exhaustive set of 
experiments with lights and flashing signals. 

Captain Wharton, the hydrographer to the Admi- 
ralty, agreed with the first speaker, that the present 
rules were very good if they were only intelligently 
carried out. Admiral Colomb’s diagrams showed 
that collisions generally took place when they might 
not be expected, and when there was a small angle 
of approach. He found that out of forty-five 
collisions reported to the law courts, thirty-nine 
were distinctly preceded by a movement which no 
intelligent seaman would make. That proved that 
we wanted a more definite law. If the seamen did 
as they ought to do, we should not have these 
collisions, which were caused by a man having to 
make up his mindin a very few moments. Therewas 
very great danger in leaving much to individual 
decision. The point arose as to how far they could 
give a simple rule to guide the inexperienced sea- 
man when he found himself in immediate danger. 
He thoughtthe Conference had gonevery fartowards 
giving this hard-and-fast rule. The little clause 
which had been introduced was almost tantamount 
to forbidding crossing the bow,’ the very thing which 
caused collisions in the present day, and if that were 
put hard and fast into the rules he was sure many 
lives would be saved. He fully concurred in the 
proposal as to the holding-on ship not varying. The 
object was to know what the other ship was doing, 
and if it were known she was not going to alter 
speed the other ship would go under her stern. He 
understood that the suggestion that the system of 
signals should be made compulsory upon the helm 
being altered, had received general approval. Every 
one knew what an immense relief it was to know 
what the other ship was doing, for it was impossible 
to alter the course of a ship ata second’s notice. 

Captain Long said it had always appeared to him 
that the only alteration required in the rule of the 
road was that when two ships were crossing, in- 
volving a collision, the law should make it impera- 
tive that the ship which had to give way should 
pass under the stern of the other. The rules were 
very useful, but the law should not in any other 
respect interfere with the action of a professional 
man when he was in charge of a ship. 

Mr. Stromeyer pointed out the necessity of a rule 
being passed that side lights of steamers should 
always be placed in a given position in a fore-and- 
aft direction with regard to the white light. The 
first point a captain tried to settle when in danger 
of collision was whether the approaching steamer 
carried her lights forward or aft. 

Mr. Napier said there was no difficulty in making 
the lights ‘‘ wink,” as Mr. Macfarlane Gray had 
suggested. This could be done automatically from 
the steering gear. At present the Board of Trade 
would not allow anything to interfere with the 
lights. 

Admiral Colomb, in replying to the discussion, 
said he had heard more agreement upon the rule of 
the road that day than he had heard in the last 
twenty-five years. It seemed that some useful 
conclusions which had been a good deal pointed at 
by the Maritime Conference were being arrived at. 
Admiral de Horsey had placed negligence first 
in the causes of collision. The question arose 
what negligence meant. Admiral Colomb could 
not see how mistakes were to be avoided if seamen 
were not taught what was the right and what was 
the wrong thing to do, and therefore he could not 
agree that the collisions were altogether due to 
negligence. He rather thought that ignorance had 
more to do with collisions, a want of proper know- 
ledge as to what was safe and what was dangerous 
in approaching other ships. When the law took 
the form suggested by the Conference, a great deal 
of that ignorance would pass away. Mr. Powell said 
he did not know of any collision which had occurred 
except by neglect of the rule of the road, but Mr. 
Powell would not say he knew of no collision between 
two crossing steamers in which one of them had 
kept her course. He (Admiral Colomb) always 
told his officers that speed was the first thing in 
such a case, because when a man had checked his 





engines he gave himself more time to think, and 
was less apt to go wrong. He found that ships 
generally altered their helm the wrong way a great 
deal too soon—that if they would only let it alone, 
they would very often avoid a collision. Captain 
Wharton and Admiral Smith had admirably 
summed up the point in saying that officers and 
masters should be taught that a movement across 
the bow of another ship was always dangerous 
and was always to be avoided. The Conference 
had spoken out on that point, and he thought all 
nations would be obliged to adopt the rule recom- 
mended. 

Lord Ravensworth, in conveying to Admiral 
Colomb the thanks of the meeting for his paper, 
said that practical points arose out of the discus- 
sion. One was how soon the official report of the 
Conference would be presented to this country, 
and the next was what was going to be done in 
regard to that report—what action would be taken 
by the Government in conjunction with other 
foreign governments. The sooner some informa- 
tion was afforded to the public generally on those 
two points the better. 


THE STRENGTH OF SHIPs. 


The next paper was a contribution by Professor 
P. Jenkins, and was entitled ‘‘The Strength of 
Ships, with Special Reference to Distribution of 
Shearing Stress over Transverse Section.” This 
paper we hope to print in full at a future date, and 
we will therefore for the present content ourselves 
with a very brief abstract. 

The author objects to the assumption, upon which 
all published calculations for many years have been 
based, of longitudinal bending moments, that a 
vessel is most strained when crossing waves of her 
own length, and at the instant when the crest is 
amidships, the weight and buoyancy being equal. 
The former assumption the author allows may be 
true, but he does not admit the latter to be accurate. 

He refers to Mr. Smith’s paper of 1883, which 
showed that if the variation of the law of pressure 
within the wave structure, from that holding in still 
water, be taken account of, the maximum stress 
obtained from the calculation becomes reduced to a 
limit below that which may be expected to cause 
distress in the material of the hull. 

In support of his contention the author supposes 
a vessel crossing a series of regular waves of her own 
length at right angles to the line of crests. Con- 
siderable changes of trim will occur, and at the same 
time she will rise and fall bodily; will in fact per- 
form a series of dipping oscillations, resembling in 
character that which takes place if a body in still 
water be forced down beyond its normal draught, 
and be made to continue the dipping oscillations by 
a succession of impulses. The rise and fall during 
“ passage of the waves is conformable to the 
aw: 

Moving force 
Mass moved 

A diagram giving an example of this equation 
appears in the paper. It is assumed that the ves- 
sel’s centre of gravity is moving downward as the 
trough of the wave passes amidships. With the 
advance of the next crest the downward velocity is 
gradually destroyed, and the centre of gravity 
begins to move upward. This change of velocity 
will not take place until the crest has advanced 
from the bow some distance along the side, and the 
velocity downwards can only be destroyed by an 
excess of buoyancy over weight causing an upward 
acceleration. The vessel then begins to rise under 
the influence of an excess of fluid pressure. Com- 
monly the total upward pressure of the water will 
be still greater than the weight of the vessel when 
the crest of the wave reaches amidships, and as 
this must have been the case from the instant the 
velocity downwards began to decrease, the upward 
velocity with the crest amidships must be greater 
than at any previous instant during the lifting of 
the vessel. Moreover, the velocity upward will 
continue to grow until the instant at which the 
weight and the upward pressure become equal. 
After that instant the velocity upward is retarded, 
because the mass moved is greater than the lifting 
force, and the acceleration is downward. Hence 
the vessel does not come to a state of rest until 
after the crest has passed the middle of her length, 
and when she does come to rest the supporting 
force is less than the weight. The author next 
points out that when a vessel is raised on a wave 
to a greater height than that corresponding with 
the position of statical equilibrium, the bending 


Acceleration = 
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posed to be 200 foot-tons, and from the ordinate on 
the diagram it is seen that the distribution of stress 
equals 5.55 tons per square inch at the top and 
bottom of the section and nil at the neutral axis. 
Thus it will be seen that the shearing stress is a 
maximum where the stress due to the longitudinal 
bending moment is nil, and nil where the stress 
due to longitudinal bending moment is a maximum. 

The case of a hollow girder is next taken having 
heavy flanges at the top and bottom and being of 
the same sectional area as the bar before men- 
tioned. The shearing force is supposed to be the 
same, giving a mean stress of 2 tons to the square 
inch. The diagram shows the maximum shearing 
stress to be 5.96 tons per square inch, which is at 
the neutral axis. The ratio of the maximum to the 
mean is therefore 2.98. In the case of the solid bar 
it was only 1.5. The girder is subject also to the 
200 foot-tons of the bending moment, but here the 
maximum, which is at the top and bottom, is 1.21 
tons per square inch, and of course wil at the 
neutral axis. It will be seen, therefore, that the 
massing of material at the top and bottom of the 
girder reduces the maximum stress due to longitu- 
dinal bending moment and augments that due to 
the shearing force. If the principle were carried 
far enough the girder would break down through 
the yielding of its sides due to shearing stress 
alone. 

The author next takes two transverse sections of 
a vessel and applies to them the principles set 
forth. Having found the longitudinal shearing 
stress at any place, the transverse shearing stress 
may be determined from the fact that shearing 
stress along any plane must be accompanied byshear- 
ing stress of equal intensity along a plane at right 
angles to it. Briefly stated the shearing stress per 
square inch at any point of a transverse section of 
a vessel may be found by dividing the product of 
the actual shearing force borne at the section and 
the moment of the area of the section at the given 
point about the neutral axis by the product of the 
moment of inertia of the whole section and twice 
the thickness of the plating at the given point. 

Professor Jenkins, in order to give a practical 
illustration of the matter, has constructed a diagram 
of shearing stress of an actual vessel, particulars of 
which had been given him by Mr. John Inglis, to 
whom many investigators in the field of naval 
architectural science have before uow been in- 
debted. 

The vessel in question is 330 ft. long, and 
Mr. Inglis had had curves of shearing force and 
bending moment drawn for her as actually laden, 
on the assumption that she was in statical equili- 
brium on a wave of her own length, and 20 ft. high. 
The maximum shearing force in that case was 
1233 tons, and occurred at a section 93 ft. abaft the 
stem. The curve of shearing stress is naturally of 
a very irregular character, being influenced by the 
thickness and doubling of the plating, decks, &c. 
The maximum shearing force is 3.9 tons per square 
inch, as calculated on the assumption that the vessel 
is momentarily in statical equilibrium on the crest 
of the given wave. This maximum stress (which is 
of course at the neutral axis) is some distance above 
the turn of the bilge, but Professor Jenkins attri- 
buted the straining sometimes observed at the turn 
of the bilge to the shearing stress. In the vessel 
in question, however, the stress is not appreciably 
reduced, and supposing the vessel to be inclined on 
a wave, the angular movement of the neutral axis 
which takes place will cause the maximum stress 
to pass very nearly through one of the bilges. 

In the discussion which followed the paper of 
which we have given an abstract, Mr. Ellis said 
that naval architects appeared to be approach- 
ing a proper appreciation of the strains to which 
our ships were subjected. Professor Jenkins 
had now given them the stra‘n, not on a ship in 
dock, but in the crest or on a wave. These results 
had long been known qualitatively, but up to the 
present investigation no quantitative results had 
been given. He had been astonished at the de- 
ductions. 

Mr. Stromeyer said the fault that there were so 
few experiments in existence as to the straining of 
ships at sea rested with those who had charge of 
them. He had read before the Institution a few 
years previously a paper describing a mode of ascer- 
taining these stresses, but as no one except bridge 
builders had made e{periments of this nature with 
regard to straining, he was not able to arrive at 
any very definite conclusions. In the same paper 


he showed how to get the value of W the weight 


as influenced by the action of the waves and the 
vertical movement of the vessel. He concluded 
from experiments that he had made that the varia- 
tion would extend over a range of 10 per cent. 
above and 10 per cent. below the mean. It was 
not a difticult thing to tell accurately the effect of a 
wave at any given part of the vessel; it was only 
necessary to hang up a bucket of coals upon a 
spring balance, and note the variation of weight 
according to the register as the vessel rose and 
fell. He thought the author was wrong in allotting 
a portion of the shearing stress to the decks, as it 
was only due to the vertical members. He pointed 
out that the shearing stress may be augmented 
by the striking of heavy waves to a degree equal to 
30 or 40 per cent. of the forces. 

Mr. Macfarlane Gray was of opinion that the 
author was not sufficiently explicit in his language. 
It was often difficult to arrive at what stresses 
were referred to. For instance, instead of simply 
speaking of transverse stress or longitudinal stress, 
he might say vertical-transverse or longitudinal- 
horizontal, as the case night be. 

Dr. Elgar said that the paper opened up a line 
of investigation which was equally interesting and 
surprising to him in its results. He had long 
known that it was quite impossible to reconcile 
received theories with facts observed ; but Pro- 
fessor Jenkins’s paper gave a key to the solution of 
the difficulty. The author had called attention to 
the smallness of the deduced stresses in certain 
cases, and had pointed out the reasons for which he 
had regarded with suspicion the accuracy of theories 
hitherto accepted. The sectional diagram brought 
to his mind cases in which he had examined ships 
where the chief signs of straining action were at 
the neutral axis. These signs of straining had been 
effectually dealt with by fitting doubling strakes 
where the present diagram shows the shearing stress 
would be greatest. He also remembered cases in 
which the straining had been carried far towards 
the ends of ships. This had long surprised him, 
but Mr. Jenkins’s paper had gone far to explain 
the matter. 

Mr. Byles indorsed what the last speaker had 
said as to the originality of the paper and the 
interesting field it opened up to investigation. No 
one would pretend that the study of the strength 
of ships was an exact science. As to small ships 
he thought it might be taken asa fact that small 
ships might be designed on the same rules as large 
ones. In the Navy, some treated in such a manner 
had shown no signs of weakness, and he therefore 
thought that it might be accepted that the strains 
on small ships were small. In large steamers 
double butt-straps were often placed excepting at 
the neutral axis. He had seen such vessels in dock 
with no signs of working except small signs of 
straining at the neutral axis ; a fact which bore out 
the position taken by Professor Jenkins in the 
paper. 

Mr. B. Martell spoke of the great service which 
Professor Jenkins had rendered to the Institution 
by reading the paper, and he was glad to think that 
though his time was much employed in the north 
the professor did not forget the Institution of Naval 
Architects, and he did an immense amount of good 
by making these elaborate calculations. Mr. Martell 
attached a great deal of importance to the paper, as 
it threw light on subjects about which hitherto they 
had been a good deal in the dark. It was said that 
when experience did not conform to theory, that 
theory must be wrong. It was satisfactory to find 
that in this instance experience did conform to the 
theoretical deductions made by the author. There 
was nothing so advantageous in the case of those 
persons whose duty it was to frame rules as to have 
clearly brought before them the results of such 
investigationsas had beenentered intoby the author, 
and he returned his sincere thanks for the paper. 
Mr. Martell went on to refer to a case in which 
signs of straining of a description similar to that 
referred to in the paper had occurred ; the experts 
were at a loss what to do, but a practical man, and 
one who was nothing but a practical man, had 
said, ‘‘ Double this strake along here.” The thing 
was done, although neither he nor any one else 
could give a reason for it, but the result was satis- 
factory. Going back to the days of wooden ships, 
the rolling of yellow metal and spewing of oakum 
at the bilge were effects frequently observed. He 
could never assign any reason for them, but Pro- 
fessor Jenkins’s paper supplied the explanation. 
Reference had been made to small ships, and it 





was taken as conclusive that the theory was wrong 





in the matter of scantling, because it was here so 
widely opposed to theory. It should be remem- 
bered, however, that a different set of considera- 
tions arose in dealing with small ships, and these 
demanded that the scantlings should be compara- 
tively larger. For instance, small vessels more 
frequented rivers and tidal harbours, where they 
had to take the ground; and in the matter of 
rusting or corrosion there was no distinction to be 
drawn between given areas in large and small 
ships. Of old it had been the custom that landing 
edges up to the turn of the bilge should be double 
rivetted and others should be single rivetted. 
Clearly, in the light thrown on the subject by the 
paper, this had been wrong, but it had been altered 
on practical considerations before Professor Jenkins 
had proved its error by reasoning scientifically. 

Mr. W. H. White indorsed all that had been 
said as to the value of the paper, but he thought 
the deductions of Professor Jenkins were not quite 
new. When Mr. White began to be interested in 
shipbuilding, wooden two or three-deckers were 
still in vogue, he and Mr. John conducted a series 
of investigations as to shearing stress in the case of 
wooden vessels, and the results of their inquiries 
were mentioned in the lectures given at the time at 
the School of Naval Architecture by Sir Edward 
Reed, though they were not actually published. 
In bringing forward quantitative statements of the 
same principles, Professor Jenkins had done the 
Institution and the shipbuilding industry of the 
country very great service. It was possible in 
wooden ships to note changes of form which could 
not be seen in iron and steel vessels. The wale 
planking was thicker and specially secured ; he and 
Mr. John had looked into this question when he 
was a junior at the Admiralty; he had turned to 
Rankine, and what was said about shearing stress 
seemed to explain the matter. He had constructed 
a diagram which seemed to explain the matter in 
the same way as that contained in the paper of 
Professor Jenkins. It was now seen that the prac- 
tice in wooden shipbuilding bore this theory out, 
more especially in the matter of the diagonal 
strapping introduced by Seppings. 

Mr. W. John said that his memory entirely con- 
firmed what Mr. White had said, and he remem- 
bered discussing with him the theory of shearing 
stresses in respect to wooden vessels when they 
were juniors at the Admiralty. None the less he 
would express his thanks to Professor Jenkins for 
putting into quantitative form what had heretofore 
been expressed qualitatively. He would, however, 
certainly have put the maximum shearing force at 
a lower figure than 3.9 tons quoted in the paper. 
The author had referred to double rivetting at the 
bilges, and this was now as necessary as at the top 
and bottom. Double rivetting assists materially 
against longitudinal stress, but for years we had 
been attaching too much importance to longitudinal 
strains, and had paid tvo little attention to other 
points referred to in the paper. He further pointed 
out in reference to Lloyd’s rules it was now seen 
that it was preferable for the strength to be in the 
main deck rather than in the upper deck. He 
hoped the author would continue his investigations 
with as great success in the future as in the past. 

Professor Jenkins, in replying to the discussion, 
said he was afraid that Mr. Stromeyer had failed 
to grasp his meaning in some parts. He did not 
agree that it was wrong to include the decks when 
calculating the shearing forces. It was a subject 
to which he had given much thought, the result of 
which had been that he concluded that decks did 
contribute to the resistance of shearing force in 
the manner shown in the diagram. Mr. Martell 
had spoken of the scantlings of small vessels. He 
knew that heavier bottoms were required for 
grounding purposes, but he could not see why shear 
strakes and tepside plating should be so much 
thicker. 


STEATITE FOR ANTI-CoRROSIVE Pant. 


The next paper was contributed by Mr. Frank 
C. Goodall, a | in it the use of steatite, or soap 
stone, for use as an anti-corrosive paint was advo- 
cated. The author had made many experiments, 
and the chief difficulty he met with was that 
steatite would not mix properly or dry with linseed 
oil, driers, turpentine, terebine, &c. It was found, 
however, that a firm of paint manufacturers had 
succeeded in embodying it as a pigment for paint 
with a quick-drying varnish, and as an anti-corro- 
sive it was a success. 

On touching a piece of steatite with the hand it 
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will be observed to have a very smooth soapy 
nature. This is due to the extreme minuteness of 
the atoms of which it is composed and to which it 
is possible to reduce it. It is possible to write with 
a piece of steatite upon plate glass. It is this pro- 
perty of the mineral which, in the author’s opinion, 
gives it its greatest value as a basis for protective 
paint, enabling it to secure, without the slightest 
chemical action, full and permanent adhesion to the 
close fibre of steel and iron. With regard to this 
statement the author was in a position to speak 
from personal observation, and to say that paint 
containing steatite as a pigment will find perfect 
and permanent adhesion when applied to the true 
surface of the smoothest steel, and that several 
large steamers already coated with it have shown 
no signs of rusting or the paint scaling off. 

A short discussion followed the reading of this 
paper. It was opened by Professor Lewis, who 
pointed out that the chief influence in any composi- 
tions for ships’ bottoms would be exercised by the 
vehicle of which they are composed. Thus if stea- 
tite were mixed up with varnish, the small particles 
would become surrounded by the varnish, and in 
that case the special virtue which enabled it to be 
used for writing on plate glass would be destroyed. 
Mr. Farquharson, late of the Admiralty, said that 
steatite was used by engineers for just an opposite 
reason to that advanced in its behalf by the author. 
It was put in stuffing-boxes of engines because it 
would not stick to the smooth piston-rods. 

Mr. Martell suggested that when papers were 
read upon paints and composition for ships’ bottoms, 
authors should bring examples. The author had 
spoken disparagingly of oxide of iron paint, Mr. 
Martell did not agree with him in this respect. 
The chief reason that paint peeled off steel ships, 
was that mill-scale was not removed. If steel ships 
were kept properly painted with good paint, and 
the plates were pickled, they would last as long as 
iron ; otherwise they would deteriorate more rapidly 
than iron ships. The author having briefly replied, 
the members separated until the evening. 

The demands upon our space this week compel 
us to defer until our next week’s issue, our report 
of the remainder of the proceedings. 








HEAVY SLOTTING MACHINE. 

On page 404 is an illustration of a large slotting 
machine, constructed under a patent of Mr. Joseph 
Barrow, by Messrs, Thomas Shanks and Sons, John- 
stone. The machine has been made from entirely new 

atterns. Over twenty machines of this type have 

een set to work by Messrs. Shanks, but the one now 
illustrated is distinctly the largest of the type, and 
probably the most perfect in allrespects. The details 
of the mechanism are shown clearly by the engraving. 

The stroke is over 6 ft., and can, of course, be 
varied. The table is 10 ft. in diameter, flattened at the 
sides to 7 ft. 6 in. The vertical frame upon which the 
tool slide moves can be varied 3 ft. in its distance 
from the table. The whole of the movements of both 
tool and the work on the table are operated by hand 
and by self-acting feed. Special arrangements have 
been fitted for reducing friction, and some very heavy 
cuts were taken in the shop with a 44 in. wide belt. 
The machine is designed for a belt 74 in. wide. 

The machine weighs over 55 tons, and is now in the 
works of Messrs. William Beardmore and Co., Park- 
head, Glasgow. 





WHITAKER'S GEARING FOR EXTENSION 
RAILS OF RAILWAY TURNTABLES. 

THE general adoption of bogie engines during the last 
few years by the leading English railway companies 
has, in many cases, created difficulty in turning the 
engines, owing to the turntables being too short for the 
longer class of engines; this difficulty has been got 
over generally by the adoption of extension rails, which 
lie, when in use, upon the turntable rails and overhang 
them the required extent ; this of course practically 
lengthens the table; this arrangement, which answers 
on the whole fairly well, is somewhat awkward to 
handle; the rails weigh from 3 cwt. to 4 cwt. each, 
and as they have to be lifted into and out of position 
minor accidents have frequently happened to the men. 
An arrangement of gearing has recently been brought 
out and patented by Mr. Alfred Whitaker, of the loco- 
motive department, Midland Railway, Leeds, by 
which the difficulties referred to are entirely obviated, 
and the extension rails can be put in or out of use with 
the greatest ease and safety. This arrangement has 
been adopted by the Midland Company at their depéts 
at London (Kentish Town), Manchester, Bristol, and 
Leeds, where it has been in use for some time with 
very great satisfaction. By referring to the illustra- 
tions on page 405 it will be seen that each exten- 





sion rail A is attached loosely to two arms B and 
C by means of studs D; the arm B is keyed to 
a cross-shaft F carried in bearings G and I, and 
the cross-shafts are coupled together by a universal 
joint H. A balance weight E is attached to each main 
arm. The shafts and studs are set at an angle with the 
longitudinal centre line of the girders; the back arm 
C, which revolves round the stud J, has a rising and 
falling motion imparted to it by a stud K travelling in 
the cam plate L. The object of this arrangement is 
that the inner ends of the extension rails may travel 
close to the level of the fixed rails when being moved 
into or out of position, and so clear the tyres and life- 
guards of the tender. It will be seen that the rails 
when not in use lie parallel to and within the fixed 
rails, and when, by means of a handle M, the shafts 
and arms are caused to revolve the extension rails are 
carried forward diagonally into the extended position. 


Fig. 3 shows a modification which may be adopted in | p, 


certain classes of turntables, the construction of which 
does not admit of the balance weight being attached 
directly to the main arm; the weight being fastened 
to a supplementary arm N connected to the main arm 
by a rod O. This arrangement offers a cheap and 
ready means of adapting old turntables to modern re- 
quirements. 





SULZER’S TRIPLE-EXPANSION ENGINE. 
ON pages 408 and 409 we illustrate a triple-expansion 
engine of 100 effective horse-power constructed by 
Messrs. Sulzer Brothers, of Winterthur, Switzerland. 
This engine was designed to gain the economy due to 
triple-expansion without the mechanical complication 
usually to be found in large engines of that type. The 
engine illustrated has a single-acting high-pressure 
cylinder of 350 mm. (13.78 in.) in diameter, a single-act- 
ing intermediate pressurecylinder of 525mm. (20.67 in.) 
diameter, and a double-acting low-pressure cylinder 
of 700 mm. (27.56 in.) diameter. The stroke of the 
pistons is 750 mm. (29.53 in.), and the revolutions 
85 to 100 per minute. With a steam pressure of ten 
atmospheres and exhausting into a condenser the 

engine gives the following powers at 85 revolutions : 





10 | so | 
me | 118 
| | 

The first cylinder is movable, and to facilitate its 
removal it is mounted on wheels so that it can be 
easily drawn back upon the rails. This can be done 
without dismounting any of the pipes; a coupling on 
the valve shaft enables the valves to accompany the 
cylinder in its motion. The three pistons form a 
single piece, and to prevent leakage from the high- 
pressure to the low-pressure cylinder there is pro- 
vided a double set of piston rings. 

The steam is admitted first to the rear of the high- 
pressure piston ; then it flows to the front of the inter- 
mediate pressure piston, and from here it goes alter- 
nately to the front and to the back of the oh: i 
piston, which isthus double-acting. The areas of the two 
sides of the low-pressure piston are not identical. The 
three cylinders are jacketted ; the passage from the 
first to the second is by a pipe, while from the second 
to the third it is direct. 


Point of cut-off, per cent. 20 40 
Indicated horse-power. . 75 94 ll | 140 
Effective ,, “ 62 78 100 | 120 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Threatened Strike in the Halifax Iron Trade.—The 
Halifax District Committee of the Amalgamated Societ 
of Engineers have met to consider the pa of 1s. a wee: 
advance from June next. All the members of the com- 
mittee were present. It was unanimously decided to 
reject the offer of the Ironmasters’ Association, and to 
insist upon the original demand of 2s. a week advance 
from Saturday next, or the men will on that day cease 
work. It is said that about 1000 men are concerned in the 
dispute. 

The Coke Trade.—The sudden cessation of the demand 
for coke to be forwarded to Frodingham, in Lincolnshire, 
has come as a great blow to the cokemasters in this dis- 
trict, but now that this class of fuel is cheapened it will 

ive a great impetus to the heavy steel trade. This 
fatter, it may be noted, is very brisk, particularly the 
Siemens branch, some manufacturers of special brands 
being unable at present to book any further orders. The 
large consumers of coke who are engaged in the manu- 
facture of marine shafts, propeller blades, &c., will also 
be greatly benefitted by the reducing of coke to some- 
thing like a reasonable figure. 


A Board of Conciliation for Leeds.—On Saturday a con- 
ference took place in Leeds between members of the 
Leeds Chamber of Commerce and representatives of 
various trades and trade organisations, to consider the 
proposal to form a Board of Conciliation for the settle- 
ment of labour disputes in Leeds and district. After a 
long and interesting discussion, it was unanimously 
decided to form a Conciliation Board, on which employers 
and employed should be equally represented. 


A Remnant of the Coal Strike.-—With the exception of 
the New Oaks Colliery, near Barnsley, where some 1200 





men are usually employed, the whole of the pits in the 
South Yorkshire district have been restarted. The miners 
employed at the New Oaks saw the manager a few days 
ago, but were informed that no orders had been received 
to reopen the colliery, and it is not likely to be at work 
again until after the holidays. 








NOTES FROM THE SOUTH-WEST. 

The Severn.—Opposition to the Severn Navigation Bill 
on the part of the Great Western Railway Company, has 
now been satisfactorily disposed of. The question was 
purely a financial one, the railway company being bound 
to make good the tolls of the Severn Commission up to 

4,000/. per annum. The company contended that, as 
the new scheme would increase the tolls it should be 
relieved from its liability. An arrangement has been 
made for the commutation of the charge by the payment 
of 100,000/. from the company to the Commission. 


Avonmouth.—It was stated recently that the Bristol 
Jock Committee had been discussing the question of pro- 
viding a low-water pier at Avonmouth, with a view to 
accommodating fast passenger steamers between England 
and America. Reports from the haven master and the 
docks engineer have already been presented and con- 
sidered, and a report from the general manager is now 
receiving the careful attention of the committee. 


Swansea.—A Cardiff firm has taken half the land on the 
south side of the south dock, and upon this it is about to 
erect sheds and warehouses to accommodate what is 
expected to develop into an important coasting trade. A 
local railway company is also stated to have applied to 
the harbour trust for a lease of the other half of the land 
on the south side of the basin, so that it may cultivate 
trade with France. 


Great Western Colliery Company.—The first ordinary 
meeting of the new Great Western Colliery Company, 
Limited, which was incorporated in January, 1890, was 
appointed to be held yesterday (Thursday). The present 
company was formed to take over the undertaking of the 
previous company as from December 31 last, and the direc- 
tors have thought it right to submit a profit and lossaccount 
to that date. After payment of dividends at the rate of 
10 per cent. per annum, the surplus profits for last year 
were carried to a sinking fund for paying off loans and 
debentures ; this fund now amounts to 19,271/. 9s. 7d. 
Notice has been given that all the debentures, amounting 
to 40,685/., will be paid off on July 1 next; and in order 
to provide the balance required for this purpose and for 
new works, it is proposed to make a call, payable July 1. 


Pontypool.—The Pontypool Gas and Water Bill, the 
object of which is to extend the limits of the water supply 
of the Pontypool Gas and Water Company, and to enable 
it to construct additional water works, has passed a Com- 
mittee of the House of Commons. 


East Gloucestershire Railway.—The half-yearly meeting 
of this company was held at 5, Victoria-street, on Satur- 
day, Sir M. Hicks-Beach, M.P., in the chair. The chair- 
man stated that an agreement under which the line was 
worked by the Great Western Railway Company, 
expired November 12, 1891; and the matter had for some 
time been under the consideration of the directors, the 
Great Western Company having declined either to renew 
the agreement on the existing basis of a minimum 
guarantee of 5/. per mile per week to the East Gloucester- 
shire Company, or to support an extension of the line to 
Cirencester. The directors made overtures to the Board 
of the Witney Railway Company for joint action with 
the latter object, but these were rejected, and the 
directors became aware that the Great Western Board 
was prepared to advise its proprietors to purchase the 
Witney Railway on terms, which, being considerably 
better than those offered last year, the Witney share- 
holders could not reasonably be expected to refuse. Under 
these circumstances, the directors felt that they were 
acting for the best interests of the shareholders in agree- 
ing to transfer the undertaking to the Great Western 
Railway Company from July 1, 1890, including the rent 
charge payable to the Banbury and Cheltenham Railway 
Company for the sum of 2/. 7s. 6d. per share, the latter 
company assuming the East Gloucestershire debenture 
debt. A resolution approving this arrangement was 
adopted, and it was stated that it would be carried into 
effect by the insertion of clauses for the purpose in a 
Bill of the Great Western Company now before Parlia- 
ment. 


Cardif.—Steam coal has continued in pretty good de- 
mand. The best qualities have made 15s. 3d. to 15s. 9d., 
and good dry coal 15s. per ton. Patent fuel has been in 
steady request at late prices. Coke has been firmer, in- 
quiries having somewhat increased. 





Ick-BREAKING STEAMER.—The new ice-breaking steamer 
Thor, built at the Lindho'men Shipyard, Sweden, for 
account of the Danish Government, was launched on 
March 6th. She is intended for the Sound traffic between 
Elsinore and Helsingborg, and will cost about 22,000/. 





GERMAN Ports.—The extension of German ports con- 
tinues without any abatement. At Bremerhafen a new 
harbour will be constructed a a cost of some 
750,000/., besides a special harbour for torpedo boats, 
amply defended by the enormous armour towers. The 
question of the defence of the entrance to the Elbe is also 
receiving much attention, but no definite decision has as 
yet been arrived at. Isolated fortifications in the river 
are said to be under contemplation. At Hamburg a new 
harbour for both river and sea-going vessels, within the 
territory of the free port, has been actually decided upon. 
The cost is estimated at some 450,000/. 
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move forward. On the back of the saddle is bolted 
SCHENECTADY COMPOUND LOCOMOTIVE. an oil cylinder or dash-pot in which is a piston 

Tuts engine was built for the heavy express service | secured to a rod which is common to this piston and 
of the Michigan Central Railroad, which runs from/the pistons of the intercepting valve. This rod is 
Detroit, Michigan, to Chicago, Illinois. The type of | carried backward, and connected to a lever fastened 
engine from which the compound is modelled, is a ten- | by a pivot to the side of the boiler, a rod running from 
wheeler, with cylinders 19 in. in diameter by 24 in. | the top of the lever to the cab serving as an index to 
stroke, as the experience of this railway has shown the engineer of the position and working of the given 
this kind is well suited to their fast passenger service. | parts. The rapidity of the movement, to and fro, of 
In compounding, care has been taken not to unduly the intercepting valve is governed by a regulating 
increase the intricate parts of the engine, a feature device, consisting of a screw plug on the bottom and at 
which it is believed will greatly increase its chances of | the side of the oil cylinder (Fig. 8), by which the opening 
success. Of course the great thing in compounding is in the port through which the oil flows, as it passes 
to save fuel, and unless this is obtained without a) from one end to the other, may be enlarged or dimi- 
corresponding increase of repairs, and cost of main-| nished at will. To increase the speed of opening and 
tenance, thereisnotrueeconomy. For the description | closing of the valve, the oil cylinder is counterbored 
of this engine, which is illustrated on the present and | in the centre for a portion of the stroke, allowing the 
opposite pages, we are indebted to Mr. Angus Sinclair ; | rapid passage of the oil by the piston during this por- 
it is as follows : tion, but nearing the end of the stroke the piston is 





'ling these trains successfully, but at first it was 
found that she did not run freely at the higher 
speeds. The valves were then removed and } in. 
inside lap cut out of the low-pressure side and 
the high-pressure valve given , in. clearance. This 
change made a remarkable difference in the speed 
capabilities of the engine, and she now runs as freely 
'as the ordinary passenger engines at the highest velo- 
city called for. From the start the engine has dis- 
played astonishing quickness in starting with a train, 
a on this account has become highly popular with 
the trainmen. The writer has had long experience ir 
handling locomotives noted for their ‘‘ smartness” in 
starting trains, but he never was on an engine that 
yc the compound in this respect. After the 
changes referred to were made on the valves we went 
out with the engine on a mail train consisting of five 
cars. Indicator diagrams were taken from both cylin- 
| ders at frequent intervals during the trip and a record 


The high-pressure cylinder, which is 20 in. in | 


diameter, is located on the left side of the engine ; 
the low-pressure cylinder, 29 in. in diameter, being 
upon the right side, the right-hand crank lead- 
ing. The cylinders are cast with half saddles attached, 





which is entirely automatic throughout, is this: When 


cushioned and the rapidity is reduced in — to 
the amount of opening given to the oil by the regu- 


The method of operation of the intercepting valve, 


lating device. 


| was made of the speed attained. : t 
ters of a mile after leaving a station the engine attained 
a speed of 234 revolutions per minute, or 47 miles an 
| hour, 
|ning 37 miles in 54 minutes and making six stops. 


Within three-quar- 


Among the performances of this trip was run- 


and are bolted together, and to the frames and smoke- the throttle is opened live steam is admitted to the The speed between stations always reached or exceeded 
box, in the usual manner; the arrangement of the | high-pressure cylinder, while at the same instant live 60 miles an hour, which called for 296 revolutions 


guides, crossheads, and running gear, as well as the 
valve motion throughout, does not vary from the ordi- 
nary forms of construction. In the right cylinder 
saddle is placed a multiple piston valve (Figs. 6 and 7), 
called an intercepting valve, which is used to control 
and govern the ingress of live or exhaust steam, as the 
case may be, to the low-pressure cylinder. The ex- 
haust steam is conveyed from the high to the low- 
pressure cylinder through an arched pipe of horse- 
shoe shape (Fig. 3), passing from one saddle to the other 
around the inside of the smokebox. This pipe with 
the passages in the two saddles and the low-pres- 
sure steam chest, form the receiver. Great care has 
been taken to make all of the steam passages of ample 
area, and of such form as to avoid the reduction 
of pressure of the steam passing within them, and, in 
every case possible, the steam and exhaust passages 
have been separated by spaces between, to prevent loss 
of pressure due to radiation or condensation. As will 
be clearly seen later, the engine is designed to exert its 
full power at the moment of starting, and is capable of 
starting with the cranks upon either side of the engine 
upon the centre. In fact, the engine cannot stop in 
any position whatever from which it will not start by 
ome opening the throttle. Referring to Fig. 7 of 
the intercepting valve, it will be seen that it con- 
sists of three pistons working conjointly endwise 
in a brass bush or cylinder, which is pressed into 
the cylinder saddle. In this bush, as well as in the 
saddle, are two openings, top and bottom, through 
which the exhaust steam must pass as it traverses 
from the high to the get cg cylinder. Near 
the back end of the bush, and on the inside, is 
a port which is connected through suitable pas- 
sages and pipes with the live steam passage in the high- 
pressure cylinder. In this pipe, and at the rear of the 
cylinder saddles, is introduced a pressure regulating 
device, the office of which being to supply live steam 
to the low-pressure cylinder at a reduced pressure, 
which bears the same ratio to the boiler pressure as the 
ratio of the two cylinders respectively. It will be 
noticed that the rear piston of the intercepting valve is 
of a smaller diameter than the remaining one, and that 
live steam is admitted to the interior of the brass bush 
between the two pistons of different areas, the prepon- 
derance of pressure being such that the valve will 






































steam passes through the reducing valve and port to | 
the brass bush in the interior of the intercepting valve, 
and as heretofore explained forces the valve forward to 
the end of the stroke, thereby uncovering a live steam 
port in the lower side of the central piston of the inter- 
cepting valve through which the live steam passes on 
to the low-pressure steam chest and thénce into the! 
cylinder. As the valve is forced forward it will be seen 
that all communication is shut off between the high 
and low-pressure cylinders, thereby preventing the 
live steam from entering the high-pressure cylinder as 
back pressure. As the engine is now in operation, the 
exhaust frem the high-pressure cylinder into the re- 
ceiver accumulates above the intercepting valve, and 

through an opening in the upper side of the brass bush 
at the front, and exerts its pressure upon the front | 
side of the forward piston of the valve, and overcoming 
the existing pressure of the live steam at the opposite 
end by means of the larger area, forces the valve back 
to the end of its backward stroke, cutting off the supply 
of the live steam, and forming a direct and free open- 
ing between the high and low-pressure cylinders, and | 
the engine continues to run compound until the throttle | 
is closed. The cylinders for this engine are designed | 
in the ratio of 2.1 to 1, the aim in the proportion of 

parts being to divide the work as nearly equal as 

possible on both sides of the engines. The details of 

construction, and the simplicity and neatness of design, 





are clearly shown in the illustrations. 

This engine was delivered to the Michigan Central 
Railroad Company toward the end of December, and | 
was at once put to work hauling the freight trains 
handled by ordinary locomotives of similar capacity. 
She did the work with regularity and despatch and 


| with a decided economy of fuel, although the exact 


extent of saving cannot yet be determined. After 
running freight for several weeks the engine was put , 
into the heavy fast passenger service, operated so suc- | 
cessfully with the ten-wheel engines previously built | 
for the company. The train she was first tried on | 


| generally consists of nine cars weighing about 350 | 


tons, and ran from Detroit to Michigan City, 228 
miles, in 6 hours and 37 minutes, making eleven stops 
on the way. This is 344 miles an hour, including | 
stops, and they raise the running speed above 40 
miles an hour, The engine proved equal to hand- | 


per minute and 1184 ft. of piston speed in the same 
time. 

The engine can be handled as easily as a common 
engine, and the action of the intercepting valve is 
entirely automatic, so that a man handles the machine 
just as he does an ordinary locomotive. It was 
a oe that he would have to open the intercepting 
valve before starting to admit steam direct into the 
low-pressure cylinder, but in practice it is found that 
the suction of the piston when steam is shut off draws 
open the valve and puts it in the right position for 
starting. On starting, one exhaust from the high- 
pressure cylinder fills the receiver pipes, and the inter- 
cepting valve immediately closes. 

As the passenger trains on the Michigan Central are 
heated with steam taken from the locomotive boiler, it 
is difficult making an exact estimate of the fuel saving 
effected by the compound. Systematic tests will be 
made soon, which will settle the question beyond a 
doubt. 

The following are the general dimensions of the 


engine : 

Fuel... wis Bituminous coal 
Gauge of road sa i 4 ft. 84 in. 
Total weight of locomotive 

in working order ... Sen 126,800 Ib. 
Total weight of driving 

wheels as aa ; 97, ; 
Total wheel base 22 ft. 6 in 

riving +a wna ane j > pee 
Rigid 9 ai dig ee 
Length main connecting-rod 

(centres) ... “ie _ e. $3 
Transverse distance between 

centre of cylinders ; 7 ft. 

Cylinders and Valves : 

Diameter of high-pressure 

cylinder... aa std 20 in. 
Diameter of low - pressure 

cylinder... se va! 29 ,, 
Stroke of both pistons 24 ,, 
Ratio of low-pressure cy- 

linder to high-pressure cy- 

linder areas... ah ith 2.1 tol 
Kind of piston packing ; Cast-iron steam 

ee rod packing U.S. metallic 

Diameter high-pressure pis- 

ton-rod ‘4 ota po 34 in, 
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Diameter low-pressure pis- 


ton- Sey ae oe 
Size of steam ports high- 
oo ei ae 
Size of steam ports low- 
pressure. 


Size of exhaust ports high- 
on. eee aE 

Size of exhaust ports low- 
pressure 


Greatest travel slide valves 
Lap of slide valves, high- 


{ 


pressure... ee aie 
Lap of slide valves, lore § 
pressure... ee ae 
of slide valves, full 
stroke 


Kind of slide valves ie { 


Width of Allen port in slide 
valve ao ae vik 
Kind of valve stem packing 


Wheels, ce. : 
Diameter of driving wheels, 
outside tyres ee 
Kind of tyre ... 
Diameter and 
ing axle journals ... cre 
‘Diameter of truck wheels ... 
Kind of o Gecoibee 
Diameter and length of 
truck axle journals = 
Diameter rot lengthof main 
crank-pin journals ‘a 
Diameter and length of in- 
termediate pin journals ... 
Diameter and length of F. 
and B. crank-pin journals 
Length driving = spring 
(centres) . ss ‘ 


length driv- 


Boiler: 

Working pressure 

Style of boiler ¥ sob 

Diameter first ring outside 

Material and thickness of 
plates in boiler 

Horizontal seams 

Circumferential seams 


Size firebox inside ... 


na » depth 


Material and 
plates inside firebox 


thickness { 
Water space around firebox { 
Crown stayed by crown bars. 
Size of crown bars ... { 
Material of tubes 
Number " in bus 
Outside diameter of tubes... 
Length of tubes over tube 
sheet... = ee ae 
Heating surface in tubes ... 
i. ‘ firebox 
Total heating surface 
Grate surface... See ve 
Ratio total heating surface 
to grate area Ses Pes 
Ratio firebox heating surface 
to grate area ee ae 
Ratio flue heating surface to 
grate area ... ies nee 
Area flue opening .. ee 
Firebrick in firebox sup- 
ported on water tubes. 
Style of grate rocking bars 
ashpan : 


” 


Throttle balanced valve in 
dome. 

Inside diameter of stack ... 

Smoke stack top above rail 

Boiler supplied by two 
monitor injectors placed 
right and left. 


Tender : 


Weight of tender, empty 
Number of wheels ... 
Diameter of wheels ... 


ss and length of 
truck axle journals 
Total wheel base tender 
Distance from centre to 


centre truck wheels 
Style of tender frame 


trucks 


” 


Centre bearing F and B, 
with additional side bear- 
ings over back truck. 

Water capacity intank ... 

Coal capacity... ... as 


34 in. 
18 in. by 1} in. 
20 23», 
18 3 


” 


” ” 


9 3 
64 in. 
Outside, 1g in. | 
Inside clearance, ;%5 in. 
Outside, 1} in. | 
Inside clearance, +g in. 


” 


if in. 
Allen-Richardson, 
balanced. 


# in. 
U.S. metallic 


; 68 in. 
Krupp crucible steel. 


7 4in. by 84 in. 
30 in. 
Krupp steel tyred. 


5in. by 9 in. 
5b «6 Ob 
5h, 4B 
4h, 3%, 


. Main, 44 in. ; front, 34 in 


180 Ib. 
Wagon top. 
58 in. 


Steel, ; in. and 4 in. 
Quadruple rivetted 
with welt strip inside. 
Double rivetted. 
Length, 96,4; in. ; 
width, 424 in. 
Front, 59} in. ; 
breadth, 56} in. 
Steel; crown, § in.; 
tube, 4 in. ; sides and 
back, in. 
Front, 4 in. ; sides and 
back, 3 in. 


5 in. by ? in. ; welded 
at ends. 
Semi-steel. 
247 
2 in. 


12 ft. 
1540.3 sq. ft. 
tye iar 
1677.4 

28.5 


” 


58.8 to 1 
4.8 tol 


54. tol 
4.1 sq. ft. 


With drop plate 

opper with drop 
plate operated from 
the cab 


18 in. 
14 ft. 92 in. 


36,280 Ib. 
8 
$3 in. 


4} in. by 74 in. 
15 ft. 6} in. 


4,, .: ” 
Angle iron. 
Schenectady Locomo- 
tive Works, tent, 
4-wheeled, channel- 
iron bolster 


3800 gals. 
8 tons 





Engine and Tender : 
Total wheel base engine and 
tender ss si ne 48 ft. 
Total length of engine and 
tender overall ...  ... 58 ft. 11? in. 


The inside clearance of the high-pressure valve is 
din. and of the low pressure 3; in. 
clearances have been increased, and a larger receiver 
will be put in. The low-pressure link hanger will be 
shortened to obviate some of the difficulties at short 
cut-offs. Now both cylinders have the same cut-off 
and there is excessive back pressure in the high-pres- 
sure cylinder at cut-offs less than half-stroke. 





NOTES FROM THE NORTH. 

Gtascow, Tuesday. 
Glasgow Pig-Iron Market.—There was quite a depressed 
feeling in the pig-iron market last Thursday, the brokers 
had large orders from clients to sell, but few to buy. The 
consequence was that the market was in a very weak 
condition, and the quotations, especially for English iron, 
went down severely. The price of Scotch iron fell to 
50s. 6d. per ton cash, being a decline of 11d. on the day. 
Hematite iron dropped in price 1s. 8d. per ton, to 62s. 6d. ; 
and the price of Gooden iron gave way Is. 9d. per ton, 
to 50s. 6d.—the same as the price of Scotch iron, whereas 
two days previously it stood 1s. 6d. per ton dearer. On 
the following day the market was very flat and featureless, 
especially during the forenoon meeting of the ‘‘ring,” 
any little business that was transacted being almost ex- 
clusively of a jobbing character between brokers. At 
the close there were buyers at 50s. 34d. per ton 
for Scotch iron, at 50s. 9d. for Cleveland, and at 
62s. ld. per ton for hematite iron. it not 
been for the buying by operators to close accounts, 
it is probable that prices would have been still lower. 
The tone of the afternoon market was still more de- 
pressed. Scotch iron broke 50s., falling in price 74d. per 
ton ; Cleveland fell 44d. per ton, and hen.atite iron 1s. 34d., 
while after hours it was an offer at the lowest, with no 
buyers. The settlement prices at the close were—Scotch 
iron, 49s. 104d. per ton; Cleveland, 50s. 14d.; hematite 
iron, 61s. per ton. Neither the large weekly shipments 
of pig iron nor the extensive withdrawals from the war- 
rant stores seem to have the slightest influence in arrest- 
ing the downward movement in prices. The market was 
extremely flat on Monday forenoon, when the price of 
Scotch iron dropped to 48s. 9d. per ton. At that price, 
however, ‘‘ bears” began to purchase, and at the close 
there were buyers at 49s. 04d. per ton cash. Cleveland 
iron fell in price to 48s. 6d. per?ton, finishing with buyers 
at 49s.; while hematite iron declined in price to 58s, 2d. 
In the afternoon there was some buying by profes- 
sionals; but the speculative weakness consisted in the 
expressed anxiety of dealers for a recovery in order to 
put out their “‘ bears” again at a higher level. The out- 
side public showed that they were leaving the market 
severely alone. At the close the settlement prices were— 
Scotch iron, 49s. 04d. per ton; Cleveland, 48s. 103d.; 
hematite iron, 58s.6d. per ton. A slight stiffening influ- 
ence was produced upon the market at the opening to-day 
by large withdrawals from store yesterday, ut the effect 
was soon lost, and the sitting of the ‘‘ ring” finished with 
buyers at 48s. 104d. per ton for Scotch iron, 49s. 44d. for 
Cleveland, and 58s. 24d. per ton for hematite iron. In 
the afternoon down to 48s. 9d. per ton was reached for 
Scotch iron, with buyers at the close offering 48s. 11d. 
No business in Cleveland iron was reported, and 
transactions in hematite iron were done down to 
57s. 104d., but at the close buyers were offering 
58s. ld. per ton cash. The settlement prices at the 
close were—Scotch iron, 49s. per ton ; Cleveland, 49s. 9d. ; 
Cumberland hematite iron, 58s. 14d. per ton. The follow: 
ing are the quotations fur several brands of makers’ iron 
No. 1: Langloan, 73s. per ton; Coltness and Calder, 
71s. 6d. ; Tentaharvie, Summerlee, and Glengarnock, 
70s. ; Carron (shipped at Grangemouth), 77s. per ton. 
The stock of pig iron in Messrs. Connal and Co.’s public 
warrant stores last night stood at 826,431 tons, as com- 
pared with 835,108 tons this day week, thus showing for 
the five working daysa decrease amounting to 8677 tons. 
During the month which ended yesterday, the stocks of 
Scotch iron in the warrant stores decreased to the extent 
of 44,834 tons, as compared with 35,200 tons in February, 
and 30,601 tons in January, making a total of 110,635 tons 
on the quarter. Last week’s shipments of pig iron from 
all Scotch ports amounted to 10,856 tons, as compared 
with 6695 tons in the nen, week of last year. 
One furnace at Coltness Iron Works has been turned from 
ordinary to hematite iron during the week, but otherwise 
there is no change to report. The number of furnaces in 
actual operation is still 89, against 82 at this time last 
year. 


Shipments of Machinery, dc., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from 
the Clyde, reported last week, included the following: 
Sugar-crushing machinery, marine engines, &c., of the 
value of 14,520/., chiefly for Calcutta, Madras, Demerara, 
New Zealand, Bombay, Santander, italy, Trieste, Chili; 
sewing machine parts, for Bordeaux, Calcutta, Kurrachee, 
Madras, Gothenburg, New York, and Chili, valued at 
4362. ; blooms, billets, plates, bars, and other steel goods, 
of the value of 4900/., chiefly for Trieste, Kurrachee, Cal- 
cutta, Italy, New Zealand, New York, Chili, and the 
Cape; pi and other castings, Lye bars, sheets, 
tubes, bridge iron, railway iron, and miscellaneous iron 
goods, valued at 69,460/. 

Clyde Shipbuilding Trade ; Launches during March.— 

wie coe a continuance of the briskness in the 





There has 
Olyde shipbuilding trade during the past month, although 


The cylinder | yy, 


the output of new hiore is considerably under that re- 
corded for the month of February. Nineteen vessels, of a 
total of 23,582 tons, were launched in the course of the 
month, thus making for the first quarter of the year a 
total of 59 vessels, ting 81,211 tons, which has not 
been equalled since the first quarter of 1883. The month’s 
launches included the Gulf of Lyons, 2800 tons, built by 
essrs. Caird and Co., for the “Gulf” Line Steamship 
Company, of Greenock ; the Highland Chief, 2700 tons, 
built by Messrs. Alexander Stephen and Sons, for a 
Livepool firm, to be used in the River Plate dead meat 
trade; the Simla, 2200 tons; the Elmbank, 2200 tons ; 
the Vauban, 2000 tons; the Brazil, 2000 tons, and other 
steamers and sailing vessels. 


Contract for Dredgers.—Messrs. Lobnitz and Co., ship- 
builders and engineers, Renfrew, have just contracted to 
build three large dredgers. The order is understood to 
have come through a London firm. 


Dredging Extraordinary.—The dredger Preston, built 
by Messrs. Fleming and Ferguson, Paisley, belonging to 
the Corporation, and at present working in the Ribble 
two or three miles below the Bull Nose, lifted 20,000 tons 
of clay and gravel in forty-six hours during her first 
week’s work, a most extraordinary record in dredging 
annals, Such a feat has, so far as can be learned, never 
before been achieved by any dredger afloat ; and it speaks 
highly for the capability of the huge machine and the 
thorough efficiency of its management. 


Prices of Clyde-Built Ships.—At present full-powered 
passenger steamers may be said to . quoted at 28/. to 
3ll. per ton gross register, and steel cargo steamers at 
from 15/. to 17/. per ton gross register, or 11/. to 13/. per 
ton deadweight, while steel sailing ships can be con- 
tracted for at 11/. 10s. to 12s. 5s. per ton. 


Cokemaking in Ayrshire.—Messrs. Merry and Cuning- 
hame have commenced the erection of twenty coke ovens 
on what is said to be an entirely new principle at their 
iron and steel works, Glengarnock, Ayrshire. These 
ovens will make good hard foundry coke from ordinary 
dross, a charge of 50 cwt. yielding 35 cwt. of coke. It is 
expected that they will be in full operation in the course 
of three or four months. They are being erected under 
the personal superintendence of Dr. von Baur, the 
patentees’ engineer. 


Malleable Iron and Steel Trades.—The malleable iron 
trade of this district is at present in a very unsatisfactor 
state. Makers who have contracts on hand at the high 
prices find it all but impossible to get their customers to 
supply specifications. As to new orders, a fair quantity 
of these have been in the market within the last week or 
ten days, but they were placed at prices which show a 
very marked decline on the former quotations, which are 
still nominally in force. On February 13 last the lowest 
grade of common bars was quoted at 8/. 12s. 6d., second 
grade 8/. 15s., and the first grade at 8/. 17s. 6d., the 
price of best bars being 10s. per ton higher. During 
the last few days work has been accepted in this dis- 
trict at 7/. 10s. for the best quality, and merchants 
quote as full prices for common bars 7/. 10s. to 8l., 
less 5 percent. The sheet-makers state that they con- 
tinue very busy, and they are still quoting 10/. 10s., 
the highest price; but work has been placed at 8/. 12s. 6d., 
less 5 ye cent., and less than this is being quoted b 
English makers for delivery f.o.b. at London.  Steel- 
makers report that there has been rather more inquir 
within the last week or two, but the amount of fresh 
work being placed is not very large. There is still a large 
amount of work to be got out under old contracts. e 
market for new work is in an unsettled state, and it is 
believed that if confidence were once restored by the 
belief that pig iron had reached something like a reliable 
basis in price, and the labour troubles at an end, a fair 
amount of work might be at once available. Makers are 
quoting prices 10s. down from the highest point for ship 
and ,boiler-plates, angles being also oo Ship-plates 
are quoted at 9/. 10s., boiler-plates at 10/. 10s., angles at 
8/. to 8. 5s., and bars at 9/. to 91. 5s., all less 5 per cent. 
discount for delivery in the Glasgow district. 


The Scotch Coal Miners.—It appears that in some coal- 
mining districts af Scotland the colliers are still of opinion 
that the state of trade warrants a further increase in 
wages, notwithstanding the fact that the present very 
high prices of coals are alleged on all hands to be a princi- 
pal cause of the stoppage of fresh orders in the manufac- 
turing trades. Slamannan miners have approached their 
employers for an increase of pay, which, it is stated, the 
latter cannot concede. They also say that they are pay- 
ing the highest wages given to miners in Great Britain. 


The New Caledonian Station at Dundee.—Rapid pro- 
er is being made with the new station of the Cale- 
onian Railway a at South Union-street, Dundee, 
and not many weeks will now elapse before the various 
officials will be in the occupancy of the several chambers 
provided for them in the new buildings. We recently 
described this station very fully in ENGINEERING. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Y esterday the attendance 
on ’Change was small, and the market was “a eos. A 
fair business, however, was done in warrants. The opening 
uotation for prompt f.o.b. delivery of No. 3 g.m.b. 
leveland pig iron was 49s. 6d., but at the close of the 
market some sellers were asking 50s. Buyers were not 
to be found, however. For cerey to the end of June 
there were merchants willing to sell at 50s. 6d., but no 


business was recorded. Makers, as a rule, would not 





quote at all. None of them will do business at anything 
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like the present market quotations, believing that prices 
will advance again ere long. Middlesbrough No. 3 war- 
rants opened at 49s. 43d,, but they were in good demand 
and gradually rose to 49s. 8d. cash buyers, which was the 
closing figure. Business was done in grey forge iron at 
52s., although hematite warrants have fallen to 58s. 24d. 
Sellers here ask 70s., and even more, for Nos. 1, 2, and 3 
east coast brands of makers’ iron. 


Manufactured Iron and Steel.—Both these industries 
are very flat and prices are easier. Inquiries are few and 
new orders most difficult to obtain. Common iron bars 
are 6/. 15s., and ship-angles and ship-plates each 61. 12s. 6d. 
= ton, less the usual discount. eavy steel rails can be 

ught at 5/. 17s. 6d. and steel ship-plates at 7/. 12s. 6d. 


The West Stockton Iron Works.—We believe we are 
correct in stating that under the direction of the Court of 
Chancery the West Stockton Iron Works have just been 
sold as a going concern to the British General Investment 
Trust, Limited, with a view to carry on the works. We 
understand the purchase price for the freehold and copy- 
hold land, plant, and machinery is 75,000/.; there are, 
however, other conditions and contingencies which will 
doubtless add greatly to the purchase money of the con- 
cern. We may add that the works, which are situated 
close to the north station, have been kept steadily em- 
ployed for some years. 


Exports of Ironand Steel during March.—The returns 
of the pig iron and manufactured iron and steel ship- 
ments from Middlesbrough for the month of March, just 
issued by the Customs authorities, show a falling-off from 
those of March, 1889, in pig iron and steel, and a be 
slight increase in manufactured iron. Compared wit 
January and February this year, however, there is a con- 
siderable advance, many of the winter closed ports now 
being open. The total of all kinds cleared was 102,758 
tons, of which 69,753 tons went to foreign ports, an in- 
crease of 8114 tons over the total for February, but a 
decrease of 34,323 tons as compared with the total for 
March last year. The total amount of pig iron cleared 
was 60,683 tons, an increase of 18,716 tons on February, 
but a decrease of 26,631 tons on the corresponding month 
last year. The coastwise shipments are solely answerable 
for the decrease, as they only amount to 16,986 tons against 
53,420 last year, and for this the fall of Scotch prices to one 
level is accountable, it having almost entirely killed the 
demand from Scotland, to which country only 10,911 tons 
were despatched, against 37,382 tons last March. The 
shipments to Wales are also very small—2785 tons, against 
11,425 tons last March. The foreign shipments, however, 
are good, totalling 43,697 tons against 33,894 tons in the 
corresponding month, the Continental demand apparently 
being well maintained. The exports of manufactured 
iron for the month are nearly 10,000 tons in excess of those 
of last March, notwithstanding that there is a consider- 
able decrease in the amount sent to India—2475 tons, 
against 6779 tons. The Argentine Republic has taken a 
heavy consignment during the month, as, indeed, for 
several months past. The steel exports are poorer than 
for many months past, India having only taken some 
4700 tons, against over 16,000 tons last March, and 13,570 
tons last month. 








LAUNCHES AND TRIAL TRIPS. 

TuE s.s. Bremerhaven, which was recently launched 
by Messrs. Russell and Co. from their Greenock Yard, 
was taken on her trial trip on the Clyde. Her dimen- 
sions are: Length, 340 ft.; beam 42 ft. 8 in.; depth 
moulded, 27 ft. 4 in. ; and she has been specially designed 
for the carriage of petroleum in bulk between America 
and the Continent. Her owners are Messrs. Herman 
Stursberg and Co., of New Yor’, and she has been built 
to the designs of Messrs. Flannery and Blakiston, of 
Liverpool and London. The machinery is by Messrs. 
Duncan Stewart and Co., of Glasgow, and has cylinders 
25 in., 40 in., and 66 in. diameter, with a stroke of 42 in., 
and will be supplied with steam from two extra large 
double-ended boilers having 4800 square feet of heating 
surface. Four runs were made on the measured mile at 
Skelmorlie, where a mean speed of close on eleven knots 
was obtained. 





On the 22nd ult. Messrs Newall and Co. launched 
from their yard at the St. Philip’s Iron Works, Bristol, a 
steel-built tug and salvage steamer named the Novo- 
rossisk. This vessel has been built under the superin- 
tendence of Mr, C. F. Henwood, 22, Great St. Helens, 
London, E.C. The builders are fitting her with com- 
pound engines of 300 indicated horse-power, powerful 
salvage pumps and fire pumps. She is intended for 
service in the Black Sea, the owners being the Vladi- 
kawkas Railway Company, St. Petersburg. 





The s.s. Ovingdean Grange, which has been built by 
Messrs. Raylton, Dixon, and Co., to the order of 
Messrs Houlder Brothers and Co., of London, and under 
the superintendence of Messrs. Flannery, Baggallay, and 
Johnson, of London and Liverpool, was taken on her 
trial at sea on the 25th ult. She is 297 ft. long by. 40 ft. 
beam by 21 ft. 4 in. deep. Her machinery, by Messrs. Thos. 
Richardson and Co., of Hartlepool, has cylinders 23 in., 
37 in., 61 in. in diameter by 42 in. stroke supplied with 
steam from three powerful boilers with a heating surface 
of about 5900 square feet. The speed attained by the 
ship under reduced power was a little over 11 knots, the 
machinery working in an entirely satisfactory manner. 
The ship then left for London. 





The s.s. Alfred Dumois, built and engined by Messrs. 
Blackwood and Gordon, Port-Glasgow, for Mr. Jacob 





Christensen, of Bergen, Norway, went down the Firth 
of Clyde on Thursday, 20th ult., on her official speed 
trials, and attained a speed of 12 knots with fully 300 tons 
deadweight on board, the engines, which are of the triple- 
expansion type, working well during the run. he 
vessel is 175 ft. long, 28 ft. broad, and 19 ft. 10 in. in 
depth from awning deck. 


Messrs. S. McKnight and Co. have launched from 
their yard at Ayr, a steel screw steamer named Ethel- 
dred, built by them for the MacGregor Steamship 
Company, Limited, of which Messrs. Colvils, Lowden, 
and Co., Glasgow, are managers. The Etheldred is of 
the sewage dimensions: Length between perpen- 
diculars, 205 ft.; breadth, extreme, 28 ft. ; depth of hold 
to awning deck, 21 ft. 8 in.; and her gross register 
tonnage is 900 tons. The propelling machinery, which 
has been constructed by Messrs. David Rowan and Son, 
Glasgow, consists of triple - compound engines, with 
cylinders 18 in., 27 in., and 45 in. in diameter, witha 
piston stroke of 36 in. Steam is supplied from a double- 
ended boiler 17 ft. long by 13 ft. 6 in. diameter, and 
working to 160 lb. pressure. 

Very successful results have been got at a series of 
progressive speed trials of the new paddle steamer 

asmara, built by Messrs A. and J. Inglis, Pointhouse, 
Glasgow, forthe British India Steam Navigation Company. 
The vessel is of steel, and is 256 ft. lang, 31 ft. beam, 
and 13 ft. 6 in. deep, the gross tonnage being 900 tons. 
The engines were designed and constructed by Messrs. 
Inglis, and are of the triple-expansion type, of which 
very few have yet been constructed for high - speed 
paddle vessels. The cylinders are 29in., 47 in., and 70 in. 
in diameter, respectively, with a stroke of 78 in. The 
steam pressure is 160 lb to the square inch. Twelve 
progressive runs were made on the measured mile, and 
the mean speed of the best runs was 16.3 knots an hour, 
the guarantee being 15 knots. The results as to coal 
consumption were equally satisfactory. 





Messrs. Alex. Stephen and Sons launched on Thursday, 
the 20th ult., from their yard at Linthouse, near Glasgow, 
a steel screw steamer of about 2700 tons, named the 
Highland Chief, and constructed for Messrs. James 
Nelson and Sons, Liverpool. The propelling engines are 
of the triple-compound type, and were fitted on board 
before the vessel was launched. The cylinders are 23 in., 
37 in., and 59 in. in diameter, with a stroke of 42 in. 
and steam is supplied from three steel boilers, work- 
ing toa pressure 4} 160 Ib. to the square inch. 

Messrs. T. B. Seath and Co., Rutherglen-on-the-Clyde, 
launched on Thursday, 20th ult., a screw steamer, built 
entirely of steel, to the order of Messrs. Curwen Brothers, 
Liverpool, and intended for the fruit trade between 
North America and the West Indies. The vessel, which 
is named yreeye Dumois, is of the following dimen- 
sions: Length, 175 ft.; beam, 28 ft. ; depth, 18.3 ft. to 
awning deck. Messrs. Hutson and Corbett, of the 
Kelvinhaugh Engine Works, Glasgow, have constructed 
engines of the tri-compound type for the vessel, which 
are designed to give her a speed of 11 knots. The 
cylinders are 154 in., 24 in., and 40 in. in diameter, re- 
spectively, with a stroke of 33 in. Steam is generated in 
a single-ended boiler, 14 ft. in diameter and 11 ft. long, 
with three furnaces, and working to a pressure of 160 Ib. 

A new steamer named the Vasna, for the British India 
Steam Navigation Company, was launched on Saturday, 
22nd ult., from the yardat Troonof the Ailsa Shipbuilding 
Company. The dimensions of the Vasna are 200 ft. by 29 ft. 
by 20 ft. to awning deck. e engines, which are of the 
triple-expansion type, have been constructed by Messrs. 
Dunsmuir and Jackson, Govan. The cylinders are 17 in., 
27 in., and 44 in. in diameter, respectively, with a stroke 
of 30in. The boiler is 12 ft. in diameter and 16 ft. long, 
having four furnaces of 3 ft. 4 in. diameter, and supplies 
steam at 160 lb. pressure to the engines. 





The screw steamer Bendi, which has been built by 
Messrs. Schlesinger, Davis, and Co., of Wallsend, for Mr. 
Joseph Hoult, of Liver, 001, was on Saturday, March 22, 
tried at sea off the Tyne, and gave very satisfactory 
results. The steamer is of the following dimensions :— 
Length over all, 357 ft. ; breadth moulded, 43 ft. ; depth 
moulded, 24 ft. ; and she will carry over 5100 tons when 
fully laden. The propelling machinery, provided by the 
North-Eastern Marine Engineering Company, of Wall- 
send and Sunderland, is of the triple expansion type, 
with — 25 in., 42 in., and 64 in. in diameter, and 
45 in. length of stroke. On the trial everything worked 
with perfect smoothness, and a speed of 10} | Bt per 
hour was obtained. 


On Monday, March 24, there was launched from the 
yard of the Sunderland Shipbuilding Company, Limited, 
a steel steamer named the Calabro, built to the order of 
the Puglia Steam Navigation Company, of Bari, Italy. 
The principal dimensions of the vessel are: Let 
295 ft. ; breadth extreme, 38 ft. ; depth moulded, 26 ft. 
9 in. Triple-expansion engines by the North-Eastern 
Marine Engineering Company, Limited, of Wallsend-on- 
Tyne, will be fitted on board, having cylinders 23} in., 39 in., 
and 64 in. in diameter by 43 stroke. Two large boilers 
working at a pressure of 160 1b. will supply steam to the 
engines. 


Messrs. S. C. Farnham and Co., Shanghai, launched 
from their lower dock on Feb 2, the s.s. Chang On, 
a twin-screw steamer built for the Pa dberade trade. She is 
owned by a new company, called the Shanghai Mutual 
Steam Navigation Company, and flies the British flag. 





The following are her dimensions: 212 ft. 10in. long 
within perpendiculars and 220 ft. over all; beam, 30 ft. ; 
overguards, 38 ft.; depth of hold, 12 ft. and 20 ft. 
from upper deck. Her builder’s measurement is 
932 69/94 tons, and she will carry 400 tons deadweight 
ona mean draught of 8 ft. The hull is built of mild steel 
and the engines will be supplied by the builders, and are 
two pairs of inverted direct-acting compound surface- 
condensing engines of 85 nominal horse-power, capable of 
driving the boat at 10 knots an hour. e cylinders are 
16 in. and 82 in. in diameter, and the stroke 24 in. 





A new mail steamer, the Norseman, which has been 
built for the Union Company by Messrs. Day, Summers, 
and Co., of the Northam Iron Works, Southampton, was 
launched on March 23rd. Her principal dimensions are 
as follows: Length between a. 230 ft. ; 
breadth, 30 ft.; and depth of hold to main deck, 
14 ft. 84 in. The engines are on the triple-expansion prin- 
ciple with cylinders 164 in., 26 in., and 44 in. in diameter 
by 36 in. stroke, and are supplied with steam at 160 Ib. 
pressure from two boilers 11 i in diameter by 10 ft. long, 
with a heating surface of 2000 square feet and a grate 
area of 66 square feet. The condensing surface is 
1400 square feet. 





The new large ice-breaking steamer Murtaja, built at 
Finnboda for the State of Finland, had its trial trip on 
Sunday, March 16th. What ice was encountered was 
promptly forced. The engine, which is of 1200 horse 
— ~~ a sp2ed of about 12 knots. The trial trip was 
not final. 


Messrs. Caird and Co. launched on the 28th ult. from 
their yard at Greenock a steel screw steamer named the 
Gulf of Lyons, which has been constructed by them for 
the Greenock Steamship Company. The vessel is 314 ft. 
long by 42 ft. beam, and 264 ft. deep, and her tonnage is 
3000 tons. The builders will supply triple-compound 
engines of 2000 horse-power. 





The s.s. Edith, built by the ay pee Dockyard 
Company and engined by Messrs. Alley and Maclellan, 
Glasgow, recently went on her speed trials on the Firth 
of Forth and attained satisfactory results, the mean speed 
being 10 knots. The Edith is of the following dimen- 
sions : Length between perpendiculars,, 260 ft. ; breadth, 
37 ft, ; depth, 19 ft. 5 in., and the deadweight carrying 
capacity is 2700 tons. The engines, which are of the 
triple-compound type, have cylinders 19 in., 31 in., and 
50 in. in diameter by 39 in. stroke, and are supplied with 
steam at 160 lb. pressure from two boilers 124 ft. by 10 ft. 
The Edith is owned by Messrs. Robinson Brothers, 
Whitby. 





On March 27th, Messrs. Raylton, Dixon, and Co. 
launched from their Cleveland dockyard a steel screw 
steamer which they have built for Messrs. Arthur Hol- 
land and Co., London, of the following dimensions : 
Length, 307 ft.; breadth, 40 ft.; depth moulded, 21 ft. 
4in.; with a ae carrying capacity of over 3600 
tons. Her engines will be supplied by Messrs. Thomas 
Richardson and Sons, Hartlepool, on their triple-expan- 
sion principle, with cylinders 22 in., 36 in., and 59 in., by 
39 in. stroke. On leaving the ways the vessel was chris- 
tened Ruskin. 


The steamship Churruca, which has just been fitted 
with triple-expansion engines by Messrs. D. Rolls and 
Sons, of the Fulton Engine Works, Liverpool, ran her 
trial trip on March 22. ‘The Churruca is 190 ft. long by 
26} ft. broad by 16 ft. deep. The engines have cylinders 
18 in., 29 in., and 46 in. in diameter by 30 in. stroke, and 
work with steam at a pressure of 160 lb. per square inch. 
The trial passed off very satisfactorily, a mean speed of 
12? miles being attained on the measured mile. 





The Motala Engineering Company, Sweden, has re- 
cently delivered the new steamer Baron Stjernblad to the 
United Steamship Company, Copenhagen. The principal 
dimensions are: Length, 2124 ft.; breadth, 31 ft. 2 in. ; 
depth, 18 ft. 10 in. ; carrying power, 1240 tons. The 
engine is on the triple-expansion system. At the final 
trip on Saturday, March 22, the new steamer gave great 
satisfaction ; speed about 10 knots. 





Messrs. Russell and Co., launched on Wednesday, 26th 
ult., from their yard at Kingston, Port-Glasgow, a four- 
masted steel barque of 2200 tons net register and to carry 
3600 tons deadweight on Lloyd’s freeboard. The dimen- 
sions of the ship are: Length, 278 ft. ; breadth, 42 ft. ; 
depth, 24 ft. 3in. She is named Elmbank, and is owned 
by Messrs. Andrew Weir and Co., Glasgow. 





Messrs. Mackie and Thomson, Govan, launched on 
Thursday, 20th ult., a steel screw steamer named Cor- 
sican, built to the order of Messrs. Muir and Houston, 
engineers, Glasgow, for Messrs. J. M‘Farlane and Co., 
Glasgow. The dimensions of the vessel are as follows: 
Length between perpendiculars, 148 ft.; breadth, 
23 ft. 6 in. ; depth moulded, 11 ft. 6 in. ; and the gross 
tonnage is about 348 tons. The engines, which are 
of the triple-expansion type, to indicate 450 indicated 
horse-power, and give the vessel a speed of from 11 to 114 
knots an hour, have been constructed by Messrs. Muir 
and Houston. The cylinders are 13in., 214 in., and 34in. 
in diameter respectively by 27 in. stroke of piston. Steam 
is supplied from two boilers 12 ft. in diameter by 9 ft. 6 in. 
long, working to a pressure of 160 lb. e heating sur- 
face is 977square feet and the grate surface 45 square feet, 
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WE illustrate above a machine by the Brown and 
Sharpe Manufacturing Company, of the kind known 
in America as a screw machine. This is designed to 
make any kind of screws and studs out of bar iron and 
steel, and also to drill, tap, and face nuts. It is, how- 
ever, not confined to these operations, and every 
mechanic will at once see that it is excellently well 
adapted for many forms of light work. 

The spindle is of steel and bored from end to end 
with a 1,%-in. hole; it carries a three-step cone, the 
pulleys being 6 in., 84 in., and 11 in. in diameter re- 
spectively. The spindle runs in two bearings, both of 
steel, hardened and ground. The front bearing is 
2} in. in diameter by 33 in. long, and the rear one 
2} in. by 2 in. The revolving turret head is mounted 
on a slide, capable of moving 9§ in.; in the head there 
are seven holes, each Mead agg boy The greatest length 
attainable between the head and the front of the chuck 
is 164 in.; the length that can be milled is 6{in. The 
largest diameter which can be admitted over the bed is 
13% in., and over the slide 6} in.; the length of the bed 
is 50 in. 

The machine is provided with special tools for hold- 
ing work, Fig. 2 shows a device to be used in threading 
screws and in tapping, when it is desirable to cut the 
thread up to a shoulder or to a given point, and posi- 
tively no further. 

Supposing a thread is to be cut up to a shoulder on a 
stud. The shank A is fixed in the turret head, which 
is left free to slide forward up to a stop; the half- 
clutches B B are set to engage with each other, and 
the die is placed in the mouth of the holder. The die 
is then pushed up to the rotating stud and is screwed 
on to it, until the turret head meets the stop. The 
nee E still continues to advance till the half-clutches 

B become disengaged, when the screwing ceases and 
the die revolves with the stud. The motion of the 
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spindle is then reversed and the clutches C C are 
engaged by the backward motion of the turret head, 
whereupon the stud is screwed out of the die. 

Fig. 3 is an attachment for aiding the slotting of 
screw heads, and it is said that by its use a boy can 
slot 10,000 to 15,000 screws a day. The platform A is 
bolted to the lathe bed, with the lever projecting at 
right angles to the bed. By moving this lever hori- 
zontally the jaw is opened for the reception of the 
screw, which is then, by a downward movement of the 
lever, brought against a revolving cutter held in the 
centres of the lathe. A stop screw regulates the depth 
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Fic. 6. 


of cut. The working part of the apparatus can be 
| raised or lowered on the platform by the bolt C 

| Figs. 4 to 6 are full size examples of work done on 
this machine. The first isa screwed cap with a milled 
head; the second and third are parts of sewing 
machines. This machine will turn these and much 
more complicated forms with wonderful rapidity, and 
practically without the use of any handicraft or me- 
chanical skill on the part of the boy in charge. 
Messrs. Brown and Sharpe’s agents in England are 
— Buck and Hickman, 280, Whitechapel-road, 

ndon, 
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FRIDAY, APRIL 4, 1890. 
NAVAL ADMINISTRATION. 
Tue long looked for report of the Royal Com- 
mission on the Naval and Military Departments 
(reports of Royal Commissions are generally long 


looked for) has appeared. So far as the report itself 
is concerned, the public has not much to complain 





be | of, for there is a very fair quantity of it ; but in the 


matter of minutes of evidence there is very short 
measure. We should not be disposed to grumble 
at this, for it is of the nature of evidence taken before 
a commission of this kind that there should be 
much repetition by different witnesses ; and even 
the statements of individual witnesses will often 
bear compression. We must confess, however, 
that we prefer to do our owncompression. Facts 
which may honestly appear unnecessary to be re- 
corded by an official précis writer, may be very 
necessary to be known to those not so well informed ; 
and their omission may prevent a due appreciation 
of the position. In the present case, the abstract 
of the evidence has every appearance of having 
been done with scrupulous fairness. 

We must not, however, look our gift horse too 
curiously in the mouth. At one time it seemed 
very doubtful whether the proceedings would see 
the light of publicity at all, and the Commissioners 
tell us in their report, ‘‘ that much of it (i.e., the 
evidence) has been given on the understanding that 
it should not be made public.” 

The Commission consisted of the Marquis of 
Hartington, Lord Randolph Churchill, Lord Revel- 
stoke, Mr. W. H. Smith, Mr. Campbell-Bannerman, 
Sir Richard Temple, Rear-Admiral Sir Frederic 
Richards, Lieutenant-General Brackenbury, and 
Mr. T. H. Ismay. Major G. 8. Clarke, acted as 
secretary. The Commissioners divide the subject 
matter of their report under the following heads: 
(A) The measures required to insure full and sufli- 
cient administrative harmony between the naval and 
military services. (B) The internal administration 
of the Admiralty. (C) The internal administration 
of the War Office. (D) The relation of the Treasury 
to both departments of State and matters of control 
generally. 

As the report points out, great divergence of 
opinion existed between the evidence given by 
those called before the Commission. This is in a 
great measure attributed to the questions being 
approached from different points of view, and serves 
to illustrate the difficulties of the task with which 
the Commission was called upon to deal. 

The first thing to do in studying this report, and 
the subject at large with which it deals, is to arrive 
at a definite conclusion as to the official meaning of 
Every one knows the 


the word. The dictionary tells us it is ‘‘ account- 
ability for a trust or other liability ;’ but this is 
manifestly not the official, or at any rate the parlia- 
mentarian’s rendering of the term. Briefly stated, 
the first Lord of the Admiralty is officially respon- 
sible for everything that occurs in connection with 
the Navy. Thus, were the present Government 


23 | defeated, and the opposition to come into power, 


any supporter of the new Government who might 


|! be appointed to the Admiralty, would become re- 
25| sponsible for everything done within the walls 


from the hour of his coming into office. He would 
be responsible, that is liable, but liable to what ? 
It is useless imposing responsibility without provid- 
ing punishment ; it is as if a lawyer introduced a 
penal clause in a legal instrument without providing 
a penalty for lapse. What penalty is there for a 
peccant First Lord of the Admiralty? If ships be 





badly designed will his conscience prick him? If 
there be an error of three-quarters of a million in 
the accounts, will he lose character? or if the Navy 
prove insufficient for the country’s defence will he be 
impeached ? Hardly, for he would then take refuge 
behind the perfectly just and natural plea that he 
knew nothing of these things ; that he trusted te 
others and others failed him. One hears nothing of 
this plea now. The First Lord accepts his respon- 
sibility with a light heart, for there is no penalty. 

The absurdity of the present system lies chiefly 
in its lack of permanency. The present First Lord, 
for instance, has shown that he possesses high 
administrative capabilities, and had he served any 
sort of apprenticeship to learn the elements of his 
business, would in time, no doubt, prove as good a 
man as could be selected for the position. As it 
is, the three or four years’ training he has received 
has taught him a good many things he ought to 
know ; but supposing war were declared to-morrow 
with one or more of the great naval powers, 
nothing would be more likely than that the Govern- 
ment would be defeated. We should then havea 
new First Lord, probably new Naval Lords, and a 
new Parliamentary secretary, in fact a new Board 
of Admiralty. It is proverbially dangerous to swap 
horses whilst crossing a stream. 

The first report of the Commissioners, which deals 
with Sections A and B, is signed by all. Five of 
them, however, viz.: Lord Randolph Churchill, 
Sir Richard Temple, Admiral Richards, General 
Brackenbury, and Mr. Ismay add qualifying para- 
graphs ; whilst Lord Randolph Churchill in addi- 
tion supplements the report with a memorandum 
which has more pith than all the rest of the report. 
We will return to it later, dealing first with that 
part of the report, Section B, which refers to the 
internal administration of the Admiralty. 

The Royal Navy, as is well known, is adminis- 
tered by a Board of Commissioners appointed by 
patent to execute the oflice of High Admiral. 
Under the patent full power and authority are 
conferred upon ‘‘ any two or more” Commissioners 
‘* to do anything which belongs to the office of our 
High Admiral.” That is the theory ; as a matter 
of fact ‘‘any two or more” of the Commissioners 
have full power to do just what the First Lord wills ; 
and no more. The original procedure under the 
patent has been altered by orders in council and 
unauthorised custom until the whole power now 
centres in the First Lord. Mr. MacGregor, the 
permanent Secretary to the Navy, says in his 
evidence, ‘‘the First Lord’s permission is re- 
quired before subjects can be brought before the 
Board, and he decides all questions brought before 
the Board, no voting being allowed.” Again, ‘“ if 
any member of the Board represents to the First 
Lord that a certain thing ought or ought not to 
be done and he is overruled, he can resign and 
so clear himself of all responsibility ; but if he 
retain his position after he is overruled he prac- 
tically acquiesces in the First Lord’s decision.” In 
Mr. MacGregor’sopinion, ‘‘if war broke out suddenly 
and owing to a want of proper organisation a catas- 
trophe happened, the First Lord would be primarily 
responsible.” Sir Anthony Hoskins, lately second 
Naval Lord, is more emphatic. He ‘‘ considers that 
the First Lord is absolutely responsible for every- 
thing ;” and is quite satisfied with the arrangement 
‘*in the event of anything going wrong.” Admiral 
Sir A. Hood, First Naval Lord, also ‘‘acknow- 
ledges the supremacy of the First Lord in every- 
thing ;” and, ‘‘is quite satisfied with the present 
working of the Board so long as it is carried 
out as at present.” One great advantage of the 
present system is, in Admiral Hood’s opinion, 
‘*that the First Lord, in taking office, has the 
power of selecting the man whom he wishes for 
First Naval Lord.” Speaking on this subject, the 
First Lord himself, as an illustration, takes the 
case ‘‘of an admiral commanding the fleet ; he is 
responsible for everything that occurs in that fleet. 
If there is a collision between two vessels in that 
fleet, he need not necessarily be responsible ; it 
would depend whether the captains commanding 
those ships had obeyed their orders and had shown 
judgment.” Lord George Hamilton contends ‘‘that 
just the same principle applies to the Admiralty 
as applies to a fleet afloat. One man isat the head 
of affairs, and is responsible, and he must accept 
his responsibility ; but on the other hand he holds 
those under him responsible for discharging the 
duties allocated to them and giving him full infor- 
mation on the points on which they are autho- 
rities.” We woul vemens to point out that country 
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gentlemen, lawyers, merchants, or in fact men of any 
or no occupation, so that they are Parliamentarians, 
are not appointed to the dignity of admirals. 

Rear-Admiral Hotham, Junior Naval Lord, said in 
his evidence that he was ‘‘certainly not on the same 
terms of equality with his colleagues of the Board, 
as a member of the board of directors of a company 
would be with his co-directors.” He believed that 
by the patent the members of the Board of Ad- 
miralty are all equal, ‘‘ but by custom and usage it 
has never been so.” He considered ‘‘the First 
Lord entirely responsible for the administration of 
the Navy; ... and it is almost impossible to 
define how the Board work together collectively. 
He had no responsibility whatever for the general 
naval policy of the Board; and. . . did not con- 
sider the Board of Admiralty as a whole responsible 
for the strength of the fleet.” He was ‘‘ certainly 
not satisfied with the present strength of the fleet.” 
He did not think that even if the Junior Naval 
Lords recorded their opinions it would make much 
difference ; a statement which is quite borne out by 
the experience of Lord Charles Beresford, who was 
told, when he refused to indorse estimates he had 
not before seen, that ‘‘ it made no difference.” 

The Board of Admiralty is comprised of the First 
Lord, four Naval Lords, one being also Controller 
of the Navy, one Civil Lord, the Parliamentary 
and Financial Secretary, and the Permanent Secre- 
tary. The latter, it should be stated, is simply 
‘‘the mouthpiece of the Board ;” at least so he 
modestly styles himself. 

‘*The Admiralty,” the Commissioners say in the 
report, ‘‘is not administered in accordance with the 
terms of the patent, under which equality of responsi- 
bility appears to be conferred upon the members of 
the Board, but in accordance with long usage con- 
firmed by recent ordersin council. This involves a 
certain anomaly. The actual administration does 
not rest upon a Board of Admiralty, but upon the 
supreme authority of the First Lord, whose power in 
the distribution of business among the Lords is abso- 
lute, within the limits detined by the before-mentioned 
orders in council. In this distribution differences 
of administrative and executive powers must neces- 
sarily arise. Thus the First Sea Lord has long 
been recognised, under the schedule of his duties, as 
the principal adviser of the First Lord, and has 
occupied on that account a special position. 

‘¢The anomaly pointed out probably lies at the 
root of much of the criticisms which has been 
expended upon the administration of the Admiralty, 
and it might, therefore, seem desirable to effect 
reconciliation between the terms of the patent and 
present usage. The difficulties which would arise 
in attempting to carry out the necessary changes 
would, however, be considerable, and we doubt 
whether sufticient advantage would be gained 
thereby.” 

The Commissioners are right in the latter con- 
clusion—indeed, they have on their side scriptural 
authority relating to the patching of worn-out gar- 
ments. Some of our national vesture will not bear 
examining, much more patching. It is wonderful 
how it holds together as it does. 

The reforms proposed by the joint Commissioners 
in their report are not of a very sweeping nature. 
Thedutiesof the First Naval Lord are first dealt with. 
‘* Bearing in mind,” says the report, ‘‘the nature of 
the questions of naval policy which have to be con- 
sidered and ultimately de cided by a civilian minister 
acting on his own responsibility and possessing no 
previous knowledge on these matters, we consider 
that the duty of advising him on such subjects should 
form the principal duty of the First Naval Lord, 
with which no other duty should be permitted to 
interfere.” We think the Commissioners might 
have gone a little further in the same direction. 
They might have advised that the Admiralty clerks 
who have to instruct a new First Naval Lord, in the 
matters upon which he has ia turn to instruct the 
First Lord, should be relieved of distracting details 
likewise. 

As regards the other members of the Board, the 
Commissioners state that: ‘‘In order to preserve 
the continuity which must at present be mainly 
maintained by the civil officers of the Admiralty, 
we are of opinion that . . . the Naval Lords should 
be appointed for a definite period, subject to the 
right of the First Lord to select new Naval Lords 
when he considers a change desirable.” 

The report next considers the expediency of 
strengthening the professional staff of the Admiralty 
and transferring to naval officers some of the duties 
now performed by civilians. ‘‘ Your Majesty’s 





Navy,” continues the report, ‘‘is now administered 
by civilians to a far greater extent than is the case 
with other powers. In this there are doubtless ad- 
vantages. Greater continuity is obtained than 
would be possible if the business of a large portion 
of the department were directly administered by 
naval officers.” On the other hand the report 
points out that ‘‘ by appointing naval officers for 
service on the Admiralty staff, the advantages are 
gained of disseminating more widely throughout 
the service that knowledge of the system of adminis- 
tration, and of its possibilities and difficulties, 
which is calculated to inspire confidence and temper 
the critical spirit with which a central department 
of State is apt to be regarded by those who serve 
under it.” The last consideration is one of much 
weight, so far as times of peace are concerned. 
It is desirable that naval officers should be brought 
in contact with the organisation by which they 
are governed, so long as precautions are taken 
to prevent the constant accession of new men from 
throwing the work of the office into confusion. This 
might perhaps be a difficult thing to arrange. But the 
Navy and the Admiralty office exist for a time of 
war, and, putting other considerations on one side, 
it would be unjust to naval officers to keep them 
cooped up in an oftice in obscure positions whilst 
their compeers were enjoying opportunities of dis- 
tinguishing themselves in active service. 

It has been suggested that a naval officer should 
be appointed as permanent secretary, and, indeed, 
such was the practice from 1872 to 1884. The Com- 
missioners consider that certain advantages would 
be gained, provided that an officer could be found 
possessing the special qualifications for the post. 

The following paragraph refers to another matter : 
‘* We consider that it would be of advantage if each 
member of the Board were required to prepare 
annual reports of the condition and working of 
the branches of the service placed under his imme- 
diate control. This practice would tend to mark 
that individual responsibility for administration of 
well-defined duties which we desire to enforce. 
These reports would also form a useful foundation 
for the memorandum which is now presented 
to Parliament with the annual estimates by the 
First Lord, to the continuance of which in a com- 
plete form, as a record of past proceedings and pro- 
posed policy, we attach considerable importance.” 

The recommendations of the Commissioners as to 
the administration of the Admiralty are summed up 
as follows : 

**1, Full recognition of the complete and indi- 
vidual responsibility to Parliament and the country 
of the Cabinet Minister at the head of that depart- 
ment for all matters connected with your Majesty’s 
Navy. 

‘¢2. Constitution of the oftice of the First Naval 
Lord as that of chief adviser of the First Lord in 
all great questions of naval policy. 

‘*3. Clear definition of the administrative duties 
of each of the remaining Lords and direct responsi- 
bility of each of them to the First Lord for his own 
duties. 

‘*4, The Board to be regarded as a standing 
council for naval affairs, but the existence of such 
council in no way to diminish the responsibility of 
the First Lord.” 

The report, as we have stated, is signed by all 
the Commissioners, but there are dissentients to 
some of the clauses. Lord Randolph Churchill’s 
memorandum refers to a section of the report with 
which we have not yet dealt, viz., that treating of 
the measures required to insure administrative 
harmony between the Army and Navy. This we will 
leave for the present. Sir Richard Temple dis- 
sents from the statement that the First Naval Lord 
is de facto chief of the staff of the First Lord, as 
being inconsistent with the position of the former, 
as it ought tobe. Admiral Richards is of opinion 
that the oftice of Lord High Admiral being in com- 
mission and subject to the supremacy of the Cabinet 
Minister presiding, the Commissioners should be 
co-equal. The distinction between the First Naval 
Lord and his professional colleagues proposed by 
the report would, Admiral Richards states, prac- 
tically annul the constitution of the Board. He 
would, therefore, advise a return to stricter ad- 
herence to the original terms of the patent. 
General Brackenbury’s and Mr. Ismay’s objec- 
tions refer only to Section A, or administrative har- 
mony between the naval and military services. 

We have yet to deal with the latter part of the 
report of the Commissioners, a task which we shall 
defer for another issue. 





ENGINEERING AND SHIPBUILDING 
INDUSTRIES IN SCOTLAND. 

Duriné the first three months of the year there 
were exported from the west of Scotland to colo- 
nial and foreign ports, according to statistics com- 
piled from the Custom House returns, 745,834l. of 
machinery of all kinds, and steel and iron manu- 
factures. This total, while a trifle less than in 
the concluding quarter of last year, considerably 
exceeds any quarter in several years back, and 
indicates the general activity in engineering in- 
dustries so far as production is concerned, but it 
should be noted that there is now a dearth of new 
orders. 

Of steel manufactures the shipments are valued 
at 81,298/., which is about the average of the 
quarters’ totals for two years; but 1887 was an 
unusually ‘‘heavy” year, the average quarterly 
total being about 107,000/., about 30 per cent. 
more than in the period under review; but the 
increased home consumption has been great. The 
steel works are as busy now as ever they were. 
India and China took 34,4511. worth, considerably 
more than the average, although in 1888 they im- 
ported largely from the district, the quarterly 
returns then showing totals corresponding to that 
of the past quarter. The United States and 
Canada, on the other hand, continue to show a 
decline in their steel requirements from this 
country. Last quarter only 21361. were shipped, 
30 per cent. less than in the same period last year. 
Two or three years ago these countries took over 
50,0001. of steel quarterly. Australasia and the 
Continent are taking less, but Africa and South 
America are taking more, especially the latter. 

The exports of manufactured iron total 432,5551., 
which indicates a recovery from the decreasing 
totals of the past two years, when the average was 
about 300,000. This gain is due to the increase in 
the shipmentsto the eastern countries, whither about 
a third more has been sent, and to South America. 
The States have maintained last year’s increase, 
Australasia have taken about the average, and the 
Continent nearly 10 per cent. more than last year. 

General machinery imports were valued at 
105,2821., while in the corresponding months last 
year the amount was put at 122,5501.; but this was 
considerably above the figure in the same period in 
the preceding three or four years. In the fourth 
quarter of last year the value given was 150,3211., 
while the average quarterly exports in the past two 
yearswas120,0001. Indiaand China havetaken about 
the average, America’s demands continue to fall off, 
although the ‘‘ take ” compares well with that at the 
same period last year. Australasia has received con- 
siderably more, the three months’ total, 10,480/., 
being greater than the total for the twelve months 
of 1888. West Indies and South America, and the 
Continent have each taken 50 per cent. less. 

The improvement noted last year in the export 
trade in locomotives is maintained. The total value 
being returned as 90,469/., against a quarterly 
average of 90,0001: last year, and of 71,000/. in 1888. 
Not for five years has the first quarter of the year 
had such a large total. The Continent continues 
to receive large consignments, having in the past 
three months taken 50,000/., while the exports 
thither in the three years ending 1888 combined 
did not much exceed that total. Last year, how- 
ever, the aggregate was 134,349/., giving an average 
of 33,6001. Australasia is also a better customer, 
the total shipments for the period under review, 
14,0001., being on a par with those for the whole 
of last year. India is likely to have as small a 
total as last year, when the decrease was more than 
200 per cent. on the aggregates for each of the three 
preceding twelvemonths. Other countries have 
taken comparative small consignments. 

Except in the case of eastern countries, there is 
a decrease all round in the shipments of sewing 
machines, which for the quarter are valued at 
37,230]., whereas the average quarterly figure 
last year was 57,000/., and in 1888, 35,0007. The 
Continent particularly shows a decline from last 
year of 50 per cent., but compared with preceding 
years the decline is not so pronounced. 

It is interesting to note that the ships which 
left the river for foreign parts in the three months 
numbered 389, and made up an aggregate tonnage 
of 422,141 tons net register, which is considerably 
more than in the corresponding quarters in several 
receding years, being 25,000 tons net more than 
ast year. The average size of the vessels is 
1085 tons net register, exactly the same as last 








cca faliadith taaibaiabaeame 


sabe 


ene 





ENGINEERING. 


419 





Apri 4, 1890.] 





year, while in 1888 it was 1047 tons, in 1887, 1017 
tons, and in 1886,1000tons. The arrivals numbered 
352 vessels of 356,145 tons net register, also a good 
increase on the figures for the first three months 
of preceding years, the totals having improved since 
1886, when the aggregate tonnage was 274,009. 
There is an increase of 20 tons in the average size of 
the vessels over last year, and of 140 tons net register 
over 1886, an indication of the increasing size of 
general traders. 

The shipbuilding trade continues active, although 
there are few new contracts being booked. The 
vessels launched from the yards throughout Scotland 
in the three months numbered 69, and the aggregate 
tonnage of these is 97,825 tons, which is equal pro- 
portionately to the production last year, although a 
trifle less than in 1888, Of this total the Clyde 
contributes fifty-six vesselsof 81,005 tons, the largest 
three months’ total excepting 1883, when the 
aggregate was 3612 tons greater. Dundee is credited 
with three vessels of 5530 tons, Grangemouth and 
Alloa five vessels of 5750 tons, Leith four vessels of 
3640 tons, and Aberdeen one vessel of 1900 tons. 
Only about 10,000 tons of new work has been 
secured this year, and the work on hand shows a 
decrease of 86,000 tons. On the Clyde alone the 
decrease is 70,000 tons, the total tonnage in course 
of construction being 229,000 tons, against 300,000 
tons at Ist January, and 293,000 at 31st March last 
year. 





THE WEATHER OF MARCH, 1890. 

THE severity of the winter was felt chiefly at the 
beginning and at the end of the season. From 
November 26th to December 6th the weather was 
very cold and nipping, and it was. similar during 
the end of February and the beginning of March. 
The first month of spring has had ‘‘many weathers,” 
cold and mild alternately, now dry and then wet. 
There has been not a little ‘‘ dust,” though scarcely 
the full ‘‘ peck” ; and the land lacked the benefit 
of a layer of snow, for there has been very little of 
it. Frosts have seldom occurred, and storms or 
gales have not been excessively violent. A fair 
month, it ended with remarkably fine, mild weather. 
The mean pressure and temperature of the atmo 
sphere at extreme positions of the British Islands 
to which the Isle of Man is central, were as follows: 


| 
Mean 





ses Mean Difference | Difference 
Positions. | Pressure. from Normal. [ettares” | from Normal. 
| in. | in. deg. de; 
North ..| 29.54 below 0.19 41 | above 2 
South De | , 45 | nil 
West 29.75 | ” -08 45 above 1 
East 29.73 a 7 a ey 
Central ©.| 2974 | 3, «| 45 Zoe 


The distribution of rain in amount and fre- 
quency may be inferred from the following results : 











Places. | Rainy Days. Amount. onde 

| in. in. 

Sumburgh .. wel 25 4.24 above 1.32 

Scilly .. os ee 14 1.20 below 1.18 

Valencia 24 4.34 above 0.10 
Yarmouth 


20 2.24 » 0.57 





The daily general directions of the winds over 
these islands give a resultant from W.438., which 
is precisely the same, when the strength of the 
winds is taken into the computation, and agrees 
with the mean distribution of atmospheric pressure; 
the normal resultant being from W. by S. Pressure 
everywhere was less than the normal and tempera- 
ture greater. The rainfall exceeded the normal 
in the north, and was only half the usual quantity 
in the south. On the 16th, 1.35 in. of rain was 
measured at Parsonstown, 1.68 in. at Roche’s Point ; 
on the 18th, 1.14in. at Sumburgh Head. The 
highest temperature, 68.8 deg., was reported at 
Greenwich on the 28th; the lowest, 6 deg., at 
Hillington on the 4th. At8a.m., the 3rd, the tem- 
sev at Sumburgh Head was 45 deg., at Cam- 

ridge only 18 deg. ; on the 4th, 48 deg. at Wick 
and Stornoway, 19 deg. at London, 15 deg. at Dun- 
geness, only 1 deg. at Munich ; on the 7th, 49 deg. 
at York, 29 deg. at Sumburgh ; on the 8th, 50 deg. 
at Valentia, 26 deg. at Aberdeen; on the 9th, 45 deg. 
at Jersey, 25 deg. at Nairn. At Greenwich the 
mean temperature of the 4th was as much as 
15.6 deg. below the average; the lowest temperature 
that morning was 13.1 deg., but on the 6th it rose 
to 54.1 deg. There the 11th, 12th, 14th, 16th, 





17th, 22nd to 31st, were fine warm days ; and on 
the 28th the thermometer in sunshine rose to 128.8 
deg., or 60 deg. above the shade temperature. The 
greatest atmospheric pressure, 30.6 in., occurred 
on the 3rd; the least, 29.0 in., on the 24th. 
Easterly winds prevailed only on five days. The 
weather notations indicate from 8 clear days in 
the south to 4 in the east ; and from 16 overcast 
days in the north to 13 in the south district. For 
the east and south-east of England the 24th is the 
driest day of the year, according to the daily ave- 
rages of many years’ observations. Having regard 
to this fact, the selection of the date for the Uni- 
versity boat-race seems judicious. Anyhow, the 
26th, on which it was rowed this year, wasa splendid 
day. During the four weeks ending the 29th, the 
duration of bright sunshine, estimated in per- 
centage of its possible amount, was for the United 
Kingdom 28, Channel Isles 38, south-west Eng- 
land and south Ireland 32, east England 29, north 
Treland 28, east Scotland, south and central Eng- 
land 27, north-east England and west Scotland 25, 
north-west England 23, north Scotland 21. 

March revels in weather wisdom. Here are 
specimens : 

‘© A wet March makes a seed autumn.” 

‘* A dry March never begs bread.” 

‘© March flowers make no summer bowers.” 

‘“* A March without water dowers the hind’s daughter.” 

‘* A peck of March dust is worth a king’s ransom.” 

Denham wrote, ‘‘A dry March makes the clay 
lands of England bear abundant crops of corn ; 
consequently, if in this month the weather is such 
as to make the highways dusty, the country will 
then be benefited to the amount of a king’s ransom.” 
Dust indicates dry weather ; and, unless March be 
dry, the seeds will rot in the wet soil. The dry 
winds of March prepare the soil for seeds which 
germinate and produce cropsinautumn. In March 
solar radiation exceeds terrestrial radiation. Hence 
in clear weather the heat by day may be so re- 
markable, and the cold at night so extreme, that 
the daily range of temperature becomes very trying 
to the constitution. Easterly winds, cold in them- 
selves and dry, generally clear the sky, and so give 
free scope to radiation. Hence these conditions 
are irritating to healthy people, and distressing to 
sufferers from chest diseases. Vegetation, also, 
while these conditions prevail, has a dried-up, 
shrivelled appearance, manifesting their detrimental 
influence on young foliage ; and the hoar frosts, 
which commonly attend them, blight fruit trees and 
plants in bloom. 

In the British Islands, spring is generally 
rendered less ungenial than winter by spells of mild 
weather. When these do not occur spring is only 
winter prolonged. Vegetation then makes little 
progress. Some agriculturists deem dry frosts do 
little harm ; though they give vegetation a check, 
they render the foliage hardy without being felt at 
the roots. Frost which attacks wet soil sends down 


~ | cold to the roots of the plant. Thus much depends 


upon the circumstances attending the frost. IEf 
there is a covering of snow it preserves the warmth 
of the ground. The beneficial effect of a day’s 
brilliant sunshine is often marred in spring by a 
cold starlight night, which leaves a frost on the 
ground in the early morning. Warm nights are 
equally advantageous with fine days to vegetation 
in spring. 





THE EXHIBITION OF THE ROYAL 
METEOROLOGICAL SOOIETY. 
(Concluded from page 394.) 

Mr. Lone exhibited the compensation thermo- 
meter of Mr. Alexander Pelham Trotter, for indi- 
cating temperatures at a distance from the place 
whose temperature is required to be known. This 
instrument which we illustrate in Fig. 4, consists of 
a long metallic tube of small capacity having a bulb 
at one end, which is fixed in the place whose 
temperature is to be observed, and terminating in 
the place, where the indication is to be made, in a 
glass tube similar to that of an ordinary alcohol ther- 
mometer ; the whole tube is (with the exception 
of the upper part of the glass tube) filled with 
alcohol or methylated spirit coloured with an 
aniline dye, the indication, therefore, of the top of 
the column within the glass tube is a measure of 
the combined results of the expansions and con- 
tractions taking place in the whole length of the 
tube with its bulb ; and as this tube may be several 
hundred feet in length, and may have to pass 
through rooms and passages whose temperature 


may differ very widely, the combined effects on the 
reading of the different temperatures through which 
the tube passes on its way from the bulb ta the indi- 
cator have to be subtracted in order to ascertain 
the correct temperature of the distant bulb. This 
correction is obtained by a very simple device ; 
side by side with the connecting tube and through- 
out its whole length, an exactly similar tube is laid, 
also filled with coloured alcohol and terminating in 
a glass indicating tube fixed by the side of the 
first; the second tube, however, carries no bulb, the 
reading of this part of the instrument, therefore, is 
a measure of the sum total of the temperatures 
through which the two tubes pass. 


B Fig. 4, 
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Between the two glass tubes is a vertical slide 
carrying on its left the scale of the tube which is 
in communication with the distant bulb, and on its 
right an arrow is engraved, which before reading is 
set to the top of the column of the correcting tube, 
which has no bulb to it, so that the scale of the 
instrument is raised or lowered in exact proportion 
to the lengthening or shortening of the column due 
to effects of temperature on the communicating por- 
tion of the apparatus, and thus all effects of tem- 
perature on the connecting column are eliminated 
and the reading is the same as if the scale were 
close to the bulb. This instrument is especially 
useful for refrigerating chambers, breweries, ships, 
and indeed, in all places where it isrequired to 
ascertain the temperature of a distant part of a 
building, where the difference of level between the 
bulb and indicating instrument is inconsiderable. 

Mr. R. W. Munro exhibited two very ingenious 
instruments for showing the velocity and pressure 
of the wind. In each of these instruments the 
effect is produced by the rising or falling in level of 
mercury in a trough, the difference in level being 
produced by a small centrifugal pump driven by 
the shaft of a revolving anemometer ; in one of 
these instruments the indication is given by the 
deviation from the perpendicular of a pendulum, 
the lower end of which dips in the mercury, and is 
displaced by the rising or falling of the mercury in 
the trough. In the other instrument the indica- 
tion is given by the rising or falling of a float in a 
small circular cistern ; as this is proportional to the 
square of the velocity, and, therefore, to the pres- 
sure of the wind, the pressure may be indicated on a 
scale of equal parts. 

In addition to the above collection of instru- 
ments, there was a very fine collection of photo- 
graphs exhibited, illustrative of meteorological 

henomena such as lightning flashes, of which the 
Bociety had collected a large number from a variety 
of places, mostly in the vicinity of London. 
Photographs were shown also of the effects of 
storms, tornadoes, and floods, as well as the effects 
of lightning on buildings and trees. The most 
striking exhibit of this class was that contributed 





by Monsieur Paul Garnier ; this was a large col- 
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lection of exceptionally fine photographs of clouds 
and way wie phenomena, taken at the Obser- 
vatory of Boulogne-sur-Seine, near Paris, and re- 
producing in a most faithful manner the splendid 
contrasts of white clouds and blue sky, to do which 
is so difficult a feat in pho phy, the colour of 
the sky being so closely similar to white in actinic 
power. 

The annual exhibitions organised by the Royal 
Meteorological Society, bringing forward as they 
do each year a different aspect of meteorological 
science, must lead to beneficial results, and have 
only to be better known to be better attended, 
for they cannot fail to advance a science which, 
although dealing with matters which perhaps more 
than anything else affect the comfort and well- 
being of mankind, is still only in its infancy. 





NOTES. 
Tue TorpPepo Boat ‘‘ CusHING.” 


THE torpedo boat Cushing was to have been tried 
on the 10th ult., but at the last moment her 
builders, the Herreshoff Manufacturing Company, 
announced that they were unable to undertake the 
trip. This decision was quite unexpected, and the 
Naval Board had already assembled to witness 
the experiments. The cause of the delay has not 
been published, and there is a great feeling of dis- 
appointment in American naval circles. The Cush- 
ing seems fated to be unfortunate. The contract 
specified that she should be launched and ready for 
trialon May 1, 1889. In April of that year Messrs. 
Herreshoft applied for leave to substitute a Thorny- 
croft tubulous boiler for the boiler previously 
approved, as they doubted the ability of the boiler 
to perform the work demanded of it. Six months’ 
delay was granted for the carrying out of the 
alterations. This period had more than expired 
when the launch was fixed for the last day of January. 
Visitors assembled, and the town of Little Bristol 
dressed itself in bunting for the occasion, only to 
be told that the launch could not take place that 
day. And now the same thing has occurred again 
when the trials were to be run, to the great annoy- 
ance of those interested in the naval defence of the 
country, for Congress delays to vote more money 
until the capabilities of this boat have been de- 
monstrated. The state of feeling is clearly shown 
by an article in the New York Times in which it 
is stated that whatever success the Cushing achieves 
will be due to the English boiler, and that if 
ae English boats are to be used why not 

uy them direct and so avoid the intermediate 
profit. 


Inpicator Driving GEAR. 


Several handy forms of indicator driving gear 
were recently described by Mr. A. G. Brown to the 
Sheffield Society of Engineers in connection with 
a paper on the indicator and its practical working. 
For high-speed engines, Mr. Brown recommended 
the well-known device of a long vertical lath, 
pivotted to a fixed point at its upper end, and con- 
nected by a short link at its oes end to the 
crosshead of the engine under examination. The 
cord is wound round a circular arc fixed to the 
lath at such a distance from its upper pivot as to give 
the required length of diagram. This gear gives a 
correct motion, and often enables a straight lead 
to be obtained from the are to the drum of the 
indicator. Messrs. Musgrave, of Bolton, supply 
their engines with a permanent driving gear, con- 
sisting of two small grooved pulleys running on fixed 
studs, one at each end of the guide bars. Around 
these pulleys there is rove an endless cotton cord. 
The upper length of this cord is exactly level with 
the centre of the crosshead, to which it is attached 
by a projecting pin. As the crosshead travels 
backwards and forwards, the cetton rope moves 
with it and rotates the grooved pulleys. To the 
boss of one of these pulleys is fixed a small drum, 
around which the cord from the indicator is wound 
and unwound as the engine makes its strokes. 
The pantograph arrangement is a form of driving 
gear which can be easily rigged up when wanted. 
A lath is pivotted at its upper end toa pin pro- 
ome from the crosshead ; it is connected at its 
ower end by a second lath, which is nearly hori- 
zontal, to a fixed horizontal pin, carried by a 
bracket on the engine bed. Parallel to this second 
lath, and a few inches above it, is a third, which 
is kept in position by being pivotted at one end to 
the first lath, and at the other end to a short lath, 





which is itself parallel to the first, and is pivotted 
at its lower end to thesecond. It will be under- 
stood that the four laths form a parallelogram, that 
one of the short sides is extended and connected 
to the crosshead, while one of the long sides is 
extended and pivotted to a fixed stud. The cord is 
connected to the point of intersection of the third 
and fourth laths, and is led horizontally to guide 
pulley on the fixed bracket, from whence it runs 
to the indicator. The fourth driving gear is the 
lazy tongs. The last joint at one end is connected 
to the crosshead, and that of the other end to a stud 
on a bracket on the bed. An extra member is 
introduced parallel to the last bar of the tongs, and 
is pivotted to two other bars with adjustable pins, 
so that its position can be varied. The indicator 
cord is fixed to a pin in the centre of the new 
member. 


THE RicuMonp Main DratnaGE Works. 


On Wednesday, March 19th, a party of the 
students of the Institution of Civil Engineers paid 
a visit to the important works which have been 
designed by Mr. J. C. Melliss, C.E., of 232, Gresham 
House, Old Broad-street, for the treatment of the 
sewage of Richmond, and the surrounding districts 
of Petersham, Kew, Mortlake, and Barnes. The 
area dealt with has now a population of about 
35,000, but this figure is rapidly increasing, and it 
is probable that the sewage from a population of 
about 70,000, will finally have to be dealt with. 
All the sewage of the district in question now pours 
direct into the river, and the principal feature of 
the new works is therefore a line of intercepting 
sewers, which, running for the most part along the 
river bank, collects the discharge from all the old 
outlets, and brings the whole to near Kew Gardens, 
where works for treating the sewage by the sulphate 
of alumina process, are now being erected. As far 
as possible, storm water will be excluded from this 
sewer, and passed into the river direct, though 
the separate system cannot be adopted in its 
entirety, or it would be necessary to relay many of 
the existing sewers of the district. In all, the new 
sewers will have a length of upwards of five miles. 
At its commencement, near the Richmond boundary 
the sewer is a pipe 16 in. in diameter, and about 
18 ft. deep, whilst at the site of the works the dia- 
meter has increased to 4 ft., and the sewer is 43 ft. 
below ground level. Throughout nearly its whole 
length, the sewer has been laid in the London clay, 
which is met with at about 15 ft. below the ground 
level, the overlying beds being water-bearing sands 
and gravels. The sewer has therefore been laid 
principally by tunnelling, though at one or two 
spots the roof of the heading has fallen in, and it 
has been necessary to resort to open cutting, power- 
ful pumps being then required to keep the workings 
clear. The precipitation works have been laid out 
on an eleven-acre plot of ground; only three 
acres are, however, actually occupied by the works. 
The sewage will be led into a large pump chamber 
below the engine, carried down into the London 
clay, and lined with concrete. In this chamber a 
small quantity of unslaked lime will be added so as 
to render the sewage slightly alkaline, and it will 
then be pumped into a conduit leading to the mix- 
ing chamber, where sulphate of alumina and a little 
carbon will be added to it, and thoroughly mixed 
by means of agitators. The proportions to be used 
are 276 grains of sulphate of alumina, and 158 
grains of unslaked lime per head of population per 
day. The carbon is added as it decidedly improves 
the effluent. From the mixing house the sewage 
passes into a set of eleven precipitating tanks, 
capable of containing about 1,200,000 gallons, where 
the effluent is quietly drawn off from the top, and 
the sludge settles to the bottom, whence it flows by 
gravitation into a pump chamber beneath the press 
house, where a complete pressing plant is to be 
set up. The unpressed sludge contains 90 per cent. 
of water, 40 per cent. of which is removed in the 
presses, and the resulting cake has then about the 
consistency of ordinary manure, and is intrinsically 
worth about 10s. a load, though this sum can seldom 
be obtained for it. The effluent is then to be passed 
on to a set of filter beds covering about 1} acres. 
In addition to the sand and gravel, these beds will 
have a layer of carbon, to still further purify the 
effluent. At the date of the visit none of the 
machinery was in place, but we may state that the 
pumps are to be supplied by Messrs. Simpson, of 
Grosvenor-road. In all, the works are expected 
to cost 75,000I., of which upwards of 40,000/. will 
be absorbed in making the new sewers. 





THE INMAN LINER ‘CITY OF PARIS.” 

Tue Inman Liner City of Paris has had a sudden 
check put to that series of Transatlantic voyages which 
she has maintained for a year with so much regularity. 
On Tuesday, 25th ult., at 5.30 p.m., while steamin, 
towards the Irish coast, at her ordinary speed, favoure 
with fair weather, and every circumstance pointing to 
the successful conclusion of a year’s work, the low-pres- 
sure cylinder of the starboard engine, to use the words 
of Captain Watkins in his official report, ‘‘ broke down 
from an unknown cause. The cylinder went to pieces, 
injuring the bulkhead and breaking the injection and 
water pipe connections, allowing a considerable quan- 
tity of water into both engine-rooms.” The engines, 
of course, suddenly stopped, first the starboard and 
then the port after an interval, steam and packing 
issued through the engine skylight. Excitement among 
the passengers followed, although there was nothin 
like a panic, the calmness and self-possession o 
Captain Watkins allaying fears of any immediate 
danger. At the same time he ordered the boats to 
be got ready, and all passengers to wear life-belts. 
The vessel drifted about for forty hours, and was ulti- 
mately towed to Queenstown, the hand-worked pumps 
—the steam pumps were flooded—meanwhile being 
kept constantly in operation to keep down the water 
as much as possible. Most magnified stories have been 
published as to the disaster and its effects, the pas- 
sengers, naturally confused, having freely given narra- 
tives, which have bee: believed in preference to Cap- 
tain Watkins’ statement of facts. 

The following account, which we believe to be 
perfectly reliable, is taken from a letter sent to 
us by a passenger whom we know to be an acute 
observer. 

‘* The cause of the accident may come out some day; 
but at present I do not believe any living man knows 
why the low-pressure cylinder and its entire con- 
nections collapsed and disappeared utterly from view, 
buried under 20 ft. to 25 ft. of water in the engine- 
room, or perhaps under two miles at the bottom of the 
sea. The first intimation was a sound as if an eccentric 
strap or a smaller piece of machinery had parted ; 
the next sound was a crash as though the cylinder 
head had blown out, and then continuously the 
falling, crashing, and grinding sounds peculiar to 
the falling of an engine. . . Later I learned 
that the starboard engine-room was flooded ; that the 
low-pressure cylinder in its collapse and fall had 
demolished its condenser ; that the injector outboard 
delivery pipes, with their Kingston valves and sea- 
cocks, & en destroyed ; that the hydraulic engine, 
which was located in the engine-room to the rear and 
almost under the collapsed cylinder, had also been 
damaged, and that the bulkhead between the two 
engine-rooms had been cut through by the flying parts 
of the engine. 

“*It seems that immediately before the engine col- 
lapsed, during a period between seven to ten seconds 
at the furthest, a number of strokes of the piston, 
which is 113in. in diameter, must have been made at 
a fearful velocity, and if, as is supposed, the connect- 
ing-rod was disconnected from the crankshaft, it acted 
as a flail right and left. The two A columns — 
ing the cylinder are 14 tons in weight each ; they have 
disappeared. The piston weighed 10 tons, the piston- 
rod 3 tons, the crosshead 2 tons, the connecting-rod 
7 tons, and the crankshaft 14 tons. The 113-in. 
cylinder weighed 45 tons. The diameters of the other 
— were 45 in. and 71 in., the stroke of all being 
5 ft. 
‘« There were at the time of the collapse seven engi- 
neers and firemen in the engine-room. God knows 
how they escaped. One was on the top platform 
reaching over to the tail rod; two at the starting 
handles on the middle platform, and the others about 
the room, which is 45 ft. in length and about 30 ft. 
wide. There are manhole plates leading from the 
engine-room compartment down into the water ballast 
tanks. The distance between the floor of the engine- 
rooms and the floor of the tank is 4 ft. 6in.; the 
thickness of the engine floor plate is gin. ; and the 
thickness of the ship-plates 14 in. 

‘* The starboard engine stopped itself after the col- 
lapse, but the steam was afterwards cut off. The port 
engine-room was filled in five to seven minutes. The 
chief source of peril was athwartship bulkhead for- 
ward of the engine-room. It exhibited a pulsation of 
4in., backwards and forwards, and shifted 2 in. from 
the engine-room bulkhead. Spar shores were used to 
stiffen it, strutted against the boiler. Three of these 
latter were emptied in the hope they would act as 
tanks if the compartment were flooded. There were 
2800 tons of water by actual measurement as soon 
as the compartments abaft the engine-room were filled, 
which afterwards increased to over 3000 tons.’ 

Our correspondent ends with an account of the 
rescue and the deep feeling of gratitude of the pas- 
sengers for their escape from a most serious danger. 

As has already been recorded in the daily press, 
the vessel was towed to Queenstown, and there, 
with the assistance of divers, the openings in the 
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sea connections were temporarily closed on Tuesday 
last, and the water pumped out of the vessel. The 
draught of the ship was thus reduced to 27 ft. On 
Topoler evening the vessel steamed up the Channel to 
Liverpool with the port engine, a tug standing by. An 
examination will, of course, be made with the view of 
ascertaining the cause of the collapse, and work will 
at once be started to have the necessary repairs made. 
The City of Paris was described and illustrated in our 
issue of June 22, 1888, and her engines in the issues of 
August 3rd and 24th of the same year. It may be 
added that the City of New York, which has under- 

one an overhaul after grounding in New York 
Dice, will leave the Clyde in a week or two and 
will sail from Liverpool on the 23rd inst. 








BOILER EXPLOSIONS AT OLDHAM, 
WICKHAM SKEITH, AND HALESOWEN. 

SEVERAL ‘‘formal investigations,” under Section 6 
of the Boiler Explosions Act, 1882, have been recently 
instituted, and the facts revealed are of importance 
and of interest to steam users. We now give par- 
ticulars of the proceedings at three of these investiga- 
tions held during the last few days, one at Oldham, 
another at Wickham Skeith, Suffolk, and a third at 
Birmingham. 

The formal investigation at Oldham was held on 
Tuesday, March 18, and was with respect to the 
boiler explosion which occurred on December 26 at 
the Roundthorn Brick Works, near Oldham. The 
Commissioners present were Mr. Howard Smith, 
barrister-at-law, and Mr. W. C. Lang, consulting 
engineer. Mr. K. E. K. Gough conducted the case 
on behalf of the Board of Trade ; Mr. Woodcock, soli- 
citor, Manchester, appeared for the trustees of the late 
William Evans, owner of the works, and Mr, Hesketh 
Booth, solicitor, Oldham, for the National Boiler In- 
surance Company, with whom the boiler was insured. 

The boiler was one of Pritchard’s patent multiflued 
construction, 30 ft. long, 7 ft. diameter, and worked 
at a pressure of 50 lb. It gave way near to the 
bottom of the external shell, at the last belt of 
plating, a large piece of plate being blown out, and 
shot across a public road, toa distance of 100 yards. 
The débris was scattered in all directions, some ad- 
joining cottages being literally bombarded, and four 
persons injured. The cause of the explosion was 
internal grooving at the longitudinal seam where the 
rent occurred, at which part, according to the Board 
of Trade engineer-surveyor who made the preliminary 
investigation, the plate was wasted to a knife-edge. 

The evidence showed that the boiler was made in 
1859 for a cotton mill, and was bought by Mr. Evans 
in 1882. It was subsequently fixed at Roundthorn 
Brick Works for supplying steam to drive an elevator 
and brickmaking machinery. The works were let to 
a tenant, and on the death of Mr. Evans in 1883 the 

roperty was vested in trustees, for whom Mr. David 

nott acted as agent. 

Mr. T. W. Evans, one of the trustees, examined by 
Mr. Gough, stated that, with a view to having the 
boiler inspected regularly, it was insured in 1887 for 
300/. with the National Boiler Insurance Company, 
Limited. He never saw the reports, as they were 
sent to the agent. He thought the boiler was quite 
right, and trusted to the insurance company, as they 
had a good reputation. 

Mr. Knott, agent for the property, deposed to 
receiving the reports on the examinations from the 
insurance company. In November, 1887, the inspector 
made a thorough examination, and marked the de- 
fective plate at the longitudinal seam for drilling. 
The plate was drilled by a blacksmith and found to 
be % in. thick, and on this being intimated to the 
insurance company they accepted the boiler. In 
October, 1888, he received another report in which it 
was stated the drilling was not in the right place, 
and that a hole should be drilled at the edge of the 
overlap of the longitudinal seam where the plate was 
most wasted. He did not send this report to the 
trustees or to the tenant, nor did he have another 
hole drilled. The man who drilled the plate in 
November, 1887, assured him it was drilled at the 
part marked by the inspector, and therefore he 
thought all was right and the boiler safe. In No- 
vember, 1889, the insurance company asked for 
another thorough examination, and he was endeavour- 
ing to arrange for this at the time of the explosion. 

Mr. John Day, inspector to the Insurance Company 
—-a post he had occupied for twenty-six years—said 
he examined the boiler in November, 1887, and found 
the plate corroded internally. He marked it for 
drilling in two ‘places, and thought the thickness 
would prove to be 4; in. He did not remain to see 
the drilling done, not having time, but heard subse- 
quently that it had been done. Twelve months after, 
on re-examining the boiler, he found the plate had 
not been drilled at the spot he had marked. He 
recommended that another hole should be drilled, 
and the thickness at the wasted part ascertained. 
He then estimated the thickness at 5 in. 

By Mr. Gough: He examined the boiler externally 





on several occasions, but took no steps to learn if the 
plate had been drilled again, nor did he make any 
report on the point to the insurance company. The 
plate should have been drilled close to the overlap 
where he had marked it in chalk, whereas the hole 
was 24 in. off. He had no great faith in the boiler, 
though he had no special reason to doubt its safety 
for 50 lb. pressure. 

Mr. Henry Hiller, chief engineer of the insurance 
company, said, in answer to inquiries from Mr. 
Gough, that his Company always require a thorough 
examination of a boiler before insuring it, unless it 
appeared to be in good order or made by a good firm, 
in which case they would accept it on an external 
examination. They thoroughly examined the boiler 
in question before insuring it, and advised the drilling 
of the corroded plate, but having been informed by 
their agent that this had been done, and the plate 
found to be 8 in. thick, they issued a policy at 50 lb. 
pressure. Twelve months after, when it was found 
that the plate had been drilled in the wrong place, 
they advised the drilling of another hole, but this 
recommendation was not attended to. They advised 
this as a matter of precaution, and did not think it an 
important point. Their inspector then estimated the 
thickness at 35; in., and on this basis the factor of 
safety was 6;5;in. If the plate had been , in. the 
explosion would not have occurred. 

y Mr. Booth: His company were very earnest in 
preventing explosions. That was their first object. 
Nine per cent. of the boilers proposed to them were 
refused. Some of the boilers they accepted were 
more risky than others, but they came under their 
inspection, and received benefit thereby. The com- 

any did not contract to inspect, and were under no 
egal obligation to do so, or to point out defects in 
the boilers insured, but they always endeavoured to 
obtain thorough examinations. 

John Lee, engineman at the works, said he saw 
the plate after it had been drilled. The chalk mark 
made by the inspector was on the drilled hole, and 
the thickness was § in. He did not know the drilling 
was in the wrong place. 

Levi Stott, blacksmith, deposed to having drilled 
the plate where marked by the inspector. The mark 
was 2} in. from the overlap. e was positive he 
drilled according to the marking. The remaining 
thickness was a good § in. 

Mr. David Henry Holman, Board of Trade engineer- 
surveyor, read his report on the preliminary investi- 
gation, giving dimensions of the boiler and the cause 
of the explosion. The plate was worn to a knife- 
edge. In reply to the Commissioner, he stated that 
the boiler might have exploded at any pressure; it was 
surprising it had not done so before. 

At the conclusion of the examination of witnesses 
Mr. Gough put the case for the Board of Trade before 
the Commissioners in the form of the following ques- 
tions : 

1. Whether Mr. T. W. Evans, as representing the 
trustees, took proper and sufficient measures to insure 
that the boiler was properly and sufficiently examined 
from time to time, and that it was maintained in proper 
working order; and was the insurance of the boiler 
sufficient to relieve the trustees of responsibility in 
regard to it? 

2. Did Mr. Knott possess the requisite technical 
knowledge and experience to enable him to decide as 
to the necessity of further examination, or the neces- 
sity for repairs upon receiving reports from the insur- 
ance company; and if not, were the trustees justified 
in permitting the reports of the insurance company to 
be sent to him ? 

3. Did Mr. Knott communicate the reports received 
by him to the trustees or to the user of the boiler? If 
not, was he justified in neglecting to make these com- 
munications, and was he justified in neglecting to 
provide for a proper examination of the boiler from 
time to time, independently of the examination by the 
insurance company ? 

4. Did Mr. Schofield, the user of the boiler, take 
proper measures to insure that it was worked and 
examined from time to time by competent persons 
independent of the insurance company, and did he 
take all reasonable and necessary precautions to 
insure that the boiler was being worked under safe 
conditions ? 

5. Were proper and sufficient examinations made by 
Mr. Day, inspector for the insurance company, in 1887 
and 1888, and was he justified in neglecting to see the 
defective plate drilled in 1887? Was he justified in 
neglecting until 1888 to ascertain where the plate had 
been drilled, and was he justified in neglecting to see 
that the plate was drilled in the latter year ? 

6. Was Mr. Day justified in assuming that the 
plate, the thickness of which he estimated in 1887 at 
7s in. was 3 in. in 1888? 

7. Were the National Boiler Insurance Company jus- 
tified in neglecting to discontinue the insurance of the 
boiler in 1889, having regard to the fact that the plate 
which they desired should be drilled had not n 
drilled ? 

8. Whether blame attaches to Mr, William Thomas 


Evans, Mr. Knott, Mr. Schofield, and Mr. Day—all 
or either of these gentlemen ? 

Mr. Woodcock addressed the Court on behalf of Mr. 
Evans, and argued that Mr. Evans knew nothin 
about the boiler himself, and insured the boiler wit 
a good company, which he thought relieved him of 
responsibility. The agent, Mr. Knott, looked after 
the property, and Mr. Evans had nothing whatever to 
do with its management or working. 

The Commissioner: Mr. Knott a he had char; 
of the boiler; but the owner is responsible for the 
acts of his agent. 

Mr. Woodcock: If the inspector had regarded the 
recommendation as to the drilling of the second hole 
as important, he should have referred to it in his 
reports of March, 1889, and subsequent dates. Mr. 
Hiller himself did not attach much importance to the 
drilling. The trustees contended that the plate had 
been drilled in 1887, as marked by the inspector, and 
that they had carried out the company’s instructions. 

Mr. Booth addressed the Court on behalf of the Na- 
tional Boiler Insurance Company, and said there was no 
obligation on their part to inspect boilers nor to make 
recommendations as to any repairs that might be 
necessary. They made it known, however, that they 
had a system of inspection. They had inspected this 
boiler thoroughly, and he maintained they were not 
to blame in any way for the explosion. The contents 
of the reports should have been communicated to the 
trustees and to the tenant. 

Commenting upon the question of divided responsi- 
bility, Mr. Gough remarked that the owner of the 
boiler said he depended upon the insurance company, 
and having done that he took no further action in the 
matter. he user said, ‘‘The company’s inspector 
came down, examined the boiler, and I was perfectly 
satisfied.” Having insured the boiler, Mr. Evans felt 
that the trustees were relieved from further anxiety 
about it; and, on the other hand, the solicitor for the 
insurance company told the Court that no obligation 
rested upon them to report defects in the boilers in- 
sured, or to make recommendations as to repairs. If 
that was the position the company took up, he could 
only say the owner was absolutely relying on a posi- 
tively rotten reed. 

In giving judgment Mr. Commissioner Smith traced 
the history of the boiler and the examinations by the 
insurance company. There was no doubt that Stott 
had drilled the plate as directed by Inspector Day, 
and that Day was wrong in thinking he had placed 
the chalk mark close to the overlap. If the mark had 
been placed where he intended, there was little doubt 
that the plate on being drilled would have been found 
wasted away. The inspector should certainly have 
seen the plate drilled for himself, and not have left it 
to a blacksmith. At the thorough inspection in 1888, 
when he found the drilling had been done at the wrong 
place, he reported the fact to the insurance company, 
and recommended that another hole should be drilled 
close to the lap, but unfortunately this was not done. 
At the subsequent external examinations in 1889 Day 
did not even refer to the matter. Although no blame 
attached to the insurance company, as they took steps 
to examine the boiler before insuring it, and acted on 
the report of their inspector, yet as employers of labour 
they could not escape responsibility for the acts of 
their servant. Mr. Knott was seriously to blame for 
not submitting the reports from the insurance company 
to Mr. Evans and to the tenant. He practically put 
the reports in the waste-paper basket, and did nothing 
by way of carrying out the recommendation as to the 
second drilling. Mr. Evans must be held responsible 
for the negligence of his agent. 

On this ruling by the Commissioners, Mr. Gough 
asked for costs against Mr. Evans, Inspector Day, and 
the National Boiler Insurance Company. 

In reply Mr. Commissioner Smith said he should not 
make an order for costs against either Mr. Day or the 
insurance company. Day was certainly to blame; but 
so far as he could see, the insurance company con- 
ducted their business with great humanity, and he 
did not wish to reflect upon them. With regard to 
Mr. Evans, the Commissioners did not in the least 
impute any moral blame to him, but he must be held 
legally responsible for the acts of his agent. Under 
these circumstances the Court ordered Mr. Evans to 

y 40/. towards the costs of the investigation, which 
would be about one-third of the total expense. 

On its being pointed out by Mr. Woodcock that 
Mr. Evans was only a trustee, and without any pecu- 
niary interest in the business, the Commissioners ex- 
— their appreciation of the difficulty in which 

e was placed, and suggested that he could make 
application to the President of the Board of Trade for 
a remission of the order if he thought fit. 

The proceedings, which had lasted nearly seven 
hours, then terminated. 

The second investigation we have to deal with was 
held on Saturday, March 8, relative to an explosion 
which occurred on Monday, January 13, at Mr. Henry 
Roper’s corn mill, Wickham Skeith, Suffolk. In this 
case the Commissioners were Mr. Howard Smith and 





Mr. Matthew McIntyre. Mr. Gough conducted the 
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case for the Board of Trade. Among the witnesses 
examined were Mr. Daniel Horton, of the firm o 
Horton and Sons, makers of the boiler, Southwark; 
Mr. Woodthorpe, engineer-surveyor to the Board of 
Trade; and Mr. Rayner, from the firm of Messrs. E. 
R. and F. Turner, Ipswich, who had repaired the 
boiler. 

The boiler appears to have been of the single-flued 
or Cornish type, worked at a pressure of about 45 Jb. 
on the square inch. Mr. Horton stated in evidence 
that it was made before 1852, probably in 1851, or 
perhaps earlier, and thus was nearly 40 years old. In 
1871 it was purchased for 30/., and set to work at the 
mill at which it burst, the engineer who fixed it telling 
the owner that it was ‘‘up to,” by which it is pre- 
sumed that he meant ‘‘ safe at,” 100 lb. pressure. No 
test was made of it at that time, but it appeared to 
work well at 40 1b. to 45 1b. by the gauge. In 1878 
the furnace tube was taken out and repaired by Messrs. 
Turner, Ipswich, under the supervision of their fore- 
man. The boiler was then tested to 100 1b., and the 
foreman, according to the evidence, informed the 
owner that he could work it up to a pressure of 80 lb. 
Whether that was so or not the Commissioners were 
not in a position to say, as the foreman had not been 
called to give evidence, but if such was the case it 
was a very improper thing for a foreman todo. No 
examination was made when the tube was removed; 
the boiler was simply cleaned out. From 1878 to 
1884, when the boiler was turned end for end and a 
steam dome added, and from 1884 up to January 13 
last, when the boiler exploded, no examination was 
made. Not even the persons who had charge of it 
examined it. It was cleaned out two or three times a 
year, when considerable deposit was removed. The 
boiler was deteriorated by age, its original construc- 
tion the Commissioners considered was faulty, and the 
fittings were not in good order, the gauge being par- 
tially choked with mud, Thus this old second-hand 
defective boiler worked year after year without even 
the most indifferent inspection, until it burst, scatter- 
ing the brickwork in all directions, with the result 
that a little girl, six years of age, was struck on the 
head and died shortly after. 

After the witnesses had given evidence, Mr. Gough 
submitted various questions to the consideration of the 
Commissioners respecting the construction and con- 
dition of the boiler, the quality of the attendance, the 
neglect of examination, and the responsibility of the 
owner, 

In delivering judgment, Mr. Howard Smith said the 
Commissioners had come to the conclusion that the 
cause of the explosion was ‘‘ overpressure,” by which 
we suppose is meant that the boiler was unfit for its 
ordinary working pressure. The boiler was at least 
39 years old, and for many years had been worked at 
& pressure greatly exceeding that at which it ought to 
have been, considering its faulty construction and its 
deterioration by age. The owner was very much to 
blame. It was stated in evidence, on good authcrity, 
that in the district in which this explosion occurred it 
was a common practice for boilers to go for years, as 
many as thirteen or fourteen, without inspection at all. 
This seemed to the Commissioners a very lamentable 
state of things, and it could not be too strongly im- 
pressed upon the minds of boiler owners that such 
neglect was a great source of danger, not only to those 
in their employ but to the public at large. If owners 
had not a practical knowledge of boilers themselves, 
they must employ practical men to find out whether a 
boiler was safe or not, and which could be done by the 
payment of a small sum yearly. They hoped this 
investigation would have some effect upon owners in 
the district. Boilers ought to be inspected thoroughly 
at least once a year. With regard to the blame 
attaching to the owner in this case, the Commissioners 
thought he had erred rather from ignorance than neg- 
ligence, and had exercised his knowledge to the best 
of his ay 8 but it was impossible to find that he was 
not to blame. The coroner’s jury had returned a 
verdict of ‘accidental death” in reference to the child 
killed by the explosion. It was not the duty of the 
Commissioners, Mr. Smith said, to question the verdict 
of the jury, but it was difficult for people who under- 
stood the properties and dangers of raed to say that 
this was an accidental death, for it ought not, and 
would not have occurred had a competent person been 
called in to inspect the boiler. 

On the application of Mr. Gough, the Court ordered 
the owner, Mr. Roper, to pay 15/. towards the costs of 
the investigation. 

Mr. Roper said he could not pay: 

Mr. Smith replied the Court had nothing to do with 
that. They made an order for the payment of 15/. to 
the solicitor of the Board of Trade, and warned owners 
of boilers that if a similar case occurred in the district 
the Court would not take such a lenient view as they 
had now done. 

The third formal investigation to which we may 
briefly refer, was held at Birmingham on Saturday 
last, March 22nd, with regard to the recent boiler 
explosion at Halesowen. This was the third sitting 
of the Court, the inquiry having occupied three days. 





As in the previous cases, Mr. Gough represented the 


f| Board of Trade. Mr. Howard Smith and Mr. M. 


McIntyre were the Commissioners. 

In this case it was shown by the evidence that the 
balance weight of the float which was used to show the 
water level, was too heavy, so that the float did not 
follow the water when the latter fell, the attendant 
being thus deceived as to the water level. 

In giving judgment Mr. Howard Smith said the 
Commissioners found that the explosion was without 
question due to a deficiency of water, the float gauge 
being defective. Mr. Somers, the owner, was justified 
in entrusting Mr. Selby with the management of the 
works, but, as it turned out, he was not competent to 
advise as to the measures necessary for the safety of 
the boiler, because, by his own admission, he used a 
weight on the water-balance which did not allow for 
displacement, and an old iron wire instead of a copper 
one. The attendants were qualified to feed and fire 
the boilers, but not competent to have charge of 
them, especially during the night, when there ought 
to have been a person present who was able to advise 
when anything went wrong, and to ‘‘officer the 
watch.” They seemed to have done their duty 
according to their lights, and their prevarication 
when under examination, perfectly natural to men in 
such a position, did not cause any doubt in the Com- 
missioners’ minds. Although float gauges seemed to 
be common in the Midlands, a boiler would be much 
safer with a check on the float, and a glass water 
gauge was preferable. The Commissioners ordered 
Mr. Somers, the owner of the boiler, to pay 45/. 
towards the costs of the investigation. 








THE STANDARD OF EFFICIENCY IN 
STEAM ENGINES. 
To THE EpiTor oF ENGINEERING. 

Srr,—In your last issue, Mr. Bodmer gives two instances 
of hydraulic motors, in which the whole fall theoretically 
available cannot be made use of in practice. 

The first, the case of an over-shot water-wheel, in which 
the whole of the water does not enter the buckets at the 

eatest possible height, the second is that on a certain 

orm of turbine, in the case of which it is necessary that 
there should be clearance for the water, and which must 
therefore be raised above the tail water level. In both of 
these cases, a part of the available energy is necessarily 
sacrificed on account of peculiarities in the motors 
employed. 
do not think, however, that these cases are at all similar 
to that of the theoretical defect in the application of heat 
to the feed water, in the case of a steam engine. More- 
over, hydraulic engines are made in which practically the 
whole of the water is rig at the higher, and dis- 
charged at the lower level. No steam engines, on the other 
hand, are made in which all the heat supplied from external 
sources is supplied at the higher temperature, and it seems 
to me that we must look upon the reception of a part of 
the heat at lower temperatures as an inherent defect of 
all steam engines. It isto my mind highly improbable 
that steam engines will ever be made in which this defect 
does not exist, but I notice that Mr. Bodmer is not with- 
out hope in the matter. 

In his article in your issue of March 7, he says: “‘ It is 
also very possible, although perhaps not probable, that an 
approximation to the Carnot cycle may be practically 
introduced. One standard writer on thermodynamics 
many years ago described how this might b2 done in a 
manner which appears quite feasible.” And again in your 
last week’s issue he writes: ‘‘ As to the question whether 
the advantage obtained from heating the feed water by 
waste gases is greater than could be derived from the use 
of the Sarnct cycle, supposing the latter to be practicable. 
Mr. Willans must remember that there isa theor. tical 
margin of at least 30 per cent. to work on, as compared 
with the be-t results actually recorded in pract ce.” 

I think, Sir, that the further con-ideration of this 
—— subject would be much facilitated if Mr. Bod- 
mer would give in your pages a diagram, no matter how 
rough, and a brief description of the method to which he 
refers of carrying out the Carnot cycle in practice, and I 
will reserve any further remarks until he has done so. 


Yours very trul 
A Wiss. 


To THE Eprtor OF ENGINEERING. 

Srtr,—I have read with much interest Mr. Elliott’s 
contribution to the discussion of this subject ; I must how- 
ever point out what appear to me to be misapprehensions 
on his part of some of the questions at issue. 

In referring to the imperfections of the cycle of an 
ordinary engine, Mr. Elliott counts as one of these imper- 
fections the difference between the temperature of the 
source and that of the working fluid, but, as far as the 
efficiency is concerned, with which the heat actually 
supplied to the motor is utilised, this difference has nothin 
whatever to do with the matter ; the engine cannot be held 
responsible for heat which it never receives. It must be 
distinctly understood that I am dealing with motor 
efficiency only, and not with that of motor and generator 
taken together. Mr. Elliott makes a somewhat similar 
mistake with respect.to the Carnot cycle, in supposing 
that equality of temperature between source and workin 
fluid at the maximum temperature, and between sink ont 
working fluid at the minimum temperature are essential 
to theperfection of that cycle. The assumption of equality 
of temperature is only necessary to make the cycle theo- 
retically reversible without change of conditions, and, in 
the text books, this is done chiefly in order to prove, that 





the cycle is that which gives the maximum work possible 
from a given quantity of heat with a given range of tem- 
perature. The theorem being proved, it is quite imma- 
terial by how much the temperatures of the source and 
sink are respectively higher and lower than those of the 
working fluid during the communication and abstraction 
of heat. It is not the available energy of the source that 
is in question, as Mr. Elliott seems to a age Even 
with equal temperature, the heat available from the 
source may be any number of times as great as the quan- 
tity actually received by the motor. 
rovided that communication of heat takes place at 

the maximum temperature of the working fluid, rejection 
of heat at the minimum temperature, and that expansion 
and compression are both adiabatics, the motor wil 
develop the greatest amount of work theoretically pos- 
sible out of the heat presented to it. ; 

Mr. E liott will find on examination that the equation 
quoted by Mr. Willans for his ideal engine is given 
in my article as one of the standards of comparison 
proposed as an alternative to the Carnot cycle; the for- 
mula originated, I believe, with Clausius or Rankine. 


Mr. Elliott remarks that the expression Gh 


in no sense a standard efficiency ;” of course it is not ; 
as a matter of fact I never mentioned a “ standard 
efficiency,” but ‘‘a standard of efficiency,” the latter being 
the quantity peed in the denominator of the fraction 
representing the efficiency. G (H —h) most certainly is the 
standard generally used for hydraulic motors, in which Iam 
prepared to admit, H-h’ should, strictly speaking, 
represent the available energy due to pressure and velocity 
of flow at the inflow orifices, after deducting the loss for 
friction in the supply pipe. In a large number of cases, 
which I had in my mind when writing, the supply pipe for 
a turbine takes the form of a large casing or pit, in which 
the loss by friction is negligible, and hence the available 
energy is that due to the whole head; the resistance at 
entry is usually considered as one of the losses in the 
motor. 

Referring to the communication of heat from the jacket 
and walls of the cylinder, presumably during expansion, 
Mr. Elliott writes, that the conditions under which the 
addition of such a quantity ceases to increase the efficiency, 
‘is a problem awaiting solution.” The solution has long 
since been found, as a necessary and fairly obvious con- 
clusion from well-knownlaws. Heatcommunicated during 
expansion must reduce the efficiency of the motor, since it 
is not received by the latter at the maximum temperature; 
this applies equally to the cycle advocated as a standard 
by Mr. Willans, in which the expansion is adiabatic; if 
the expansion curve is raised above the adiabatic by the 
absorption of heat from the walls or jacket, loss of 
efficiency results. In making this statement I am leaving 
initial condensation out of account, as this is not provided 
for in Mr, Elliott’s formula 
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As to the necessity or otherwise for a standard of 
efficiency for steam engines I have neither asserted nor 
denied it. A demand for such a standard has, as a 
matter of fact, arisen, and I maintain that it could best 
be met by following the practice adopted in hydro- 
mechanics, and that the standard of efficiency there 
employed, viz., G (H-;) corresponds in principle—as 
has been often pointed out—to the thermo-dynamic 


quantity § 2. (T-t). If Mr. Elliott prefers it, we can 


ig 


write G H a » Where G H corresponds with Q, both 


representing energy. 


Yours faithfully, 
G. R. Boper. 





CALEDONIAN ENGINE ‘No. 123.” 
To THE EDITOR OF ENGINEERING. 

Str,—The correspondence in your columns as to who 
may rightly claim the design of this engine opens a very 
interesting question. It is well known that locomotive 
builders design many locomotives for foreign and home 
railways, and that in many cases, when the engine is 
finished and at work, the design is claimed as his own by 
the engineer of the company, who probably only fur- 
nished the builders with the gauge of the railway and 
weight of rail per yard. 

In the present case Mr. Drummond has only to prove 
that he supplied Messrs. Neilson and Co. with a complete 
set of working drawings, in order to win his case; the 
question remains, Can he do it? for without these draw- 
ings the builders must have used their own drawings, and 
therefore design. 

The ‘“‘ Drummond” design of locomotive is a fine one, 
and Mr. Stretton makes much of it in his letter, especially 
the similarity of design of locomotive on the Caledonian 
and North British Railways ; but he — to tell your 
readers that to the late Mr. Wm. Stroudley is due most 
of the credit for this general excellence, and generally, 
if we take Mr. Stroudley’s locomotive ‘‘Grosvenor” on 
the Brighton Railway and put a bogie under the leading 
end, instead of the single pair of leading wheels, we have 
engine ‘‘ No, 123” on a slightly smaller scale. 


Yours truly, 
Glasgow, March 23, 1890. 


Locomotive. 
To THE EprTor or ENGINEERING. 

Str,—I was surprised to observe from the letters in 
your issue of 21st inst. that your correspondents are not 
all yet convinced that Messrs. Neilson and Co. are 
entitled to claim the credit of having designed this 
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engine, but I think that all fair-minded persons will 
agree with me that Mr. Snowball has very clearly shown 
their right todo so. It will be remembered that Messrs. 
Neilson and Messrs. Diibs each built a passenger engine 
for the Caledonian Railway Company in 1886, and that 
both —— were sent to the Edinburgh Exhibition. 
Messrs. Diibs’ engine was a four-wheeled coupled bogie 
engine, having cylinders 19 in. by 26 in., the special 
feature of this engine being that it was fitted with the 
“‘ Bryce-Douglas” valve motion. Diibs’ engine was fully 
described and illustrated in ENcinrERING of July 30, 
1886, page 105, where it was stated that the engine was 
designed by Mr. D. Drummond, and, as I understand, 
the general drawing of this engine was made in Mr. 
Drummond’s drawing office, no one would deny that he 
is fully entitled to any praise due to its performances on 
the road. Messrs. Neilson’s engine ‘*‘ No. 123” was also 
described in ENGINEERING of December 10, 1886, where, 
on page 593, it is distinctly stated that the engine was 
designed and constructed by Messrs. Neilson and Co. 

If Messrs. Neilson had no right to claim the design of 
the engine, as asserted in the issue of ENGINEERING above 
referred to, it should have been disputed then and there, 
as it is scarcely fair to question the statement now when 
the engine has proved herself such a complete success. 

Iam, yours truly, 
LEAVE ON HER NAME PLATE. 

Glasgow, March 22, 1890. 





To THE EDITOR OF ENGINEERING. 

Sir,—I have read Messrs. Neilson’s draughtsman’s 
letter, in which he states that Mr. Drummond, the 
C. R. locomotive superintendent, did not design this 
engine, but that it was done under the supervision of the 
head of his firm. If there is any honour to be awarded, 
then I think the late Mr. Stroudley is entitled to such, 
for I consider his L. B. and S. C.R. ‘‘singles” which 
came out in 1874, the forerunner of both the N. B. R. 
and C. R. engines of to-day. 

Mr. Stretton is quite correct in stating that Mr. Drum- 
mond designed a 7-ft. inside ‘‘ single” when he was with 
the N. B. I remember the engine well (see Enat- 
NEERING May 25, 1877) It was the ‘“‘ Berwick” class, 
and save for some variations in detail might have been a 
L. B. and 8.C.R. engine (see The Engineer, September 
17, 1875),even, if my memory serves correctly, down to 
the colour. If one compares ‘‘ No. 123” C.R. (see ENGI- 
NEERING, December 10, 1886), with exception of leading 
bogie, one findsthat this is practically the same engine 
as the N.B.R., for they have both 7-ft. ‘‘single drivers” 
and 4 ft. Gin. “trailers,” other dimensions and details 
slightly varying in parts. Having seen the three classes 
of engines on drawings and in actual working order, that 
is why I consider Mr. Stroudley the original designer. I 
do not wish to detract, in any way, from Mr, Drum- 
mond’s fame as a locomotive designer, for certainly he has 

roduced the neatest tank locomotive extant, I mean his 
eading bogie, coupled ‘‘ Montrose” class, N. B. R., which 
I see Mr. Holmes, the present N. B. R. locomotive super- 
intendent, has ry i! altered. 

I infer that if Mr. Drummond did not actually make 
fresh drawings of ‘‘ No. 123” for Messrs. Neilson, who, if 
I recollect aright, built the N. B. R. ‘ Berwick,” he pro- 
pes: let them understand that the engine was to be built 
similar to his former ones, with the latest improvements ; 
but if he did not design it, why did not Messrs. Neilson 
produce an outside ‘‘single,” when the way was open for 
them to do as they plessed in the matter, on the lines of 
the 125 to 129 outside bogie class, which they built for 
the C.R, Company before Mr. Drummond was appointed 
locomotive superintendent to that railway, instead of 
reproducing Mr. Drummond’s N. B. R. design varied ? 
It looks to me that the saying ‘‘ Imitation is the sincerest 
flattery” comes in very strongly in this case. 

One point more and I am done. It would, perhaps, 
have been better taste on Messrs. Neilsons’ part had they 
contradicted Mr. Acworth’s statement, if it requires such, 
instead of allowing the'r draughtsman to do so. 

Yours truly, 
London, March 22, 1890. B. C. Forancet. 





To THE Epiror or ENGINEERING. 

Sir,—I fully agree with Mr. Clement Stretton in that 
‘No. 123” is not Messrs. Neilson and Co.’s design, but 
do not see how it is Mr. Drummond’s design either, 
seeing that it is almost precisely similar to the ‘‘ Gros- 
venor,”’ designed by the late Mr. W. Stroudley when Mr. 
Drummond was under him, the only difference between 
the two engines being that the Caledonian has slightly 
ar driving wheels and a bogie instead of the leading 
wheels, 


Brighton, March 25, 1890. 


Yours truly, 
L. 


B.S. C. R. 


To THE EDITOR OF ENGINEERING. 

Sir,—In your paper of last week there appeared a most 
emphatic letter from a Mr. Clement E. Stretton, of 
Leicester, denying Mr. Snowball’s statement that the 
credit of designing this engine was due to Messrs. Neil- 
son and Co. Your correspondent states that the engine 
was constructed to Mr. Drummond’s instructions, and it 
would be interesting to know how he became aware of 
this fact. One can scarcely apprehend so extraordinary a 
lapse of memory on the part of Messrs. Neilson and Co.’s 
chief draughtsman as that he should forget from whom 
he received his instructions when drawing out the engine, 
for he states very distinctly in your issue of the 14th inst. 
that it was designed without any interference on the part 
of the Caledonian Railway locomotive superintendent. 

Mr. Stretton does not appear to know anything about 
the engine or the negotiations which led to its being pur- 
chased by the Caledonian Railway, but it is no secret that 








if the latter had refused it the engine would now have 
been running on another British railway. { 

Mr. Snowball is requested to mention any parts of the 
engine which were designed at Hyde Park, but I have to 
point out that he has already done so through the columns 
of the Railway Press, and Iam sure your readers would 
be much obliged to Mr. Stretton if he would kindly indi- 
cate which parts of the engine Mr. Drummond can lay 


claim to designing. Yours truly, 
March 26, 1890. CowLalRs. 
[We can = no further correspondence on this sub- 
ject.—Ep. E.] 





THE BATTLE OF THE BRAKES. 
To THE Eprror oF ENGINEERING. 

S1r,—The letter of “A L. B. and 8S. C. Passenger ” in 
your issue of March 14th, inquiring if the vacuum 
brake which is being fitted to the rolling stock of the 
Indian railways is the one which recently failed at Car- 
lisle, has produced the evidently desired result of an attack 
upon the vacuum automatic brake. ‘‘A Railway Man” 
regretfully replies in the affirmative, and quotes a series of 
brake failures upon the London and North-Western Rail- 
way to show that this brake is peculiarly liable to fail in 
winter from the effects of frost and ice. “A Railway 
Man ” will no doubt agree with me that in this important 
matter it is absolutely necessary to compare like with 
like, and will be surprised to learn that nine out of the 
eighteen enumerated failures, between December, 1486, 
and March, 1889, were failures, not of the automatic, but 
of the simple vacuum brake, with which, so far as 1 am 
aware, it is not proposed to fit the rolling stock of any of 
the Indian railways. 

he Board of ‘Trade returns of railways (continuous 
brakes) class the failures of each description of brake under 
three heads, —— in the order of the serious nature of 
the failures, as follows : 

1. Failure or partiil failure to act when required in case 
of an accident to a train, or a collision between trains being 
imminent. 

2. Failure, or partial failure to act under ordinary cir- 
cumstances to stop a train when required. 

3. Delay in the working of trains in consequence of 
defects in, or improper action of, the brakes, distinguish- 
ing whether they arose from neglect or inexperience of 
servants, or failure of machinery or material. 

Leaving out of consideration the accident at Carlisle on 
the 4th instant, the cause of which is still under investiga- 
tion, there were thus nine failures on the London and 
North-Western Railway, which were actually chargeable 
to the vacuum automatic brake. Of these, not one is 
classed in the Board of Trade return under the head of 
No. 1, one only, that of February 11, 1889, is classed under 
the head of No. 2, and eight are classed under the head of 
No. 3. These latter eight so-called failures, could not 
possibly have led to accidents, and merely resulted in the 
comparatively trivial inconvenience of ‘‘a delay in the 
working of trains.” 

‘“* A Railway Man’s” rather formidable list of eighteen 
failures, due to frost and ice, of the vacuum automatic 
brake upon the London and North-Western Railway 
within a period of twenty-seven months is, therefore, 
reduced to one case only, which could possibly have re- 
sulted in damage of property, or accident to life or limb. 

I invite the attention of ‘‘ A Railway Man” to the last 
published Board of Trade return for the six months 
ending June 30, 1889. He will find that with a mileage 
of 32,851,627, nine cases are reported of the failure, or 
partial failure of the vacuum automatic brake to act under 
ordinary circumstances, or to stop a train when required— 
only one of which, that of February 11, 1889, upon the 
London and North-Western Railway, is attributable to 
frost and ice—whilst with a mileage of only 20,679,988, 
ten cases of this nature are reported of the Wistlaahenss 
automatic brake, any one of which might have resulted 
in an accident. Under the third head, that of ‘‘ delays 
in the working of trains,” the number of failures of the 
Westinghouse automatic is so much in excess of the 
number of failures of the vacuum automatic, in propor- 
tion to the mileage, that the two brakes in this particular 
will scarcely bear a comparison. 

With these simple and official statistics before him, 
“AL. B. and S. Coast Passenger” may rest assured that 
the Indian railways have selected the brake which ex- 
perience has proved to be the least liable to derange- 
ment, and it may relieve him from needless anxiety to 
learn that a large majority of the locomotive engineers of 
the United Kingdom have long since unmistakably 
declared in favour of the adoption of the vacuum auto- 
matic brake 


Belfast, March 24, 1890. 


Yours truly, 
AN ENGINEER. 





To THE EDITOR OF ENGINEERING. 

Str,—‘‘ A Railway Man ” writing on the above subject 
brings a formidable list of failures due to frost against 
the vacuum automatic brake. I, having the book of 
instruction and description of the Vacuum Company’s 
brake, read the working of the brake is not affected by 
dust or frost. Referring to the accident at Carlisle, how 
was it that the Scotch express high-speed main line train 


was allowed to Jeave Euston, when it was known from | & 


the fact that the brake was found frozen under a van, 
that there were leakages from the atmosphere of moisture ? 
Also at Tring the train was pulled up, the brakes being 
on, and tyres of a van hot, showing that there was con- 
siderable leakage of air into the tubes to allow the brakes 
to get on in spite of the ejector. It would be much the 
better arrangement if some kind of pump or exhauster 
was used instead of the ejector, to exhaust the air out of 
the tubes, then of course there would be no dripping of 


water (condensed steam) down the pipes, as is the case 
now. 

I should prefer also that the brake pistons make their 
stroke outwards instead of inwards, for reasons I will 
explain, if called upon to do so. I don’t understand how it 
is that the gauges on the engine and vans show 20 in. of 
vacuum ; if due to leaky connections ice is formed and 
chokes up the pipes, how long will the van gauges record 
20 in. vacuum if there is leakages of air into the pipes? I 
should think it would not be long as the ejector could not, 
of course, exhaust the air out of the pipes. The stickin 
of the ball valves through freezing can be easily prevent 
by a very simple arrangement. 


Yours sien, 
March 25, 1890. V. M. 





To THE Epitor OF ENGINEERING. 

S1r,—I was pleased to see a letter from an “L. B. and 
S. Coast Passenger,” in your issue of March 14th, on the 
comparative merits of the automatic vacuum and West- 
inghouse brakes. 

am very much interested in the subject, and should 
be obliged if you or any of your readers could tell me 
where oo find the best and most intelligible description 
of the internal working of the automatic vacuum brake. 
I may add that I was on a Midland engine yesterday 
when the driver told me that, although he a been for 
some years constantly using this brake, he had never 
known it affected by frost. 

He suggested that the failure of the brake to work, at 
the time of the Carlisle accident, might have been occa- 
sioned through rough handling of the lever and not by 
any part of the brake being frozen at all. 

i inclose my card and am, Sir, yours obediently, 

THE SON OF AN ENGINEER. 

March 20, 1890. 





WATER GAS. 
To THE Epitror or ENGINEERING, 

S1r,—From the notices of the experiments made at the 
Leeds Forge in melting steel with water gas, which have 
appeared in last week’s technical journals, it may be in- 
ferred that the steel was made on the open hearth ofa 
Siemens furnace (with four regenerators), and that the 
fuel employed was a mixture of producer and water gas. 
A charge was made, it appears, in five hours, with a con- 
sumption of fuel equivalent to 5 ewt. per ton of steel pro- 
duced. 

These figures are very interesting to steelmakers, but it 
would be well if they could be supplemented by informa- 
tion on the following points, viz., whether the water gas 
employed was mixed with gas from a Siemens producer or 
with the gas, sometimes called producer gas, which is 
made in the water-gas apparatus ; also whether the con- 
sumption given as 5 cwt. represents the fuel consumed in 
the production of water gas, or of producer gas, or of both 
combined. 

No one will doubt that gas made in the Siemens pro- 
ducer may be enriched by the addition of water gas 
(hydrogen and carbonic oxide free from conte, sa and 
that by using such enriched gas in the Siemens furnace a 
higher temperature may be obtained than by using pro- 
ducer gas alone, but it may be questioned whether this 
can be done profitably both as regards cost of fuel and 
wear and tear of furnaces. 

With regard to the melting of a charge in five hours at 
the Leeds Forge, in the Siemens crucible steel-melting 
furnace, which was introduced about 1867, five to six 
charges have always been made per twenty-four hours in 
regular work ; a if similar materials, viz., pig iron and 
puddled bar, or scrap, be used in an open-hearth furnace, 
steel should be melted as quickly in one case as in the 
other; and this indeed has been reported from the Con- 
tinent. If the puddled bar is charged red hot the work- 
ing should be even more rapid, as in pot furnaces cold 
materials are exclusively employed. The notices concern- 
ing the use of water gas at the Leeds Forge refer to the 
fusion of pig iron and scrap, and it follows from what has 
been said that the:e is no evidence of improvement by the 
use of water gas, as of course the melting of ste 1 in 
crucibles and on the open-hearth, to which reference has 
been made, is effected with gas from the ordinary Siemens 
producers. 

The statement that the normal production of puddled 
iron in an ordinary puddling furnace is ¢s low as 14 ewt. 
per shift can only be looked upon as a clerical error, inas- 
much as 32 cwt. per shift is the usual figure for a forge 
mixture, and the consumption of fuel 25 ewt. per ton of 
puddled bar, as may be found on reference to the 
standard works on iron and steel of Percy or Bauer- 
mann. A return which I have seen from the Pather 
Works, Glasgow, of the day and night shifts on the 24th 
of last month confirms these figures, the production of bar 
iron from an ordinary puddling furnace being given as 
32 cwt. per shift, and the consumption of fuel 23 cwt. per 
ton of puddled bar. At the same works adouble Siemens 
furnace of the new type has lately been set to work for 
puddling iron, and the production is returned as 3} tons 
of puddled bar per shift which is fully equal to the ordi- 
nary furnace, whilst the consumption of fuel is reduced to 
6 cwt. per ton of puddled bar. It would be interesting 
to learn the consumption of fuel in puddling with water 
I am, Sir, your obedient servant, 


as. 
April 1, 1890. Gas. 





ANEMOMETRICAL EXPERIMENTS AND 
WIND PRESSURES. 
To THE EpiToR OF ENGINEERING. 
Sir,—In reference to an article in last issue, March 
28th, on the anemometrical experiments, page 394, con- 





ducted by Messrs. Dines and Whipple, it may perhaps 
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be pertinent to suggest that they illustrate previous — 
rience on the efficiency of sails in ships and on windmills. 
At sea a following wind is found not to be so useful for 
progression as a beam wind, when the sails are set and 
trimmed to certain angles with the wind and_ the course 
of the vessel. The anemometrical plate experiments find 
that this angle in their case lies from 45 deg. to 55 deg., 
where more pressure is exerted on the anemometer plate 
than when it lies athwart the course of the wind. The 
explanation of this apparently incongruous result is pro- 
bebly due to the whole mass of wind sliding off the sail, 
and none being detained by obstruction as it would be 
when the sail was perpendicular. The American prin- 
ciple for the perfect efficiency of sail power is to have 
them as flat as possible, so that there should be no hollows 
to hold wind. The experiments of Messrs. Dines and 
Whipple will be very interesting in pointing out the 
explanations and causes of previous experience in a 
regular scientific manner. 
I am, Sir, your obedient servant, 
J. W. Brack, F.R.M.S. 
Park Hotel, Preston, March 31, 1890. 





THE NAVAL MANCEUVRES. 
To THE Eprror or ENGINEERING. 

Str,—In some remarks of mine on Mr. White’s paper 
at the Institution of Naval Architects, which you have 
been good enough to publish (see e 391 of your last 
issue), there are two errors to which I wish to call your 
attention, in case any statements should be founded on 
them. 

1. As to the time a cruiser takes to pass from moderate 
to full speed. 

I did not say that ‘‘ten minutes would be sufficient,” 
but that no officer in command of a ship of war in the 
vicinity of enemies in war time would venture not to keep 
his steam ready for full speed at ten minutes’ notice. 

This is an important matter, as the naval requirements, 
if known to clever engineers, frequently stimulate them 
to make improvements in generating apparatus. 

I am sure that inventions which give us greater power 
of passing from low to high speeds at short notice are 
especially valuable to the Navy, while for the mercantile 
matine they are probably not of much importance. 

2. At the end I did not say that “tthe smaller boats 
were not capable of facing the sea at all,” but expressly 
explained that the risk of an accident to their steering 
gear deterred me from ordering them to turn round in 
teeth of the gale. 

We had had numerous such accidents, and the cruise 
being over I did not judge it expedient to risk another 
wich, under the circumstances, might be serious. 

I may add that such boats can maintain a high speed 
against moderate Channel weather, but they do so at the 
cost of converting the fore deck into a kind of Niagara 
Falls. 

The value I attach to these discussions as a means of 
communi:ation between the different professions concerned 
in the equipment of our fleet, and by consequence with 
the safety of our country is my reason for woalling you. 


Yours sincerely, 
March 30, 1890, Sam. Lone. 





MISCELLANEA. 


Ir is now proposed to postpone the American World's 
Fair till 1893, as an extension of time is necessary if the 
work is to be done in a fitting manner. 


It is not in this country alone that new orders for ships 
are falling off. On the American lakes, only about two- 
thirds the tonnage is now being constructed, as com- 
pared with the same period last year. 


A recent invention, the Huntingdon electric search 
light, has recently been tested in San Francisco harbour. 
Those usually used are very heavy, but the Huntingdon, 
giving a light of 4000 candles, is said to weigh but 130 lb., 
and can be easily handled by one man. 


The returns of the testings made at the gas testing 
stations in the different metropolitan districts, on behalf 
of the London County Council, for the week ending 
March 29, show that on one occasion only was the illumi- 
nating power of gas below the standard, viz., at Peckham, 
on the 29th ult. 


Experiments of an encouraging nature are said to have 
recently been made in the States, with a view to manufac- 
turing spikes by rolling a bar so that its width shall be 
the length of the spikes, which are to be cut from it 
in much the same way as cut nails, the head, however, 
being formed by rolling. 


The gross receipts of the 23 principal railways in the 
United Kingdom, for the week ending March 23, 
amounted, on 16,152} miles, to 1,199,937/., and for the 
correspondin period of 1889, on 16,2744 miles, to1,199,011/., 
an increase of 122} miles, or 0.7 per cent., and an increase 
9261. 


Tramways are in great favour in Japan. The Tokio 
City Company have on their lines ninety-three cars, ten 
carriages, and 520 horses. They have about nine miles of 
rails. The company know something about the art of 
advertising, and they have a very liberal display on their 
cars of cheap and popular mercantile literature. 


The twelfth ordinary meeting of the sixteenth session 
of the Liverpool 4 Society was held on Wed- 
nesday, March 26, Mr. H. West, M.Inst. C.E., Presi- 
After the usual routine busi- 
1omas L, Miller, A.M.I.C.E., read a paperon 


dent, occu “ bd the chair. 


ness, Mr. 





‘*Gas Engine Efficiency,” the discussion on which was 
adjourned to the next meeting of the Society, April 16. 


Professor Elihu Thomson, the well-known American 
electrician, has great confidence in the future of elec- 
tricity and of the dynamos in particular. He states that 
the dynamo of the future will develop from 2000 to 3000 
horse-power, or even more, and he does not despair of 
seeing the electro-motor displacing the steam locomotive 
on the railroads. 


The Zalinski guns constructed for the United States 
war vessel Vesuvius have now been tried with gun-cotton 
shells with perfectly satisfactory results, and will, it is 
believed, be forthwith accepted by the American naval 
authorities. They have not, however, yet been tried with 
dynamite, which is much more difficult to handle safely 
than gun-cotton. 


The arrangements for holding an exhibition in Jamaica 
in 1891 appear now to be fairly complete. It will be 
opened on January 27, 1891, and will remain open not less 
than three months, A commission, at the head of which 
is the Governor of Jamaica, will manage the whole affair. 
— — exhibited will be mainly products of the 
island, 


The richest petroleum districts in Roumania are situated 
south-east of the Carpathian Mountains. In many places 
in this district, especially at Ploiesti, the ground is charged 
with gas to such a degree that it is only necessary to bore 
a hole and a jet of inflammable gas issues at once. The 
wells here are in general from 160 ft. to 2380 ft. deep 
though some are as much as 400 ft. in depth, and still 
deeper borings are now being put down. 


The Fire Department of the Hague, Holland, have 
instructed Messrs. Merryweather and Sons to build them 
a powerful ‘‘Greenwich” steam fire engine to throw 
600 gallons per minute to a measured height of 160 ft., 
pond to that already in use, and which has given great 
satisfaction. This is of thesame pattern as those supplied 
to the Metropolitan (London) Fire Brigade, as well as to 
the brigades of numerous English towns. 


A Canadian engineer has recently proposed a plan for 
enlarging the oi connecting the lakes and the St. Law- 
rence, so as to provide a waterway for ocean-going ships 
between these lakes and the St. Lawrence. Whether this 
dlan will be carried out just now is doubtful, though Sir 
ohn MacDonald has promised to deepen the Welland 
Canal to 14 ft. within the next two years, but sooner or 
later, it seems certain that some similar scheme will be 
carried out, as an immense trade could thus be served. 


The output of coal in British Columbia is steadily 
increasing, as the following figures giving the amounts 
raised and exported during the past three years, show : 
Output. Export. 

Tons. Tons. 
413,360 334,839 
489,000 365,714 
579,830 443,675 
California. 


1887 

1888 os 

1889... = es a 
Most of the coal exported is sent to 


The adventurous survey for a railroad down the Grand 
Caiion of Colorado, which has been in progress for some 
time, is now completed, so far as the preliminary work is 
concerned, and from the information thus gained it seems 
that there will be little difficulty in running a line through 
this awful gorge, as there is a natural bench from 20 ft. to 
150 ft. above high watermark. Indeed it is stated that the 
line will not require one-half the heavy work that has 
been necessary in constructing lines amongst the moun- 
tains of Colorado. 


M. Villari has recently made some curious experiments 
on the length of are obtained in different gaseous atmo- 
spheres. e thus found that when the arc in hydrogen 
was gin. long, the same electromotive force would give 
one of ys in. in oxygen, and fin. in ordinary air, the car- 
bons being horizontal. When the carbons are vertical, 
however, the length of arc is much increased, particularly 
if the negative carbon is uppermost. Under these con- 
ditions he found that the same electromotive force gave 
an are 27.5 times as long in oxygen as in hydrogen. 


Artesian wells are being put down in great numbers in 
the district of Riverside, California, and, owing to them 
this district, which was previously almost uninhabited 
on account of the scarcity of drinking water, has now a 
a of 7000. The wells have been sunk along the 

ases of the mountains San Bernardino and Gray of the 
Sierra Nevadas, and in all forty wells have been sunk up 
to the present, the average depth being 130ft., and the 
— rises to a considerable height above the ground 
evel, 


The high hopes entertained by many Americans that 
the new torpedo boat Cushing, which has been built by 
the Herreshoffs for the United States Government, would 
beat the record, seems doomed to disappointment, as the 
highest speed she has yet attained has n but slightly 
over 22 knots per hour. This, however, satisfies the con- 
tract conditions, and was obtained with a boiler pressure 
of 225 lb. per square inch, whereas these boilers have been 
designed for a pressure of 250 1b., and will finally be run 
at this pressure, when no doubt a somewhat higher speed 
will be attained. 


A remarkable increase in the railway revenue of Natal 
is recorded, the increase for last year being no less than 
532 per cent. over the year 1888. The total receipts 
according to the Cape Argus, amounted to 535,260/., and 
the total expenditure to 300,247/. The classified capital 
expenditure upon open lines during the year derived from 
loan funds and general revenue in respect of new and 
additional buildings, rolling stock, and the like, amounted 
to 57,414/., and that amount is included in the total 





capital upon which interest has been earned for the whole 
year. 


A Board of naval officers o pemere by the United 
States Government have recently examined the Thomson 
electric welding process, and report that it is ible to 
weld in this way wrought-iron, cast-iron, brass, and 
copper rods, from small wires up to bars 2hin. in dia- 
meter, and pipes of still larger sizes can be dealt with. 
Further, dissimilar metals can be welded together, and it 
is also possible to join, by ase 2 the ends of wire 
cables, and to form welding rings of small or large dia- 
meter. They consider that the process would be very 
valuable on shipboard in making repairs, and would be 
economical, saving time, labour, and money as compared 
with the methods now in use. 


The pomwmegs! fare wal meeting of the Leeds Association 
of Foremen 7 and Draughtsmen was held on 
Thursday, March 27, in the Physics ture Theatre of 
the Yorkshire College, Leeds, when Dr. W. Stroud, 
Professor of Physics at the College, gave a lecture on 
‘* Springs,” which he defined as bodies subjected to defor- 
mation, either of volume or form, in consequence of which 
they exerted forces tending to resist the deformation, and 
the examples brought forward ranged from the commonest 
type of springs up to the Forth Bridge. Special reference 
was made to the —_ and Perry magnifying spring, 
_ — he stated it was possible to measure the sg7/5a7 
of an inch. 


A new gun mounting, one of the chief features of which 
is that the port in the shield through which the gun works 
is so little larger than the gun, that perfect protection is 
afforded the crew, has just been tried on the a, 
at Portsmouth. This is accomplished by sloping the shield 
back so that the trunnions come up close to the shield. 
The mounting has, however, been principally designed by 
its makers, Messrs. Armstrong, Mitchell, and Co. for 
high angle fire, and the gun with this mounting can_be 
fired at as high an amie of elevation as 40 deg. The 
mounting tried on the Handy carries a 22-ton 9.2 in. 
breechloading gun. The weapon is carried on a turn- 
table, below which are the men who train the gun, accord- 
ing to directions from No. 1, telegraphed to them by an 
indicator, and in this way only four men are required to 
around the gun, and protected by the shield. The 
mounting itself is of the Vavasseur type, and the greatest 
length of recoil allowed is 18 in. At the higher elevations 
where extreme range will not be required, it is intended 
to fire the gun with reduced charges, and thus relieve the 
strain on the mounting. The trials passed off very suc- 
cessfully even when the gun was fired at its maximum 
elevation, at which a half-charge only was used. 





SroraGEe OF PeTROLEUM.—The appliances for handling 
petroleum must be said to keep fairly abreast of the 
a consumption. The tank steamers keep getting 
larger and better constructed, and commodious reservoirs 
are being built at a number of large towns. At Flushing 
a reservoir with a capacity of 13,000 barrels is in the 
course of construction, and Amsterdam and Rotterdam, 
the two other most important ports for imports of petro- 
leum in Holland, have already such. he import to 
Flushing and Rotterdam of petroleum amounted last 
year to 673,963 barrels, which was an increase of more 
than 200,000 barrels as compared with the previous year. 


CentTRAL Exxctric Station AT CoPpENHAGEN.—The 
Corporation of Copenhagen have decided to erect a central 
station for electric lighting for the interior portion of the 
old town. The Corporation also own the principal gas 
works, and the plans for the electric lighting have beenmade 
out at the instance of the latter. These plans have now 
been finally considered by a committee, and in accordance 
with the plan a station will be constructed with a capa- 
city of 10,000 incandescent lamps, but the property pur- 
chased for the purpose and the various arrangements will 
allow of later extensions. The capital required has been 
calculated at 1,195,000 kr. or about 66,000/., and itis recom- 
mended to let the Corporation, at the consumer’s expense, 
lay in the connection from the street cable to the meter. 
The consumer is to pay a rent of the meter, which about 
corresponds with the actual outlay for first cost and 
repair, and the charge for consumed electricity has been 
fixed at 8 dre (74 Gre=1d.) per 100 watts. Theatres 
and other large consumers may expect some reduction, 
when application is made to the Corporation, 


Burry Navication.—Last week Mr. Kinipple, the 
engineer to the Burry Navigation Commissioners, South 
Wales, visited Llanelly, and inspected the various im- 
provement works now in progress. These were com- 
menced more than eight years ago, and have since been 
carried out under his direction. The main training bank 
is now completed from Penclawdd, down to a point 
nearly opposite the entrance to the harbour of Llanelly. 
The main bank has so trained and confined the tidal 
scour, that there is now a channel of half a mile in width, 
and of more than 25 ft. in depth at high water of spring 
tides from the harbour mouth out to sea, or of many times 
the width, and of double the depth of what it was in 
August, 1883. The channel seaward is daily becoming 
more and more fixed, and there is every indication that 
as the main training bank is extended oun the estuary, 
vessels of the same tonnage as those which now navigate 
the Clyde up to Glasgow, will be able to reach Llanelly ; 
this coupled with the recent opening up of new collieries in 
the locality, and the providing of additional and better 
wet dock accommodation, in the course of a few years, 
will bring Llanelly to the front, as a first-class port for 
the shipment of coal, tinplates, &c, 
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UNDERFRAME FOR DOUBLE-BOGIE CARRIAGE; METRE GAUGE. 
CONSTRUCTED BY THE SOCIETE ANONYME “LA METALLURGIQUE,” BRUSSELS. 
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ROLLING STOCK FOR LOCAL RAILWAYS. 
On pages 628, 630, and 635 of our last volume we 





illustrated and described some examples of light rolling | was constructod by MM. Noulet Fréres, of Braqueg- | 


stock for local railways of metre gauge, which were | 
exhibited at Paris last year by the Société Nationale 
de Chemins de Fer Vicinaux, of Brussels, and this week 
we "ie ry aie of further examples of the rolling | 
stock used by this company for secondary railways and | 
steam-worked tram lines. The general constructive 
features of the vehicles we now illustrate are practi- | 
cally identical with those of the carriages dealt with | 
in our former notice, so that our present engravings | 
will need but a brief description. 

Figs. 1, 2, 3, and 4 of our two-page engraving this | 
week show a four-wheeled first-class carriage with two 
compartments, the one seating fourteen and the other | 
six passengers, or twenty in all. As will be seen from | 
the plan, Fig. 2, the compartments are entered from 
the end platforms, and a longitudinal passage extends | 
through them. The length of the carriage, including | 
end platforms, is 20 ft. 4in., and its width outside is 
7 ft. 72in., while its wheel base is 5 ft. 10.8in. It 
was built for the exhibiting company by Madame 
Aurélie Verhaeghen, of Malines, and is a very neatl 
finished and comfortable vehicle. It is fitted wit 
brakes applied to all the wheels, these brakes being 
worked from one of the end platforms. 

Figs. 5, 6, 7, and 8 of our two-page engraving 
show the general arrangement of the body of a double- 
bogie composite carriage built for the exhibitors by 
the Société Anonyme “ La Metallurgique,” of Brussels, 
the underframe of this carriage being shown by Figs. 
13 and 14 on the present page. This carriage has a 
body 36 ft. 1 in. long (including the platform at one 
end) by 7 ft. 7?in. wide outside, and it is mounted 
on two four-wheeled bogies placed 27 ft. 10.7 in. apart 
from centre to centre, each bogie having a wheel base 
of 3ft. 7.2in. The construction of the framing will | 
be eae | seen from our engravings. 

As will be seen from Fig. 6, the Cody of this carriage | 
is divided into three compartments, namely, a first- | 
class compartment with seats for fourteen passengers ; | 
a second-class compartment seating twenty-four pas- | 
sengers ; and a luggage compartment. A platform for | 
access is provided at one end only, but in addition to 
this there is a transverse passage between the luggage 
and second-class compartments, from which these can 
be entered. A longitudinal gangway gives communica- 
tion through the two passenger compartments. It will | 
be seen that, as in the vehicles described in our former | 
notice, the backs of the seats of the second-class com- | 
partment are shorter than the seats themselves, so as | 
to facilitate the passage of persons carrying parcels, | 
&c. The clear width of gangway between ends of seats | 
is but 153 in., while between ends of backs it is 243 in. | 
The ree is fitted with a brake acting on all the | 
wheels. 
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so that it can be used for transporting timber or other 
long articles if required. This wagon, which is shown 
by Figs. 9, 10, 11, and 12 of our two-page engraving 


nies, Belgium. It is 17 ft. 74in. long by 7 ft. 74in. 
wide over all, and is mounted on four wheels | ft. 
11§ in. in diameter placed at a wheel base of 5 ft. 2 in. 
The wagon is wholly of iron with the exception of 
the pivotted beams and the floor planking. The 


| sole bars are of channel section 9.84 in. by 3.15 in. by 


0.39 in., and they are connected by brackets to 2.95 in. 
by 1.97 in. angle irons which run along the outer edges 
of the flooring, the side plates 0.2 in. thick being 
rivetted to these angle irons. At their upper edges 
the sides are stiffened by external channel irons filled 
in with wood as shown in Fig. 12. The central longi- 
tudinals are of channel section 2.36 in. by 1.18 in. b 
0.28 in. laid flat. The other constructive details will 
be readily seen from our illustrations. The ends of 
the wagon are hinged as shown. 

All the vehicles we have described are fitted with 
the system of central buffers with draw hooks below 
them, which we noticed when dealing with the other 
rolling stock of the Société Nationale de Chemins de 
Fer Vicinaux, the drawbars being coupled by double 
sets of screw couplings. Altogether these various 
vehicles form excellent Phen: of rolling stock 
suitable for light local railways. 





INDUSTRIAL NOTES. 

THE month of March was signalised by labour dis- 
putes of great magnitude in several industries, most of 
which ended, in one way or another, towards its close. 
The most formidable was the strike in the coal trade, 
which, however, happily only lasted a few days. 
During this short time the inconvenience was ve 
great, and the increase in the cost of fuel ‘was 


, altogether Sn nae erp to the amount really in 


dispute. The letters in ENGINEERING last week, bear- 
ing upon the relative increase in wages, compared 
with the actual increase in prices, will help to eluci- 
date what has been, and even continues to be, a 
mystery in the coal trade. Some further tables, 
similar to that given by ‘‘ A Colliery Manager,” will 
help to clear up misconceptions on this interesting 

int. No one at all acquainted with the coalmining 
industry will dispute the fact of small profits, and, in 
some cases, of actual losses, for some years. A know- 
ledge of this fact will minimise criticism when profits 
are realised, provided that there is some reasonable 
proportionate relation between the increase in wages 
and in prices. The absence of this knowledge leads to 
confusion ; the unknown quantity is exaggerated or 
minimised, according to the prejudices or prepossessions 
of onlookers in cases of dispute. The dislocation of 
trade naturally causes some amount of irritation on the 


The third vehicle we illustrate this week is a low-| part of those who suffer, whether as manufacturers 





sided platform wagon fitted also with a pivotted beam and traders, or the great body of consumers whose 
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interest is limited to domestic requirements, and in- 
creased cost in other ways. 

The great engineering strike along the north-east 
coast having taken place almost simultaneously with 


|the strike in the coal trade, not only lessened its 


importance but diminished its inconvenience. The 
dearth of fuel, and its enhanced price, would in any 
case have interfered somewhat with the trades affected 
in the localities where the strike occurred, and to 
which it extended. The few days’ cessation of labour, 
therefore, enabled the employers and firms to tide over 
the crisis in the coal trade, and to effect a settlement 
when the price of fuel had receded from the temporary 
maximum price immediately the miners ceased work- 
ing. The terms of settlement arranged between the 
engineering firms and their = were generall 
reasonable and satisfactory. The men resumed wor 
on the old terms on the condition that the hour on 
Saturdays shall be conceded on and after May 10th. 
There is, however, an element in the terms of settle- 
ment which may lead to further troubles. The men had 
to agree to forfeit the August Bank Holiday and also a 
portion of the usual holidays in race week. When 
these holidays are in prospective they appear of little 
interest, but when they are close at hand the old habits 
and customs will revive. However, this was the com- 
promise, and the men must abide by the terms agreed 
upon. It is most essential that there shall always be 
an honourable fulfilment of conditions on both sides, 
whatever the inconvenience at the time may be. 
Doubtless this will be the case in the present instance, 
the maximum good being obtained. 





Throughout Lancashire the ‘‘ iron trade” is said to 
‘continue in a stagnant condition.” This, however, 
refers only to the ‘‘ iron market” for pig and finished 
iron, in which, from a variety of causes, there is little 


ry |doing. There is undoubtedly a reaction against the 


higher speculative prices obtained some time ago, 
when an excitement was got up and some high prices 
were obtained. The most unfavourable aspect of the 
matter is that little new business is coming forward, 
and consequently the makers are open to entertain 
offers at lower prices than heretofore. Notwithstand- 
ing these drawbacks and labour disturbances of late 
the several branches of the engineering trades still 
maintain the same activity with the orders in hand, 
and in some departments there is a fair amount of new 
business coming forward, though the inquiries are 
slackening in some respects. Unless there is renewed 
activity in regard to forward contracts the present 
high-pressure output, which has been maintained for 
some time, will to some extent slacken off. There has 
been for some weeks past a disposition on the part of 
many engaged in the engineering establishments of 
Lancashire, to make a move for the purpose of securing 
a further advance in wages, but the unsettled state of 
the iron market, and the rumours of slackening off, 
have caused the matter to be kept in abeyance. 
Whether the action taken elsewhere will hasten on a 
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decision or not remains to be seen. In any case it 
will be prudent of the leaders to prevent any sudden 
step being taken, and to effect by interviews and 
conferences such reasonable terms as may be possible 
in the interests of all parties. 


In the Sheffield and Rotherham district there are 
complaints as to the scarcity and high price of 
fuel, and of the increased cost of labour. These cir- 
cumstances, singly and combined, are, it is alleged, 
seriously hampering the manufacturers, and causing 
them either to decline orders, or only to accept them 
conditionally. Rolling mill proprietors and _ steel 
manufacturers especially complain of the increased cost 
of fuel, and of the enhanced prices both for material 
and labour. In the Sheffield local trades, particularly 
in the edge tool and cutlery branches, the manufac- 
turers declare that they are obliged to decline orders 
from abroad on the ground that they cannot obtain 

rices commensurate with the increased cost of manu- 
acture and production. In spite of all this, trade 
continues very brisk and active in all =e ante 

The agitation for increased wages by the stove-grate 
makers, which originally began at Rotherham, is now 
quite as active in Sheffield, the men declaring their 
intention and determination to secure the advance for 
which they first struck at Rotherham. To these must 
now beadded the engineers, who are demanding an 
advance of 2s. per week. At a great general meeting 
of the trade, at which both society and non-society 
men were present, it was unanimously resolved to 
give in their notices to strike, unless the amount ‘is 
conceded on or before the date of the expiry of the 
notices, namely, on the 12th instant. The men in the 
general cutlery and other trades are busily engaged in 
** federating,” in order to secure higher wages all 
round. The labourers engaged in the Sheffield in- 
dustries are similarly busy, organising for the selfsame 
object. 


In the Cleveland district there have been some oscil- 
lations in the price of iron, but buyers were shy of the 
upward movement, and only bought according to 
necessity when prices receded. The state of trade is 
such, however, that whatever happens there will be a 
good demand for iron for work on hand, and for ship- 
ments for at least three months to come. Both the 
engineering and shipbuilding industries are exceedingly 
busy, and there are fresh inquiries for bridge and 
girder work for India, in addition to the large orders 
on hand. At the Teesdale Iron Works, Stockton, a 
dispute arose affecting some of the men, and connected 
with the recent rise in wages of ls. per week. The 
advance from 24s. to 25s. per week was general, but 
some of the workers demanded an additional 6d. on 
the 25s. Upon this they were discharged, and ordered 
to leave the works. Thereupon the helpers, and 
many of the blacksmiths and planers, to the number 
of nearly 500, laid down their tools, and went on strike. 
After a few hours the masters conceded the terms, and 
the men resumed work. On the 24th ultimo, a con- 
ference was held between the steel-plate millmen, em- 
ployed at Consett, and the employers, with reference 
to the wages scale, to which reference was made last 
week, when it was agreed to renew the sliding scale at 
an advance of 24 per cent. on the then present scale, 
for a period of two years. Thereupon the employers, 
in consideration of the loyalty of the men under the 
previous scale arrangements, added a further 24 per 
cent. advance, thus giving 5 per cent. on the basis of 
wages prior to March 24. Some 200 men employed at 
the Consett Steel Works, as smelters, gasmen, charge- 
wheelers, &c., gave in their notices because of some 
disagreement over the discharge of two men, and the 
filling up of certain vacancies in the works. 


The best commentary upon the state of the iron 
market, during several weeks past, is to be found in 
the report of the accountants to the North of England 
Ironworkers’ Wages Board, whose certificate shows an 
increase of 10s, 64d. ~ ton on the average selling 
price of manufactured iron for the two preceding 
months. Under the sliding scale this will give to the 
men an advance of 6d. per ton on puddling, bringing u 
the price to 8s. 6d. per ton, and 5 per cent. on mill an 
forge work generally. There are now no more com- 

laints as to the general working of the Arbitration 
Saeed in this district. 
rt of the accountants to the Midland Iron 
and Steel Wages Board is even more satisfactory. 
The pene Mey average selling | gyaee during January 
and February was 7/. 18s. 4.3id. per ton. The com- 
mittee thereupon resolved that the wages of the 
puddlers be advanced 9d. per ton, and that 74 per 
cent. additional be given to the tonnage men per 
hundredweight working under the scale. The wages 
of the puddlers is 9s. 9d. per ton. The above advance 
will also entitle the blast furnacemen to an advance 
of 74 per cent., to commence from the first pay day in 
the present month. The general advance of wages in 
Staffordshire has been to the iron and steelworkers 
224 per cent. prior to the present advance, or, with the 
present advance, some 30 per cent. over and above 


The re 





what the wages stood at some fifteen or sixteen months 
ago. ‘Trade throughout Staffordshire is exceedingly 
active, all classes of workmen are well employed, and 
good wages are being earned all round. The chief 
complaint now heard is of excessive drinking and 
neglect of work. 


The dockers’ strike at Liverpool has ended in disaster 
and distress. All attempts to terminate the strike by 
an amicable arrangement failed, and at last the men 
went in with an ugly rush and a riot, stoning those 
who were at work and the police who went to their 
protection. Even at the last moment the same stupid 
policy was pursued by the leaders of trying to prolong 
the struggle, the Atlantic liner companies being 
singled out for special attack. But the signal being 
given to resume work, the strikers rushed madly to 
the docks with the view of securing precedence of 
employment. The only man who was really bold 
enough to give good advice to the men on strike was 
Mr. Michael Davitt, who urged them to return to work 
and await a further and better opportunity. But he, 
too, spoiled it by referring to the Knights of Labour 
of New York as a source of help and strength. Their 
support is not worth a rap; and their influence for good 
is nd in all such matters, Some hundreds of the dis- 
charged gas stokers of London have gone to Liverpool 
to supplant the men on strike, in retaliation on those 
who came from the provinces and country districts to 
take their places at the South Metropolitan Gas Works. 
This is a specimen of the “new trade unionism.” 
When a strike begins in folly, it is sure to end in dis- 
aster. Even at + best, striking is a game which, 
were the workmen wise, they would not eagerly play 
at. While the more experienced endeavour to avoid 
them, the inexperienced rush into them as if a strike 
were only a pastime. 


At the general delegate meeting of the several 
branches of the Dock, Wharf, Riverside, and General 
Labourers’ Union, held on Saturday night last, Mr. 
Tom Mann expressed himself highly satisfied with the 
first eat pve A balance-sheet of the union. He then 
proceeded to state why he was so elated with it. The 
union, he’said, was ‘‘not weighed down by funeral, sick, 
and other benefits, burdens which were sufficient, he de- 
clared, to cripple any union.” He then proceeded to state 
that attaching these benefits toa union was in principle 
economically unsound. Luckily Mr. Tom Mann is 
not regarded as an authority on these or other econo- 
mical principles. He is, himself, a member of a 
union, which is not only the largest and best of 
all unions, but which embraces every friendly society 
benefit, namely, the Amalgamated Society of Engi- 
neers. Further on in his speech he referred to the 
strikes at Cardiff, where he said the men had gained 


15 per cent. ; Bristol, 15 per cent. ; Gloucester, 25 per | P 


cent., and at Newport and Dundee, where the actual 

ercentage was not stated. There was no word as to 

iverpool, Sunderland, the gas strike at Manchester, 
or to the other failures up and down the country. 
Recounting the successes encourages the drooping 
spirits in a fight, but he is not a good general who 
learns nothing from defeat. The Dockers’ Union fought 
a good i and won, mainly because the public was 
on the side of the men. But the victory will be of 
short duration unless the union is manned by men of 
experience, temper, and prudence. 


A new trouble arose out of the bargemen’s strike in 
Kent bya notice to the union not to accept certain 
freights. The indignation of the public was quickly 
aroused by this after the recent settlement ; the union 
then modified the terms of the notice, restricting it to 
the brick trade. The Conciliation Committee promptly 
took the matter in hand and were able after some delay 
to effect a settlement. 


A fresh departure has taken place at the South 
Metropolitan Gas Company’s Works, a notice having 
been posted up which declares that in future no union 
men will be employed. The reasons alleged for this 
step is that one of the leaders declared in a recent 
speech that in the event of another strike no notice 
will be given to the company. But this eventuality is 
gaa for in the labour laws of 1875, 38 and 39 

ict., c. 86, §4. The penalty on breaches of contract is 
there sufficiently severe for any such foolish and wicked 
act as that contemplated. 


The smiths employed at the Sheerness Dockyard are 
petitioning the authorities for an increase of wages, on 
the ground that the present rates are far below those 
paid by private firms for the same class of work. They 
state that when men are entered as full workmen, after 
their term of apprenticeship has expired, they only get 
4s. 6d. per day, whereas in private firms they obtain 
from 6s. 6d. to 8s. per day under similar circumstances, 
There is a similar movement on foot in other branches, 


In a quiet, unostentatious kind of way, the Northum- 
berland miners have secured a further 74 per cent. 
advance in wages, by mutual arrangement with the 





owners. Noone seemed to know that such negotia- 
tions were going on, and the men were quite as- 
tonished when they heard that their representatives 
had secured this further rise in wages. The Northum- 
berland men, underground men and banksmen, are 
now paid 274 per cent. above the basis of the 1879 
scale, and the other surface men 22 per cent. above. 


All the surface men employed on the North British 
Railway in Fifeshire struck work on Friday last for an 
advance of 2s, per week. Other men employed by the 
same company gave in their notices. They alsodemand 
extra for overtime and for Sunday work, and a ‘“‘ free 
shovel once a year.” 


The Allan Line dock labourers at Glasgow, who 
went out on strike, sought to resume work on the 
masters’ terms, after being out only four days. But 
when they applied they found that nearly all the places 
were filled up. There is alsoa strike of dock labourers 
at Leith, and the union proposes, ‘‘as soon as the 
Liverpool strike is ended,” to ‘‘ pay the men on strike 
their full wages until the firms are brought to their 
knees.” This kind of language seems to go down with 
the new trade unionists. 


The Berlin Labour Conference has concluded its 
sittings with a banquet and votes of thanks. The 
a, expressed their satisfaction with the general 
results, the details of which will be dealt with in 
future Notes when the proceedings are more fully 
reported. 





NOTES FROM THE UNITED STATES. 
PaiILaDELPuHIA, March 21, 1890. 

A very active demand for crude and finished iron 
of all kinds is likely to set in early in April, in con- 
sequence of the exhaustion of supplies in the hands of 
a —_ many buyers throughout the country. The 
indications of this coming demand are shown this week 
in the large number of inquiries from buyers, many of 
whom are making offers for material at a little below 
current rates. There is a widespread belief that the 
consumption of iron in the States will increase, rather 
than decline, but for several weeks past demand has 
been of restricted proportions, because of the rapid 
increase in capacity since last fall, which has led 
buyers to hope for a decline. The present output of 
crude iron is a little over 180,000 tons per week, and 
it is probable that by May 1 it will reach 190,000 tons, 
and probably by the fall, 200,000 tons per week. Some 
thirty furnaces are being hastened to completion, 
some of them the largest and finest ever erected. A 
good many furnaces are being blow out for repairs, in 
order that their capacity may be increased. Bessemer 
ig has declined to 20.50 dols. to 21.50 dols., but at 
these low figures very little business is being done. 
Large contracts are being placed from week to week in 
Lake ores, and the ore mines near the Atlantic coast, 
in New Jersey, are being actively worked. 

The bar mills in all sections of the country are 
crowded with work. The past thirty days have 
brought in very little new business, but manufacturers 
are encouraged by the fact that supplies in all con- 
sumers’ hands are very low. 

Last week 30,000 tons of steel rails were sold by 
eastern makers, and from 10,000 to 15,000 tons by 
western makers. Eastern quotations, 34 dols, to 
35 dols. The proposition to reduce the duty on rails 
to 5 dols. per ton, made by a leading railmaker, has 
caused no little surprise in railmaking circles. Most 
of the smaller millowners prefer that the duty should 
remain where it now is, viz., at 17 dols. per ton; but 
a compromise at 8 dols. or 10 dols. per ton now seems 
likely to be agreed upon. The large railroad builders 
have not yet begun to order, but are expected to con- 
tract for about 100,000 tons of rails during April. 

The policy of anticipating requirements will be con- 
tinued throughout the year, for notwithstanding the 
enormous capacity of furnaces and mills, there is a 
strong probability that demand will keep in advance 
of supply. An enormous amount of railroad bridge 
building is being prepared for, and specifications are 
arriving my Bridges are to be thrown across the 
Mississippi, Missouri, Ohio, and a number of smaller 
streams through the north and south-west. 

d rails are in urgent request at the decline in 
rice, but our main dependence for the present is on 
oreign sources of supply. 

Quotations to-day are as follows: Pennsylvania 
forge iron, 17 dols. to 17.25 dols.; No. 1 foundry, 
19.50 dols. to 20.50 dols.; muck bars, 30.50 dols. at 
mill ; spiegeleisen, nominally 34.50 dols. to 35 dols. ; 
ferro-manganese for summer delivery, 84 dols. ; steel 
billets, 34.50 dols.; iron nails, 2 dols. to 2.10 dols. 
The recent drop of 1 dol. to 1.50 dols. in Alabama pig 
iron has not yet led to any large business. Southern 
foundry iron is offered in northern markets at 18.50 dols, 
to 19 dols. for best No 1. 

The volume of money in eastern financial centres is 
barely sufficient to meet the urgent demands of bor- 
rowers. The surplus reserve has fallen very low, 
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THE PHYSICAL SOCIETY. 


AT the meeting of the Physical 1 held on March 
21, Professor W. E. Ayrton, F.R.S., President, in the 
chair, Mr. A. E. Childs was elected a member of the 
Society. The following communications were read : 

“ The Villari Critical Points in Nickel and Iron,” by Mr. 
Herbert Tomlinson, F.R.S. Villari has shown that the 
permeability of iron is increased by longitudinal traction 

rovided the magnetising force does not ex a certain 
imit, but beyond this limit traction produces a decrease 
of permeability. The value of the force for which traction 
— no change in the permeability is known as the 
illari critical point. As far as the author is aware no 
previous observer has found a similar critical point for 
nickel, but by confining his attention to temporary mag- 
netisation he has detected such a point with comparative 
ease. He has alsoexamined the variation of the Villari 
critical points in iron and nickel with change of load and 
has investigated the influence of permanent strain on 
these points. The experiments were made by the ballistic 
method using wires about 400 diameters long. In each 

«tof observations the permeability was obtained with 
various loads, the magnetising force being kept the same, 
and with each load the circuit was closed and opened until 
the swings on make and break were equal ; this swing was 
taken asa measure of the induction under the given load. 
Several diagrams accompany the paper, in which load and 
a change of permeability are plotted, regard 

ing had to sign. 

The author finds that for annealed unstrained iron the 
critical value of the force decreases as the load increases, 
and that the Villari point is much lower for temporary 
than for total magnetisation. With a Joad of 4.7 kilos. on 
a 1mm. wire, the value of the force giving the temporary 
point was 2.8 C.G.S. units. He also found that for a 
given magnetising force there are generally two loads 
which have no effect on the temporary magnetisation. 

With unstrained nickel the critical value of the force is 
much greater than in iron, being about 114 C.G.S. units 
for a load of 10 kilos. on a wire 0.8 mm. in diameter and 
67 for a load of 6.6 kilos. 
critical point exists, 

Experiments on a permanently strained iron wire show 
that for magnetising forces ranging from 0.03 to 0.3 there 
is no critical point, and all the resulting curves are 
identical. There is, however, considerable > nl in 
the observations taken during loading and those taken on 
unloading. For greater magnetising forces the curves 
cease to be identical and the maximum increase of perme- 
ability bevomes less and less, until for a certain force the 
curves begin to cut the load line. As the force increases 
beyond this value the point of a approaches the 
origin, and the curves begin to cut the load line in two 
points. Further increase of force to 3 C.G.S. units causes 
the first point to disappear and the second point recedes 
from the origin. Finally with sufficiently high magnetis- 
ing forces the second point cannot be reached before the 
= breaks, and the curve lies entirely below the load 
ine. 

With nickel the curves for very minute forces, like 
those of iron, are exactly the same for different values of 
the force, but they lie below the load line, 7.e., the permea- 
bility is diminished by loading; there is no difference, 
however, in the loading and unloading curves. Beyond 
a certain value of the force the identity of the curves 
ceases and that part of the curve near the origin bulges 
towards the loadline. For a force a little over 21 C.G.S. 
units the permeability begins to increase with load and 
. the curve cuts the line in one point, which point recedes 
from the origin as the force increases. 

Mr. Shelford Bidwell said that Professor J. J. Thom- 
son, reasoning from the change of length by magnetisa- 
tion, had predicted a Villari point in cobalt when com- 
pressed, and this was verified experimentally. On 
applying similar reasoning to nickel he (the speaker) did 
not expect to find a Villari point, and both Sir W. Thom- 
son and Professor Ewing had searched in vain for one. 
In some experiments, not yet completed, he had examined 
the behaviour of nickel, both loaded and unloaded, when 
subjected to various magnetising forces. These show 
that the metal always contracts when magnetised. For 
no load the contraction at first increases with the mag- 
netising force, but attains a maximum. With a moderate 
load the contraction is less for small forces, but for larger 
forces becomes equal and then exceeds the contraction of 
the unloaded wire. For great loads the contraction is 
less than when unloaded for all values of the force. 

“On Bertrana’s yg oo Prism,” by Professor 
S. P. Thompson, D.Sc. This hitherto undescribed prism 
is a total reflection one made of cale spar, which 
shows to the naked eye the rings and crosses such as are 
seen when a slice of — is examined by convergent 
light in a polariscope. The spar is cut so that the light 
after the first reflection passes along the optic axis, and 
after a second reflection emerges parallel to the incident 
light. The rings and brushes are present in pairs, but 
two pairs ma: seen by tilting the prism to one side or 
the other. his was demonstrated Tetee the Society. 
Professor Thompson also exhibited a similar prism cut 
from quartz. Owing to the feeble double refracting of 
the substance no conspicuous rings could be seen, but when 
examined by the lantern traces of such rings were visible. 

** On the Shape of Movable Coils used in Electrical Mea- 
suring Instruments,” by Mr. T. Mather. The object of this 
note is to determine the best shape of the horizontal 
section of swinging coils, such as are used in D’Arsonval 
galvanometers, electro-dynamometers, wattmeters, &c. 
Assuming constant period and constant moment of 
inertia about the axis of rotation, it is shown that for 
zero instruments, the best shape of the section is two circles 
tangential to the direction of the deflecting field at the 


For a force of 21 units no 


point about which the coil turns. A table accompanies | 





the paper in which various forms of section are given, 
together with their relative deflecting moments per unit 
moment of inertia ; the coils being taken of equal lengths, 
and the current density constant. From this table it 
appears that ordinary D’Arsonval coils only give about 
45 per cent. of the maximum deflecting moment, and 
ordinary Siemens dynamometers from 40 to 53 per cent. 
The various assumptions made in the paper are shown to 
be justifiable in commercial instruments, and the modifi- 
cations necessary in special cases are pointed out. 

Mr. C. V. Boys said he had when working at his radio- 
micrometer arrived at_a shape similar to that recom- 
mended in the paper. He also noticed a peculiar relation 
true for all shapes where the length parallel to the axis 
of rotation is great compared with the breadth. 
a coil of any dimensions, then another coil of half the 
breadth and double the length and cross-section will be 
dynamically, electrically, and magnetically the same as 
the original; for the moment of inertia, the electric 
resistance and the inclosed magnetic field are equal. The 
above relation is also true when the breadth is not small 
if the cross-pieces be thickened near the axis so as to make 
their moment of inertia proportional to their length. He 
inquired whether the author had considered the subject 
of ing movable coils ; he himself was of opinion that 
unlike fixed galvanometer coils, the wire near the axis 
should be thicker than that further away. 

The President remarked that in 1881 Professor Perry 
and himself exhibited a wattmeter at the Society of Arts 
whose movable coil somewhat resembled one of those in 
the — which gave a deflecting moment of 95 per cent. 
of the maximum. In designing the instrument they had 
felt that the ordinary method of using a comparatively 
large swinging coil was not the best, and this led them to 
the shape adopted. 





THE WASHINGTON MARITIME 
CONFERENCE.* 


By Rear-Admiral P. H. Cotoms, R.N., Associate 
Member of Council. 
(Concluded from page 397.) 

So much, then, for the principles of law as applied 
generally. A question properly before the Conference 
was, or might have been, whether the simple and general 
rules of the old law were sufficient in modern times ; or 
whether the cocoon was a necessary consequence of the 
energies displayed by the naval architect and the marine 
engineer? To answer this question we may turn to Figs. 
1 and 2 (see page 397 ante), which represent to us accu- 
rately the conditions of i stan in ships before they 
come into collision ; the conditions, therefore, where law 
is necessary. The diagrams were made some time ago, 
but there would be no material differences found it the 
last 168 cases tried in the Admiralty Courts were taken. 
Dividing the cases into two periods offers confirmation of 
the substantial truth of both diagrams. I think we might 
broadly say, on looking at these diagrams, that the danger 
of collision chiefly arises when ships’ courses cross at a 
small angle ; asin the first diagram 114 cases occurred 
when the crossing angle was four points or less, and in the 
second 105 cases occurred under like conditions. It would 
seem, then, that if the general principle of law mentioned 
above was suitable for all such cases, but that provision 
for other cases confused it, there might be a question 
whether the other cases had not better be left alone as 
exceptional. t 

It becomes evident, from an inspection of these dia- 
grams, that the mean conditions under which collisions 
now occur, and against which the law — to provide, isa 
crossing angle of about three points of the compass. Make 
the angle a little larger, and say four points, and then we 
have the crossing angle for ships close-hauled on opposite 
tacks on the conditions shown in Fig. 3. It is convenient 
to take this common case, because it is just the same 
case now as it was 200 years ago, and the only thing 
that has differed is the law for preventing the ships 
from coming into collision. Taking this law as it was 
when it disappeared from the Royal Naval Signal Books 
as late as 1868, we have it thus: 

‘‘When any ships under sail on different tacks, by con- 
tinuing their course must pass near each other, the ship on 
the starboard tack (that is the ship Y in Fig. 3) is invariably. 


* Paper read before the Institution of Naval Architects. 

+ There may be some bye points — of note in the 
diagram. The period in Fig. 1 covers the reign of the 
innovation, when for all British ships the law was as fol- 
lows: ‘“‘ Whenever any ~ whether a steam or a sailing 
ship, p ing in one direction, meets another ship, 
whether a steam or a a ship, proceeding in another 
direction, su that if both ships were to continue their 
respective courses they would pass so near as to involve 
any risk of a collision, the helms of both ships shall be 

ut to port, so as to pass on the port side of each other.” 
The diagram shows 23 cases where the courses were 
parallel and opposite, and therefore safe originally ; and 
80 cases where they crossed at an angle of two points or 
less; while in the period covered by Fig. 2, where this 
law had disappeared, there are only 14 cases of parallel 
courses, and only 69 cases where the courses crossed at 
an angle of two points or less. In the first period there 
was no separate law for “overtaking” ships, and there 
were only six cases which could be construed into ‘‘ over- 
taking” cases. In the second period there was such a 
law, and the possible overtaking cases came to17. There 
may or may not be connection between the one thing and 
the other as causes of the collisions that ensued. There is 
a possibility that the increased speed of the average 
steamer during the second period may have also had to 
do with the increase of such cases as could be brought 
under the head of “‘ overtaking” cases, 








to keep to the wind, and the ship on the port tack (that is 
the ship X) is upon all occasions to give way and pass 
: leeward, taking care to bear up in sufficient time for 
that purpose.” 

The glosses put on this rule by the Law Courts always 
tended to strengthen it as regarded X ; one of the glosses 
much quoted being ‘‘ the ship on the port tack must never 

ut her helm a-lee.” Putting this into rules governed 

y the coloured lights now displayed, and using their 
language, we should have it that the ship X ‘‘is upon all 
occasions to port her helm and show her red light to Y.” 
And the gloss would be that ship ‘‘ must never approach 
Y showing her green light.” It is plain that there is 
nothing ambiguous, or wanting explanation, in this old 
rule. Even the term “ prey tm ’ is omitted as likely 
to be indefinite, and all that is aimed at is the certainty, 
as far as obtainable by regulation, that X shall cease as 
soon as possible to steer for the point O, and shall steer 
for some point, making it certain that she shall pass 
astern and not ahead of Y—or along the line X C. 

But the law which came before the Conference was a 
very different one. It ran thus in Article 14 (3) “A 
ship which is close-hauled on the port tack shall keep 
out of the way of a ship which is close-hauled on the 
starboard tack ;” and (Article 22) ‘‘ the other shall keep 
her course.” Why was the change of language made? 
Its effect was to take off the pressure of the law on X. 
without taking it off Y. Y was still compelled to keep 
her course, but liberty was given to X to do what until 
1863 it was said she must never do, that is, to put her 
helm a starboard and turn —- path X BE. 

There is no doubt about this. azeden” says: “A ship 
required by the regulations to keep out of the way of 
another may do so in any way she thinks proper. She 
may go ahead or astern of the other, and she may put her 
helm to port or starboard, as she thinks best. But she 
has no right to embarrass the other, or to put her into a 
difficulty.” As the Court of Appeal put it in the cele- 
brated case of the Memnon steamer, ‘The Act of Parlia- 
ment says you shall not be liable for trying to go ahead if 
you escape, but if you do not, your conduct is worse than 
if you tried to go astern.” So anxious were the framers of 
rules before 1840 to keep to the principle already laid 
down, that it was held in the Courts that if X were cer- 
tainly close hauled, and Y “‘quite free,” yet still X was 
to bear up and _ up to leeward. 

It is plain to be seen that this modern principle of Y 
being bound to keep her course, and X not being bound 
at all, runs through all the rules, in direct and deliberate 
opposition to the principle which governed all inter- 
national rules for sailing vessels until 1863. It is strange 
that such a revolution should, to this day, be without any 
apology. No one has attempted to say why, if it was 
right for a hundred years, to declare that X must never 
put her helm a starboard, it should have been held, in 
1863, wrong to declare it. We can see, and the Conference 
seems to have seen, clearly enough, where the mistake 
lay. The framers of the rules must, ifthey thought the 
matter out at all, have had in their minds the idea of X 
being much closer to O than Y was; or of both ships 
being so close together that circumstances of some kind not 
ann fu out, might make it much safer for X to star- 
board her helm towards E than to port it towards C. If 
this was the case it was forgotten that if the shi 
well apart in time, and yet X was much nearer O than Y, 
no law was required, and X needmake no movement. Or 
that, if theships were very close together in time or dis- 
tance, we got the case shown in Fig. 4. 

I need not go further into that figure than to remark 
that it is drawn from the measured movements of actual 
ships when turning; and to show that nothing that X 
can do will avoid a collision if Y keeps her course ; that 
one helm is as safe as the other for X, but that a collision 
is certain if Y does not put her helm a-starboard. As to 
this starboard helm for Y, it is to be noted that the more 
recent changes in the law, and the more recent judg- 
ments of the Courts thereon, show that there is more 
om on Y not to alter the course than there used 
to 


were 


Now I must observe, what is very little understood, 
that if we constructed a series of diagrams, keeping in all 
cases the stem of X at the same distance from the stem of 
Y that it is in Fig. 4, and supposing X to be steering 
north, we allowed Y to be steering south, S. by W.,S.S. W. 
and so on, until we had her as well as X steering north, 
we should get the following results : 

Y steering— 

S. Ships red to red, and therefore clear. 
_ 5S. by W. The same. 

S.8.W. If X ports no collision, whatever Y does. 

S.W. by S. llision inevitable, unless Y keeps her 
course and X ports. 

S.W. If Y starboards, no collision, whatever X does, 

S.W. by W. The same. 

Then the same for every other crossing angle until Y is 
steering north. 

In every one of these cases, except when X is steering 
north, and Y, S.W. byS., both ships are to do what Dr. 
Lushington said steamers ought to do, “ Seeing green to 
starboard, and seeingred to port,” When Y is steering 
S.W. by 8., that is, when the courses are crossing at an 
angle of three points, she is safer if she does not alter her 
helm. It is obvious that the further apart we put the 
ships the safer it becomes to obey the signals made by the 
lights, provided, of course, that a change of colour in 
the lights orders a change of helm. 

Sach, then, was the manner and matter of the laws 
which the Conference had before them, and such the 
actual conditions governing the ships with which the law 
had to deal. I will not follow, as the Conference did, the 
bad example of treating the lights before the rules, but 
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will merely observe that a body like it was almost certain 
to stick to the form of the law as it stood, and not to 
perceive that the lights and signals follow the rules, and 
not vice versa. 

Coming to the rules, their proposals are headed by a 
gallant attempt to define “‘ risk of collision.” They say: 

‘ Risk of collision can, when circumstances permit, be 
ascertained by carefully watching the compass bearings of 
an approaching vessel. If the bearing oes not appre- 
ciably change, such risk should be deemed to exist.” 
Now, thou; cies my point of view the proper way to 
— “ris — ce mae is to abolish the p —_ alto- 

ether, yet this preliminary statement 3 a good wa 
Scam helinied thee cases An which oarler is sna 9 
If we added after the word “vessel” the words ‘when 
she is steering towards the same point as your own 
vessel,” we should have a pretty complete basis of law. 
Or it might be put that the on should come into opera- 
tion ‘‘ whenever one vessel approaches another without 
appreciably changing its compass bearing.” The defini- 
tion of the Conference only seems defective inasmuch as 
it includes the cases of ships steering parallel courses at 
the same speed, or diverging courses at the same or dif- 
ferent speeds, in neither of which cases is there any 
occasion for law. In existing Article 14, the crossing rule 
for sailing vessels, the Conference made no change, except 
the men | one of substituting ‘‘ vessel” for *‘ ship.” 

No doubt the object of such a body as the delegates 
must have been to change as little as might be, and it is 
not likely that many fe orn were aware of the extreme 
complexity of this rule, and the entire want of principle 
in making a number of distinctions, which were at best a 
matter of opinion, to vary the action of one ship when 
approaching another under circumstances requiring 
common action to avoid collision. 

In the same way Article 15, the rule for steamers to 
port their helms when approaching ‘‘end-on or nearly 
end-on,” comes from the Conference with only the same 
verbal alteration. ‘That is to say, the differences of 
opinion as to what the law meant, which sank the 
Amazon, Osprey, and Princess Alice, are left unsettled, 
no doubt from the cause mentioned above. 

Articles 16 to 17, the rules for steamers crossing and 
steamers approaching sailing vessels, were left untouched. 
But it must be observed that these three crossing rules, 
so to call them, are only half rules. The one ship is 
ordered to ‘‘ keep out of the way,” on the condition that 
the other ship ‘keeps her course.” This last order is 
contained in the existing Article 22. It ran: ‘*‘ Where, 
by the above rules, one of two ships is to keep out of the 
way, the other shall keep her course.” The Conference 
proposed to alter the place of this rule, and to make a 
most momentous addition to it. They proposed it should 
stand : ‘* Where, by any of these rules, one of two vessels 
is made to keep out of the way, the other shall keep her 
course and speed.” The great significance of this, aimed, it 
seems to me, directly at the fundamental error which 
has been at the bottom of the rule of the road trouble 
ever since 1863, will be seen directly. 

The Conference proposed a new article to follow the 
last, in these words : ‘‘ Every vessel which is directed b 
these rules to keep out of the way of another vessel shall, 
if the circumstances of the case admit, avoid crossing 
ahead of another.” If we take these two rules together, 
and look at Diagram 3, we shall see there they as nearly 
as possible order X to port her helm, and not to starboard 
it. We have to recollect that this has been the bone of 
contention ever since 1867. It was held by those without 
authority, that by most, if not by all, the framers of the 
rules of 1863, the change of phrase from ‘‘give way” 
to “‘keep out of the way” was not understood to be a 
reversal of the old custom of the sea which forbid the 
giving-way ship absolutely, to make a movement tendin 
to take her across the bows of the other ship, and orde 
her absolutely to use the helm necessary to take her under 
the stern of the other ship. But it had been laid down 
under the sanction and authority of the Admiralty, the 
Board of Trade, and the Trinity House in 1867 that— 

“It is clear that the action (of X, the giving way ship) 
must depend upon the necessities of the case, and that 
the Legislature cannot make a rule to say that (X) shall 
always go one way or always do one thing. It must be 
left to the officer in command to do the best under the 
circumstances of each case; to recollect that his green 
light opposed to the red light of another vessel is the one 
position of danger ; a, above all, to observe due 
caution,”* 

It still seemed to those without authority that the 
Admiralty at least were not fully alive to what they were 
sanctioning, because at that very time they gave the most 
positive orders to X, if she was one of Her Majesty’s 
ships, to port her helm ‘on all occasions ” of approachin; 
Y under the rule. Authority, however, had gone still 
further, and had said that Y’s red light was to X a signal 
“to stop, or to go ahead, or to starboard, or to port, or to 
go astern, as the circumstances of the case (which obviously 
meant the opinion that X might have about the red 
light) might require.” 

At the very least the two rules framed by the Confer- 
ence are a direct challenge to what has been said by 
authority and now rules the Courts. They seem to ask dis- 
tinctly, ‘‘Why was the old principle reversed? and by 
what train of reasoning do you arrive at the conclusion 
that it is right in Fig. 3 to compel Y to keep her course, 
and wrong to compel X to port her helm?” Such proxi- 
mity may arise as to make it wrong to order X to port 
her helm, but not a bit more wrong than to order Y to 
keep her course. A very little thought, therefore, goes 
to show that now the Conference has broken the ice, the 
words ‘‘ Keep out of the way” may presently disappear 

* “ Regulations for Preventing Collisions at Sea.” By 
Authority. Sixth thousand, .1877, page 14, 





out of the rules, to allow for the restoration of the old 
well-understood and clear phrase, ‘‘Give way.” And the 
change is momentous, because, as has been said, the 
coloured lights have lost their meaning as signals, under 
the existing laws, and we may be again reminded that no 
collisions connected with side-lights occur, unless there is 
disobedience to their plain significance—unless there is 

rting to the green light on the part of Y, or starboard- 
ing to the red light on the part of X, or, too commonly, 
both disobediences. But look, again, at what comes out 
of re-establishing the coloured side-lights as being definite 
signals, forbidding always certain helm, and in some 
cases ordering certain helm. 

In the rules of 1863 there was an “‘end-on, or nearly 
end on” rule for sailing vessels, which those not in autho- 
rity always held to be a mischievous mistake, as confusing 
the meaning of the lights, and setting up doubts where 
none need arise. If ships are far from each other, and 
steering directly for one another, there is no reason why 
they should not ultimately pass as clear on the one side as 
on the other. And there is no inherent reason in the 
case why A, showing he intends to pass right hand to 
right hand, should not be allowed todoso by B. The 
only possible danger is that A should turn to the left, so 
as to right hand to right hand, at the same moment 
that B turns to the right, so as to pass left hand to left 
hand. The danger becomes more and more remote as the 
distance is — between the ships; but still there is a 
danger, if there should be no rule to decide which ship 
was to go back to the old path. 

The Committee of 1874-77 abolished the ‘‘end-on or 
nearly end-on ” rule for sailing vessels under the impres- 
sion that this difficulty was met by the crossing rule 
which remained. That is, thatif A and B “end-on” and 
necessarily having the wind on opposite sides, should 
both luff, or should both bear up, and thereby make a 
danger, the one with the wind on the port side would 
immediately find it her duty to ‘‘ keep out of the way ” of 
the ship which had the wind on the starboard side, and 
would, therefore, resume her course, and let the other pass 
her as she had decided to do. Or, otherwise, that the 
ship with the wind on the starboard side would know 
that the ship approaching was bound to make room for 
her to go on. The reasoning is right, but is only pre- 
vented from applying with equal force to the steam rule 
for meeting ‘‘end-on or nearly end-on” by the conception 
that ‘‘keeping out of the way” did not necessarily 
mean abandoning all attempts to cross the bows of the 
other ship. I think that so soon as the Conference’s view 
is adopted, it will be seen that the ‘‘end-on or nearly 
end-on” rule for steamers—which is quite as wrong and 
mischievous as ever the rule for sailing vessels was—will 
be shaken toits foundation. For if it becomes unlawful for 
one steamer to cross the bows of another leaving her on the 
starboard hand, there will be distinct pressure—though 
there is no order —on two ships meeting ‘‘stem-on” to port 
their helms, and pass port side to port side. Each will 
want to be right in case of accident, and to use starboard 
helm will be to run the chances of being wrong. 

Of course the whole idea of ‘‘stem-on” cases is falla- 
cious. There are not, and cannot be such things but as 
exceptions, and for moments of time. No ships steer 
8 ily enough to goa such a position, and in any 
case if the coloured lights are fitted according to law, 
only one of them can be seen at a time, and the position 
of the ship’s line of keel can be determined much more 
accurately at night than it can be in the daytime. I 
dwell upon these fundamental matters because everything 
else connected with the rule of the road is of little account 
beside them. 

_ It necessarily fqllowed that the existing Rule 18 order- 
ing (or not ordering, for the language is known to be 
doubtful) steamships to slacken speed on approaching 
other ships ‘‘so as to involve risk of collision” should be 
altered. The Conference propose it as follows, to a ply 
only to the giving-way ship: ‘‘ Every steam vessel js 
is directed by these rules to keep out of the way of another 
vessel, shall, on approaching her, if necessary, slacken 
her speed, or stop, or reverse,” Here, again, the Con- 
ference followed the form. But I believe m opinion is a 
sound one, that if the rule does not order a p Lacan slacken 
speed, &c., it should not appear at all, as it is no rule. 
It would, I believe, be just as reasonable to add “or shall 
out on extra steam if necessary,” and yet people would 

startled if such a thing were done. en the helm is 
prescribed, the question of speed is either one for an order, 
or not to be mentioned. As a fact X, in Fig. 3 or 4, can- 
not make herself worse by slackening ooo. and yet it 
may be quite unnecessary. All that the article has ever 
done seems to me to be to raise questions in the Courts 
where seamanship and law find themselves at loggerheads 
over the words *‘if necessary.” 

The Conference made another gallant attempt to define 
the word ‘‘ overtaking,” and put it that the faster ship 
was “ overtaking” when she was coming up with the other 
ship from a direction more than two points abaft the 

am. Though my opinion is clear that the way to 
explain ‘‘overtaking” is todo away with the word and 
the rule, yet I am bound to say that the Conference have 
admitted the principle that if a rule is made there must 
be signals to fit it. They propose that a stern light 
should show so as to cover the horizon not covered by the 
side lights, but not to overlap them. In this way a ship 
seeing the stern light only will be aware that she is an 
— ship, and presumably the other, by showing 
the stern light assumes the réle of the overtaken ship. 

In prescribing speed in fog, the Conference was much 
pressed by a great variety of opinions, but in my judg- 
ment it has been right in resisting and leaving the order 
to stand that-ships are to go at a “‘moderate speed ” in 
thick weather. owever little it may be understood, the 
fact is perfectly clear that it is wrong helm and not t 
speed which makes collisions in fog. I believe I have 





helm was not used, 


hardly heard of a case where wron 
ave happened what- 


and where the collision would not 
ever the speed might have been. . 

I have not time to go into the various matters of light 
signals and sound signals pro by the Conference. I 
am afraid that it must be said that Bn are left in rather 
greater confusion than when they were found. As to 
sound ——, the system of flashing signals which in 
ancient days used to be called after the name of its in- 
ventor, or rather discoverer, has been at work in all 
countries and in every sea for more than a score of years. 
It is a perfectly definite system, well understood, and of 
the most proved efficiency. I am sure that before the 
body of rather complex anti-collision signals already exist- 
ing is extended to embrace what is proposed by the Con- 
ference, it will probably be ascertained that the flashing 
system in its simple entirety can be adopted with a great 
advance in both simplicity and efficiency. 

Passing for a moment, in conclusion, to the other sub- 
jects which came before the Conference, and which had 
allotted to them about the proportion of time which I 
have now to gre them, it may be cited that the opinions 
of the Conference are generally marked by cautious 
abstention. As to the international determination of the 
seaworthiness of vessels, the Conference was of opinion 
that ‘‘ no international rule could be made which would 
secure beneficial results.” The question of “‘a uniform 
system of load-marks was not ripe” for the consideration 
of the Conference. The Conference did agree to uniform 
regulations regarding the designating and marking of 
vessels, A number of suggestions for saving life and 
property from shipwrec: have ees left on record, espe- 
cially some relating to an arrangement of signals for various 
distresses near the land. 

As to the qualifications for officers and seamen, the 
Conference dealt wholly with the question of colour- 
blindness, on account of its danger with reference to the 
red and green side lights. I never knew, myself, a case 
of collision where colour-blindness was in question. The 
statements are generally perfectly clear that wrong helm 
was given deliberately in the face of the colour seen ; and 
as no authoritative teaching has existed to show that it 
mattered what colour was seen as long as danger was 
denoted, I have never been able to lay stress on the 
colour-blind question, 

The opinion of the Committee seems to have been 
against any decided line being taken with regard to 
**lanes ” of routes for the avoidance of collision. Here, 
again, I have never been strong, as I have observed that 
the collisions do not occur often on any waters which 
would be included in the lanes proposed. As to the 
general question of signalling, the Conference agreed that 
the ‘‘system of long and short hes from a white 
light” —that is, the existing flashing system—‘‘ was 
better than any employment of Pi saree he ag and they 
proposed one or two official signals on that system. The 
also proposed to insert in the International Signal Boo! 
what they called the ‘‘ Morse code,” meaning presumably 
the common telegraphic alphabet as used with the flash- 
“i - 

he maritime countries were invited to consider the 
establishment of a uniform system of storm warnings. A 
good many resolutions relating to the notice and removal 
of derelicts and other obstructions to navigation, as well 
as notices of changes in lights, buoys, &c., were sub- 
mitted to the powers; but, so far as I know, our own 
Hydrographical Office already acts in the way proposed. 
A uniform system of buoys and beacons was roughly 
specified and proposed for adoption. Tesnecieugih a 
uniform system is of international importance. The 
establishment of a permanent International Maritime 
Commission was, however, considered ‘‘ not expedient ” 
for the present. 

T have already occupied more time than I had hoped to 
do. I can only say, in conclusion, that I think the Con- 
ference has done as much as we could have hoped for at 
its hands. Should such a Conference ever reassemble, I 
do not think it should be so numerous. I suppose that 
some limited number of well-chosen delegates from the 
four or five powers who are most concerned in maritime 
questions might be found to avoid mistakes as well as the 
late Conference did, and yet, perhaps, to take still more 
definite steps in the path of improvement, 








GREAT NORTHERN TELEGRAPH ComPpaNy.—The number 
of telegrams despatched last year by the Great Northern 
Telegraph vo was 1,618,467, as compared with 
1,572,848 in 1888. "The revenue collected last year was 
274,800/., as compared with 272,200/. in 1888. 


New JrersEy.—The 1890 census of the State of New 
Jersey will, it is believed, show a ——— approximat- 
ing 1,500,000. In 1870 the State had 908,149 inhabitants; 
in 1880, 1,130,892. The leading cities, Newark and 
Jersey City, have 188,425 and 151,360 inhabitants respec- 
tively. Paterson has 73,000. 


DREDGING BY GRAB Buckets.—The Egyptian Govern- 
ment have now at work near the barrage four complete 
sets of Messrs. , Downs, and Thompson’s dredging 

lant. Each set consists of a pair of pontoons, 50 ft. in 
ength, covered with a deck. On this is a B-size Kingston 
dredger ; two dredgers have a radius of 18 ft. and two of 
30 ft. The plant includes two grab buckets for mud and 
soft sand, two for shingle and gravel clays, two heavy 
grabs for hard and compact sand, and_ two for lifting 
eam of rock, boulders, &c. The Spanish Government 

ave also lately ordered from the same makers a large 
dredger and —— barge, with compound surface-con- 
densing engine, for clearing out canals at Carraca (Bay of 
Cadiz), and five of the largest dredgers and grabs for the 
Phillipine Islands, 
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MOTIVE ENGINES AND PUMPS. 


2144, E. F. Piers, Manchester. The Application of 
Gas and Petroleum and like Engines motive 
and other Intermittent Work. (8d. 1 Fig.) February 
6, 1889.—The improvement consists in the combination of a gas 


or petroleum engine A running continuously at a uniform speed 
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with a force pump F! worked by the engine A, for forcing water 
or other motive fluid into a second engine K that can be worked 
intermittently, and is connected with and giving motion to the 
driving mechanism of the car or other machine. (Accepted 
February 5, 1890). 

5619. A. A.Garside, Leeds. Steam or other Motive 
Power Engine. (8d. 4 Figs.) April 2, 1889.—Steam or other 
expansible fluid enters through the branch f1 into the central 
orifice d! of shaft spindle or drum D, and is forced or forces its way 
into the hollow spiral C commencing at cl; then the gradually 
increasing area of hollow part of said spiral C allows the said fluid 
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to expand and react, and thus to ny against the outer walls of 
the hollow convolute spaces, so that the spiral C, together with 
the shaft, drum, or spindle D, on which it is keyed or otherwise 
secured, is caused torevolve in a contrary direction to the progress 
or travel of the expansible fluid, which expands and reacts until 
it leaves the hollow spiral C at its outer convolution c? at exhaust 
or condenser pressure. (Accepted February 12, 1890). 


5755. D. Halpin and I. A. Timmis, London. Im- 
provements in Fly or other Wheels. (6d. 4 Figs.] 
April 4, 1889.—The improvements consist in forming a groove or 
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grooves in the periphery of flywheels for the purpose of putting a 
coil or coils of wire or tape so as to give sufficient strength to the 
wheel to resist centrifugal breaking strains when revolving at a 
high velocity. (Accepted February 12, 1890). 


4112, C.E. Owens, London, Duplex Pumps Worked 
by Steam or other Fluid. (8d. 6 Figs.) March 8, 1889.— 
This invention relates to a duplex p fluid p pump 
with one high-pressure cylinder and one low-pressure cylinder, the 
two cylinders being placed side by side and operating upon the 
pumps in precisely the same way as the two high-pressure 




















cylinders, such as have hitherto been used side by side, have 
operated ; the piston-rod of each cylinder actuating the slide 
valve or other valve of the other cylinder in the manner which is 
usual in duplex pumps. The steam is admitted at full pressure to 
the high-pressure cylinder a by the pipe v fitted witha valve w, 


chest of the slide valve f of the low-pressure cylinder. From the 
low-pressure cylinder the steam exhausts at r into the atmosphere 
or intoa condenser. In order to insure that the pump shall start, 
even if owing to the position of the valve the inlet to both ends of 
the high-pressure cylinder happens to be closed, high-pressure 
steam can be admitted in the first instance to the low-pressure 
cylinder as well as to the high-pressure cylinder, by means of a 
branch steam pipe s leading to the low-pressure cylinder ; this 
= is fitted with a valve ¢ by which it is closed after the pump 

been - This pipe may also be fitted with a suitable 
reducing valve so as to reduce the steam pressure. (Accepted 


February 12, 1890). 

20,988. J. A. Clarke, Port Moody, British Columbia, 
Canada. Gempound Engines. [6d. 4 Figs.) December 
31, 1889.—This invention relates to compound tandem engines 
specially designed to drive twin propellers of marine vessels. The 
operation of the engine is as follows: Live steam passes into the 
steam chest C through the inlet pipe D, and operates the piston in 
the high-pressure cylinder B while the exhaust from the latter acts 
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on the piston in the low-pressure cylinder G. The piston-rod F 
thus receives an up-and-down motion by the action of the steam 
in the cylinders B and G, and as it is connected by its crosshead J, 
rods K and K], and the cranks L and L!, with the shafts N and N1, 
the latter are rotated in opposite directi The rotation of the 
crankshafts N and N! works the slide V up and down in the guide- 
ways W. (Accepted February 5, 1890). 


STEAM BOILERS. 


4990. P. McGregor, Birkenhead. Steam Gene- 
rators and Furnaces therefor. (8d. 10 Figs.) March 
22, 1889.—The furnace flue a is provided with one or more hollow 
rings b of semi-cylindrical cross-section, the flat side of the ring 
being in contact with and connected to the inner or fire surface of 


Fig.1. 
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the flue by shrinking, rivetting, or hydraulic pressure. The hollow 

e of the ring ) is in communication with the water space out- 
side the furnace flue by means of a number of Fae gow c, whereby 
circulation of the water in the boiler is promoted, the cold water 
entering the hollow ring at the bottom and escaping in a heated 
state at the top. (Accepted February 12, 1890). 
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5326. T. F. n and J. A. Hanna, Belfast. 
— for Hea and Circula Liquids by 
8 (8d. 4 Figs.] March 28, 1889.—This invention has for 


its object the heating and circulating of water or other liquids by 
passing a jet of steam directly into the liquid to be heated without 
causing the loud noise that is usually produced by the contact of 
steam with a cold liquid. The steam enters first the central tube 
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a, passes thence through the small holes drilled in the same, 
enters the folds of fine wire web or perforated sheet metal c, and 
not being able to escape directly through them by reason of the 
covering tube d, it — lengthwise through the folds, until 
reaching the end of the covering tube it escapes into the —_ 
to be heated in avery finely divided condition. (Accepted Feb- 
ruary 5, 1890). 


Flues of Steam Boilers. [8d. 2 Figs.) March 29, 1889.— 


The improvement consists in the construction of the internal 
flues of steam boilers with water mid-feathers MF at intervals 
along the length of flue and crossing it in the manner of circula- 
tion tubes, the mid-feathers having, between their flat sides, a 
number of fire tubes so arranged that by “‘ baffle bridges” B, B the 
Fig.1. Fig. 2. 





flame and gases from the furnace F are compelled to take a serpen- 
tine course through the flue and so obviate the injurious effects of 
the upper portion of the flue only being traversed by the flame and 
pases, as wellas to increase the strength of flues, to improve circu- 

tion of water, and to give greater evaporative power by increased 
heating surface. (Accepted February 5, 1890). 


1 H. McPhail, Dublin, E. Simpson and C. 
H. Simpson, Waketiold, Yorks. Method and Sage 
ratus for nerat: 8 also Applicable for 


team, 
Evaporating Various Liquids, [1ld. 9 $s August 28, 
1889.—As soon as steam is generated in the boiler it passes through 
the apertures b! into the pipe b, and through the connecting pipe b? 
into the space a! around the flue, wherein it becomes highly 
superheated. This superheated steam then passes through the 





pipe d into the annular chamber c, and from the latter through 
the tubes e to the chamber c', whence it may be conducted 
through the steam pipe G for use in a steam engine or for other 
purposes. The highly superheated steam, whilst passing through 
the space a, the c ambers c, cl, and tubes ¢, cominunicates a por- 
tion of its heat by radiation to the water in the boiler and assists in 
converting the water into steam, and also slightly superheats or 
dries the steam contained in the ordinary steam space of the 


boiler. (Accepted February 5, 1890). 
TOOLS. 
5320. J. Miley, Keighley, Lancaster, A: atus 
for Tapping Metals. (8d. 4 Figs.) March 28, Te. This 


invention relates to an improved portable apparatus for tapping 
holes by means of a drilling machine spindle to which the appa- 
ratus can be attached. The a tus comprises a square case @ 
which is prevented from revolving by means of a bracket h fixed 
on a sliding bar hl, The tap is inserted in the holder i formed at 
the lower end of a vertical spindle J which is capable of sliding up 
and down on a feather in the bore of the bevel tapping wheel di. 





Motion is communicated to a separate bevel spindle wheel ¢ from 
the drilling spindle of the drilling machine to which the apparatus 
is temporarily attached, by means of a shank c! adapted to fit 
a socket on the drilling spindle. Three other bevel wheels e, /, 7 
are arranged around the spindle 7 in such a manner that the said 
sp ec q ly the tap in the socket 7 is caused to rotate 
in one or the other direction according as the hand lever q is 
operated to throw either of the wheels ¢ and f into gear with the 
wheel g and the tapping wheel d. (Accepted February 5, 1890). 


5662. J. Barlow, Coventry, Warwick. Chucks for 
Lathes and other Machine Tools, [éd. 2 Fis.) April 
2, 1889.—A disc A similar to an ordinary lathe faceplate, is screwed 
on the nose of the lathe spindle, and on the face of this disc are 
fitted two sliding jaws B and C, the one B a jaw of Y or other con: 








venient form,. sliding in parallel slots B! arranged at equal dis 
tance from the centre of the disc. This jaw is free to slide until 
the work is in the required position, and then it is secured to the 
face of the disc by means of bolts B’. The second jaw C is diame- 
trically opposed to the first jaw B, and is actuated by a screw 








and exhausts therefrom into the chamber q, and thence to the 


5382, E.R. Joicey, Gateshead, Durham. Internal 
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Cl, which causes the work and the jaws B and C to slide along 
the diameter of disc A till the work arrives in the position re- 
quired. (Accepted February 12, 1890). 


5725. 8S. W. Hiscocks, Deal, Kent. Cl Table 
and other Knives. (8d. 3 Figs.] April 3, 1889.—This inven- 
tion relates to a machine for cleaning knives, constructed with 
knifeboards 5 and 6 arranged face to face so as to receive between 
them and act upon the blades of the knives to be cleaned. The 
knife-boards 5 and 6 are reciprocated simultaneously in opposite 
directions by means of rods 15, 16, and a hand lever 14. The 
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knives are held with their blades between the cleaning faces of 
the reciprocating knife-boards by clamps 17, 17a arranged on each 


side of the machine. By this arrangement ual pressure is 
obtained over the whole blade of the knife during the cleaning 
operations, so that the blades are prevented from ming thin 


and worn out at the points as is the case when cleaned upon the 
ordinary knife-boards by hand. (Accepted February 12, 1890). 


5751. J.Case and H. Alicard, Sheffield. Adjust- 
able Wrenches. [6d. 1 Fiy.] April 4, 1889.—The improved 








wrench has a sliding jaw D capable of longitudinal adjustment by 
means of a nut C, fitted into an opening in said jaw, and working 
upon a central screw E, (Accepted February 12, 1890). 


MANUFACTURE OF IRON AND STEEL. 


5510. C. Davy, Sheffield. Hydraulic Forging 
Presses. (8d. 5 Figs.) March 30, 1889.—This invention relates 
to improved means for operating large forgings or ingots which 
require to be reduced in thickness by successive squeezing of con- 
secutive portions of their length, and has for object to prevent 
distortion of the ingot. The improvements consist in the combi- 
nation with the press head B of a hydraulic forging press, and 
with a set of rising and ror ee rollers C and D, upheld by 
means of levers E and counterbalance weights F = to bring the 
ingot up toand support it at the proper level in relation to the anvil 
A to enable it to be fed over the same) of intermediate mechanism 
consisting of an adjustable tappet R carried by the presshead B, 
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and of a lever § pivotted to a fixed support and a7 ape between 
the tappet R and the rising and falling frame or table carrying the 
feed rollers, whereby the feed rollers are depressed by the press- 
head during its descent, concurrently with the compression of the 
ingot and to an extent corresponding to the bodily descent of the 
ingot whilst under compression, such bodily descent being equal 
to half the amount of the reduction of thickness produced by the 
compression. Fig. 2 is a diagram illustrating in dotted lines the 
original position of the ingot before compression, and in full lines 
the change in form and position of the ingot due to compression, 
also the yielding action of the rollers on the ingoing side. (Ac- 
cepted February 5, 1890). 


5651. J. Mackintire, London. Manufacture of 
Articles from Molten Metal under Pressure. (8d. 6 
































p —— -- 
'S be 
™ 


a SSR 


‘ 
' 
e - a 


Figs.) April 2, 1889.—The molten metal is poured quickly into 
the cylinder D through the charzing mouth D8, the clutch lever 

















H! is pushed over, so as to bring the clutch H into gear with the 
coned boss of the flywheel G. Motion is thus communicated to 
the shaft F, and, through the wheels F1 E!, to the screw, which 
rapidly drives forward the piston E in the metal cylinder D. ‘The 
molten metal thus kept continuously in motion is forced into 
the moulds OC, and when the moulds are full, the piston E (the 
momentum of the flywheel G being kept up) stops with a jerk, 
and gives a final squeeze to the metal, which is thus compressed 
in the moulds C, and rendered homogeneous and free from air or 

in-holes. When the mouldsare full, the cylinder D is withdrawn 
rom the mould box by means of the screw D2, and any superfluous 
metal adhering to the mould box can be knocked off for remelting. 
The piston E will be withdrawn by throwing the clutch H into gear 
with the oe, F%, which, by reason of its crossed belt, will turn 
the nut E!' in the reverse direction, and work the piston back. 
(Accepted February 12, 1890). 


19,890. H. Aiken, Homestead, Pa., U.S.A. Casting 
Ingots, &c. (8d. 9 Figs.) December 10, 1889.—In casting 
ingots the frame 4 is shifted by a proper adjustment of the con- 
trolling valves of the fluid pressure cylinders 2, 2a, to the right, 
thereby moving the left-hand end of the frame and the partitions 6 
and 6a into proximity to the dams or abutments 8, 8a, and 8b 
respectively, and moving the partitions 6, 6a, and right-hand end 
of the frame 4 away from said dams or abutments, thus opening 
the matrices a, b, c, and closing or contracting the matrices e, f, 9, 
which have previously been partially filled with molten metal. The 
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cross-sectional area of the metal in the matrices e, f, g is dimi- 
nished, and the depth of metal increased by this movement of the 
frame and partitions, as shown in Fig. 2, the metal nearly filling 
the matrices reduced in dimensions. Molten metal is now 
“teemed” into the enlarged matrices a, b, c and the frame 4 
shifted to the left, thus closing said matrices and causing the 
metal therein to rise to a height proportionate to the amount of 
metal poured in. The movement of the frame to the left opens 
the matrices e, f, g, 80 that the ingots can be removed therefrom, 
and a fresh charge of molten metal ‘‘teemed” therein. (Accepted 
February 12, 1890). 


MOULDING MACHINERY. 


5205. H. L. Doulton and 8S. H. Leech, London. 
Manufacture of Blocks of Terra-Cotta, &c. (8d. 
9 Figs.) March 26, 1889.—A is a cylinder containing the clay 
which is forced downwards by the usual plunger. B is a plate 
perforated with a number of holes and carrying short tubes C 
through which the clay passes. D isa second plate which supports 
the stems E of the pins, there being a space between the plates 
Band D, so that the air, which enters at the air-holes F, passes 
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down through the hollow stem to the pins and fills the cells as they 
are formed. The reverse blocks G are pl upon a rising and 
falling table H in the box below the plate D. The table H and the 
sides of the box are perforated with holes J to aMow air and a 
small amount of clay to escape so as to insure sound mouldings. 
The table H is pivotted at K, so that when below the box it can 
be turned down to remove the block. beg 2 and 3 illustrate 
forms of blocks capable of being produ by this apparatus. 
(Accepted February 12, 1890). 


2003. J. F. M. Poll Leeds, and G. H. Collins, 
Dartmouth, Devon. Machinery for the Manufacture 
of Blocks of Compressed Coal it, &e, (8d. 6 Figs.) 
February 6, 1889.—In this machine the improvements consist in 
the combination with a mixer or vessel 1 for supplying material to 
be compressed of a sliding bottom comprising two main ~— 3, 4 
having between them a space 8 that constitutes a mould, one of 
these main parts being capable of movement without moving the 
other ; a cam 13 for reciprocating the main part 3 and for effecting 
the return movement of the other part 4, and a device such as a 
loaded lever 17 for arresting and holding the main part 4, the 


arrangement poy denne that after the mould or s 8 between 
the parts 3, 4 has been charged with material to compressed 
the main part 3 will be advanced, and pressing the material will 


through it move the other main part 4 into contact with an arresting 
and holding device, so that the material in the mould will be com- 
pressed by the further forward movement of the main part 3 until 
the pressure exerted thereby through the material upon the main 
part 4 causes it to overcome the action of the arresting and hold- 





ing device, when both the main parts will move together with the 
compressed material between them into a position in which, by 
suitable mechanism, the arresting and holding device is caused to 














release the sliding bottom whilst the compressed charge is still 
between the top and bottom parts of the mould. (Accepted 
February 12, 1890). 


MISCELLANEOUS. 


5707. F. Fleiss, Schelecken, Prussia. Wagons for 
Singte Rail, Field, or Portable Railways. [8d. 5 Figs 
April 3, 1889.—This invention relates to a wagon in which the hor 
zontal beam b carrying the tipping box or wagon body, fixed box 
or platform A, as the case may be, is so connected with its two- 








wheeled trucks as to allow for horizontal and vertical curvatures 
of the track, whilst the horizontal beam is supported and is pro- 
tected from accident by means of a roller 7, which is carried by a 
side projecting fork hh. (Accepted February 12, 1890). 

6010. B. J. B. Mills, London. (The Wise Mining and 
Milling Company, East St. Louis, Ill., U.S.A.) ae 
tors. (8d. 12 Figs.) April 8, 1889.—The outer edge of the 
centre board 43 is connected to the edges of the bottom and top 
boards 39 and 40 by leather or other flexible air-tight material 45 
as usual in bellows, so that when the centre board 43 is moved 
upward and downward the air is forced alternately from the 
bellows chambers 37 into the metal-saver box 26, and percolates 
through the porous top of the box, composed of the wire frame 29, 
porous sheet 30, and wire sheet 31. As the material from the 
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amalgam po passes over the wire sheet 31, it is borne u 
stratum of air ascending through the small meshes of th eet, 
and so flows steadily down through the inclined surface, being 
mixed as it proceeds, so that all parts of it are brought in contact 
with the ted rods 32; any mercury present in the mate- 
rial is arrested by the rods, and thus withdrawn from the mass of 
earthy material, and is thus saved. In case any particles of metal 
are present in the material, their specific gravity keeps them 
down upon the wire sheet 31, and they are detained by the amal- 
gama rods 32, and thus the particles of metal are saved. 
(Accepted February 12, 1890). 
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STATES PATENTS AND PATENT PRACTICE. 

Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the ed time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the cffices of ENGINEERING, 35 and 36, Bedford- 





RaILRoaD Marrers aT BALTIMORE. — Opposition offered 
to steam railroads having level crossings in Baltimore has 
led the Union Railroad pupany to make arrangements 
for raising its tracks. The Union forms the connecting 
link between the Baltimore and Potomac at Union 
Station, and the Philadelphia, Wilmington, and Balti- 
more at Bay View Junction. Its bed lies in a tunnel 
under a portion of the city, Through the remaining 
section it 1s proposed to raise the grade. Trains can then 
be run at a be «ad rate of speed and rapid local transit 
will be secured between the western and eastern portions 
of Baltimore, 
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THE EDINBURGH INTERNATIONAL 
EXHIBITION, 1890. 


On the Ist of May next there will be opened in 
the historic city of Edinburgh an International | 
Exhibition of Electrical Engineering, General In- | 
ventions, and Industries; and the occasion, it is| 
expected, will be honoured by the presence of 
Royalty. Her Majesty has graciously extended her 
patronage to the undertaking, and will probably 
visit the Exhibition in state during the autumn. 
Thus stamped with the hall-mark of Royalty, there 
is every probability of success, more pronounced 
than was at one time expected even by those who 
are associated with the project. It is difficult to 
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on the subject in all its bearings in view of the 
varied uses, domestic as well as industrial, to which 
it is now being put, and the prospective gain by | 
electricians being stimulated by close comparisons, 
make a thorough display advisable, more particu- 
larly as there has not been any important exhibition 
of this character in Scotland. It was originally | 
intended to confine the exhibits to the one branch; 
but it was subsequently decided, and we think | 
wisely, to include other sections, and also to intro- | 
duce those attractive features, without which 
exhibitions cannot now hope to succeed. Indeed, 
at Edinburgh, there will be an unusual variety of 


here it may be stated that in the case of both lines 
stations have been made giving direct access to the 
Exhibition grounds. The ground is bounded on the 
south by the Union Canal, and four electric launches 
are being constructed to convey visitors from the 
city to a landing stage constructed in the Exhibition 
grounds. The Edinburgh Tramway Company’s 
cars pass what will form the main entrance to the 
Exhibition in Polwarth-terrace, and there will be 
another road entrance to the east of the main 
building, making, with the canal landing stage and 
the two railway entrances, five in all. 

The buildings which we are about to describe 
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outdoor attractions. 


| and fully illustrate, have been designed by Mr. W. 
The site selected is to the west of Edinburgh, on | 


Allan Carter, M. Inst. C.E., of Messrs. Carter and 








Fig.4 
EDINBURGH 
INTERNATIONAL & ELECTRIC EXHIBITION. 
— 1890. — 
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trace the origin of the scheme, and would probably 
be as fruitless. The desirability of having an 
electrical display in Scotland has long been recog- 
nised by those who take an interest in the subject, 
and the proposal having been made, it received a 
decided impetus by the suggestion that the holding 
of such an Exhibition might fittingly celebrate the 
opening of the Forth Bridge for passenger traffic. 
This fact also gives a promise of financial success. 
As the prospectus puts it, ‘‘ Edinburgh has always 
been a favourite place of resort for tourists, and 
with the additional attraction of the opening of the 
Forth Bridge, the year 1890 may well be looked 
forward to for largely increased numbers, which 
must tend to augment the normal attendance at the 
Exhibition.” 

That it is desirable to have an electrical exhibi- 
tion no one will gainsay. The great progress made 
in the practical application of electricity, the 
necessity for the public being thoroughly educated 








ground formerly agricultural, and extending to| Penman, Edinburgh, and he has been assisted by 
fifty acres, part of which is owned by the Caledonian |Mr. Frank Simon, architect, and Mr. Penman, 
Railway Company, and part by the Edinburgh| Assoc. M. Inst. C.E. Mr. Allan Carter, it may be 
Merchants’ Company. The only objection raised | mentioned, was convener of the Buildings Com- 
is the distance from the centre of the city; but| mittee in connection with the last Exhibition in 
against this there are several advantages. It is| Edinburgh, and took an active interest in super- 
beautiful for situation, with the gentle slopes of intending the work of erecting the buildings in 
Craiglockhart Hill on the one hand, and of Corstor- | 1886, thereby gaining the experience which he has 
phine Hill on the other, while to the east lies the | now used to good purpose. pee 

city, with some of the magnificent buildings, the) The ground on which the Exhibition stands un- 
pride of the citizens, standing out as attractive | dulates considerably, and while this lends beauty 
features. Although the site is half an hour’s walk | to the acres laid out with shrubbery and in parterres 
from the city, there is most ample and varied | of flowers, it rendered it somewhat difficult to so 
means of communication. The Exhibition ground | arrange the buildings as to secure the greatest pos- 
is intersected—divided almost into two sections—by sible lengths and widths of level flooring. 

the Suburban and South Side Junction Railway,| Referring the reader to the general plan of 
which also, by the way, forms the line of boundary the grounds, Fig. 1 above, we will briefly indicate 
between city and county. The Caledonian Rail- the arrangement of the buildings. At the main 
ways Company’s main line from Glasgow to Edin- entrance, which is from Polwarth terrace, a cir- 
burgh skirts the site on the north-west side, and | cular roadway is formed, and the tramway com- 
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pany have laid rails in the form of a loop round the 
circle, so that passengers may alight within a few 
steps from the turnstiles. The executive offices 
are in a building to the east of the main entrance. 
It is a two-story erection, entirely of timber and 
plaster on a brick base, and is in the old English 
style roofed with red shingles, presenting a quaint 
and attractive appearance. Accommodation is pro- 
vided on the ground floor for manager, secretary, 
treasurer, and architect, while above there are 
rooms for committee meetings and a small dwel- 
ling-house for the use of the manager. The canal, 
which skirts the southern boundary of the site, 
passes in close proximity to the main entrance, and 
it is bridged by a wooden structure. The bridge is 
covered in, and here it may be stated that, although 
the intersection of the site by the Suburban Rail- 
way has prohibited the buildings being so compactly 
arranged as in the case of many exhibitions, the 
visitor, after entering on the bridge, need not come 
again into the open until all the courts and annexes 
have been traversed, as all buildings are connected 
and roofedin. The bridge has a span of 80 ft., clear- 
ing the canal, as also the horse track, which is on the 
Exhibition side of the water and is separated from 
the grounds by a wooden barricade. From the 
near side of the bridge there are two covered 
passages, forming together a semicircle and leading 
to doors on front gables in the main building and 
flanking the ceremonial arched doorway (see front 
elevation of main building, Fig. 2 on two-page 
plate). 

The main building is 700 ft. long and about 
250 ft. wide. It is divided into two wings prac- 
tically alike, while the central portion is an arched 
way leading from the ceremonial entrance to the 
back of the building, a distance of about 280 ft. 
The width of this central part is 100 ft. The greater 
part is utilised for a concert hall, having organ and 
choir gallery, and seated in all for 3000. The 
60,000 square feet of floorage to the right and left 
of the central archway is given over for exhibits, 
the foreign show occupying the whole of the part 
to the right. In the centre of the floor on each 
wing there are four courts, 100 ft. by 50 ft., with 
the roofs carried on couples stretching across the 
courts, while around these courts is a gallery 
arranged with exhibits on either side, the width 
being 50 ft. The couples in this case also are 
carried across the court, and at the corners are 
neatly joined so as to make a continuous roofing. 
These couples are 33 ft. high, and are at 10 ft. 
intervals. Forming annexes behind this main 
building are courts for Indian workmen, dining 
and refreshment rooms, &c., and a lecture hall is 
also provided. 

At the western corner of the main building there 
is a flight of steps leading down to the Sculpture 
Gallery, and at the further end of it are arranged on 
either side the Art Galleries, including sections for 
all branches of art and designing. The eastern 
annexe, or north gallery, for general exhibits, and 
particularly for art furniture and its manufacture, 
is entered from the corridor of the Art Galleries. 
At the eastern end of this annexe, a hall, 100 ft. 
long and 70 ft. wide, is provided for a woman’s 
industries section. It was at one time intended as 
a lecture hall, but, as already indicated, one of the 
annexes to the main building, 50 ft. square, imme- 
diately to the east of the concert hall, has been 
specially fitted up with the view of inducing 
scientific associations, such as the Institution of 
Electrical Engineers and the Société Interna- 
tionale des Electricians, to hold their summer 
or autumn meetings within the Exhibition. It 
is possible also that popular lectures will be 
delivered, but, however commendable the idea may 
be, its success is doubtful. Newcastle had a theatre 
at their Exhibition, and possibly it did better than 
will a course of lectures. It is also intended to 
have chamber concerts, which .s more in accord 
with the tastes of the people of Edinburgh. The 
end of the eastern annexe adjoins the railway, 
and extending from it to the Machinery Hall is a 
covered bridge about 180 ft. long by 40 ft. wide, 
forming a central passage with exhibits on both sides. 

This bridge, appropriately enough, is built on a 
cantilever design, and to the inquiring mind will 
illustrate the method on which the Forth Bridge 
is constructed. The principle of the bracket is 
clearly shown in this bridge, while the arch design 
is illustrated in an open bridge, 130 yards distant, 
connecting the gardens on either side of the rail- 
way. But these bridges, as well as that over the 


The Machinery and Electric Hall is undoubtedly 
the finest of the buildings internally. It is 680 ft. 
long and 150 ft. broad, and it is a remarkable fact 
that in its construction, with the exception of straps 
and bolts, timber alone has been used. The trusses 
span 120 ft. although the clear span in the centre is 
80 ft., there being side passages. The height of 
roof is 39 ft. Three gangways 20ft. wide run the 
entire length of the hall, affording opportunity for 
the inspection of the exhibits. Alongside the 
Machinery Hall a building has been constructed 
of brick for the boilers, of which there are to be 
five, supplied by the well-known Messrs. Galloway. 
In juxtaposition an annexe has been erected specially 
for locomotives and railway rolling stock, and five 
representative engines will be shown, as well as 
some recently constructed carriages and wagons 
from America. Here will also be located a his- 
torical collection of early locomotives and engines. 
So complete are the arragements that the loco- 
motives will be allowed to steam into the position 
in which they will finally stand. 

Throughout the grounds there will be a large 
number of buildings, quaint in design and orna- 
mental in appearance, for cafés, restaurants, &c. 
In a circuit of the grounds from the bridge at 
the main entrance, the first building attracting 
attention is a Venetian glass factory, the entrance 
porch of which is being modelled on the exact lines 
of that at the Doge’s Palace at Venice. Here 
twenty glassworkers will be occupied producing for 
sale those varied artistic objects for which the 
Italians. are so deservedly noted. The manufac- 
ture and sale of Swiss articles will be carried on 
inside a chalet, and there will also be an exhibition 
of Swiss amusements. A panorama in a circular 
building of wood is to represent the Battle of Tra- 
falgar, and is being produced by the Scottish Pano- 
rama Company. At the west end of the main 
building is a separate structure, in which a typical 
Japanese village, with native inhabitants and 
workers, is to be laid out, This building has been 
put up by parties who have got a concession. It is 
120 ft. long and about 70 ft. wide. In its construc- 
tion corrugated iron is largely used. The roof is 
of T iron principals with wooden purlins. In the 
western grounds there is a circular garden, with a 
band stand in the centre, surrounded with flower 
plots, while around the outer circular drive is a 
series of ornamental kiosks, refreshment rooms, and 
club-houses for the Executive Council, exhibitors, 
and for the female attendants of exhibitors. An 
exact copy on a reduced scale of the well-known 
Hampton Court Maze is laid out in a building near 
the terminus of the electric railroad. <A gipsy 
camp and an ocean wave—a sort of circular switch- 
back, with boats, instead of the ordinary carriages 
—will probably prove great attractions. 

Not only will there be a very large representation 
of electrical machines, &c., but in several instances 
electricity will be directly applied and demonstra- 
tion given of its utility. The buildings and grounds 
will be lighted by a most complete installation, 
there will be an electric railroad from the Cale- 
donian Station in the north-west corner of the 
grounds, sweeping round the western boundary to 
a point adjoining the Suburban Railway, and, as 
we have already stated, four launches driven by 
electricity will ply on the canal between Edinburgh 
and the Exhibition. There is also in the northern 
part of the grounds a short electrical Telpher line, 
showing the principle introduced some years ago by 
the late Professor Fleeming Jenkin. This, with the 
other system of traction referred to, which, by the 
way, is about 760 yards long, is being laid dawn by 
the United Electrical Engineering Corporation, 
Limited, London. The permanent way will be the 
usual gauge, 4ft. 8}in., and the rolling stock will 
be electric tramcars. The executive have been suc- 
cessful in inducing the proprietors of the Chemin 
de fer glissant, which proved an interesting feature 
at the Paris Exposition, to send the same plant to 
Edinburgh, and the novel railroad will be seen in 
operation running parallel with the canal to the 
left of the main entrance. 

On the opposite bank of the canal it has been 
arranged to lay down a railway for carrying vessels 
overland, on the principle suggested by Mr. W. 
Smith, Aberdeen, and this also will be worked 
regularly with boats from the canal. Of this rail- 
way we gave a short description recently, and 
we hope later to deal fully with it. The perma- 
nent way, it may be noted, consists of timber 
trestles carrying longitudinal sleepers and rails, 





canal ai the main entrance, we will deal with later. 


instead of the usual embankments. The line rises 





gradually out of the canal by an incline and curve 
on the south bank of the canal, proceeding in a 
curve with gradients wound a field, and returns to 
the canal by a decline at a distance of 1000 ft. from 
the other connection, The railway consists of two 
parallel lines, each 20 in. gauge, with 34 ft. space 
between. The peculiarity of the bogies is that 
while each train of four trucks is linked together, 
end to end, so as to allow lateral movement, the 
train has only a single centre pin connecting it 
through the second truck from the outer end to the 
bottom or platform of the cars. The boat is always 
waterborne on hydraulic cushions — plain india- 
rubber tubes—lying athwart the boat in a continuous 
row lining the space between the car and the boat 
from stem to stern. This principle is to be further 
exemplified in a swimming pond to be erected by 
Mr. Smith inside the Exhibition. The bath will be 
100 ft. by 40 ft., roofed and heated bysteam. It 
will have 180 dressing boxes and a grand stand to 
accommodate 1000 spectators. The bath is really 
to be a large hydraulic cushion. On the platform 
of the railway station, too, Mr. Smith is going to 
erect a large hydraulic cushion floating a raft or sec- 
tion of ship with 10 tons cargo. The four boats to 
carry 40 passengers each over the ship railway have 
been built at Dumbarton, the cars at Glasgow, and 
locomotive engines will provide the motive power 
With these, and the ever popular ‘‘switchback,” 
which is from 400 ft. to 500ft. long, extensive 
recreation grounds, and a programme of sports, 
&c., already arranged, and musical _perfor- 
mances, vocal and otherwise, it will be surprising 
if the Edinburgh Exhibition does not prove at- 
tractive. 

Before describing the buildings in detail, it may 
be mentioned that they are almost entirely of 
wood, with galvanised corrugated iron roofs. In 
constructing exhibitions the first consideration is 
probably economy with attractiveness, and the 
executive of the Edinburgh Exhibition have 
secured a pretty and effective building at the 
minimum of cost. Originally it was intended to 
use iron in various parts of the structure, for 
principals, &c.; but, owing to the advance in 
prices last year, it would have added greatly to the 
expenditure, and it was thought that buildings 
equally substantial, aud certainly cheaper, could be 
erected with timber. The matter of disposing of the 
timber after the buildings have been demolished 
has also been taken into consideration, with the 
result that, except where unavoidable, ‘‘ marketable 
sizes” have not been broken. Thus, where a 12-in. 
square column had to be constructed, four planks 
11 in. by 3 in. were bolted together and lined up 
to the desired size. In the construction of trusses, 
couples, &c., the same rule was adopted. In 
forming the laminated parts of the couples, the 
process corresponded to that of the fitter turning 
angles, &c., at the furnace, each layer of wood 
being wedged round to the curve and afterwards 
nailed. With a plentiful supply of battens or 
deals, a circular saw, a willing band of joiners, with 
good supplies of wrought nails and hammers, the 
buildings were quickly put in frame, and the orna- 
mental work done almost as expeditiously. 

The main building of the Exhibition is shown by 
the elevation Fig. 2. The length of the building 
is 700 ft. and the width 250 ft. The architectural 
embellishments are confined pretty much to the 
centre of the building, where the ceremonial 
entrance is situated, and the general effect is 
striking. The change from the dome, which has 
done service so often, is pleasant. The prominent 
feature of the design is the towers which stand on 
each side of the main entrance. They rise to a 
height of 120 ft. In front of each tower is a 
pedestal supporting a group of sculpture. That on 
the right tower represents ‘‘ Marine Inventions,” 
the principal standing figure having in his hand a 
telescope, while his right hand rests on an anchor, 
and sitting at his feet on each side are genii, one 
holding the screw propeller, and the other the 
sextant and log-line. The group on the left tower 
represents inventions on land, and the principal 
female figure holds part of an electrical machine, 
while behind her is a steam engine, and the genii 
at her feet have, one, a locomotive, and the other a 
weaving spindle, bobbin, fly, &c. Higher up the 
towers are lightened by openings and balconies 
with projecting verandahs of coloured cloth. Ata 
height of 65 ft. from the ground on each is a plat- 
form from which the octagonal upper portion of 
the tower springs, finishing with a dome of 





Moorish character, and having a tall final post, 

















Aprit 11, 1890. ] 


ENGINEERING. 


433 











from the top of which will shine a powerful electric 
light. 

“The central gable, between the towers, is filled 
in with a large glazed screen, having in the centre a 
clock, with a dial 6 ft. in diameter. The mechan- 
ism, which is being supplied by Messrs. Ritchie, 
Edinburgh, is placed on the ground level for 
public inspection, and the chimes are fitted in one 
of the towers at a high level. Above the glazed 
screen the gable end is broken up by a number of 
banneret poles, between which are shields bear- 
ing coats of arms, while in the centre is a sculp- 
tured figure symbolic of electricity—a draped 
female figure holding in her hand a torch lighted 
by electricity. On each side of this ceremonial 
entrance are gable ends with entrances by verandah 
covered ways from the bridge over the canal. On 
each side of both these entrances there are placed 
statues representing ‘‘ Art,” ‘ Industry,” ‘‘Com- 
merce,” and ‘ Agriculture.” The wings of the 
main building have doors at intervals and veran- 
dahs between the doors with garden seats. The 
ground in front is terraced. At either end are 
relieving gables somewhat similar to those which 
flank the ceremonial entrance. 

The foundations of the main walls consist of 
large blocks of masonry 2 ft. square and 12 in. thick, 
bedded in the ground to the extent of from 18 in. 
to 30 in., and on these are erected columns of deals 
Yin. square, with runners 9in. by 6in. to the next 
columns, bolted to columns and supported on 
separate battens resting also on the foundation 
stone. There are diagonals for stiffening. The 
outside wall is of 1-in. boarding, which is painted 
a light shade, relieved with reddish coloured orna- 
mental work. The ground, by the way, was loam 
on the top, with sandy clay at a depth of about 
18 in. 

On each side of the principal entrance are recep- 
tion-rooms, 38 ft. by 20 ft., having circular win- 
dows to the front, and in these it is intended to 
exhibit stained glass. These rooms will be furnished 
by some of the leading firms as exhibits. Adjoining 
the main entrance are the usual cloak-rooms, post- 
office, telephone office, &c., as shown on plan Fig. 1. 
The vestibule is 90 ft. by 100 ft., and in the centre 
will be placed a saloon containing an exhibition of 
Belfast linen goods. The remaining part of the 
arched way, forming the centre of the main build- 
ing, is taken up with a concert hall. Entrance is 
gained through two archways opposite the cere- 
monial entrance, and over these are sculptured 
figures representing ‘‘Opera” and ‘‘ Comedy,” 
supporting a shield bearing a musical trophy, 
while in the spandrels between the arches are two 
figures in bas-relief of ‘‘Symphony” and ‘‘ Har- 
mony.” These, with the other sculptured work 
referred to, have been done by Mr. John Rhind, 
Edinburgh. 

The Concert Hall is 190 ft. long and 100 ft. wide, 
affording accommodation for 3000 persons. There 
is a large platform to seat 500, and in addition 
orchestral accommodation, while Mr. Eustace 
Ingram, London, has supplied a large organ. The 
bellows, by the way, will be worked by a gas engine 
placed in a small detached house at the back of the 
building. Under the platform there are extensive 
rooms for choirs, bands, &c. The floor slopes 
upwards towards the back of the hall, the extent 
of the rise being 5 ft. The height of roofing is 
from 44 ft. to 50 ft. The roof is entirely of wood, 
and consists of cross-girders of the ordinary lattice 
type, placed at 20 ft. centres (Figs. 3and 4). The 
central span is 60 ft., and on each side there are two 
spans of 20ft. each. The roof is supported on columns 
of timber built up of four planks 11 in. by 3in., in- 
cased by pine lining and having ornamental 
capitals. The main members of the trusses are 
built up of several thicknesses of wood, the hori- 
zontal ties consisting of two members each formed 
with two thicknesses of 9 in. by 1 in. wood, and 
the diagonals, which are 64 in. by 24 in., are fixed 
between the two members of the ties by bolts. 
The joints of the trusses are secured with wrought- 
iron straps and bolts. To give the interior a 
graceful curve laminated ribs are employed. The 
roof, which is of galvanised iron, is bolted directly 
on to the purlins. Running along the whole ridge 
is a ventilator covered with glass, and with louvre 
boarding at the sides. The wind bracing is of 
battens 64 in. by 2} in. bolted diagonally to the 
trusses. The arrangement of the roofing of the 
Concert Hall will be seen by reference to Figs. 3 


nd 4, 
In each of the two sections into which the main 


building is divided by the central hall there are 
four courts in the centre, each 50 ft. by 100 ft., 
with a continuous gallery 50 ft. wide around the 
square. The courts are divided by ordinary lining, 
8 ft. high, bolted on to the columns supporting the 
roof, and with diagonal binders. The flooring is 
of 14 in. timber resting on joists 9 in. by 3 in., and 
supported like the columns on an arrangement of 
timbers corresponding to that used in the case of 
the outside walls ; but here planking, 11 in. by 3 in., 
is substituted for the masonry block. The roof 
principals are carried across the courts, and at the 
corners of the gallery they are made continuous by 
a neat joining. The principals are 10 ft. apart, 
and are carried to a height of 33 ft. The construc- 
tion is shown by Fig. 5. Springing from the 
columns, which are similar to those already de- 
scribed, are rafters, 9 in. by 3 in., connecting with 
a central ridge. Tied in to the pillars and to the 
rafters is laminated arching of three thicknesses of 
timber 7 in. by 1 in., and these, rising from a 
height of 8 ft. from fluor level, form a gentle curve, 
and give the courts a finished appearance, which 
is enhanced by being painted a bluish-green 
shade. Running along the top of the ridge is 
a ventilator with louvre boarding at each side. 
The roofing, as in the case of the Concert Hall, 
is of corrugated iron, with patent rolled glass, 
giving plenty of light. On the gutters between 
the courts there are numerous cast-iron conductor 
pipes for the rain water, and these are carried 
down below the flooring, where a system of drain- 
age has been carried out. 

The Machinery and Electrical Hall, although 
comparatively plain externally, is probably the most 
noteworthy structure in the group, and the fact 
that such a building, measuring 680 tt. by 150 ft., 
has been built entirely of battens or deals with 
wrought-iron bolts, is creditable alike to the de- 
signer and the contractor. More particularly will 
this be admitted when it is stated that the central 
span is 80 ft., and that the girders, supported on 
wooden pillars, are 39 ft. high, and are at 20-ft. 
intervals. On either side of the central arch there 
is a small span of 20 ft., and at the extreme out- 
sides is a series of bays 15 ft. wide, bringing 
the total width to 150 ft. At 20-ft. intervals along 
the length of the hall these bays are divided by 
partitions, and although to the ordinary visitor 
these will appear nothing more, a careful examina- 
tion shows that they are really bracing piers, 
formed of diagonal and horizontal beams, to receive 
any outward thrust which may result from the 
weight of the roof. These bays are roofed so 
that they form a series of gables along the 
sides of the hall. Fig. 6 is a section of the 
girders carrying the roof of the hall, and as it 
shows the details and the sizes of timbers used, it is 
not necessary to repeat them here. In constructing 
the building the side passages (20-ft. spans) and 
bays, or bracing piers, were first erected on both 
sides of the hall, and these having been erected 
from end to end, the central trusses were framed 
and bolted while lying on the floor. On a rolling 
platform were erected two ordinary jib cranes, and 
when the bolting had been completed chains were 
placed round the rafters, and the completed couple 
hoisted, swung round, and dropped into position 
on the top of the column, and then braced to the 
couple previously erected, and thus made secure. 
In an engraving (Fig. 7, page 434) we give an 
illustration of the method of erection, showing the 
cranes finishing the work of placing a girder in 
position. 

It may be mentioned that when the first four 
couples were erected in position at the west end of 
the building in the first week of January, a gale of 
wind was experienced, and as its full force was 
exerted on the end of the structure, the four couples 
were bent out of their shape considerably, the con- 
tractor not having had time to get the wind-bracing 
in position. The couples were pulled back to the 
straight by an ordinary crane, and, notwithstanding 
the previous great bend, they showed no tendency 
to sag downwards. The upper and lower members 
of all the trusses are braced by battens, bolted 
diagonally, twenty such braces being fixed between 
each couple. There have been one or two severe 
gales recently, but they have had no perceptible 
effect on the building. 

The columns are similarly founded to those in the 
main building, and at the top they have laminated 
timbers between columns, giving them a more 
finished appearance. The flooring is 1} in. thick, 





and is supported on joists of battens 9 in, by 3 in., 


placed at 18 in. centres. At points where heavy 
machinery is placed, beds of concrete were pre- 
pared. 

The girders in the side passages are 24 ft. 6in. high. 
The bays form a series of gables along either side 
of the building, 40 ft. broad, and at the apex 34 ft. 
high. In each there isa large arched glazed screen, 
while a laminated timber relieves the severity of 
the outline. At the western extremity of the 
hall there is built, what in Scotland is known as a 
‘* fa’ to,”—a building with half a roof, the apex 
resting against the gable of the Machinery Hall. 
This is to provide kitchen accommodation for the 
-< plgauaama situated at the western end of the 

all. 

Having dealt with the two main buildings in the 
group, we will now refer to the principal features 
of the less important structures. Dealing withthem 
in the order in which they come in a regular circuit 
of the buildings, we take first the Sculpture Gallery, 
reached by a flight of stairs at the north-western 
corner of the main building, the level being con- 
siderably lower. The gallery is 100 ft. long and 
40 ft. wide, with a height of 33 ft. The roof is 
formed in three arches, the centre span being 20 ft. 
and the side corridors 10 ft each. The construction is 
similar to that adopted in forming the side passages 
of the Machinery Fall. 

Leaving the Sculpture Gallery by another flight of 
stairs, 20 ft. wide, the visitor enters the Art 
Galleries, seven in number, including the central 
archway, which is 40 ft. wide and about 90 ft. long. 
The galleries proper run to right and left of the 
archway three on each side, measuring 60 ft. by 30 ft. 
The walls and flooring are similarly built to those 
in the main building, but the roof is slightly 
different, consisting of laminated arches connected 
with ordinary rafters and a single tie and king- 
post. The rooms will be lined to a height of about 
12 ft., with a cornice at the top. 

The eastern annexe now called the North Gallery 
for general exhibits and artistic furnishing, and 
in which the process of manufacture of furniture 
will be shown, has a connection with the Art 
Galleries. The building is 300 ft. long by 100 ft. 
broad. The roof is carried in two spans, each 
50 ft. Fig. 8 is a section of the roofing of this 
annexe. There is a row of pillars along the 
centre of the hall, and these are 9 in. square, 
being formed of three deals 9 in. by 3in., with 
capitals to relieve the appearance. Laminated 
arches spring from these capitals, and are fixed 
between ties which also clasp the main rafters. 
The eastern annexe and the Machinery Hall are con- 
nected by a covered bridge spanning the suburban 
railway. We will describe it later with the other 
bridges in the grounds. 

(To be continued.) 








THE INSTITUTION OF NAVAL 
AROHITEOTS. 

In our last issue we brought our account down 
to the conclusion of Thursday, 27th ult., morning 
sitting, of the annual meeting of this Institution. 
We now continue our report. 


THE EvAPoRATIVE EFFICIENCY OF BOILERS. 


The first paper taken at the evening meeting of 
Thursday, March 27, was a contribution by Mr. 
C. KE. Stromeyer, on the above subject. As we 
print this paper in full in our present issue, we may 
at once proceed to the discussion. 

Mr. J. McFarlane Gray was the first speaker ; he 
said this was another example of the good and 
careful work done by the author. The subject he 
had approached was very little understood although 
of no mean importance, which showed the necessity 
for this paper and several others like it. An engi- 
neer residing abroad had written to a friend of the 
speaker's, asking for information on this subject. 
As Mr. Gray’s friend had also gone abroad, and the 
letter had fallen into Mr. Gray’s hands, he had 
undertaken the task. He went to the authorities 
Rankine, Thomson, and others, but after he had 
spent three days in research he found so little was 
known on the subject that he had to give the 
matter up. There were many points arising; for 
instance, a boiler might be scaled to the extent of 
increasing the resistance to the transmission of 
heat by 80 per cent. It might be thought that the 
loss of efficiency would therefore be 80 per cent. 
That, however, would not be the case, as the paper 





showed; for if the heat of the gases were not 
absorbed, the difference of temperature between the 
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gases and the water in the boiler would not be 
reduced, and, therefore, the transmission of heat 
in the back end of the boiler would be more rapid 
than if the heat were absorbed sooner, other things 
being equal. 

Mr. Fothergill, of Hartlepool, was the next 
speaker. He said if the paper was founded on | 
theoretical considerations, then the question of scale | 
must be put on one side. But by the title of the 
paper he would have expected that there would be | 
some treatment of the efficiency of various parts of | 
the heating surface ; but the author had confined | 
himself to the tubes. The heat in the tubes must | 
depend on the perfection of the combustion. Com- 
parison had been made between the marine boiler 
and the locomotive boiler, though he did not see 
the similarity. The author said that there must be 
more heat passing through the upper than through | 
the bottom tubes. The speaker rather differed 
from him in this respect. They knew that in the | 
marine boiler it was the lower tubes that became | 
choked with deposit first, and of course they would | 
not become choked if the gases did not pass through 
them. Then, again, the paper spoke of the re- 
sistance to the transmission of heat. It said: 
This resistance is composed of the resistance which 
is offered when heat passes from one medium | 
to another, as, for instance, from gas to the metal, | 
from the metal to the boiler scale, or to the water, 
and it also included the resistance offered by the | 
metal to the heat. All practical engineers were 
fully aware that tubes might have a pretty con- | 
siderable deposit on the top, whereas they might 
be absolutely bare on the bottom. If they took | 
a boiler which had been running for some time, 
her tubes being dirty, it did not have a very} 
material effect upon the consumption. In fact, to 
retube a boiler did not very greatly alter its con- 
sumption efliciency. He perfectly agreed that it 


was greatly to the advantage of economy, and to the | 


transmission of heat, to retard the gases in the tubes, 
and that was where the advantage of mechanical 
draught camein. In taking the temperatures in the | 
last table in the paper, he would ask the author how | 
he arrived at those temperatures? (Mr. Stromeyer 
here replied it was a question of theory: he) 
assumed a temperature in the combustion chamber, 


|and argued from that.) Asa question of practice, | 


it must depend on the conditions of combustion. 


Brown’s longitudinal ribs on tubes gave greater | 


heating surface, but there was a counterbalancing 
difficulty in cleaning. It was true it was good to 


retard the draught, and he had run his boilers with | 
| the funnel damper two-thirds closed so as to bottle 
| up the gases, and keep them longer in contact with 


the heating surface. Then in his paper the author 
did not give any expression relative to the thickness 
of the material of the boilers. He should like him 
to say whether he thought thick metal of the plates 
or thin metal of the tubes had the more material 
effect ? 

Mr. Stromeyer, in replying to the discussion, 


| said he did not think the thickness of the plates 
|made much difference. 
|to the difference in the efficiency of the boiler 


He had been asked as 


when there was a good deal of scale, and in answer 


| to that he might say that he found no great dif- 


ference. There was the extent of variation of 
temperature between the water and the gases at 
one end and the other, and that made a serious 
difference in the efficiency of the boiler ; of course, 


|it is not a good thing to get scale, because it was 


desirable to keep the plates cool. The expedient 


| of closing the damper and using forced draught 


was not of much advantage, because there was lost 
as much as gained. What was wanted was to mix 


the gases, and by using corrugated tubes they got, 


an average temperature of gases which was pretty 


| uniform, With regard to the question of the re- 


| sistance to heat, he had found that the gas went 
down the side of the tube so fast that it went 
through the tubes without the hotter inner portion 
| being “brought i in contact with the heating surface, 
| and the heat went up the chimney. He thanked 
Mr. McFarlane sid very much for his kind 
/ remarks, 


| CoMBINED STEAM AND Hypravunic MAcHINERY 
ON STEAMERS. 


The next paper was by Mr. A. B. Brown, the 
title being ‘‘ On the Application of a System of Com- 
bined Steam and Hydraulic Machinery to the Load- 
ing, Discharging, and Steering of Steamships.” 
‘This paper we shall print in full at an early date ; 
as it related entirely to a description of the most 
recent development of the author’s system it would 
be useless for us to attempt to give here even an 
outline idea of the various mechanical devices em- 
ployed, without the aid of the drawings by which 
the paper was illustrated. The mechanism treated 
of consisted of a hydraulic derrick, a steam derrick, 
a steam tiller, and a telemoter. The object of the 
latter is to communicate the motion of a revolving 
wheel at the bridge to the rectilinear motion of a 
piston and its connecting- -rod attached to the steer- 
ing lever, acting upon a steering valve, which may be 
either steam or hydraulic. 

The discussion on this paper was commenced by 
Dr. A.C. Kirk. He said there was not much room 
for discussion, as the paper so fully explained the 
details of the mechanism. The man who got rid of 
noise and dirt on shipboard would be blessed by 
passengers. There were several points to be noted. 
They were reduced cost; and the fact that all 
pieces of the mechanism do not depend on one 
machine. Here each hatch has a separate service, 
and does not depend on a single pumping engine, 
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which, if it went wrong, would cause the whole busi- 
ness of discharging cargo to be stopped. If theauthor 
could replace the steam winch with something of the 
nature described in the paper, without increasing 
the cost, few passenger ships would not adopt it. 
He would ask the author how many installations 
of this description he had_ made on land (Mr. 
Brown replied about 900, but they were nearly all 
in Germany.) He had had no personal experience 
of the telemotor, but a friend of his who had had 
that advantage said it worked extremely well. 

Mr. Seaton, of Hull, said that some time ago, 
when he was investigating the economy of the 
triple-expansion engine, he found one ship doing 
unaccountably ill in the matter of fuel consump- 
tion. Close investigation proved this to be due to 
the waste of steam at the winches ; in order to over- 
come this he designed a compound steam winch, 
but wear and tear was so great that very shortly 
the loss overbalanced the gain. He saw Mr. Brown’s 
gear fourteen years ago at Hamburg. He could not 
then understand how the compound steam and 
hydraulic gear could be made to work. The intro- 
duction of higher steam pressure enabled Mr. Brown 
to do this and had contributed to the success of 
the system on shipboard. Steam cranes on a vessel 
were almost more trouble than winches, but in 
some trades it was necessary to have them; for 
instance, in cases where ships were loaded 
from barges alongside. The derrick described in 
the paper got over this difficulty. It was quite 
a novelty to see the steering engine placed on the 
quadrant. The clutch arrangement described, to 
change from hand to steam steering, he felt confi- 
dent would answer, because he had much the same 
device at work on a planing machine in Hull. Many 
ships were lost because of the time occupied by the 
taking out of pins or coupling up with clutches when 
it was required to change from steam to hand gear, 
supposing the former to have broken down. Mr. 
Seaton gave several instances of trouble caused in 
this way. If there was one thing more than another 
for which the travelling public should be grateful it 
was that a device had been introduced which would 
do away with chains and connecting-rods between 


'the bridge and the tiller. The noise caused by them 
was incessant, to say nothing of the chance of them 
getting out of order. The speaker thought that the 
application would be especially good for war vessels. 

Mr. McFarlane Gray was the next speaker. The 
author had said that he, the speaker, was the first to 
introduce the steam cylinders with piston valves, by 
which the course of steam was changed from admis- 

sion to exhaust. This Mr. Gray could not claim, 
but he did make the controlling valve have ‘‘a mind 
of its own.” It was easy to make the gear go 
| where it was required by a lever, hand worked; but 
the speaker did it by the valve itself. He did not 
known any better mechanical exercise for a young 
apprentice than to go through Mr. Brown’s paper 
and thoroughly master the details contained in it. 

There was described in the paper a slipping arrange- 

ment to ease the blows of heavy seas on the rudder. 

In the steam steering gear designed by Mr. Gray 

for the Great Eastern a similar device had been 

introduced. 

Mr. W. H. White said he could not understand, 
and it had never been satisfactorily explained to 
him, why the lifting cylinders were always carried 
on the jib itself. As ropes or chains had to be used 
for lifting appliances he did not quite see what objec- 
tion there was to carry the principle further. As 
to what Mr. Seaton had said about the steering 
arrangement, a proposal was now before the Admi- 
ralty. It must not be forgotten that it was to Mr. 





| McFarlane Gray that we owed the introduction of | 


| steam steering gear. There were many modifica- 


‘tions but it was to him that the first principle was , C , 
‘and that formed by the rim of the piston attach- 


due, and on this all subsequent modifications were 
founded. The Navy, especially, owed hima debt 
of gratitude, for without his invention it would 
have been impossible to have handled the great and 
highly powered war vessels in the way they are 
now manceuvred. Ina warship the steering gear was 
always a difficulty, as space was so cramped owing 
to the protection required for this vital part of the 
ship’s economy. In warships the work was always 
near the rudder, so that no rods or chains were 
used for the transmission of power as in merchant 
vessels. 


Mr. Brown, in replying to the discussion, pointed 
out that steam. pipes along a deck were also a great 
source of trouble, and that when the water became 
condensed in them it was often shot with great 
violence from one end to the other when steam 
was turned on. In the course of the paper some 
details were given of the steam required to work a 
cargo winch, and it had been asked whether this 
was a new or an old winch. In reply, Mr. Brown 
stated that it was a winch used at the Forth Bridge 
works, which- had been overhauled before being 
put to test. The reason that the hydraulic cylinder 
was placed on the derrick itself was that captains 
of vessels would give them no other place in which 
to put it, complaining that it occupied too much 
space elsewhere. 


A Revotvinae ENGINE. 


The last paper read on Thursday was contributed 
by Mr. A. Rigg, and treated of his ‘‘ Revolving 
Engine as applied on Shipboard.” This engine was 
originally brought forward at the meeting of the 
British Association at Birmingham in 1886, and 
again at the Manchester meeting in 1887.* It will 
be remembered that the engine consists of four 
cylinders, arranged so that their axes form radii of 
acircle. The pistons are connected so that their 
rods are attached to the rim of a wheel. The 
cylinders revolve round a point which is not, when 
the engine is at work, in the same position as 
the centre of the circle formed by the rim 
upon which the pistons act. In this way the 
circles formed by the revolution of the cylinders 


ment are eccentric. This eccentricity is variable, 
and in this way the stroke of the engine may be 
altered, or the two centres may be brought in the 
same horizontal and vertical transverse planes, when 
the eccentricity disappears and the engine ceases to 
work. The steam is distributed by a central valve. 
The engine was, we believe, first designed as a 
hydraulic motor, but has since been supplied for 

* See ENGINEERING, vol. xliv., page 332; illustrations 


and a description of this engine also appeared in Enei- 
NEERING, vol. xlv., pages 59 and 61. 
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steam. The author proposes to use it on shipboard 
for working cranes, capstans, fans, turrets, &c., and 
an example is now at work on the Thames driving 
a small launch. 

The discussion on this paper was opened by Mr. 
A. B. Brown, who had been engaged on a similar 
line of invention, but had not met with success. 
He did not allow the claim of the author that there 
was no reciprocation in the working, a fact which 
is indeed patent upon inspection of the model 
shown by the author at the meeting. One objec- 
tion to its use on shipboard would be that oil 
would be introduced into the boilers owing to the 
lubrication of the central valve. With regard to 
dynamos on shipboard, the speaker found that 
marine engineers were getting stronger and 
stronger in their preference for direct driving 
open engines, which the ordinary engineering 
talent on shipboard was capable of dealing with. 
Mr. Brown had tried to get over the difficulty of 
lubrication in his engine by having roller bearings 
water lubricated. The speaker anticipated that the 
surfaces of the valve would not last long in the 
author’s engine. He had tried something similar 
and the valve soon wore into corrugations, but this 
he had got over by eccentricity. 

Mr. Bevis, of Birkenhead, had been on board the 
launch referred to, and was pleased with the work- 
ing of the engine, although he could say nothing as 
to its efficiency. Mr. McFarlane Gray had also 
seen the engine working very prettily. He had 
made drawings for an engine of the same type 
many years ago. He did not agree that there was 
no reciprocal movement. 

Mr. Rigg, in replying to the discussion, said that 
lubrication had been a great trouble, but that he 
had got over it by the use of an oil pump. He found 
no wear in the disc valve. As to reciprocation, of 
course, in a scientific sense, there was reciprocation, 
but he did not allow that vitiated his arguments. 

The meeting was then adjourned until the next 
morning, Friday, the 28th ult. 


Leak Stoprina IN STEEL SHIPs. 


The first paper taken on Friday morning was 
that of Captain C. C. Penrose Fitzgerald, R.N., 
on the above subject. 

The author points out that although many things 
are taught by the naval manceuvres, there is one 
lesson that we cannot learn from them, viz., the 
ability of our ships to stand fire as well as deliver 
it. To fire at an actual vessel would be, as the 
author points out, expensive ; but then, he says, 
he cannot see that anything can be considered 
expensive (using the word expense in its compara- 
tive sense) if it throws any light on disputed ques- 
tions of naval architecture and helps us to act 
wisely in the expenditure of tens of millions of 
money. The second objection to such experiments, 
the author advances, is that it would be dangerous 
to expose our weakness to foreign nations. It 
seems to us that it would be better to expose our 
weakness by firing at our ships ourselves at a time 
of peace than to let an enemy do it for us in time 
of war. We quite agree that it is impossible for 
the authorities to keep anything secret. On 
the Continent they make the attempt by lock- 
ing up, expelling, and generally ‘“‘running in” 
any one attempting to find out anything the 
military authorities do not want to be known. In 
spite of this a well-organised military intelligence 
department, such as that of Germany, finds out 
everything it wants to know ; and if secrets cannot 
be kept under the drastic rule of Continental 
powers, how can we, in our quiet way, hope to keep 
those ubiquitous and watchful gentlemen, the 
naval and military attachés and their agents, from 
finding out all they want to know. Indeed, as a 
rule, we do not make the attempt. Now and then 
an order goes forth that certain things are to be 
kept secret, but the wily attaché laughs at such 
edicts, and practically the only person ‘‘ not in the 
know” is John Bull who pays the bill. To return, 
however, to Captain Fitzgerald’s paper, he says 
that various devices have been suggested to keep 
the sea from swamping steel ships, such as cellulose, 
woodite, india-rubber, &c., but there appear to be 
objections to all of them. Captain Fitzgerald solves 
the saps to his own satisfaction by ‘‘the one 
simple expedient of ordinary wood sheathing ex- 
tending from 5 ft. below the water line to 10 ft. 
above it.” This, he says, appears to offer the only 
reasonable prospect of being able to cover or plug 
shot-holes temporarily, as it would give the car- 
penters something to work upon. The smaller 





holes would plug themselves by the swelling of the 
wood—elm is the material the author advises to be 
used—and for dealing with the larger holes there 
would be something to nail canvas, leather, or 
boards. 

Captain Fitzgerald is a distinguished naval officer 
who is much looked up to by his brother officers in 
the service, we will therefore give the proposal he 
makes as to experiments in his own words. 


Take outintothe Channel, at the back of the Isleof Wight, 
in moderate weather, two of our modern cruisers with thin 
steel sides, and no external armour ; let one of them be 
sheathed with 5-in. elm plank, extending from 5 ft. below 
the water line to 10 ft. above it ; and let the other be un- 
sheathed. Then fire at them (after removing the crews) ; 
fire a few rounds from the 1-in. Nordenfelt and 3 and 
6-pounders, and perhaps one or two rounds from 4-in. and 
5-in. guns. If it is thought desirable, the firing could all 
take place at one or two compartments; and, if necessary, 
some special arrangements might be made with cork or 
otherwise, to avoid all risk of sinking; but I would not 
suggest firing heavy guns, as I think we may assume that 
a heavy shot or shell striking a cruiser near the water line 
would destroy her, as the shot would probably go right 
through her, and the shell would blow her to pieces. I 
therefore suggest firing small shot and shell only at the 
two cruisers, and immediately after doing so, send a gan 
of our own ordinary sea-going shipwrights on board bot 
ships, and let them set to work to deal with the holes as 
best they can, using their own tools, and such materials 
as would be at hand in any ordinary sea-going ship. We 
should gain some real practical experience ; and I cannot 
help thinking that all the holes in the sheathed ship would 
be dealt with, and rendered pare water-tight long 
before the shipwrights in the unsheathed ship had made 
up their minds what they were going to do with their 
holes. Would this bean insignificant matter with a view 
to renewing an action, or to the continued employment of 
a ship without resort to a dockyard ? 

One of the primary causes of our success in our old naval 
wars was the remarkable facility with which our seamen 
repaired damages after skirmishes and actions of all sorts ; 
and all the principal drills and exercises in the British 
Navy were instituted and maintained with a view to that 
end ; but in those days all the energy and talent was ex- 
pended in repairing rigging and getting up new spars and 
sails, so as to make gi the locomotive power of the 
ship ; the plugging of shot-holes was a very —— matter, 
as most of them plugged themselves by the swelling of the 
thick wooden side, if the hole was anywhere near the 
water line, and if it was not it was obviously of no conse- 
quence; but with thin steel sides I am at a loss to know 
how holes are to be dealt with unless there is wood out- 
side to fix things on to. have examined shot == 
various — patterns, but they are all just about 
suited to plug the cat hole in the bottom of a stable door, 
though not to stop a jagged hole in a tough steel plate ; 
yet this is a question which will force itself on our atten- 
tion with irresistible argument the first time one of our 
modern ships is fired at, and it will be impossible to shirk 
it then, as the life of the ship will probably depend 
upon it. 

The discussion on Captain Fitzgerald’s paper was 
opened by Captain Long, R.N. He had expected 
from the title to learn how to stop leaks from shot- 
holes, but the paper had dealt chiefly with the pro- 
bability of there being leaks. He did not think it 
would be necessary to fire at a real ship to find out 
the things Captain Fitzgerald wanted to know. He 
thought the captain of the Excellent would be able 
to solve many of the problems without going to great 
expense. What he would like to see, though, would 
be areal turret shot at and the result kept very, very 
secret. [The enunciation of the latter part of the 
proposal—our italics correspond to a peculiar tone 
of emphasis the speaker used—appeared to afford 
several gallant naval officers present much amuse- 
ment.] Probably the extent to which wood would 
stop a leak was pretty well known. Captain Fitz- 
gerald had referred to light projectiles, but it would 
be well to point out that projectiles that came 
quickly were not always light projectiles. The 6-in. 
rapid-firing gun would throw a shot eight times a 
minute ; and this shot we may add weighs 100 lb. 
The author had not referred to under-water pro- 
jectiles, and the speaker thought that locomotive 
torpedoes were worthy of far more attention. He 
was sorry that Captain Fitzgerald was not present, 
as he would certainly have kept the meeting 
amused. 

Mr. W. H. White was the next speaker. He 
also regretted that Captain Fitzgerald was absent ; 
not, however, because he wanted to be amused, 
but because he was going to say something un- 
pleasant, and he always preferred doing that before 
a man’s face rather than behind his back. The 
author was a captain in the Royal Navy. He was 
not one of those anonymous newspaper reporters 
so often referred to of late, but spoke with the 
authority of one bearing the Queen’s commission 
and having access to information not open to the 
public. In spite of this he had made statements, 
to put it mildly, absolutely without foundation. 





In introducing the question of speed the author 
had dragged in a matter foreign to his subject. 
He had styled the Medea class practically as im- 
posters and had given the sanction of his name to 
what had before been based on irresponsible news- 
paper reports. Captain Fitzgerald had said in his 
paper: ‘‘Take for instance the Barham, cruiser, 
now completing at Portsmouth ; wood sheathing 
would stiffen her all over and in all probability 
greatly reduce the vibration now caused by the 
engines. It would also prevent a ship’s launch, 
coal barge, provision lighter, or steam picket boat 
from making a hole in her side, if she happened to 
come alongside with a little too much way on. It 
would, I believe, in many respects make her a 
useful as well as being a very ornamental ship.” 
Mr. White stated as a comment on this part of 
the paper, that up to the present time the Barhain’s 
engines had not been tried in her, and therefore 
the author’s statement that they had caused ex- 
cessive vibration must necessarily be false. It 
was much to be regretted that Captain Fitzgerald 
should make statements without verifying them, 
and being what he is should give the sanction 
of his name to idle reports. The purpose of 
the paper was to deal with wood sheathing, and 
to test the efficacy of this it was by no means 
necessary to fire at a ship. There was all Whale 
Island upon which to make experiments, and they 
had tried leak stoppers of every kind, but the pro- 
gress of artillery and explosives was such that what 
might be good to-day would be useless to-morrow. 
Captain Fitzgerald thought that in order to keep a 
ship safe the skin must be preserved intact ; under 
modern conditions of artillery, this cannot be done. 
The effect of a shell exploding against a ship’s side 
is that large pieces of plate are struck off, so that 
repairs cannot be made at sea. He did not see 
much good in providing protection against three- 
pounders in the face of the damage that could be 
done by the larger quick-firing weapons, but 
putting that on one side, plugging of shot-holes 
required favourable conditions of sea. In fact 
modern conditions demanded that the effort to 
thus keep the sea out should be given up, and 
it was frankly given up. Another point to be taken 
into consideration before Captain Fitzgerald’s pro- 
posals should be adopted, would be the increased 
resistance afforded by the wood sheathing ; any addi- 
tional obstacle placed in the way of a high explo 
sive shell increased the danger from such a projec- 
tile by intensifying the effect at the point of impact. 
Our cruisers were designed with skins intentionally 
thin on this account ; but there are, the speaker 
added, inside the ship appliances for rendering 
damage done of a less serious nature. In determin- 
ing the characteristic features of a warship, the 
designer must be prepared for his vessel to run 
some risks. The only thing he can do is to try and 
meet these risks as their importance demands. Cap- 
tain Fitzgerald had started with iron as a means of 
protection ; he had gone on to india-rubber, and 
now arrived at wood ; perhaps if he were left with 
an cpen mind he might have fresh proposals by the 
time the next meeting was held. 

Admiral Sir Erasmus Ommaney asked if water 
were admitted in the cruisers mentioned above ‘the 
protective deck, whether it would cause the vessels 
to sink. Mr. White replied that it would not, and 
that arrangements were made for the angular space 
at the side where the deck dipped down to join the 
ship’s skin below water mark to be filled with coal 
or stores. 

Admiral Sir John Hay said, that although it 
might not be desirable to send carpenters over the 
side under fire of machine guns—all the carpenters 
would be soon expended—it might be a good thing 
to render repairs more easy for carpenters to 
execute after the action was over, and the vessel 
was out of range. In the present day they could 
not thrum a sail because there were no sails to 
thrum (Mr. White suggested there were collision 
mats), but experiments ought to be undertaken to 
teach officers and men of the Navy what would be 
the best means of repairing their ship after an 
action. For his own part he did not believe that, 
in spite of all modern refinements, many more shot- 
holes would be made in the present day than the 
Shannon put into the Chesapeake, viz., 49. 
only the odd nine of these were big enough to drive 
a horse and cart through—we think we are indebted 
to Captain Fitzgerald for this simile—it would pro- 
bably be sufticient. 

Mr. McFarlane Gray reminded the meeting of 
the loss of the Northtleet, when the carpenters 
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tried to stop the hole inside the vessel, and of 
course failed, whereas if a mattress had been passed 
outside it would probably have been drawn in and 
the rush of water stopped, so that work could have 
been done within. He thought it would be well if 
naval officers would pay more attention to such 
subjects. As Captain Fitzgerald is in the Mediter- 
ranean in the Inflexible, he evidently could not 
reply to the discussion, a fact which was to be 
regretted. He is, in virtue of his birthright, a 
humorist, and many points in the paper which 
would have told, if given in his inimitable style, feli 
rather flat when rendered in the measured and 
polished tones of the secretary. 


Srresses oN VESSELS AT SEA. 

The next paper taken was ‘‘On the Variation of 
the Stresses on Vessels at Sea due to Wave Motion,” 
a contribution by Mr. T. C. Read. The author 
first referred to the papers of Sir E. J. Reed and 
Mr. W. E. Smith, the former having, when investi- 
gating this subject, assumed a wave form without 
alteration of pressure, while Mr. Smith, by taking 
account of the variation of pressure in the water 
when in motion, proved that Sir Edward Reed’s 
results as to hogging and sagging moments were in 
excess. In the present paper the dynamical effect 
on the longitudinal and other stresses, due to the 
vertical motion of vessels when among waves, is 
treated of. 

The author first points out that, as the vertical 
oscillations caused by wave motion are due to the re- 
petition of forces alternately raising and lowering the 
vessel, if these forces act at irregular intervals, the 
amplitude of the oscillations will not be so great as 
when the forces act at regular intervals, and further 
that the maximum range will be reached when the 
natural dipping period of the vessel and the period 
of action of the disturbing forces are the same or 
nearly the same. Again, the waves which will 
throw the greatest stresses on the structure are 
those of the same length as the vessel and having 
the maximum ratio of depth to length. For these 
reasons the vessels considered are supposed to be 
placed bows on to a regular series of waves of their 
own length. 

If an ordinary ship-shape vessel be considered, 
then, treating the question statically, owing to the 
fineness of the ends, the vessel will sink deeper 
into the wave when the ends of the vessel are in 
the crests and the trough amidships, than when 
the crest is at the middle of the length of the 
vessel. There will therefore be, as the waves pass 
the vessel, a reciprocating force acting on her, 
alternately raising and depressing the vessel, and it 
is the effect of the motion thus set up that is con- 
sidered in the paper. The resistance of the water 
to this dipping motion is an important factor in de- 
termining the range of the oscillations, but the ampli- 
tude of the unresisted vertical oscillations is first 
investigated. Further, the pitching and ’scending 
motion of the vessel is neglected, for the total 
bending moment on the midship section is the sum 
of the balanced moment + 4 the trimming moment. 
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or the same as when the vessel is at her correct 
trim. Suppose a vessel to be in statical equili- 
brium, with its ends in the crests of a wave of its 
own length, and suppose a point to represent the 
height of the centre of gravity of the vessel above 
a fixed base line. As the wave passes the vessel, 
to maintain statical equilibrium the centre of 
gravity will rise, and will continue rising, until the 
crest reaches the middle of the length of the vessel, 
when it will have reached a given point. In rising 
it will have traced out a curve which can be accu- 
rately calculated by the method given by Mr. 
Smith in his paper read before the Institution in 
1883. 

The author next proceeds to illustrate his sub- 
ject by a succession of formule, for a knowledge 
of which we must refer our readers to the paper 
itself. 

Passing to the subject of resisted motion, the 
paper states that it was first necessary to construct 
scales of resistance in order that its amount might 
be read off at various velocities. In the absence of 
any published data on this subject, the author uses 
the results of the well-known experiments of 
Colonel Beaufoy in obtaining the resistance curves. 
He admits that the results thus obtained are not 
entirely satisfactory, but the conditions of this 
problem are so involved that it would be difficult to 
devise experiments that would give unqtestionable 


results. Thus, the water throughout one-half of 
the vessel is rising, and over the other half de- 
scending (owing to the wave motion), while 
the velocity of rise or fall varies at every point 
of the vessel. Further, as the wave advances, 
a different part of the vessel is constantly ex- 
posed to these varying velocities. In obtain- 
ing the resistance curves the author has there- 
fore been forced to adopt approximate values, 
which have been found by assuming that the water 
has no vertical motion, thus taking a mean between 
the extreme cases. The value of the resistance at 
any velocity has been found thus: The length of 
the vessel was divided into several parts according 
to the shape of the bottom; the midship portion 
was then taken as flat; lengths before and abaft 
the midship part as semicircular in section ; before 
and abaft these, lengths were taken us represented 
by parts of circles of radius equal the breadth of 
the vessel meeting at the keel, and finally for the 
ends wedges of a suitable angle. Summing the 
results thus obtained the resistance to the vessel 
entering the water at a speed of 12 ft. per second 
(downward velocity) is estimated as 450 tons, and 
this resistance varies practically as the square of 
the speed. The resistances at other speeds were, 
however, estimated, and also that for the vessel 
leaving the water, and the results were shown in a 
diagram hung on the walls of the theatre. The 
figures thus obtained were not put forward as 
accurate, but as probably sufficiently near the truth 
to give final results which are not widely incorrect. 

Introducing, then, the factor of resistance, the 
equation of motion becomes 
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This does not admit of an exact solution, and 
the method used by Mr. Froude for the graphic 
integration of the rolling of a vessel has, therefore, 
been adopted in this case. : 

Referring to what had been stated with regard t 
a wave passing the vessel if the position of the 
vessel at any time be known, and its velocity be 
also known, the resistance obtained from the curves 
previously referred to can be set off either above or 
below the wave force curve, according as the vessel 
is descending or ascending, and the corrected 
force line obtained. The distance between this 
line and the curve of motion of the vessel will, 
therefore, represent the accelerating force, and the 
integration may be performed in exactly the same 
manner as that adopted by Mr. Froude. 

The author next works out examples and pro- 
ceeds further to elaborate the details of his sub- 
ject. He takesa vessel with a given displacement- 
coefficient, and then fills out her form ; estimating 
wave force curves and resistance curves for the two 
imaginary ships. In the full vessel the position of 
statical equilibrium on the crest and in the hollow 
are above and below the base line on the diagram, 
upon which the results were plotted ; thus showing 
a reduced amplitude for the full vessel. The paper 
next deals with the effect of oscillation on the 
stresses and works out the results of sagging and 
hogging moments for each of the vessels considered. 
As regards sagging, an increase is found in the 
stresses of the fine vessel, and the same remark 
applies to the transverse and racking stresses. The 
results are more fully set forth in the tables and 
diagrams attached to the paper, but for these and 
the many equations upon which they are founded, 
we must refer our readers to the paper itself, as the 
limits upon our space have not allowed us to go 
into the matter here with a fulness the subject 
would otherwise deserve. 

The first speaker on Mr. Read’s paper was Mr. 
R. E. Froude, who pointed out that the author had 
based his estimations of the resistance to vertical 
oscillations upon Beaufoy’s experiments. These 
however related to continuous motion of submerged 
bodies and would not apply to small vertical motions 
of bodies at the surface. He did not think there 
would be much difficulty in making the experiments. 
What was wanted to be known was the rate of ex- 
tinction of vertical oscillations, and this he thought 
could ,be found by depressing a model and noting 
the rate at which the oscillations died out. 

Professor Jenkins said that five or six years ago 
he and Mr. Read jointly undertook to make inves- 
tigations of a nature similar to those contained in 
the paper. The absence of experimental data had 
however thrown so much difficulty in the way that 
theinvestigation had been abandoned so far as he was 
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concerned ; but he was glad to see that Mr. Read had 


gone on with the matter. It was also satisfactory 
to him to notice that what he had put forward in a 
general way the day before was brought to a fuller 
issue by the author. The speaker next referred to 
the influence of the disposition of cargo upon the 
bending moment with the vessel poised on a wave 
of her own length and pointed out that there might 
be an actual decrease of bending moment due to 
the relative longitudinal position of the centre of 
gravity of the vessel and the layer of water sur- 
rounding it. The problems set forth dealt mainly 
with bending moments, and examining the dia- 
grams the author had hung upon the walls one 
might be led to think that a fine vessel would be 
very disadvantageously placed. But it was neces- 
sary to remember that the displacement of a fine 
vessel of a given length would be less than that of 
a full-bodied one, and this should be allowed for. 
It should be borne in mind that the author put 
forward his conclusions as approximate only. 
Investigators had to use data at their disposal, and 
they could not be blamed for using Beaufoy’s con- 
stants if those were the nearest figures to be 
obtained for the purpose. The resistance of a 
vessel to vertical motion was of two kinds, that of 
the hull when going down, and that of the water 
when coming up ; Mr. Read’s paper was useful as 
throwing light on the question of freeboard. The 
great danger to a ship was when she was on the 
crest of a wave of her own length ; and information 
should be furnished as to what was the extreme 
position that a vessel could safely occupy on a 
wave. 

Mr. Ellis pointed out the similarity of the 
author’s paper to that of the last speaker, and went 
over many of the points contained in the paper. 

Dr. Elgar spoke of the important advance in an 
important subject which the paper denoted. The 
structural strength of ships was a difficult but not 
a showy subject to deal with, and therefore the 
greater credit was due to those who bestowed so 
much labour to its elucidation. 

Mr. Thornycroft said that in some respects shal- 
low vessels had advantages over deep ones when ina 
seaway. Mr. Froude had remarked that resistance 
to vertical motion was a leading factor; and shallow 
vessels afforded relatively greater resistance to 
vertical motions. 

Mr. McFarlane Gray said the paper required 
several hours’ private study in order to fully grasp 
its details. He would suggest that it would be a 
great advantage if authors of mathematical papers 
would supplement their equations by simple geo- 
metrical diagrams. It was impossible to take in at 
a glance while the paper was being read a whole 
page of formule. A diagram, however, conveyed 
an impression at once. 

Mr. Martell bore witness to the excellence of the 
paper, and pointed out how it supported those whe, 
in old days, refused to modify the laws which regu- 
lated the scantling of wooden vessels in favour of 
fine ships. 

Mr. Biles pointed out the difficulty there was in 
following such a paper as this at short notice. He 
was not inclined, however, too readily to accept the 
author’s conclusions, which had not been brought 
to a practical issue. There were too many reser- 
vations in the premises laid down. The statical 
moment had been assumed as the same for a fine 
and a full ship, which was not in accordance with 
the speaker’s experience ; a more certain estimate 
of resistance to vertical motion than that afforded 
by Beaufoy’s experiments would also have to be 
found. Another point to consider was the re- 
sistance of the propeller to vertical motion. 

Mr. A. Denny agreed with what the last speaker 
had said. His own opinion was that a fine ship 
can be built of lighter scantling than a full one, 
and he should resist being forced to an opposite 
conclusion. 

Mr. W. H. White also agreed with the last two 
speakers as to the incompleteness of the author's 
investigations from a shipyard point of view, but 
he did not think that detracted from the acknow- 
ledged value of the paper. For instance, in 
the matter of dipping of ships, that had been 
worked up mathematically in a beautiful manner. 
When the author came to resisting dipping, he said 
he had no data upon which to proceed ; as soon as 
the requisite data were obtained, however, naval 
architects had to their hand by means of the paper 
a method of incorporating it in their calculations. 

Mr. Read, in replying to the discussion, said he 
had adopted Beaufoy’s results because they were 





the best he could command ; but even if they were 
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50 per cent. from the truth as he had used them, 
they would not affect the results to the extent that 
appeared to be imagined, as would be seen by refer- 
ence to his calculations. Mr. Bilesand Mr. Denny 
seemed to think that he was of opinion that the 
stresses were greater in fine than in full ships. 
This, however, was not the case, as would be seen 
by reference to the paper. 


SpontaNEous ComBusTION IN CoaL SHIPs. 


The next paper read was by Professor Vivian 
Lewes, and treated of ‘‘ The Spontaneous Ignition 
of Coal Cargoes.” The author illustrated his lecture 
by a series of experiments, which were highly 
appreciated by his audience; indeed, we have 
seldom heard a heartier round of applause at a 
meeting of this Institution than that which greeted 
the professor’s success in extinguishing the flame of 
some blazing tow and turpentine by plunging it 
into a jar of carbonic acid gas. 

The author first referred to the Royal Commission 
of 1875, and stated that in the nine years following 
the report 57 coal-laden vessels were known to 
have been lost from the spontaneous ignition of 
their cargoes, whilst 328 were missing from unknown 
causes. It is said that the increase of steam pres- 
sure and consequent increase of temperature has 
made spontaneous ignition of coal cargoes more 
likely to occur. The paper next dealt with the 
composition of coal, pointing out that its volatile 
constituents or hydro-carbons consist essentially of 
compounds containing carbon and hydrogen, to- 
gether with a little oxygen and nitrogen. ‘The ash 
which is left after the coal is burnt consists chiefly 
of sulphate of lime or gypsum, silica, and alumina, 
whilst in nearly all coal is to be found iron disul- 
phide, known as coal brasses or pyrites. This 
has been formed by the gradual reduction of the 
sulphates by carbonaceous matter in the presence 
of iron salts. Of these constituents of coal the only 
ones which play no part in spontaneous heating are 
the mineral constituents other than the pyrites. 

Carbon possesses to an extraordinary degree the 
power of attracting and condensing gases upon its 
surface, this power varying with the state of divi- 
sion and density of the particular form of carbon 
used, The absorptive power of newly-won coal 
varies, but the least absorbent will take up 1} times 
its own volume of oxygen, whilst in some coals 
more than three times their volume of the gas is 
absorbed. This absorption is very rapid at first, 
but gradually decreases, and is influenced very 
much by temperature. The absorption is at first 
purely mechanical, and itself causes a rise of tem- 
perature, and the rate varies with the amount of sur- 
face exposed, so that when coal or charcoal is finely 
powdered, absorption becomes more rapid, and 
rise of temperature at once takes place. If charcoal 
is kept for a day after it has been made, out of 
contact withair, and is then ground down into a 
powder, it will frequently fire after exposure to the 
air for thirty-eight hours ; whilst a heap of char- 
coal powder, of 100 bushels or more, will always 
ignite. In the case of coal, this rise in temperature 
all tends to increase the rate of the action which is 
going on; but is rarely sufticient to bring about 
spontaneous ignition, only about one-third the 
amount of oxygen being absorbed by coal that is 
taken up by charcoal, while the fact of the action 
being much slower, tends to prevent the tempera- 
ture reaching the high ignition point of the: coal. 
Air-dry coal absorbs oxygen more quickly than wet 
coal. 

The action of the bituminous constituents is next 
considered in the paper. All coal containsa certain 
percentage of hydrogen, which is in combination 
with some of the carbon, and also with the nitrogen 
and oxygen, and forms with them the volatile 
matter in the coal, and the amount present in this 
condition varies very largely, being very small in 
anthracite and very great in camnel and shale. 
When the carbon of the coal absorbs oxygen, the 
compressed gas becomes very chemically active, 
and very soon commences to combine with the 
carbon and hydrogen of the bituminous portions, 
converting them into carbon dioxide and water 
vapour. This chemical activity increases rapidly 
with rise of temperature, so that the heat generated 
by the absorption of the oxygen causes it to rapidly 
enter into chemical combination, which is accom- 
panied by evolution of heat, and this further rise 
of temperature again increases rapidity of oxidation, 
so that a steady rise of temperature is set up. This 
taking cent in the centre of a heap of small coal, 
which, from the air and other gases inclosed in its 
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interstices, is an admirable non-conductor of heat, 
will often cause such heating of the mass that if air 
can percolate slowly into the heap in sufficient 
quantity to supply the necessary percentage of 
oxygen for the continuance of the action, the ignit- 
ing point of the coal will be soon reached. 

The action of pyrites is next considered by the 
author. It is found in coal in several different 
forms, sometimes as a dark powder distributed 
throughout the mass ; or in larger quantities form- 
ing thin golden-looking layers. Sometimes it 























occurs as large masses and veins, often 1 in. to 2in. 
in thickness, but these masses rarely find their way 
into the screened coal for shipment. If the air is 
dry the pyrites undergo but little change at ordinary 
temperatures ; but in moist air they rapidly oxidise 
when in a finely-divided condition, the first action 
being the formation of ferrous sulphate and sulphur 
dioxide, together with the liberation of sulphur, the 
relative amounts of the two latter being regulated 
by the temperature and the supply of air, whilst 
longer contact with moist air converts the ferrous 
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sulphate into a basic ferric sulphate generally termed 
‘* misy.” It is during this process of oxidation that 
the heat supposed to cause the ignition is evolved. 
But when it is considered that some of the coals 
most prone to spontaneous combustion contain only 
eight-tenths of a per cent. of iren pyrites, and 
rarely more than 1} per cent., the absurdity of 
imagining this to be the only cause of ignition 
becomes manifest. If 100 lb. of coal were taken, 
and the whole of the pyrites in it concentrated in 
one spot and rapidly oxidised to sulphate, the tem- 
perature would barely be raised to 100 deg. C., if 
all loss of heat could be avoided. 

The author had carefully determined the igniting 
point of various kinds of coal, and found that, 


Cannel coal ignites at 698 deg. Fahr. =370 deg. C. 
766 = 


Hartlepool coal ra ms = a 
Lignite me 842 ‘> =40 ,, 
Welsh steam coal “ 870.5 ,, =477 ,, 


So that no stretch of imagination could endow the 
small trace of pyrites scattered through a large mass 
of coal, and undergoing slow oxidation, with the 
power of reaching the needful temperature. 

Dr. Richters fully realises this point, and discards 
the idea of the pyrites doing anything more than 
adding their mite to the causes which bring about 
rise of temperature. In this, however, Professor 
Lewes thinks he is mistaken, his (Professor Lewes’s) 
experiments pointing to the fact that the pyrites 
may increase the liability to ignition when present 
in large quantities, and do so by liberating sulphur 
under certain conditions, Sulphur has an igniting 
point of 482 deg. Fahr., or 250 deg. C., so that 
the presence of free sulphur would lower the 
ignition point of the coal by considerably over 100 
deg. C. Also the pyrites as they become oxidised to 
ferrous sulphate swell in size, and so tend to split up 
the coal into small pieces, and by exposing a large 
extent of fresh surface to the air cause energetic 
chemical action. 

On examining the evidence to be obtained as to 
the conditions under which spontaneous ignition of 
coal in ships usually takes place, it is found that 
liability to ignition increases with : 

1. The increase in tonnage of cargoes. 

Thus, in cargoes of under 500 tons the cases re- 
ported amount to a little under } per cent. for ship- 
ments out of Europe ; from 500 to 1000 tons, to 
over 1 per cent. ; from 1000 to 1500 tons, to 3.5 per 
cent. ; 1500 to 2000 tons, to 4.5 per cent. ; and over 
2000 tons to no less than 9 per cent. 

a. The larger the cargo, the more non-conducting 
material will there be between the spot at which 
heating is taking place and the cooling influence of 
the outer air. 

b. The larger the cargo the greater will be the 
breaking down action of the impact of coal coming 
down the shoot upon the portions first loaded into 
the ship, and the larger therefore the fresh surface 
exposed to the action of the air. 

2. The ports to which shipments are made; 
26,631 shipments to European ports in 1873 only 
resulting in ten casualties, whilst 4485 shipments 
to Asia, Africa, and America gave no less than 
sixty. 

This result is partly due tothe length of time the 
cargo is in the vessel, but a far more active cause is 
the increase in the action brought about by the 
increase of temperature in the tropics. 

3. The kind of coal of which the cargo consists. 
The author is of opinion that East Coast coal is 
more dangerous than South Wales coal; but so 
much depends on the amount of small coal present 
that a well-loaded cargo of any coal would be safer 
than a cargo of Welsh steam coal in which a quan- 
tity of dust had been produced during loading. 

The idea that the percentage of pyrites present is 
any indication of the liability to spontaneous com- 
bustion must be entirely discarded, as experiment 
shows that many coals poor in pyrites frequently 
ignite, whilst others rich in them are perfectly safe. 

A much surer guide is to be found in the quantity 
of moisture present in an air-dried sample of coal, 
which is a sure index to the absorptive power, the 
higher the amount of moisture held by the coal 
after exposure for some time to dry air, the greater 
will be its power of absorption for oxygen, and the 
greater therefore its liability to spontaneous heating 
and ignition. 

4. The size of the coal, small coal being much 
more liable to spontaneous ignition than large, on 
account of the increased surface exposed. 

5. Shipping coals rich in pyrites whilst wet ; 
which increases the rapidity of disintegration. 

6. Ventilation of the cargo. 


The so-called ventilation, which has from time to 
time been introduced into coal ships, is undoubtedly, 
the author says, one of the most prolific causes of 
spontaneous ignition. For ventilation to do any 
good, cool air would have to sweep continuously 
and freely through every part of the cargo, a con- 
dition impossible to attain, whilst anything short of 
that only increases the danger, the ordinary 
methods of ventilation supplying just about the 
right amount of air to create the maximum amount 
of heating. The reason of this is clear. A steam 
coal absorbs about twice its own volume of oxygen, 
and takes about ten days to do it under favourable 
conditions, and it is this oxygen which in the next 
phase of the action enters into chemical combina- 
tion and causes the serious heating. 

7. Rise in temperature in steam colliers due to 
the introduction of triple-expansion engines and 
high-pressure boilers. It has been fully pointed 
out that anything which tends to increase of initial 
temperature increases the rapidity of chemical 
action. The average increase of temperature in the 
stokehold in two of the Indian troopers from the 
use of the triple-expansion engines was found to be 
about 5 deg. 

Having discussed the chemical and physical con- 
ditions which lead to ‘‘ spontaneous ignition,” the 
author proceeds to formulate precautions. 

The coal should be large, and it is better if free 
from pyrites. When air dried it should not contain 
more than 3 per cent. of moisture. 

No coal should be shipped to distant ports until 
at least a month has elapsed since it was brought to 
the surface at the pit’s mouth. Every precaution 
should be taken to prevent breaking up the coal 
whilst being taken on board, and on no account 
must any accumulation of fine coal be allowed under 
the hatchways. When possible the coal should be 
shipped dry. 

The coal compartments should be made gas-tight, 
as far as the bulkheads separating them from the 
rest of the ship is concerned. When the coal has 
all been taken in, it should be battened down, and 
the hatches should not be again opened until the 
vessel reaches her destination, the only ventilation 
allowable being a 2-in. pipe just inserted into the 
crown of each coal compartment, and led 12 ft. up 
the nearest mast, the top being left open. This 
would be quite sufficient to allow free egress to 
any gases evolved by the coals, but would not allow 
undue access of air. The author next proceeded to 
describe an automatic alarm apparatus he had de- 
vised for indicating when the temperature in a 
cargo of coal had risen to a dangerous extent. It 
consists of a long bulb of glass, containing mer- 
cury, and has an insulated wire inserted into the 
quicksilver, and making contact with it, whilst the 
stem attached to the bulb has a second wire in it, 
so arranged that when a rise of temperature causes 
expansion of the mercury, in rising in the tube it 
makes contact, and the wires from these tubes are 
in connection with an electric bell, index board, 
and battery in the captain’sroom. The author also 
describes an arrangement of flasks containing liquid 
carbonic acid gas which he proposed to distribute 
in thecoal cargo. These flasks would be closed by 
an alloy, which would fuse at 200 deg. Fahr. In 
this way the gas would be liberated upon the coal 
becoming heated to a dangerous extent, and the 
intense cold produced by the expansion of the liquid 
into gas would cool down the coal to a safe tempera- 
ture. 

When once coal in a cargo has fired, pumping in 
water is of practically no use, as the fire 1s, asa 
rule, near the bottom of the mass of coal, and the 
flow of the water is so impeded, that in percolating 
through the interstices of the heated coal, it is con- 
verted into steam before it can reach the seat of 
combustion. The most effective way to apply 
water would be to have four 3-in. pipes laid mad 
the floor of the coal compartments, about 6 ft. 
apart, these tubes having a } in. hole bored in the 
upper side every foot or so, and each pair of pipes 
coming through the bulkhead, and connecting on 
to two 6-in. pipes passing through the side of the 
vessel, the sea water being prevented from enter- 
ing by means of screw valves, As soon as the 
alarm thermometer gave notice that heating had 
reached a dangerous point, these valves could be 
opened and the lower portion of the cargo drenched 
with salt water. This, evaporating rapidly, would 
give large volumes of water vapour, which, passing 
up through the heated coal, would lower its tem- 
perature. It would be found beneficial to dress the 





coals with a little tar or tar oil, which would 





close the pores, and to a great extent prevent 
oxidation. 

The discussion on Professor Lewes’s paper was 
commenced by Dr. Elgar, who referred to a paper 
he read on ‘‘ Losses at Sea” at the Liverpool meet- 
ing of the Institution in 1886. In that paper he 
had pointed out that the number of lives lost in 
coal-laden vessels, of over 300 tons, during the 
period of 1881 to 1883, was more than one-third of 
the total number lost in all the foundered and 
missing ships. The author stated in his paper 
that: ‘‘In the nine years immediately following 
the report of the Royal Commission on Spon- 
taneous Ignition of Coal Cargoes, viz., 1875 to 
1883, 57 coal-laden vessels were known to have been 
lost from spontaneous ignition of their cargoes, 
whilst during the same period 328 were missing 
from unknown causes, a large percentage of these 
losses being undoubtedly due to the same cause ; 
and these again, form but a very small percentage 
of the cases in which the cargoes have heated and 
fired, but in which the vessels have been saved.” 
The speaker pointed out, with regard to the 328 
vessels thus lost, that there were other dangers 
attending coal cargoes besides spontaneous com- 
bustion, such as explosion of coal gas, shifting of 
cargo, collision, &c. From the paper he read at 
Liverpocl, it would be seen that out of all the 
known losses registered during three years, 23 
only were due to spontaneous combustion of coal, 
and of these 22 were sailing vessels, and only one a 
steamer. The speaker pointed out that many of 
the sailing ships thus lost were built of wood, and 
that wooden ships could not be kept dry, and he 
asked if the wet would not tend to generate heat in 
a coal cargo. Out of 86 coal-laden vessels reported 
as foundered and missing, 33 were steamers and 
24 of these went down with allhands. The remain- 
ing 9 were lost by springing leaks at sea or by 
shifting of cargo and taking in water through the 
deck openings. Sixteen of the remainder were iron 
sailing ships, and of these 11 went down with all 
hands, and 3 were lost through shifting of cargo, 
There were also 34 wood and 3 composite vessels. 
Dr. Elgar further pointed out that the firing of coal 
cargoes was not often the cause of loss of a ship or 
of the lives of the crew, notwithstanding the 
imminent peril in which ships are often placed in 
consequence. It took a considerable time for the 
fire to fully develop itself, and it appeared to be 
generally possible to get the ship into port. All 
ships registered in the United States were obliged 
by law to have steam pipes fitted throughout the 
holds for extinguishing fire, and the speaker was of 
opinion that some similar arrangement could be 
used with advantage in coal-laden vessels. 

Mr. W. Parker, of Lloyd’s, was the next speaker. 
He said that a short time ago he had been requested 
by Lloyd’s Committee to look into the question 
of spontaneous combustion of coal on shipboard, as 
owners thought that the increased heat due to 
higher steam pressures might augment the danger. 
Mr. Parker had made his report, and this report 
he read out at the meeting. We give a somewhat 
lengthy abstract of the passages read, as Mr. 
Parker's conclusions are hardly less interesting 
than those of Professor Lewes. The following are 
the extracts referred to : 


There are two principal causes of spontaneous combus- 
tion of coal. 

Firstly: All coal is contaminated with iron pyrites, or 
disulphide of iron. The sulphur in the pyrites is liable 
to be slowly oxidised by the oxygen in a air mingled 
with the coal. Heat is generated by the oxidation, as by 
most processes of chemical combination, and the heat in 
turn promotes further oxidation. So that if sufficient air 
be present the oxidation becomes more and more rapid, 
the temperature rises, and the coal itself begins to burn. 
The oxidation of the sulphur in the first instance is pro- 
moted by moisture, as the oxygen becoming dissolved in 
the water is thus brought into more intimate contact 
with the sulphur. 

It is to be observed that there is not necessary any 
hard and fast line beyond which oxidation becomes com- 
bustion. Slow oxidation may commence at very low 
temperatures, the rapidity of oxidation and the tem- 

a together, unless the supply of oxygen 

sto . 

Sie orometions necessary to obviate this cause of 
spontaneous combustion are: To keep the coal dry; to 
exclude air from penetrating the body of the coal ; an 
to avoid the accumulation of small coal, which by its fine 
division multiplies the surfaces exposed to cxidation. 

Secondly: Another cause is the direct oxidation of the 
carbon itself by the oxygen absorbed in a condensed form 
(occluded) within the coal. This absorption of the 
oxygen takes place chiefly when the coal is exposed to 
the atmosphere immediately after being sent up from 
the pit. The more porous the coal the greater is the 
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quantity of air it is capable of thus occluding. Subse- 
quently a ‘ 
with the absorbed oxygen ensues, accompanied and _pro- 
moted by the generation of heat as before. This direct 
oxidation of carbon is not facilitated by the presence of 
moisture but rather checked. To prevent it, air should 
be excluded from the heart of the coal, and fine division 
of the coal avoided. 

Spontaneous combustion is thus clearly seen to be due 
to the liability of the sulphur and carbon tod also certain 
iedisesaial in the coal to oxidise, or burn slowly. At 
ordinary temperatures the heat evolved by the oxidation 
having no ready escape, increases local temperature, and 
thereby further oxidation is promoted. It would be 
desirable to keep the coal at alow temperature, but as 
this is not practicable, air should be excluded. Still, 
increase in temperature increases rapidity of combustion, 
so that a hotter stokehold bears upon the question of 
spontaneous combustion. 


The report then goes on to point out the differ- 
ence between explosion caused by the gases escaping 
from the coal, and spontaneous combustion caused 
in the manner described. The evolution of marsh 
gas is promoted by heat, and if sufficient air be 
present an explosion may occur. The best precau- 
tion to take to avoid explosion from marsh gas 
appears to be, the report says, to provide a current 
of air over the upper surface of the coal. 

The report concludes as follows : 

As under ordinary circumstances the stokehold is neces- 
sarily the hottest compartment in a steamer, it is only to 
be expected that the tendency to spontaneous combustion 
of the coal in the adjoining bunkers may be to some 
extent increased by the heat conducted through the inter- 
vening plates. The amount of heat thus transmitted is 
determined by the temperature of the plates. 

The effect of the introduction of modern high pressures 
upon this heating tendency may be judged from the fol- 
lowing figures: Steam 80 lb.; boiler pressure has a tempe- 
rature of 324 deg. Fahr.; and a common stokehold 
temperature with boilers worked at this pressure is 100 
deg. to 130 deg. Fahr. Steam of 155 lb. boiler pressure 
has a temperature of 368 deg. Fahr., and there is a cor- 
—s increase of average stokehold temperatures 
under similar conditions, say to 110 deg. to 140 deg. Fahr. 


It has been the practice in the steamers of the Anchor 
Line to make the bulkheads between the stokehold and 
coal bunkers double, with a freely ventilated air space 
between From inquiries I have made of the 
superintendent engineers of the principal steamship 
owners in Liverpool I learn that the firing of bunkers 
does not more frequently occur with modern high-pres- 
sure boilers than was the case when lower pressures were 
jn vogue. 

Mr. Martell was the next speaker, and bore tes- 
timony to the practical character of the paper. He 
thought it would be well to retain a professional 
chemist to inquire into subjects bearing on shipping 
matters, so that they might have some competent 
authority to goto when in doubt. 

Mr. McFarlane Gray said that the Board of 
Trade had asked him to draw up a report on this 
question for the information of those engaged in 
shipping coal. He had complied with that request, 
but the report had been kept secret because of the 
dangerous views it held in advising that coal should 
not be ventilated. He thought the author was a 
little too sanguine about the heat-extinguishing 
possibilities of his carbon dioxide bottles. Mr. 
Gray would back a very few pounds of coal to 
generate more heat in its combustion than a 
great deal of carbon dioxide would suppress. [It 
was here that Mr. Lewes extinguished his flaming 
tow in the jar of carbonic acid gas.] Mr. Gray had 
much pleasure in supporting what Mr. Martell had 
said, and he thought that if the Institution would 
appoint an honorary chemist, shipbuilders, engi- 
neers, and shipowners would know that in em- 
ploying him they would be coming to a competent 
man who had made their wants more pt. his 
study. 

Mr. Stromeyer asked how the air got into the 
centre of the coal cargo. Was it air that had been 
previously occluded in the coal. 

The author, in replying to the discussion, said he 
had not been asked many questions, so there was 
not much to reply to. He wished he had had Dr. 
Elgar’s figures before him when he wrote his paper. 
Dr. Elgar had referred to the presence of water in 
wooden ships. Moisture to some extent checks 
combustion, but it is dangerous in another respect, 
as it enables the pyritics to crumble up the coal 
and so fresh surface is exposed. Another question 
was as to the effect of steam pipes. If steam were 
blown in its cooling effect would be great because 
of the heat it would absorb. It would be far better 
to blow steam in than to run water on the top. It 
had been a great relief to him to find that Mr. 
Parker had not published his report. It was so 
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nearly identical with his paper that he could hardly 
ave escaped the imputation of having copied it. 
It only showed the wide range of Mr. Parker’s 
genius and they would have to look on him as a 
greater oracle than ever. With regard to what Mr. 
McFarlane Gray had said he would point out that 
the function of the carbonic acid gas was not, in 
escaping from the bottles, to put a tire out, but to 
cool the mass down so that it would never reach the 
temperature of combustion. 

A very hearty vote of thanks was accorded to the 
author on the motion of the President, and the 
members separated until the evening. The limits 
of our available space compel us to defer until next 
week our report of the final proceedings of the 
meeting. 





HAULING ENGINES. 

On the page 435, we illustrate a set of under- 
ground hauling engines constructed by Messrs. John 
Wild and Co., Limited, Falcon Iron Works, Oldham. 
These engines are made in several sizes. The larger 
sizes are intended for main roads and inclines, whilst 
the smaller sizes are more specially intended for haul- 
| from the workings to the main roads or brows. 

rom the engraving it will be seen that the engines 
are mounted on a strong framework composed of 
wrought-iron girders and channels, whilst the drums 
are fitted with wrought-iron cheeks which are secured 
to the body of drum by bolts passing through both 
cheeks and drums. 

The brake is very powerful, and with ordinary care 
is practically everlasting. It consists of a cast-iron 
ring turned and fitted into a prepared recess in the 
drum, so that when pressure is applied to the brake 
lever the cast-iron ring is expanded so as to come in 
close ccntact with the drum. 





COMPOUND ENGINE ; PARIS EXHIBITION. 

WE publish this week, on pages 438 and 439, engrav- 
ings of one of the compound horizontal engines which 
was exhibited at Paris last year by the Société Cen- 
trale de Construction de Machines, of Pantin (Seine), 
a firm probably better known in this country by the 
names of its managing directors, MM. Weyher and 
Richemond. 

Referring to Figs. 1. to 4, it will be seen that the 
engine is of the intermediate receiver type with cranks 
at right angles. The cylinders are respectively 13.7 in. 
and 22 in. in diameter and 22 in. stroke. As shown 
in Fig. 4, the high-pressure cylinder is completely 
steam-jacketted, the steam traversing the jacket space 
on its way to the high-pressure valve chest. From 
the same view it will be seen that the passage between 
the high and low-pressure cylinders—which passage 
constitutes the intermediate receiver—is in contact 
with the high-pressure steam jacket on one side. In 
the case of the low-pressure cylinder the steam jacket 
is not interposed between the cylinder and the receiver 
passage, the arrangement being shown by Fig. 4, which 
also shows the connection between the low-pressure 
cylinder exhaust and the condenser. 

In the case of both cylinders the valves are placed 
below the level of the cylinder barrels so that the 
latter are properly drained. A special feature in the 
engine is the arrangement of the automatic cut-off 
gear with which the high-pressure cylinder is fitted, 
this arrangement being shown in detail by Figs. 5 to 
7 on page 439. Referring to Figs. 5 and 6, it will be 
seen that the main valve has a steam port formed 
through it at each end, each of these ports being fitted 
at its outer end with a cut-off valve a. Each of these 
valves a turns on a vertical axis—that on the left- 
hand side of Fig. 6 being shown open, and that 
at the right-hand side shut—while each is fitted 
with a spring which tends to maintain it in the 
closed position. Each valve aalso has a projecting lug 
on its back and at the extremities of the stroke of the 
main valve, these strike against the lugs h h, cast on the 
valve-chest cover. Thus referring to Fig. 6, suppos- 
ing the main valve to be moving to the left, then near 
the extremity of its stroke the lug on the left-hand 
cut-off valve @ would strike against the left-hand lug 
h, and the valve thus be opened, it then having the posi- 
tion in which it isshown in Fig. 6. When thus opened 
the cut-off valve would be prevented from closing 
again by the detent b, which catches on the lug already 
mentioned and which is pressed Smile by a 
spring. 

Projecting from the side of the detent b is a pin c, 
wiich as the main valve retires towards the right 
comes into contact with the upper side of an inclined 
lever d carried by a spindle e passing through the back 
of the valve chest. As motion of the main valve 
towards the right proceeds, the pin ¢ rides on the 
lever d, thus raising the detent b and releasing the 
valve a, which then closes under the influence of its 
spring. Ofcourse the point at which the detent is 
lifted—and thus the steam cut-off—depends upon the 
inclination of the lever d, and this in its turn is con- 





trolled by the governor, the two spindles e carrying ex- 
ternal arms by which they are coupled, and one of the 
spindles also carrying an arm by which it is connected 
to the governor. Messrs. Weyher and Richemond 
showed at Paris a number of engines fitted with this 
gear, which appeared to work quietly and well. 

It will be seen from the general views that the 
valves are not driven by eccentrics but bycranks at the 
ends of a short special shaft, which is driven from 
the crankshaft by gearing. This valve motion shaft 
also drives the governor through the intervention of an 
inclined shaft and bevel gear. The governor is of the 
Porter type. 

The condenser and injection valves are shown in 
section in Fig. 4, while a section through one of the 
air pumps is given in Fig. 3. As will be seen from 
wh. 1 and 2, there are two air pumps driven from a 
rocking shaft, which is coupled to the low-pressure 
crosshead as shown. The air pumps are provided with 
a large area through the foot and bucket valves, and 
are well adapted for high-speed working. 

The engine is mounted on a massive bedplate of box 
section, stiffened by a deep central rib as shown in 
Figs. 1, 2, and 3. The general finish of the engine, as 
of all others shown by the same makers at Paris, was 
excellent. 





THE LATE M. D. BANDERALI. 

ALL railway engineers in this country will learn with 
regret the death of M. David Banderali, of the 
Northern Railway of France, which took place on the 
30th ult. after a painful illness. M. Banderali was 
exceedingly well known both in this country and in 
the United States, and was universally liked. His 
command of English and his capacity for making 
friends caused him to become a link of communication 
between Continental railways and those of the English- 
speaking races, and whenever information was ex- 
changed he was more frequently than not the medium 
through which it passed. Whenever a group of French 
railway engineers came across the Channel they were 
almost certain to be accompanied by M. Banderali, and 
they could not possibly have had a better guide or one 
who could procure them readier access to the places 
which they } eree to see. 

M. Banderali was assistant chief engineer to the 
Northern Railway of France, and it was part of his 
duties to keep the directors informed of the progress 
of railway matters in other countries, particularly in 
relation to locomotives and carriages. He advocated 
the introduction of the vacuum brake, which was 
fitted to the whole of the vehicles of his company in 
1876, and wasa strong believer in the advantages of 
the bogie system both for locomotives and express 
passenger stock. He was also intimately associated 
with the creation in France of the Chemins de 
Fer Economiques, the narrow gauge railways b 
which the main lines are, in many places, fed. 
The engines and carriages of these light railways were 
largely designed in accordance with his ideas, and have 
been very successful. The knowledge which M. 
Banderali acquired he was always ready to impart to 
others, and both at congresses, in technical papers, and 
at exhibitions, he was a prominent figure. He was an 
able writer and a fluent speaker, and was always read 
to contribute interesting and practical reports on alk 
way technical matters. 

At his death M. Banderali had completed his fifty- 
fourth year, having been born on January 18, 1836. 
He took a degree as engineer at the Ecole Polytech- 
nique and the Ecole des Mines, and in 1859 joined the 
Northern Railway as inspector of the traction depart- 
ment at Amiens. His ability soon made him con- 
spicuous, and in 1873 he was appointed in Paris as 
chief assistant engineer, a post he held till his death. 
The funeral took place on Wednesday, April 2, at the 
Eglise de la Trinité, and was attended by representa- 
tives of all the French railway companies. 








AmeERIcAN CoAL.—A surveying ay sent out by the 
Denver, Colorado, and Pacific Railroad Company, in 
charge of Colonel Staunton, reports finding pure anthra- 
cite coal equal to that of Pennsylvania. In consequence 
of the high prices now ruling for coal in Europe, a cargo 
of coal was shipped recently Bn Philadelphia to France. 





SHIPBUILDING IN SWEDEN.—The Swedish shipbuilding 
establishments continue to be very busy, and Russia 
especially appears to have become a very good and 
regular customer. The Motala Engineering Company 
has just secured an order from a Nicalajew firm fora 
salvage and ice-breaking steamer. The principal dimen- 
sions are: Length, 135 ft.; breadth, 34 ft.; depth, 
17ft. The engine to indicate 700 horse-power. he 
Motala Company has also secured an order from the 
Imperial Russian Government for another salvage 
steamer, length 157 ft., breadth 274 ft., and engine to 
indicate 1000 horse-power. Nor is there any lack of other 
engineering work. The Kockum Engineering Company, 

almé, is exceedingly busy, especially with railway car- 
riages for various Swedish railways, as well as with other 
work, and the firm’s a department is also fully 
occupied. Altogether the bulk of the Swedish industrial 
establishments have no reason to grumble at present. 
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LAUNCHES AND TRIAL TRIPS. 

On Wednesday, April 2nd, there was launched from 
the shipbuilding yard of Messrs. C. S. Swan and Hunter, 
Wallsend, a steel screw steamer named the Arundo, and 
of the following dimensions: Length over all, 274 ft. ; 
breadth, 37 ft. ; and depth, 19 ft. 9in. The Arundo has 
been built to the order of Messrs. Hudig and Veder, of 
Rotterdam. The engine will be built by Messrs, Alley 
and McLellan, of Glasgow, and be capable of indicating 
1000 horse-power. 





The s.s. Federal was successfully launched from the 

ard of Messrs. W. Doxford and Sons, of Pallion, on 
Saturday, April 5th. She has been built to the order of 
Mr. John MclIlwraith, of Melbourne, and is constructed 
entirely of steel to the following principal dimensions : 
Length between perpendiculars, 290 ft. ; breadth extreme, 
40 ft. ; depth moulded, 22 ft., giving 3425 tons deadweight 
on a 20 ft. draught. ‘The engines are of the triple-expan- 
sion type, the cylinders being 23 in., 37 in., and 60 in. in 
diameter by 421n. stroke, and are supplied with high-pres- 
sure steam from exceptionally large Silas. 





On Saturday, April 5th, Messrs. R. Napier and Sons, 
Glasgow, launched from their shipyard a steel screw 
steamer of about 5650 tons, and named Clyde, which they 
have built for the Royal Mail Packet Company, London. 
The vessel will be fitted by the builders with engines 
capable of indicating 7000 horse-power, with which a high 
speed is expected to be attained, 





Messrs. S. McKnight and Co., Ayr, launched on Wed- 
nesday, 2nd inst., a screw tug of about 180 tons gross, 
named Hornby, built to the order of the Alexandra Tow- 
ing Company, Limited, Liverpool. The vessel is 116 ft. 
long, 21 ft. beam, and 12 ft. deep. The propelling machi- 
nery has been constructed by Messrs. eas and _ Senenne 
Govan, and consists of two pairs of compound surface- 
condensing engines, having cylinders 15 in. and 30 in. in 
diameter, with a 20-in. stroke. Steam is generated in two 
boilers 14 ft. in diameter and 10 ft. 6 in. long, working to 
a pressure of 100 1b, to the square inch. 





A new Allan Line steamer was launched the other day 
from the yard of Messrs. David and William Henderson 
and Co., Partick. The vessel, which is named Brazilian, 
is built of Siemens-Martin steel to class 100 Al at Lloyd’s 
three-deck rule. Her dimensions are as follows: Length, 
340 ft. ; breadth, 41 ft. 9 in. ; and depth, 28 ft. 3 in.; and 
the gross tonnage is about 3250 tons. In the poop there 
is accommodation for a limited number of passengers. 
Officers and engineers are berthed under the bridge deck, 
and seamen and firemen in top-gallant forecastle. An 
installation of the electric light has been provided by 
Messrs. Paterson and Cooper. The engines, constructed 
by the builders, are of the triple expansion type, having 
cylinders 24 in., 40 in., and 66 in. in diameter by 
48 in. stroke. The owners are Messrs. Jas. and Alex. 
Allan, Glasgow, and the vessel is for the South American 
trade. 





Another steamer for the Union Steamship Company of 
New Zealand, Limited, has just been launched by Messrs. 
Wm. Denny and Brothers, at Dumbarton. The vessel is 
named Rotokino, and is of the following measurements : 
Length, 270 ft. ; breadth, 37 ft. 6 in. ; depth, 21 ft. 9 in. ; 
and of about 2000 tons gross register. She will be fitted 
with Brock’s patent quadruple-expansion engines by 
Messrs. Denny and Co., Dumbarton, 

Messrs. Robert Duncan and Co., Port - Glasgow, 
launched on Monday, April 7, a steel screw steamer of 
2000 tons net register and to carry 3500 tons on Lloyd’s 
freeboard. The vessel, which is named Brand, is of the 
following dimensions : Length, 270 ft. ; breadth, 37 ft. ; 
and depth, 23 ft. _The propelling machinery has been 
fitted on board by Messrs, Muir and Houston, Kenning 
Park, Glasgow, and consists of a set of triple-expansion 
engines having cylinders 21 in., 35 in., and 56 in. in dia- 
meter, geome (| and with a piston stroke of 39 in. 
Steam is generated in a boiler 14 ft. 3 in. in diameter and 
11 ft. long, worked under forced draught on Howden’s 
system. 





Messrs. Scott and Co., Greenock, lannched on Monday 
a steel screw steamer named Priam, for the Ocean Steam- 
ship Company, Liverpool, and intended for the Liverpool 
and China trade. The vessel is 335 ft. long, 38 ft. 6 in. 
beam, and 27 ft. deep, and of 2800 tons register. The 
new steamer will be engined by the builders with Mr. 
Alfred Holt’s usual type of compound tandem engines to 
indicate 1500 horse-power. 





Messrs. Barclay, Curle, and Co., Limited, have just 
launched from their yard at Whiteinch, G] Ww, a steel 
screw steamer named Ping Suey, built by them to the 
order of the China Shippers’ Mutual Steam Navigation 
Company, Limited, London, and intended for service 
between London and China. The vessel is of 3150 tons 

ss, the dimensions being as follows: Length, 365 ft. ; 

readth, 41 ft. 6in.; depth, 28ft. 3in. e engines, 
which are of the triple-expansion type, have been con- 
structed by the balidies: The cylinders are 32in., 49in., 
and 77 in. in diameter respectively, with a 4-ft. stroke. 
Steam is generated in boilers 15 ft. 3in. by 17 ft., and 
working to a pressure of 160 1b. to the square inch. The 
tube surface is 6800 square feet, the heating surface 7460 
square feet, while the grate area is 260 square feet. The 
peas ot ae + en square feet. While developing 
about 2800 indica orse-power, it is expec’ the s 
will be from 14 to 15 one en 





THE LAMBERTON ORE CRUSHING MILL. 
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WE give above a sectional elevation and a plan, | 


illustrative of a simple and efficient mill for crush- 
ing ores, invented by Mr. Lamberton, of the Sunny- 
side Engine Works, Coatbridge, Scotland, and which 
is taking a prominent place in the mining world. 
In this mill the crushing is done by a group of rolling 
balls 9 in. in diameter, and ten in number. These, 
as is shown by the plans, are driven round a circular 
cup-shaped track by a heavy rotating disc, the great 
weight of which, bearing on the top of the balls, drives 
them round, imparting at the same time a powerful 
crushing effect. The material to be crushed is fed 
from a hopper, marked A on Fig. 1, down the hollow 
vertical shaft B, diverging at the foot. Falling under- 
neath the balls C, the material gets pulverised by 
them. 

The balls have a compound motion given them, 
causing them to spin or screw as they roll round and in 


this way they are preserved in truly spherical form. | 
The action being rolling not rubbing, insures that the 
minimum of power is used for driving. 

The parts subjected to wear—the balls, track, and 
face of driving disc—are made of the most durable 
material, and can be renewed at a small cost, 











These mills are made for either dry or wet crush- 
ing. In dry crushing the fan blades and scrapers 
attached to the revolving disc create an induced 
current of air down the hollow shaft B, which assists 
in blowing the fine material through the screens 
D, the fineness of which regulates the grist of the 
finished product. In wet crushing the water is 
| allowed to flow down the hollow shaft B, along with 
feed, and washes the ground material through screens 
in the usual manner common to stamp batteries. The 
| great feature of this mill is its simplicity and ease of 
erection, it being possible to have it in full working 
| order in one day after arriving at its destination. It 
| will, we understand, crush 15 tons per day of 24 hours. 
| It has the additional merit, as our sketch shows, of 
| being compact in form. 











| ‘Warer In New Sovutu Wates..—The New South Wales 

| Water Conservation Department is calling for tenders for 

improving the Yanko Creek, an affluent of the Murrum- 

| bidgee, near Wagga, so as to render it almost a perma- 

| nent watercourse. Other important works are also being 

| planned, and the + eee of the department are being 
materially extended, 
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LOCKWOOD’S FLANGELESS PISTON 


RINGS. 








i 
me 
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WE illustrate above two forms of flangeless piston | allowing for variation of temperature yey one part of 
i 


rings recently introduced by Messrs. Lockwood and 
Co. The form shown in the lower view is the simpler, 


and comprises two rings connected together by a tongue | 


and groove ; in this groove there lies a waved spring 
which keeps the rings against the junk ring and piston 


head, and prevents rattling. Each ring is extended by ' 


a helical spring, with wedge-like ends, bearing against 
wedge-like projections on the inner side of the rings ; 
adjustment for wear is obtained by adding liners to the 
end of the spring. The stop-pieces are to steady the 
piston. The rings being flangeless are very elastic. 

The rings shown in the upper view are similar to 
those described, but each has a groove around it in 
which there lies a Ramsbottom ring. In adjusting the 
rings the piston is placed at the part of the cylin- 
der having the smallest diameter, should it be 
taper, and the rings are allowed to assume their 
natural positions. The junk ring is then screwed in 
place so tightly that it nips the two main rings solidly 
together, binding them so fast that they have no 
motion relative to the piston. If the cylinder be 
arallel the inner rings fit it accurately at all parts, 
ike a solid piston, while the outer rings have little or 
nothing to do. If the cylinder be worn, the outer 
rings spring to adapt themselves to its varying dia- 
meter with a very light pressure. Of course it is most 
important that the inner rings should be fitted to the 
smallest part of the cylinder; if allowed to adapt 
themselves to any other part and then fixed, the cylin- 
der might be split. The makers are Messrs. William 
Lockwood and Co., Ocean Works, St. Mary’s-road, 
Shettield. 





THE STANDARD OF EFFICIENCY IN 
STEAM ENGINES. 
To THE: EprroR oF ENGINEERING. 
Str,—I was very glad to see so very sensible and able 


a letter as Mr. A. C. Elliott contributed to the discus- | 


sion in your columns on the ‘Efficiency of Steam 
Engines.’ 
algebraic equations, as he goes hopelessly wrong in them, 
being apparently under the impression that 


{aan} 


has to be integrated completely round the cycle, instead 
of through that part only during which heat is being 
received by the working substance by the processes of 
conduction and radiation. Putting this mistake aside, 
which has no bearing on his argument, I think that Mr. 
Elliott’s letter may be taken as a very fair answer to Mr. 
Willans’ contention. 


It is a pity that Mr. Elliott did not avoid | 


If the above function is to be used ! 


the cycle, it must logically be applied to the complete 
variation of temperature throughout the whole process. 

But I protest—again along with Mr. Elliott—against 
any one standard being set upas the only perfect standard 
of comparison. But here I part company with any other 
of your correspondents. I protest especially against the 
Carnot cycle being taken as in any sense a more perfect 
standard than others that may be proposed. 

It is a popular error to imagine that the Carnot cycle is 
a ‘‘ reversible ” cycle in a sense that other cycles are not. 
I cannot here stop to prove that it is not so. It must 
suffice to say that accurate and thoughtful students of 
thermodynamics recognise that no particular cycle is 
essentially one whit more “‘ reversible” than any other ; 
they are all equally irreversible according to the purest 
and strictest theory as well as according to practice. The 
conditions of approximate reversibility may be a little 
simpler in practice and easier to think and reason about in 
one case than in another; but that is the only advantage 
that one has overthe other. 

Of course the Carnot cycle gives the greatest possible 
efficiency if the conditions imposed on the solution of the 
problem are that the temperature must not rise above a 

iven limit and must not fall below another given 
fimit of temperature. Now so long as one has to deal 
with saturated steam alone a given Timit of temperature, 
not allowed to be surpassed, comes to the same thing 
as a given limit of pressure beyond which one must not 
go. But if one has to consider superheated steam or gas 
of any kind, the isothermals not being coincident with the 
isobarics, a limit of pressure has quite a different meaning 
from that of a limit of temperature. Now in some prac- 
tical cases the limit of pressure may be of greater impor- 
tance than the limit of temperature ; and in, under the 
limiting condition that the pressure is not to go beyond 
certain limits up or down, the Carnot cycle is quite 
evidently not the one that gives the greatest possible 
thermodynamic efficiency. nce more, from the com- 
mercial point of view, which is or may be quite as scientific 
as any other, the volume limits are of extreme importance; 
and if the problem of maximum efficiency is to be worked 
out under prescribed volume limits, again the Carnot 
cycle is not the most efficient. 

But I have a further important protest to lodge against 
the common mode of treating this question. y, in the 
name of common sense, should engineers think themselves 
bound to set up as a standard of perfection a complete 
cycle? What law of industrial or of pure scientific 
mechanics leads them to imagine that they are compelled 
to bring back their working substance to that exact 
physical condition in which they originally took it? Never 
in practice do they dream of doing so. hy should they 
think themselves compelled to do so in theory? Com- 
plete cycles are very convenient things indeed as aids to 
scientific reasoning in the course of establishing general 
laws ; most of our general scientific knowledge could not 
have been gathered without their help. But because they 





have an all-important and legitimate place in this respect, 
it does not follow in the least that they are models of per- 
fection for practical work, towards which we should 
endeavour to approximate. 

Mr. Bodmer’s analogy with an hydraulic motor (of 
course I do not mean that Mr. mer is originally 
responsible for it) is strictly logical. In the working of 
the hydraulic motor, of course, the cycle is incomplete ; 
and therefore no true analogy can be made between it 
and Carnot’s cycle, the very essence of which is its com- 
pleteness. No work at all would be got out of the 
hydraulic motor if the water were brought back finally to 
its same condition (that is, same position) as regards 
gravity forces that it had before being led into the motor. 
A “conservative” system of forces like those of terrestrial 
gravity is essentially incapable of giving out any work by 
merely leading a portion of matter through a complete 
cycle of changes. 

Why cannot the simple factor ‘‘net mechanical work 
done divided by total heat used ” satisfy the calculators of 
efficiency, if at the same time all the limiting conditions 
under which the individual practical problem has to be 
solved be fully stated? An improvement which gives the 
working parts of an engine an increased power of enduring 
under higher temperatures or higher pressures is equally 
important and praiseworthy as one which lessens the heat- 
transmitting power of the cylinder walls. All changes 
that increase the efficiency, as expressed by the above 
fraction, are of equal practical importance. 

Yours truly, 
Birmingham, April 2, 1890. Rosert H. Smiru. 


sé 





To THE Eprror or ENGINEERING. 

S1r,—I have to thank Mr. Bodmer for his remarks on 
my letter of the 18th ult. Most of Mr. Bodmer’s points 
I shall briefly touch upon; but it will perhaps simplify 
matters if I say that, with the exception of one or two 
more or less obvious misprints, I am not prepared to 
modify one word or statement contained in that letter. 

Mr. Bodmer first objects to the difference between the 
temperature of the proximate source and the temperature 
of the er a fluid, when exchanging in the ordinary 
steam engine, being counted as one among a large number 
of other and admittedly generally more important imper- 
fections or departures from the ideal conditions for maxi- 
mum efficiency, because, he says, it is the efficiency 
of the motor alone that is in question, and not the 
efficiency of motor and generator combined. Mr. 
Bodmer’s use of the two last expressions is somewhat 
loose; he probably meant to say that imperfections 
of the cycle in the ordinary steam engine occurring during 
the transit of the working fluid through the boiler ought 
not to be charged against the motor, or, in other words, 
that the efficiency of a motor ought to be referred to the 
efficiency of the corresponding ideal motor and boiler in 
which the part of the cycle performed in the motor is 
perfect or reversible, and the part through the boiler im- 
perfect or irreversible in some fixed degree. This I take 
it is virtually the position which Mr. Bodmer is himself 
attacking. 

In the course of my argument that the cycle corre- 
sponding to the equation 


Wal, 4-46 (t,-t,)-t) log 

ty to 
is merely a cycle possessing what may be called 1 deg. of 
imperfection, and to that extent partaking of an arbitrary 
character, I had occasion to compare the ordinary actual 
steam engine cycle with an ideal cycle for an engine of 
maximum efficiency working between fixed temperatures. 
Mr. Bodmer fails apparently to perceive my point; and 
his other remarks in this connection have consequently 
no immediate bearing. 

Mr. Bodmer further observes: “‘ Mr. Elliott makes a 
somewhat similar mistake with respect to the Carnot 
cycle in supposing that equality of temperature between 
source and working fluid at the maximum temperature, 
and between sink and working fluid at the minimum tem- 
— are essential to the perfection of that cycle.” 

n point of fact I did not once specifically refer to the 
Carnot cycle, I wrote in general terms of an ideal engine 
of maximum efficiency which does not necessarily 
perform the Carnot cycle. The possible alternative 
1s, of course, an ideal regenerator cycle, a point which 
has been strangely neglected in this and less recent 
discussions. However I am ready to admit that Mr. 

mer has correctly divined my opinion ; and that I 
most certainly hold that no engine working between fixed 
temperatures, either in the Carnot cycle or otherwise, can 

an engine of maximum efficiency if at any part of the 
cycle any irreversible process whatever is permitted to 
take place ; that is to say for the case in point if any 
exchange of heat occurs at a temperature other than the 
temperature for the time being of the working fluid or a 
aoe finitely different therefrom. 

The::formula of Mr. Bodmer’s article—that, namely, 
referred to above as applicable to a certain ideal cycle 

sessing one imperfection — is undoubtedly due to 

nkine. The process by which it was obtained in my 
letter is in principle due to Sir William Thomson, who, 
in his ‘‘ Dissipation” paper of 1852, anticipated so far, as 
Professor Tait has shown, a remarkable development by 
Clausius. 

There are, as I have tried to show, efficiencies many. 
I had believed that Mr. Bodmer proposed to call an. 
old efficiency by a new—and to me an unhappy—name, 
and that he had even gone the length of suggesting 
a Christening Committee. It — now that he 
meant to call the denominators of the efficiency ratios 
‘standards of efficiency,” and to recommend that the 
efficiencies of steam engines should be referred exclu- 
sively to the ideal engine of maximum efficiency work- 
ing between the prescribed limits of temperature. An 
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efficiency is in general a ratio, and its dimensions are 
therefore those of a number. A standard efficiency there 
may be; a standard of efficiency is clearly something 
not comprehended within the limits of ordinary English. 

Mr. Bodmer is in error when he assumes that the equa- 
tion quoted in the last paragraph but one of his letter 
takes no account of initial condensation. On the con- 
trary, so far as a formula which involves such intractable 
integrals can be said to effect anything, it expresses the 
entire action of the surfaces and walls, whether jacketted 
or not. I remarked in passing to the effect that the jacket 
problem is still (mathematically, and even to some ex- 
tent practically) unsolved. The point in question might 


have been illustrated by observing that the value of the 
expression 
g- we", 
t 


(where for convenience q! may be held to refer to the 
double stroke), cannot be inferred from a knowledge of q! 


® 1 ie 
or ft qgialone. For example, “a does not vanish 


with g!, and the question comes to be whether or not it is 
profitable to reduce the negative weight of the second 
term at the expense of q'. 

In his last paragraph Mr. Bodmer invites attention 
to the analogy—which be seems to regard as in every way 
complete—existing between GH and a thermodynamic 
quantity Q. May I ask Mr. Bodmer whether his Q re- 
presents actual heat energy or intrinsic energy? 

Yours faithfully, 
. Eviorr. 

Edinburgh University, April 8, 1890. 





THE ACCIDENT TO THE ‘ CITY OF 
PARIS.” 


To THE Eprror o¥ ENGINEERING. 

S1r,—The splendid steamships City of Paris and City 
of New York embody such great improvements on the 
other Atlantic liners, viz., two independent engines, no 
openings under water in the transverse bulkheads, 
&c., that the news that one of them had, for several days, 
drifted helpless and powerless, was received with real 
amazement. 

Messrs. Thomson acted very wisely, no doubt, in de- 
signing the vessels so that no compartment could be 
flooded on one side only and alone. There is scarcely a 
ship afloat with sufficient stability to stand such an 
ordeal, 

But, as we can see now (it is very easy to be wise after- 
wards), the best means of providing against the danger 
was perhaps not to connect both engine-rooms. 

Had, for instance, the aft boiler compartment been 
similarly divided by a longitudinal bulkhead, and each 
engine compartment been connected with each boiler 
compartment on the other side, the City of Paris would 
not have been deprived of the whole of her motive power. 

Perhaps, even, it would be possible not to expose any of 
the boilers to be flooded, but to connect each engine com- 
partment with such a capacity, on the other side, that 
the stability of the vessel could never be endangered. 

It is, no doubt, quite extraordinary that the sea con- 
nections should be destroyed by the fall of part of the 
machinery ; but it would be quite an ordinary accident 
if one of the machinery compartments was filled through 
collision, and, in that case, a longitudinal bulkhead with 
no openings under water would be of immense value. 

poe the | gent of manceuvring all the sea cocks, 
ejectors, an 
safety. 

There exist, in all navies, numerous twin-screw iron- 
clads and cruisers with vertical engines and a longitudinal 
bulkhead dividing both engine compartments. It is 
doubtful whether in most of them, means have been pro- 
vided against extreme heeling rendering all protection 
useless and endangering the stability, in case of one 
engine compartment being Hooded, or against the flood- 
ing of both engine-rooms, which would make the ship as 
helpless as a log. 

I remain, Sir, yours truly, 
J. A. NorRMAND, M.I.N.A. 

Havre, April 8, 1890. 





To tue Epiror o¥ ENGINEERING. 

Sir,—In reading an interesting article in your current 
issue on the recent breakdown to the machinery of the 
City of Paris, I am glad to read as follows: ‘‘It seems that 
immediately before the engine collapsed, during a period 
of seven to ten seconds at the furthest, a number of 
strokes of the piston must have been made at a fearful 
velocity,” &c. ‘ Ai : 

It is very clear from this description that an important 
break had taken place abaft the engines, when, naturally, 
violent racing set in. 

It has for a long time been held by men best acquainted 
with sea-going requirements that ne steamship should be 
considered ready for sea unless she were fitted with such a 

yvernor as would at once control engines under the con- 
Gitions referred to, that is in calm weather. 

This disastrous breakdown is a strong confirmation of 
the opinion so strongly u in an able paper read_ by J. 
D. Churchill before the Institute of Marine Engineers, 
and published in your issue of January 17, 1890, to the 
effect that, if a good governor, properly fitted, is con- 
tinuously at work—the engines could not practically 
exceed their normal speed—thus the danger and dam 
would be reduced to a minimum, in case of accident, as it 
would give the engineer in charge a chance of stopping 
the engines before damage could be done. 

Had Mr. Churchill's opinion been acted on there seems 
no reason to doubt that the engines themselves would now 
have been intact, and we should not have to contemplate 


pumps from above would greatly add to boa 








a broken main bulkhead, which at once removed all power 
of motion, and perhaps wy | caused the loss of nearly 
= and of one of the finest steamships in the 
world. 

Is it too much to hope that this is a lesson for the 
future, and further may I hope that the measure I have 
always urged, viz., that the controlling maritime authori- 
ties should place marine engine governors in the same 
category as safety valves, as regards their primary im- 
portance, will now be acted on ? 

Yours obediently, 
April 9, 1890. ERAX. 





To THE Eprror or ENGINEERING. 

Srr,—--Your readers have probably been thoroughly 
informed as to the results of the entire collapse of the 
low-pressure cylinders of the starboard engine and its 
connections on the s.s. City of Paris, on the afternoon of 
March 25. 

Undoubtedly the reasons that led up to this disastrous 
result will be the subject of exhaustive inquiry later on, 
when it may be disclosed why in a smooth sea, running at 
a moderate rate of need, a disaster so complete should 
sate overtaken so well-appointed a vessel as the City of 

aris. 

It may not be out of place, for one who was on board 
the steamer at the time of the disaster, and who had 
occasion to listen to opinions of men in various walks of 
life, not only as to the breakdown, but also as to the 
various remedies to be applied in case such an accident 
should ever befall a steamer, under like conditions as to 
the wind, weather, &c., to convey to you a suggestion of 
oneof the passengers as to a particular remedy. 

You will recollect that the engine carried down with it, 
in its fall, the circulating pumps, destroying their connec- 
tions and admitting the sea, which completely submerged 
both engine-rooms, as the falling parts of the engine cut 
clean through the fore and aft bulkhead, separating the 
starboard from the port engine-room. 

This submerged completely the most important of the 
steam pumps, at least all that were located in both engine 
rooms, and even had there been the most powerful pumps 
at the disposal of the chief engineer and his assistants, 
with four 30-in. openings in the ship's plates from 8 ft. to 
18 ft. below the water line, it-would have been hardly 
possible to have pumped out the flooded compartments 
without first finding a means for plugging these openings. 
From time to time sails were drawn from the bow aft 
below the hull of the steamer, in a vain attempt to check 
the inflow of the water ; the rolling of the vessel and the 
surging of the water in and out were sufficient to 
tear the bolt ropes from the sails. As a matter of fact 
the flow of water into the vessel was not checked at all, 
from the moment of the disaster till the steamer arrived 
in Queenstown Harbour, and there the divers succeeded 
in plugging the openings. But to the suggestion above 
referred to. 

One of the passengers, an engineer, well known in the 
States in connection with the use and development of air 
compressors, while watching the unsuccessful attempts to 
cover the openings with canvas, remarked that if the 
engine-room compartments could be constructed strong 
enough to withstand an inside air pressure of 14 to 2 atmo- 
spheres, and that if air locks could be provided so that in 
case of emergency the engine-room could be entered as a 
closed tank, there would be no difficulty in forcing the 
water down by air pressure out of the same openings by 
which it had entered ; and, further, that there would be 
no difficulty in arranging closed slides or doors, fixed in 

(on the same principle as the bull’s-eyes which 
it light to the state rooms, close to the water line), 
these doors to be closed when the water was forced down 
to the level of the openings. 

The suggestion is given you for what it may be worth, 
but it may lead up to a further and exhaustive inquiry on 
this point, and it seems to me worth while submitting it 
to you, if for no other reason than to call attention to a 
remedy, which is simple in its application, though by no 
means new, since for the sinking of caissons for bridge 
foundations it is used in al] parts of the world, as you are 
quite aware. It is a suggestion which, if it could be 
applied as above indicated, would not only save human 
lives, but give to the passengers, who are crossing the 
floating bridges between America and Europe, a sense of 
security, which the disaster to the City of Paris has pro- 
bably weakened to a large extent. 


I am, Sir, yours faithfull 
J. it Harris. 


153, Queen Victoria-street, London, E.C., 
April 9, 1890. 





EXHIBITION OF THE ROYAL METEORO- 
LOGICAL SOCIETY AND WIND PRESSURES. 
To THE Eprtor OF ENGINEERING. 

Srr,—Allow me to advise Mr. W. H. Dines not to place 
too much reliance upon the results of experiments made 
with a whirling machine. If Mr. Dines will fill the room 
with smoke and then set the whirling machine in motion 
he will find the whirling of the machine is as nothing 
ew with the whirling and eddying of the atmo- 
sphere. 

Under these circumstances it is impossible to obtain 
results of any value. Iam now fitting up an apparatus by 
which I hope to obtain fairly accurate results. 

The current of air will be produced by a fan driven by 
a 10 horse-power engine, but instead of using the air 
direct from the fan it will be delivered into a large tank 
where the eddies caused by the arms of the fan will have 
time to subside. The air will be conducted from the tank 
through a long tube 20 in. in diameter, and the speed of 
current will be ascertained by means of an electric chro- 
nograph, such as is used to find the velocity of projectiles, 











It is a well-known fact that the cup anemometer is the 
most unreliable instrument used in an observatory, and in 
my opinion it is high time that it was superseded by an 
instrument incapable of giving such ludicrous results. 
Riverside, Long Ditton. Horatio PuHILies, 





THE BATTLE OF THE BRAKES. 
To THE EprtorR OF ENGINEERING. 

Sir,—The regulation of Railways Act of last year, 
which places it within the power of the Board of Trade to 
compel the railways of the United Kingdom to fit all 
trains conveying passengers with a continuous brake, 
which shall be instantaneous in application, automatic in 
the event of any failure of continuity of action, and 
capable of being applied to every vehicle whether carry- 
ing gaan ee or not, and by both engine driver and 
guard, renders the brake question the most important of 
the many important questions which are now engaging 
the attention of the locomotive engineers of this country, 
this is my only—but I hope a sufficient—excuse for troub- 
ling you again so soon on this matter. 

Since writing the letter which appeared in your issue of 
the 4th inst., I have carefully examined the Board of 
Trade’s returns from July 1, 1884, till June 30, 1889, and 
commend the result to the thoughtful consideration of 
those critics who, in the Scotchman and elsewhere, are 
attempting to prejudice the public against the vacuum 
automatic. 

During the five years in question there have been three 
failures of the Westinghouse coming under No. 1 of the 
Board of Trade classification, and which, in the official 
language of that department, were “failures or partial 
failures to act when required in cases of accidents to trains 
or collision between trains being imminent,” viz: 

On J ef 27, 1885, on the Great Eastern Railway, after 
. - had been made, the brake on front portion of train 
ailed. 

On December 8, 1885, the 1.57 a.m. train from Nor- 
manton came into collision with the buffer stops at Leeds, 
doing considerable damage and injuring passengers ; 
brake frozen. And 

On August 5, 18-5, a North British train from Airdrie 
to College collided with mineral train near Sunnyside 
Station. Brake failed to act. 

During the same period there were no such cases of 
failure attributed to the vacuum automatic. It is rather 
curious to find that the failure of the Westinghouse at 
Leeds, upon the Midland Railway, in December, 1885, 
was attributed to frost, to which it is now contended the 
vacuum automatic alone is peculiarly susceptible. 

Under the head of No. 2, ‘ Failure or partial failure to 
act under ordinary circumstances to stop a train when 
required,” the Westinghouse is charged with 59 failures 
as compared with 51 failures—of which only one, that of 
February 11, 1889, was attributed to frost—of the vacuum 
automatic. The 59 failures of the Westinghouse 
occurred with a train mileage of 196,419,187, and the 51 
failures of the vacuum automatic, with a train mileage of 
205,526,703, including a moderate estimate for the Lanca- 
shire and Yorkshire of 7,000,000 miles; these figures 
speak for themselves and need no comment. 

As in the six months ended June 30, 1889, so in the 
five years ended at the same date; the failures of the 
Westinghouse classed under No. 3 are so much in excess 
of these attributed to the vacuum automatic as to render 
a numerical comparison unnecessary. In this class of 
failures it must be observed that the difference between 
the mere numbers of failures of the two brakes is the 
least important point in the comparison. In the case of 
the Westinghouse, it will be found that a very large 
number of the failures are attributed to “‘burst hose- 
pipes,” caused of course by the high-pressure which the 
—— of this brake demands, which in the majority 
of cases must have rendered it necessary for the trains to 
— on their journeys with the rear portions abso- 
utely unprotected. It will be readily seen that the 
breaking away of the rear portion of a train under such 
circumstances would possibly result in an accident such 
as occurred at Armagh in June, 1889. 

As a practical man, I am of the opinion of the American 
humourist, that ‘‘it’s never safe to prophesy unless you 
know,’ but as it is still being confidently asserted that the 
accident at Carlisle on March 4 was caused by a failure of 
the vacuum automatic to act by reason of frost, I may 
perhaps venture to predict that the official report will place 
no such construction upon the cause of the accident, but 
will rather attribute it to that human frailty to the con- 
sequences of which every appliance, even if theoretically 
perfect, must, in practice, always be subject. 

In conclusion, will you permit me to add that I have 
no desire to ap mare the Westinghouse brake, which 
compared with the brakes of fifteen years ago, and even 
with the majority of the brakes of to-day, must be 
admitted in its automatic form to be an excellent safety 
appliance, but in this ‘‘ Battle of the Brakes,” the fittest 
only can expect to, or deserve to, survive, as it must be 
fought on the basis of their comparative reliability ; it 
cannot, I think, be denied that the tabulated results of 
five years, working with a united mileage of upwards of 
400,000,000, conclusively shows that i Westinghouse 
must eventually succumb to its only serious rival, the 
vacuum automatic. Yours truly, 


AN ENGINEER. 
Belfast, April 7, 1890. 





To THE EprTor or ENGINEERING. 

Str,—It appears that my letter of March 14th has 
aroused some interest in the brake question. An engi- 
neer dating from Belfast considers that it has led to an 
attack upon the automatic vacuum brake. Apparently he 
thinks unjustly. But if ever an attack is deserved upon 
a brake, it is surely when it is said to have caused the 
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death of four people and injury to several others. A 
brake is essentially (or should be) a life-saving appa- 
ratus, and if it fails in this respect, it should con- 
demned. But the automatic vacuum brake not only 
failed to stop the train at Carlisle, but according to the 
evidence, it failed continually throughout the journey. 
It failed at the start at Euston, where the officers had to 
light a fire under the cylinder to thaw it; it failed again 
at Tring, where the tyres of the wheels were red-hot, and 
the brake van had to be ignominiously unloaded, taken 
out of the train, and left behind. urely if ever a 
brake failed this one did. And it will take a good many 
so-called failures of the Westinghouse high-pressure brake, 
consisting of a few minutes’ delay in changing burst 
hoses, to beat this record. have been a senger on 
the London, Brighton, and South Coast ie for 
sometimes twice and sometimes 


some years, agar 3 
four times daily, and have never personally known of a 
failure of the Westinghouse brake as used on that ra‘l- 
way, although it is probably used more frequently than 
“— other brake for the same mileage. 
f I turn to the Board of Trade returns for June, 1889, 

I find the Brighton Railway Company think so highly of 
it, that they send a special return showing the number of 
times the Westinghouse automatic brake has been used on 
this railway on two particular days during the six months 
ending June 30, 1889. Thus on Friday, April 12, 22,621 
stops were made, and on Thursday, June 13, 19,624 
stops. That is a pretty good record, Ithink. Again, the 
same company show up the good deeds of the brake by 
sending a statement of cases in which accidents have been 
tg by the use of the Westinghouse automatic 

rake during the six months ending June 30, 1889. There 
are no less than thirteen cases which would have caused 
serious accidents and probably loss of life had the engine 
drivers not been oan with a good brake. I will not 
encroach on your space by detailing all these, one or two 
will suffice. January 2, 12.5 p.m., Tunbridge Wells to 
Eastbourne. After leaving Horeham-road the driver, 
T. Tyler, saw a stag on the line in front of his engine ; 
he at once applied the brake and stopped the train, 
allowing the stag to get clear. January 22, 5.3 p.m., Sutton 
to Lond:n Bridge. On running into No. 3 r at 
London Bridge, the fireman, G. Smart, observed a trolly 
loaded with luggage fall from the platform about two 
carriage lengths in front of the engine. He at once 
acquainted the driver, J. Barnes, of the fact, who imme- 
diately applied the brake, and by that means was able to 
stop the train about 2 ft. from the obstruction. 

The two railway companies which run south of the 
Thames and have traffic and mileage of a similar character. 
are the London, Brighton, and {South Coast Railway an 
the London and South-Western Railway. The first has 
no failures charged against it for its mileage of 3,379,574, 
the second has pata 2 sh reported against it of failing 
to stop under ordinary circumstances for its 4,260,758 miles, 
one of which was due to a piece of waste in vacuum pipe of 
No. 257 first-class carriage. 

If the reported delays are compared, there are thirteen 
on the London, Brighton, and South Coast with a total 
of thirty-six minutes’ delay. Ten of these are due to the 
hose couplings bursting (which is the simplest part of the 
mechanism and which more careful renewals would pre- 
vent). Thus leaving only three delays for more than 
3,000,000 miles which could not have been prevented. 

On the London and South-Western Railway the number 
of delays are nineteen with a total of 121 minutes’ delay. 
Of these nineteen, five probably could not have been 
avoided by any brake system, the remaining fourteen are 
due to the vacuum principle and the use of india-rubber 
packing as follows: January 7, at Bishopstoke, seven 
minutes’ delay, leakage in vacuum chamber; January 7, at 
Clapham Junction, seven minutes’ delay, valve frozen ; 
same date, fifteen minutes’ delay, at Woking, ice and 
water in vacuum cylinder. January 16, at Bishopstoke, 
four minutes’ ben de air valves fast on tender. February 
23, six minutes’ delay at Winchfield, miniature sack fast of 
brake van. February 28, five minutes’ at Petersfield, water 
in vacuum cylinder. March 2, eight minutes’ at Guildford, 
ring in vacuum cylinder worked out of position. March 8, 
three minutes’ at Okehamptou, ring in vacuum cylinder 
broke. March 22, ten minutes, at Basingstoke, miniature 
sack defective. April 4, three minutes, at Wimbledon, 
waste in ejector. Same date, place, and same engine, 
seven minutes’ delay, waste in ejector. June 21, twelve 
minutes, at Ropley. india-rubber ring in vacuum cylinder 
displaced. June 28, two minutes, at Wilton, leakage in 
miniature sack. 

The latter railway uses the vacuum automatic brake, 
which a Belfast engineer cousiders the best brake suitable 
for India. The remarkable number of ways in which the 
vacuum brake can fail should have shown an unbiassed 
tribunal that this was the brake not to have chosen. 

Apologising for trespassing on your space, 

ours, &c., 
AL. B. and 8. Coast PassEncER. 

London, April 9, 1890. 





THE NAVAL MANCGUVRES. 
To THe Eprror or ENGINEERING. 
Str,—Captain Long’s letter published in your issue of 
- the 4th inst. serves to again forcibly bring to my mind 
some reflections that occu to me on_first ing the 
report of Mr. W. H. White’s paper ‘‘ Notes on Recent 
Naval Manceuvres.” Mr. ite’s utterances always 
impress me profoundly. They are always so smooth and 
persuasive. In reading the report of his much-extended 
remarks it seems to me impossible to escape two b 
conclusions : 
1. That the somewhat mg and elementary facts set 
forth in the paper, and the lesson deduced from them, so 


far from being novel and due to the recent manceuvres, are 
for the most part ancient and well established. 

2. That the array of simple and time-honoured facts 
and the moral are addressed and pointed not so much for 
the benefit of the Naval Architects, but to some less in- 
formed audience “in another place,” and that they form 
a sort of general reply to certain criticisms which although 
not quoted, are none the less present in the mind of the 
Chief Constructor. 

To any one acquainted with the ordinary working of 
steamships it seems almost inexplicable that it should be 
necessary for so important an official of the Admiralty to 
seriously place before so scientific and well-informed a 
body as the Naval Architects, well-worn explanations on 
such subjects as the behaviour of small and — ships at 
sea, the causes of variations in speed results, the value of 
‘*trial speeds,” the cost in power of small additions to the 
higher rates of speed, &c., and to offer them as the out- 
come of superior scientific observation during the most 
recent experience with warships at sea. 

The question, then, naturally arises, What is the occa- 
sion for such elaborate and persuasive explanations upon 
matters which everybody seriously concerned, in these 
days of ocean traffic, ought to have known long before 
1889, and which the most ordinary experience must have 
confirmed over and over again ? : 

Captain Long’s remarks as to the time necessary for 
accomplishing an increase of ag in steam cruisers, 
together with the further remarks in his letter, greatly 
assist in supplying the answer, and also suggest the 
nature of some portion of the audience to which the Chief 
Constructor’s remarks may possibly be directed. 

It is a little difficult to determine what kind of state- 
ments bee ny Long anticipated would be founded on 
the remarks he desires to have correctly recorded, or in 
what sense the statement that in the vicinity of enemies 
in war time no officer in command would venture not to 
keep ready to from ‘‘moderate” to ‘‘full speed ” in 
ten minutes ; 1s it to be taken as correcting the statement 
that ‘‘ten minutes would be sufficient?” If ten minutes 
is not a sufficient time, the matter is obviously quite 
beyond the venture of commanding officers. ‘aptain 
Long’s expression may possibly have been intended 
merely in a loose sense. His ‘‘full speed” may only 
mean as near an approximation to a ship’s full speed as 
is practicable under the precise circumstances of each 
particular case. If this be so it seems to me most im- 
portant that the looseness of such expressions should be 
clearly recognised. 

It is obviously impossible that in the brief space of ten 
minutes the condition of a vessel’s furnaces can be so 
rapidly changed in temperature, thickness of fuel, and 
general effectiveness from that moderate condition neces- 
sary for keeping only a moderate speed, to that highest 
and most intense fierceness of combustion necessary for 
the most rapid generation of steam for supplying the 
highest ‘‘full- speed.” Excepting at such supreme 
moments when any risk or sacrifice would be justifiable, 
there must obviously be many occasions, even in the 
vicinity of enemies, when no officer in command would 
venture to insist on the free escape of waste steam into 
the atmosphere, not only on account of the noise, but also 
on account of the serious loss of fresh water, with the 
consequent loss of the full evaporative capacity of the 
boilers for future full-speed steaming. By the free use 
of silent blow-off appliances a more active condition of the 
fires may be maintained without propelling the ship, but 
only to a comparatively small extent. This, however, is 
well known to in many cases a most objectionable 
practice, greatly tending to loss of efficiency in the con- 
densers, and a consequent loss of — 

For the future power of passing from low to high speeds 
at short notice Captain Long looks hopefully to clever 
engineers. Upto the present, however, the success of 
the cleverest engineers has been somewhat. circumscribed 
by the natural impossibility of achieving the miraculous. 
A careful consideration of the nature and strength of 
metals and those physical laws which engineers adapt 
and direct to their uses, would, I venture to think, be of 
much more service to Captain Long than any amount of 
vague reliance on cleverness in the abstract. A study 
of the nature of the problem would, I am sure, convince 
Captain Long, in common with a large section of zealous 
commanding officers, that the eager desire, by no means 
new or unusual, for rapid achievement of re:ults in deal- 
ing with a ship’s machinery and boilers, is eminently 
unscientific, dangerous, and impracticable. is same 
desire frequently finds expression in the most imperious 
demands for the almost instantaneous stopping and start- 
ing of the various machines with which a warship abounds, 
often for no practical benefit. The general effect of this 
useless craving for rapidity is to throw upon officers in 
charge of machinery much unnecessary trouble and 
anxiety, while the engine-room staff are mischievously 
urged in two conflicting directions; on the one hand by 
the chief engineer suppressing undue haste in his desire 
to avoid risk and injury, and to insure only careful and 
deliberate use of the machinery; and by the executive 
authority on the other who fail to recognise any merit 
save that of the most rapid obedience. It has happened to 
inyself, as to very many of my brother officers, to be the 
victims of much distressing mistrust and misunderstand- 
ing on the part of otherwise most excellent commandin 
officers, who refuse to admit the practical impossibility o 
realising their too rapid changes from full speed ahead to 
full speed astern, or of ‘‘ bursting off” at full speed from 
an anchorage. Similarly, requests for sufficient notice 
as to the probable time of stopping or reducing speed have 
been and are frequently resented as over-officiousness to be 
most or ignored and suppressed. The irritation, 
annoyance, and general mischief occasioned in this way 
is best appreciated by those who have experienced it. 








One portion of the Chief Constructor’s paper points out 


the necessity of a margin of speed for ships engaged in 
fleet manceuvres. This again is common and ancient 
practice. But Mr. White says nothing as to the im- 
possibility of obtaining such margin at higher general 
speeds of a fleet. It will be patent to any who have ob- 
served fleet manceuvres that the power of increasing the 
speed for picking up station in an altered formation or 
in avoiding collision during such evolutions is usually 
counted upon and relied on. I have always considered 
this to be a faulty practice, encouraging expectation of 
results that pene. A not be relied upon as invariable. 
Indeed at these high rates of speed at which actual evolu- 
tions against an enemy would be carried out, reserve or 
margin of speed would be practically impossible. 

Yours obediently, 

HIEF ENGINEER. 





HEAVY LOCOMOTIVES. 
To THE Eprror or ENGINEERING. 

Srr,—In your issue of March 14 you published a very 
fine specimen of a Fairlie engine, built by Messrs. 
Neilson and Co., Glasgow, from the designs of Sir A. M. 
Rendel, for the Mexican railway. The weight cf this 
engine, when fully equipped, is stated to be ‘‘up- 
wards of 92 tons.” Now, supposing that this weight 
were equally distributed over all the axles, the load 
at starting would amount to upwards of 15 tons per 
axle, or to 46 tons for each steam bogie, and this latter 
weight being concentrated within a wheel base of but 
8 ft. 3 in., the question may arise whether the engine 
would not be rather trying for the permanent way. On 
this account it would be very interesting to know the 
actual distribution of loads, at any rate the mean workin 
weight of the engine, with the individual load on eac 
axle, when mounting the grades of 1 in 25. 

In your number of July 26, 1889, you kindly inserted a 
letter from me on ‘‘ A Monster Compound Locomotive,” 
referring to the great Mallet articulated tank engine 
now building at Munich for the Gothard Railway Com- 
pany. By giving you the weight of this engine, fully 
equipped, at 85 tons, I stated it to be the heaviest 
locomotive constructed up to the present in Europe, if 
not in the world. I may add that that the maximum 
load per axle of the Gothard engines is limited to 14 tons, 
making thus for an engine with six axles a total of 84 
tons. As the makers of this great engine will give you 
all particulars after the engine has been set to work, I 
will only mention that the capacities for water and fuel 
will, in this case, be considerably less than with the 
Mexican engine, the water stations on the Gothard 
Railway being distanced within easy approach. But as 
regards the power developed by the two respective 
engines, they ought to be compared with their weights 
when empty, ascertaining thus the effect produced per 
ton of engine weight. 

You have now got the finest bridge, while the French 
can boast of the tallest tower—as we have just been 
losing our heaviest gun, the Iron Chancellor, you might 
well credit Germany with building now the biggest 
Locomotive ! 

Yours faithfully, 
Munich, March 22, 1890. A. BRUNNER. 





THE ACCIDENT TO H.M.S. ‘““BARRACOUTA.” 
To THE Epiror or ENGINEERING. 

Sir,—I am sorry solittle information is obtainable on the 
details of boilers, &c., of H.M.S. Barracouta. Having 
failed to obtain such information, I venture to suggest the 
following theory in explanation of the recent accident. 

In stoking an ordinary boiler, it sometimes occurs after 
the fire is nearly covered with n coal that a so-called 
“backlash” occurs. The smoke and gases from the 
green coal having mingled with the air entering at the 
open furnace-door, become in a low degree an explosive 
mixture, and, being lighted by some upshooting flame 
from the fire, a ‘‘ backlash ” occurs. 

The theory which I should like to see discussed is the 
possibility of the Barracouta accident being occasioned by 
some action of a similar kind. 

In the closed stokehole system of forced blast, directly 
a furnace-door is opened air is driven into the over fire 
space; and, when the fire has been stoked, the smoke 
and the heated gases of destructive distillation and the 
air are mingled in various proportions, and may some- 
times be mingled so as to be partially explosive. 

In such event a small shoot of flame from the fire would 
cause an exaggerated backlash, and in a tubular boiler 
most of the pressure thereby produced would drive the 
flames out of the furnace-door into the stokehole. 

If so, it would appear to demonstrate that the forced 
blast produced in a closed stokehole is more dangerous 
tharr-the system of forced blast applied to a closed hearth. 

se I am, Sir, your obedient servant, 

J. T. Bucknitt. 








Great YARMOUTH HaveN.—The new quay and Fish 
Wharf works at Great Yarmouth, of over 2000 ft. in 
length, were commenced a few weeks ago, and several 
concrete blocks have already been made. The works will 
be carried out on Kinipple’s system of cementing con- 
crete blocks together under water. The upper courses of 
the quay wall will be faced with granite. The system is 
similar to that used in the construction of the recently 
completed Victoria landing stage, North Quay, and Her- 
mitage Breakwater works at St. Helier’s, Jersey, where 
neither bags, timber framings, nor concrete in situ was 
used. Mr. Kinipple is the chief and consulting engineer 
for the works, and Mr. J. W. Cockrill, the borough engi- 
neer of Great Yarmouth, is the resident. 
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MODERN FRENCH ARTILLERY. 
CONSTRUCTED BY THE ANCIENS ETABLISSEMENTS CAIL. 


(For Description, see Page 449.) 
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GUN (9.45 IN, CALIBRE) MOUNTED ON CARRIAGE, 


Fic. 147. Ds Bance 6.10 1x. GUN MOUNTED ON NAVAL CARRIAGE, SHOWING SHIELD AND BRAKE GEAR, 
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INTERNATIONAL EXHIBITION OF ELECTRICAL ENGINEER] 


MR. W. ALLAN CARTER, y 
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ZRING, GENERAL INVENTIONS, AND INDUSTRIES, EDINBURGH. 


2, MEMB. INST. C.E, EDINBURGH. 
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LONDON SEW AGE. 

How to er of the sewage of the metropolis 
is a problem that is exciting at the present time, as 
it has on more than one occasion in the past, a 
large amount of public interest. So long ago as 
1884 a Royal Commission, presided over by Lord 
Bramwell, inquired into and reported upon this 
matter. Various schemes were submitted to the 
Commissioners, who took the evidence of many wit- 
nesses. 

As is well known, the Commission reported that 
it was neither necessary nor justifiable to discharge 
the sewage of the metropolis in its crude state into 
any part “of the Thames, but that some process of 
deposition or precipitation should be used to sepa- 
rate the solid from the liquid portions of the sewage, 
which process might be conveniently and speedily 
applied at the two existing main outfalls, and that 
the solid matter deposited as sludge could be ap- 
plied to the raising of low- lying lands, or burnt, or 
dug into land, or carried away to sea. The Metro- 
politan Board of Works accordingly applied a 
precipitation process at the main outfalls, and 
adopted, with regard to the sludge, the plan 
suggested of carrying it away to the sea. 

The Commissioners also reported that the en- 
tire processes of precipitation and dealing with 
the sludge could be, and must be, effected without 
substantial nuisance to the neighbourhoods where 
they were carried on, and that the liquid portion of 
the sewage, remaining after the precipitation of 
the solids, might, as a preliminary and temporary 
measure, be suffered to escape into the river, but 
that its discharge should be rigorously limited to 
the period between high water and half ebb of 
each tide, and the top of the discharging orifice 
should be not less than 6 ft. below low water of the 
lowest equinoctial spring tides. By these means 
the Commissioners said they were of opinion much 
of the existing evil would be abated: but they be- 
lieved that the liquid so separated would not be 
sufficiently free from noxious matters to allow of 
its being discharged at the existing outfalls as a 
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permanent measure. It would require further 
purification, and this, according to the then state 
of knowledge, could only be done effectually by its 
application to land. In the case of the yy 
the best method of applying the liquid to 

with a view to its purification, would be by inter- 
mittent filtration, and the Commissioners had rea- 
son to believe that sufficient land, of a quality suit- 
able for this purpose, existed within a convenient 
distance of the northern outfall. The liquid por- 
tion of the sewage would be pumped up to this 
land from the separating works, and, after filtra- 
tion, would be conducted to the river. 

The Commissioners added that they did not 
know whether suitable land in sufficient quantity 
could be found in convenient positions near the 
southern outfall; but if not, the liquid must be 
conveyed across to the north side by a conduit 
under the river. 

Here, it might be thought, the Commissioners had 


428! indicated a feasible method of dealing with the whole 
449| matter on a basis calculated to cause a minimum 


of difficulty and not to give rise to serious opposi- 
tion from without. But, unfortunately, the Gom- 
missioners included in their Report a paragraph 
which has kept alive the hopes of those having 
different views with reference to the disposal of 
the metropolitan sewage, and which is likely to 
postpone for a still further period this long-pending 
and burning question. The Commissioners recom- 


5| mended that if suitable land, in sufficient quantity 


and at reasonable cost, could not be procured near 
56 | the outfalls, the sewer liquid, after separation from 
the solids, should be carried down to a lower point 
of the river, at least as low as Holehaven, where it 
In that case it would also 
be advisable, they said, that the liquid from the 
southern system should be taken across the river, 
and the whole conveyed down the northern side. 
They added that it might be found that the 
separating process could be effected more conve- 
niently at the new than at the existing outfalls. 
This would depend on various considerations of 
cost and otherwise. 

The Commissioners were undoubtedly correct in 
believing that there was sufficient land of a suit- 
able kind within a convenient distance of the 
northern outfall. But there had also been sub- 
mitted to them a plan for taking the sewage down 
to Canvey Island and there spreading it over an 
area of land, the proposal being to form shallow 
earthen tanks in which the sewage might deposit 
its sludge, the effluent being allowed to flow off 
into the estuary. The idea was that the sludge 
should be afterwards covered up with earth 
brought by an arrangement of tramways from 
higher land in the neighbourhood. It was stated 
that the process would cause no nuisance and that 
there was no population to be offended. Assuming 
the cost of taking the sewage down to Canvey 
Island would be 3,000,000/., the extra outlay was 
estimated at 485,000/. and the annual cost of the 
treatment at 63,000I. 

Another plan proposed was to take the dry 
weather flow down to Canvey Island in a wrought- 
iron tube under pressure. Then, Canvey Island 
having been bought, was to be used as a purifying 
filter, making a great farm laid out scientifically 
on a large scale. This, it was represented to the 
Commissioners, would be big enough to purify the 
whole sewage of London. The effluent water, it 
was stated, would be innocuous, the sludge would 
be ploughed into the land, and it would be no 
nuisance to any one. The farmers would purchase 
the sewage, and there would be some set-off 
against the em 

If the Royal Commissioners were correct in their 
belief that the liquid separated by the precipitating 
process from the sewage would not be sufticiently 
free from noxious matters to allow of its being 
discharged at the existing outfalls as a permanent 
measure, it is difficult to perceive any justification 
for the suggestion that, after the sewage has 
deposited its sludge in shallow earthen tanks on 
Canvey Island, the effluent might properly be. 
allowed to flow off into the estuary. 

The idea that there is no population to be 
offended is entirely erroneous. As a matter of: 
fact, Canvey Island, which is, roughly speaking, 
about five miles long and about two miles across at 
the widest part, is close to the village of Benfleet, 
and also to Teigh, which is a picturesque and rapidly 
improving place, well served by the London, Til- 
bury and Southend Railway ; not only so, but, as 
the crow flies, Canvey Island is only a couple of 
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miles from Southend, one of the most popular 
seaside resorts, and the most accessible of all to 
London. Upon the development of this town, 
moreover, large sums of money have been and are 
being spent. The London, Tilbury and Southend 
Railway Company have constructed a direct line 
from Barking to Pitsea, thus enabling the journey 
between London and Southend to be accomplished 
in fifty minutes, and have spent about 20,0001. in 
building a station at Southend. The Great 
Eastern Railway Company have extended their 
line from Shenfield Junction to Southend, where 
they have built a fine station: and amongst the 
many important works undertaken by the town 
itself may be mentioned the construction of a new 
pier upwards of a mile and a quarter in length 
from the designs of Messrs. Sir James Brunlees 
and McKerrow. This pier, which is now in an 
advanced state, is to be provided with a large 
pavilion, and with a tramway from end to end, 
and Dr. John Hopkinson has been called in to 
advise the local board with reference to the 
application of electricity for propelling the tram- 
cars and for lighting the pier, &c. The total cost 
of the pier is not likely to be much below 80,0001. 
Hence it will be seen that far more important 
interests will have to be reckoned with than might 
be imagined from the statement quoted in the 
Report of the Royal Commission that there is no 
population to be offended by the treatment of 
sewage on Canvey Island. 

Another proposal is to construct a canal, partly 
covered, partly in tunnel, and with some portions 
open for the conveyance of the sewage in its fresh 
state to the North Sea. The length of this canal 
would probably be about forty-six miles, and, as 
has been proposed, it would pass eastward to 
Foulness Island, Southminster and Burnham 
Marshes, being provided along the shore with sea 
outlets over the Maplin Sands and to low water of 
spring tides. It has been suggested that, having 
arranged thus to send the whole of the sewage 
once and for all to the North Sea, reclamation of 
land and sewage irrigation might follow. 

Now, not to speak of the injury that might 
possibly be inflicted by such a scheme upon dis- 
tricts through or near which the proposed canal 
might pass, account must be taken of the alarming 
amount of damage that would be done by casting 
into the sea, within a restricted area and close to 
the shore, such an enormous mass of corrupt putrid 
sewage. It is pretty generally believed that such 
a course would mean absolute ruin to Southend, 
Leigh, Shoeburyness and Burnham, and the de- 
struction of the Essex oyster trade, besides being 
highly detrimental to Sheerness, Whitstable, 
Herne Bay and other places. As to the injurious 
effects of discharging the sewage into the sea, the 
opponents of such a scheme point to the injuries 
done to the Mersey, Dee, and Ribble. Indeed, it 
is no exaggeration to say that at the present time, 
in view of the various proposals, including those 
we have mentioned, the whole of south-east Essex 
is up in arms, and it is certain that neither of them, 
if we except that of dealing with the sewage and 
sludge near the present outfalls, will be allowed to 
be adopted without the most strenuous and sus- 
tained opposition. 

Meanwhile, it has been suggested by one who 
speaks with considerable authority, that the Cross- 
ness Outfall should, with such modifications as the 
experience of Barking suggests, be completed with 
all convenient dispatch ; adequate sludge removal 
tonnage be forthwith contracted for; every gallon 
(so to speak) of crude sewage passed through the 
precipitation works ; and the sludge, being thus sub- 
tracted, taken out to sea. And that the effluent 
—without entering on nice distinctions between 
‘clarification ” and ‘‘ purification ”"—should, in its 
clarified state be allowed, in the words of the Royal 
Commission, ‘‘as a preliminary” (and, it may be, 
temporary) ‘‘measure to escape into the river.” 
The propounder of this suggestion remarks that 
every one, be he scientist or layman, will soon 
see—after the river bed, now so foul, has had time 
by scour to get cleaner—whether the estuary 
water will bear, and adequately oxidise, the volume 
of effluent. If it should prove equal to the task, 
the problem is solved for the present ; if it should 
not, the problem is also solved, in the sense that 
further measures must be taken and further ex- 
pense gone to. The present system will then be 


either a ‘‘demonstrated success” or a ‘‘demon- 
strated failure.” 


sult. 


We can afford to wait the re- 








WATER-TIGHT BULKHEADS. 


THE appointment by the President of the Board 
of Trade of a Committee to inquire into the whole 
question of water-tight bulkheads and the demon- 
stration in the case of the Inman Liner City of Paris 
of the efficiency and value of these appliances, are 
noteworthy coincidences. It is well, sonnei that 
it should be established that they are not in any way 
connected. Sir Michael Hicks-Beach elected the 
Committee, if we are rightly informed, in the 
second week of March, and the accident to the City 
of Paris took place a fortnight after that date. It 
is remarkable, however, that the circumstances 
attending the unfortunate incident in the splendid 
career of the vessel afford most excellent data to 
members of the Committee on practically all the 
important points on which the Board of Trade 
desire information. The Committee is a thoroughly 
representative one as regards interests as well as 
districts. It includes Sir Edward Harland, Bart., 
M.P.; Mr. James G. S. Anderson, of the Orient 
Line ; Professor Philip Jenkins, who is occupant 
of the Elder Chair on Naval Construction in the 
Glasgow University, and who contributed the valu- 
able paper to the Naval Institute on ‘‘ Strains ” ; 
Dr. Alexander C. Kirk, of Messrs. Napiers’ firm ; 
Mr. James Laing, the well-known Sunderland 
shipbuilder ; and the Hon. Thomas B. Royden, M.P. 

The principal point to be considered is naturally 
the general question as to what manner of sub- 
division is most desirable to secure flotation in 
moderate weather with any two compartments in 
free connection with the sea, and what rule there 
should be as to the proportion of freeboard of the 
water-tight deck next above, towhich such bulkheads 
are attached, as shall be sufficient to enable the 
ship to float. It will be at once evident that the 
City of Paris's performance will shed light on this 
general question, although it may be difficult to 
decide between the relative conditions of a large 
and small vessel. The desirability of having on 
the Committee thoroughly experienced marine con- 
structors is evident, when it is stated that they have 
to consider the construction and fitting of water- 
tight bulkheads with a view to their being able to 
sustain the necessary strain, particularly when the 
ship is rising and falling in a seaway, without 
shoring or other adventitious aid, should it so 
happen that two adjoining compartments are 
flooded and letting in water freely, regard at the 
same time being had to the support of any ’tween 
decks abutting to the bulkheads. Of course, on 
the other hand, the shipowner may desire to have 
asay in the question as to what size and type a 
vessel should be—whether paddle or screw, ocean or 
coasting—before it comes within the laws applicable 
to bulkheads, but after all it is a question of public 
safety, and we fancy there will be little difficulty in 
coming toa decision on the matter. Equally simple 
should be the question as to doors on water-tight 
bulkheads, but it is interesting to note that the 
Board of Trade do not restrict the Committee in 
this matter. It is not a question of doors or no 
doors, but as to the restrictions which may be per- 
mitted in the matter of passage-ways through the 
bulkheads by water-tight doors, self-acting or 
otherwise. 

An important point for consideration is as to 

recautions necessary in openings in longitudinal 

ulkheads to enable the water to pass freely, or 
under control, from one side to the other to pre- 
serve the trim of the ship, should the vessel be 
struck on a transverse bulkhead and two compart- 
ments on one side be flooded. It may here be 
noted that the White Star liners, Majestic and 
Teutonic, have such a longitudinal bulkhead, and 
doubtless Sir Edward Harland will be able to mate- 
rially help the Committee on this matter. These 
may be said to exhaust the main questions as to the 
technicalities of the subject. 

The Board of Trade have, it is understood, 
desired, and that wisely, to obtain the advice 
of the Committee for their guidance in framing 
rules for their surveyors and in modifying exist- 
ing instructions. For instance, they require to 
be enlightened on the question as to what particu- 
lars, plans, and calculations should be presented 
when the owner or builder desires to take advan- 
tage of the privilege, given under the Merchant 
Shipping Act of 1888, whereby with efficient water- 
tight division the ship only requires to carry boats 
and life-rafts of one-half the capacity required 
under other circumstances. On the general ques- 
tion of what conditions ought to be met before this 








privilege is granted the Committee are desired to 
give a free opinion and to offer any recommenda- 
tions which would in their opinion contribute to the 
safety of ships at sea. 

Two other questions asked are as to whether a 
compartment between transverse bulkheads divided 
by a longitudinal bulkhead should be treated as 
one or two compartments and as to what manner 
the surveyor of the Board of Trade can best deter- 
mine the sufficiency of such bulkheads. 

It will, at once, be apparent that there are laid 
before the Committee questions of great importance 
to naval constructors. Much has been written in 
favour of the subdivision of hulls, and much 
has been said sceptically against it, so that we 
welcome the appointment of the Committee, com- 
posed of such capable naval architects, to consider 
the question. e hope that they will tackle the 
subject with energy and completeness, equal to 
their ability, and that all marine constructors will 
contribute such data as they may possess on the 
question for the benefit of the science in general. 





THE WOOD PULP INDUSTRY IN 
SWEDEN. 

Tue Scandinavian wood pulp manufacture has 
during the last few years attracted considerable 
attention, both in England and elsewhere, and has 
been so continuously increasing, that its well- 
wishers are beginning to fear that it will be over- 
done. Count H. Hamilton recently gave an 
interesting lecture on this industry at the Swedish 
Society for National Economy, furnishing a good 
deal of useful information. The first wood pulp 
manufactory in Sweden was erected at Trollhittan 
in the year 1857, but another ten years were allowed 
to pass before this industry attained any import- 
ance. There are now about 120 wood pulp manu- 
factories in Sweden, half of which were built during 
the last three years ; during the year 1889 no less 
than thirty-four wood pulp manufacturies were built. 
The export of wood pulp from Sweden has increased 
from 6000 tons in the year 1872 to 52,000 tons during 
last year. Some of the new works are hardly in 
full swing yet, and their aggregate production is 
estimated at 149,000 tons of wood pulp per annum. 
Although prices for wood pulp had been con- 
tinuously declining for many years, so that the 
reduction in price for ‘‘ mechanical” wood pulp 
even amounted to 75 per cent., the manufacturers 
had succeeded in simultaneously reducing the cost 
of production, so that at least a good many of the 
Swedish wood pulp manufacturers had made a good 
thing of it during the last few years, in spite of the 
low prices. The unsatisfactory state of a great por- 
tion of the Swedish iron industry in the course of 
recent years, has given great impetus to the wood 
pulp manufacture, and it will be seen that the 
latter predominates just in those districts where 
the former has suffered the most. In several places 
wood pulp manufactories have directly taken the place 
of discontinued iron works (in order to understand 
this, it must be remembered that to a large number 
of Swedish iron works are attached vast forests and 
a considerable amount of water power). The im- 
proved feeling in the iron industry affects the wood 
pulp manufacture unfavourably through the rapid 
rise in the price of charcoal and, accordingly, of wood. 
This will, no doubt, be a serious consideration for 
such wood pulp manufactories as do not work 
their own forests. Although this industry, of 
course, must tax the forests rather severely, it only 
draws from 1 per cent. of the Swedish forests, 
multiplying its annual consumption with fifty—fifty 
years being considered the necessary time for the 
renovation of the forests. Hitherto the consump- 
tion can be said to have kept pace with the produc- 
tion of wood pulp, and so far as the Swedish pulp 
industry, is concerned, an even greater increase of 
production might be looked upon with complacency 
if the Swedish manufacturers could only make sure 
of maintaining their present advanced position as to 
quality and of keeping their present markets. With 
regard to the former point competition is getting 
keener every day, and as to the latter the sale 
of Swedish wood pulp to America has already 
been confined to chemical wood pulp, as Swedish 
mechanical pulp can no longer compete with 
American. The wood pulp industry may there- 
fore, perhaps, be entering a somewhat critical stage 
of its history, and there is certainly no occasion 
to continue the extensions of the last few years. 

The first chemical wood pulp manufactory in 
Sweden was established in the year 1870, and 
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several more soda cellulose. manufactories were 
constructed shortly afterwards. The cost of pro- 
duction was disproportionately high to begin with, 
but was gradually lowered. The sulphite method, 
which was a Swedish invention, then became more 
generally used, and has no doubt a future. During 
the year 1889, nine new sulphite manufactories 
were erected in Sweden. 





CONDITION OF THE SHIPBUILDING 
TRADE. 

Since we last wrote on the prospects of the ship- 
building trade there has been no improvement, 
although we are not inclined to the belief that there 
has been any retrogression. Statistics, compiled 
from semi-oflicial sources, show that whereas on 
January 1 last the number of vessels building on 
the Clyde, the leading shipbuilding port in the 
country, was 166, and the aggregate gross tonnage 
of these 300,000 tons, the vessels now in course of 
construction have been reduced in number to 118, 
while the tonnage is now 245,000, or about the 
same as it was about a year ago, and a decrease in 
tonnage on the two months of 18.5 per cent. And 
it may be safely assumed that the same ratio of 
decrease holds good in the case of the other ports. 
Taking 15 per cent. as a fair average, we find that 
the reduction of work in the whole kingdom will 
be about 175,000 tons. The production has been 
slightly more than this, as a few—but only a few— 
contracts have been booked during the two months. 
Notwithstanding this apparent dulness, the contract 
prices of vessels do not showany appreciable decline ; 
nor can there be any for some time. Builders 
generally have a large amount of work on hand, and 
although the men are working more regularly than 
at the close of the year, or even in January, it is not 
being executed as rapidly as contract time demands 
in the majority of cases. Added to the influence of 
this activity is that of the stiff prices of steel and 
other constructive materials, which have not fallen 
far from the top, and a very important consideration 
in all departments is the enhanced market value of 
labour. It is true that one or two builders, who do 
not share the general experience of having plenty 
of work on hand to keep their establishments 
actively employed, are disposed to take rather less 
than was going a few months ago. A case in point 
may be given. A shipowner had all but fixed with, 
say, A. B. for a steamer two months ago. He 
subsequently desired heavier machinery, and 
A. B. wished an addition on the stipulated price, 
which the shipowner did not care to give. New 
specifications were issued, including heavier ma- 
chinery, and a firm has secured the contract 
at a price 10 per cent. below the amended offer of 
A.B. This is an exceptional case, illustrating the 
desire of builders to fill empty berths when they 
have them, and is not an indication of a general 
depreciation in contract prices. The production of 
the past two months will not fall far short of 
200,000 tons for the kingdom, and may be regarded 
as very good, especially in view of the shortness of 
February. In Scotland the production has been 49 
vessels of 71,920 tons for the two months, of which 
total the Clyde contributes 39 vessels of 57,220 
tons, the largest total on record for the same two 
months, being 2000 tons above the total of 1882, 
the previous ‘‘big” year. February was an un- 
usually heavy month, the output in Scotland being 
28 vessels of 48,388 tons, of which 25 were steamers, 
having engines of over 45,000 indicated horse- 
power. Of the total six of 14,125 tons were for 
Scotch owners, three of 6050 tons for English, 
three of 5490 tons for France, two of 4250 tons for 
China, four of 3400 tons for Norway, one of 3010 
tons for Germany, two of 2230 tons for South 
America, and one of 400 tons for Australasia. Last 
_— proportion of one-third foreign to two-thirds 

ritish is therefore maintained thus far. The return 
by the Registrar-General of Shipping for January, 
which has just been issued, being rather later than 
usual, shows that there has not been the same large 
increase to the tonnage afloat as was the case in one 
or two of the months at the close of the past year. 
This is due largely to the violent weather, the 
casualty list including over 100 vessels of 40,000 
tons. The additions to the registry are mostly 
steel screw steamers. The vessels registered 
number 109 and the tonnage is 83,447 tons gross, 
60 being steamers aggregating 72,624 tons, with 
engines of 8726 nominal horse-power. The with- 
drawals total 169 vessels of 64,766 tons, including 
49 steamers of 33,283 tons, and 5153 nominal 





horse-power of engines. The net gain is therefore 
18,681 tons, and 3573 nominal horse-power, but 
there is a decrease of 60 vessels, which clearly 
indicates the increasing popularity of large vessels. 
Six vessels of 838 tons were bought from foreigners 
and 36 vessels of 15,168 tons were sold to foreigners. 
The aggregate additions in December were 115 
vessels of 88,370 tons, but deducting the with- 
drawals the net addition was only 23,961 tons. 
The net increase in January means 230,000 tons in 
the year. 





MODERN FRENCH ARTILLERY. 
No. XIV. 
Tue Gun Factory oF THE CaIL 
Company—continued. 

WE have endeavoured in a previous article to set 
forth the opinions held by French artillerists on the 
De Bange system of constructing ordnance, and the 
amount of credit thatshould begiven to that inventor 
according to the same authorities; we now propose 
to describe, with as much detail as possible, the 
special features of his system in its most recent 
developments. The exhibit of artillery that was 
made at the Paris Exhibition last year, afforded a 
good illustration of what the Anciens Etablisse- 
ments Cail were doing in this direction; the large 
number of guns they displayed in their pavilion 
gave, of course, no indication of the amount of work 
they had then in hand of this description; nor is it 
essential to our present purpose, which is simply to 
describe the different types of ordnance made by 
them. Some information on the subject, however, 
was supplied by the company in the handbook 
referring to their exhibit; from this we learn that it 
was in 1877, after a long series of experiments, that 
had lasted through four years, that the French 
War Office accepted the De Bange system and 
introduced it into the field artillery service. The 
first calibres that were supplied and passed into the 
army, were delivered in the year just mentioned, 
and were of 3.15in. and 3.54 in. bore. Some years 
after this date a number of large types were made 
by Cail for the Government; mountain and siege 
guns, some for naval and coast defence, ordnance, 
andrifled mortars. Naturally certain improvements 
and modifications were gradually introduced into 
the system, and within four or five years the com- 
pany was in a position to fill orders from abroad as 
well as those they received from the Government 
at home. Since the year 1882 the following is the 
list of guns furnished by them, and of the pur- 
chasing countries: 

1. Mexico.—-8 batteries of field guns and 8 
batteries of mountain guns. 

2. Servia.—45 batteries of field guns and 7 of 
mountain guns. It should be mentioned with 
regard to Nos. 1 and 2, that these orders were 
filled jointly by the Cail and the St. Chamond 
Companies, as has been stated in a previous article. 

3. Sweden.—2 batteries of field guns. 

4, Costa-Rica.—1 battery of field guns and 2 of 
mountain guns. 

5. Denmark.—1 gun of 149 mm. (5.86 in.), and 
carriage fitted with hydraulic brake. 

6. Brazil.—1 naval gun of 179 mm. (7.04 in.), 
mounted on a carriage fitted with hydraulic brake, 
and one rifled mortar of 3.15 in. 

Making a total of 441 guns and 489 carriages. 

The following is a list of material supplied by the 
company to the French Government, the Cail Com- 
pany securing the contract on account of their 
favourable prices. There are more than twelve firms 
in France which are asked for tenders, and the 
order is always given to the firm who quotes the 
lowest price. 

A. For the Navy: 

75 guns of 65 mm. (2.56 in). 

25 guns of 140 mm. (5.51 in.) 

31 carriages for quick-firing 65 mm. guns 
(2.56 in.) 

55 ditto for guns of 140 mm. (5.51 in.) 
27 carriages for guns of 160 mm. (6.29 in.) 
19 carriages for guns of 190 mm. (7.47 in.) 
9 carriages for guns of 240 mm. (9.45 in.) 
7 carriages for guns of 270 mm. (10.63 in.) 
175 torpedo tubes completely fitted. 
B. For the War Department : 
130 carriages for guns of 155 mm. (6.10 in.) 
1 non-recoil carriage for a mortar of 155 mm. 
(6.10 in.) ‘ 
1 non-recoil carriage for mortar of 220 mm. 
(8.66 in.) 
Besides a large quantity of ammunition. 


Prior to the year 1882 the Cail Company had 
manufactured for the State a large number of 
carriages both for the marine and the army. For 
the former they had made 

50 carriages for guns 100 mm. (3.94 in.) 

165 carriages for guns of 140 mm. (5.51 in.) 

69 carriages for guns of 190 mm. (7.47 in.) 
And for the War Department: 

103 carriages for small casemate guns. 

413 carriages for similar guns of larger calibre. 

300 carriages for guns of 90 mm. (3.54 in.) 

90 carriages for guns of 95 mm. (3.74 in.) 

175 carriages for guns of 155 mm. (6.10 in.) 

From the foregoing list it would appear that the 
largest gun attempted by the Cail Company, at all 
events on the De Bange system, was the ill-fated 
piece of ordnance of 340 mm. (13.39 in.), which 
figured at the Antwerp Exhibition and came to an 
untimely end when it was tested subsequently. 
As a matter of history it‘ should be placed on 
record that the Anciens Etablissements Cail were 
among the most active co-operators with the 
French Government during the siege of Paris in 
1870. It was not only war material which they 
laboured continuously to supply, for their shops 
were full of machinery required to supply, as well 
as might be, the wants of a hard-pressed popu- 
lation during that trying time. It was they who 
in an incredibly short space of time constructed the 
mills in which grain was ground into flour by the 
Government and distributed amongst the inhabit- 
ants of Paris. During the siege, with a delay of 
less than four months, they furnished to the 
Government of national defence 67 mitrailleuses, 
110 breechloading Reffye bronze guns, 1 apparatus 
projecting petroleum, and a large quantity of mis- 
cellaneous material, and especially for ammu- 
nition. 

The ordnance shown by the Cail Company at 

the Paris Exhibition comprised guns of all calibres, 
from mountain batteries 80 mm. bore to a cannon 
of 320 mm. (12.60 in.), complete upon its mount- 
ings, and intended either for coast defence or for 
naval purposes ; in addition to this was a special 
type of rapid-firing gun. All these, excepting the 
last-named, were on the De Bange system, and 
showed the latest modifications that had been 
introduced. Before proceeding to describe them 
in detail, we will pass rapidly in review the 
different types, adding a few words upon the special 
characteristics of each. 
The mountain guns were all of the same calibre 
—80 mm.—and corresponded in their dimensions 
to the regulation French weapon; the general 
arrangements of mounting, &c., were also the 
same. The leading particulars of this gun are as 
follows : 


Diameter of bore between lands ... 80 mm. (3.15 in.) 
Diameter measured to the bottom 
of grooves ... 81 mm. (3.19 in.) 


Total length of gun x 


U -. 1m. 200 mm. (47.24 in.) 
Length in calibres ... aed ee 


Number of grooves ... ne <ia 
Total weight of gun... as .. 231 Ib. 
Weight of projectile ee .- 13%2]b. 
Weight of powder charge ... we .88 Ib. 


820 ft. 


The carriage differs chiefly from the regulation 
French type in the arrangement of the springs 
for checking the recoil ; both gun and carriage 
can be taken into parts for the convenience 
of transport, the whole being mounted on three 
mules. The ammunition boxes are loaded in pairs 
on mules, and each box contains seven rounds, 
The following are some further particulars of this 
weapon : 


Initial velocity # ” 


Height from ground to centres of 


trunnions as aii BSF ... 29.73 in. 
Angle of recoil... cas ns ... 33 deg. 
Diameter of wheels Pro ta ... 985.67 in. 
Width between wheels ... <a ... 26.77 in. 
Weight of carriage without wheels ... 242 Ib. 
Total weight of gun and carriage com- 

plete mae ita wet waa ... 583 1b. 
Greatest elevation above horizon ... 30 deg. 
Angle of maximum depression ... 12 deg. 


Of field guns two types were shown ; one of very 
light construction intended especially for moun- 
tainous districts, the other corresponding to the 
regulation field gun of the French army. The 
following are particulars of the former matériel : 





Diameter of bore between lands .. &15in. 
Diameter to the bottom of grooves ... 3.19 in. 
Total length of gun He aaa .-. 59.06 in. 
Total length in calibres ... esa .. 18.7 in. 
Number of grooves aa ies ae ae 
Total weight of gun ___... aaa ... 363 Ib, 
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ant “148. 


Fic. 149. Mortar 6.10 1n. 


Weight of projectile 13.2 Ib. 
Weight of powder charge 1.1 Ib. 
Tnitial velocity... 951 ft. 


The carriage is built of steel plates, as well as the 
limber ; the ammunition wagon contains 18 pro- 
jectiles in six cases, and 20 cartridges in five 
leather cases. 
The following are some additional particulars : 
Height from eiaee to centre of 
trunnions a8 ay ove 

Angle of recoil 

Diameter of wheels 

Distance apart of whee ls 

Weight of carriage 

Total weight of gun and carriage 


33.86 in. 
30 deg. 
45.27 in. 
43,21 in. 
528 Ib. 
902 Ib. 


Maximum angle of elevation ... 25 deg. 
Maximum angle of depression... 10 deg. 
Weight of limber loaded 770 Ib. 
Weight of ammunition train 792 Ib. 


The heavy type of field gun corresponds almost 
exactly with the regulation French weapon and 
has the following dimensions : 

Diameter of bore between lands 
Diameter between bottom of grooves... 
Total length of gun ee 


3.15 in. 
3.19 in. 


Total length in calibres ... 25.5 
Number of grooves - ah he. 
Total weight of gun bes Ms ... 925 1b. 
Weight iF ccjeoile 13.2 Ib 
Weight of powder charge 3.3 Ib 
Initial velocity 1574 ft 


The carriage is in all respects similar to that of the 
French regulation pattern, all but a few quite 
insignificant details. The limber is entirely of 
steel excepting the pole and the wheels. It carries 


CONSTRUCTED BY 
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CALIBRE, AND TRANSPORT CARRIAGE IN 


30 projectiles in six boxes, and 30 powder charges 


in six leather cases ; the various tools and spare 
pieces are contained in two drawers. The ammu- 
nition wagon, which is also of steel, has a capacity 


various tools. 


Height from ground to centre of trun- 
nions ie os . 

Angle of recoil... 

Diameter of wheels : 

Distance between w heels” 

Weight of carriage a 

Total weight of gun and carr lage 
Maximum angle of elevation 


41.73 in. 
30 deg. 

53.36 in. 
56.10 in. 
1117 Ib. 
2101 Ib. 
25 deg. 


Maximum angle of depression . 6 deg. 
Weight of limber loaded 1551 Ib. 
Weight of ammunition train loaded ... 2178 Ib. 


The following are particulars of the ammunition 
employed with these guns: 
A. Shrapnel.— 





Number of balls .. 23 
Weight of shell empty... 12.38 Ib, 
Weight of rene ind .34 Ib. 
Weight of fuze... .48 Ib. 
Total 13.20 Ib. 


B. Case Shot.—The case shot consists of a steel | 


plate shell and of a number of hard lead balls 
separated by cast-iron discs made so as to break 
up on striking. In the head of this projectile is 
placed a double-effect fuze, timed for thirteen 
seconds, which corresponds to a range of 4000 
metres. 


34-CENT. (13.39 IN.) GUN AND CARRIAGE IN FIRING POSITION. 


FIRING POSITION, 


Number of lead balls x 
Number of cast-iron segments 
Weight of projectile ee 













= y 
10. 9 Ib. 


C. Mitraille Case Shot.—This class of projectile 
double that of the limber ; ; it is also so arranged | consists of a zinc shell filled with balls of hardened 
as to carry a spare wheel and pole, as well as lead, the spaces between them being filled with 


melted sulphur. 


Number of balls ... 
Weight of projectile 


85 
12.21 Ib. 


The siege guns exhibited consisted of one of 


120 mm. 
(6.10 in.). 


(4.72 in.) and another 


of 155 mm. 


The former was of the regulation 


French pattern ; as regards its dimensions it was 


as follows : 


Diameter of bore between lands 

Diameter of bore to bottom of ae es 

Total length of gun... E 

Total length in calibres 

Number of grooves 

Total weight of gun 

Weight of projectile... 

Weight of powder charge 

Initial velocity .. 

Height from ground | ‘to centre of 
trunnions & we wa “ss 

Angle of recoil ... 

Diameter of wheels _.. 

Width between wheels 

Weight of carriage __.. 

hte, patra x of hydraulic brake 

Total weight . : 2 

Maximum angle of elevation | 

Maximum angle of depression 


1672 ft. 


70.87 in. 
33 deg. 
61 in. 
59 in. 
2992 lb. 
660 Ib. 
4202 Ib. 
30 deg. 
15 deg. 


The carriage on which this gun is mounted is of 
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the French standard pattern and is built of steel, 
but the gun can also be placed on any fixed mount- 
ing if it is desired to use it in a fort. The pro- 
jectiles fired from this gun are common shell and 
shrapnel; the former is of cast iron with a per- 
cussion fuze in the head. 


Ib. 
Weight of empty shell Pe say wee Oto 
Weight of bursting charge ... ne 2 HES 
Weight of fuze... “he ves ar 48 
Total weight .. ...  ... 39.68 


The shrapnel consists of a steel plate envelope 
filled with hard lead balls separated by cast-iron 
stars. The bursting charge is placed in the head, 
and to the point is fitted a combination fuze timed 
to thirteen seconds, corresponding to a range of 





5000 yards. 
Number of lead balls... ae see 
Number of iron stars... ae ee 
Weight of shrapnel ae ade ... 88.37 Ib. 
Weight of bursting charge... a .62 Ib. 
Weight of fuze ... ee pie .. L28Ib 
Total weight Ks ... 40.27 Ib. 


The howitzer of 6.10 in. bore was of the pattern 
known in the French artillery service as the short 
155 mm. Its dimensions are: 


Diameter of bore between lands .. 6.10in. 
Diameter of bore at bottom of grooves 6.17 in. 
Total length of gun ca ... 94.48 in. 
Length in calibres P aus «=~ KS 
Number of grooves ee ay .. 48 
Total weight of gun eee ar ... 2310 Ib, 
Weight of projectile... ee ... 88 1b. 
Weight of powder charge ses .. 6.6 1b. 
Initial velocity... ns ae --. 984 ft. 
Height from ground to centre of 
trunnions és oe saa .. 44.5 in. 
Weight of carriage a sed 2475 Ib. 


The mounting of this gun is intended for fixed 
position, provision being made for placing it on 
wheels to facilitate transport. 

Of ordnance for coast defence and naval service, 
three types may be mentioned ; those of 155 mm, 
270 mm. and 320 mm. (6.10, in. 10.63 in., and 12.60 
in.). The 155 mm. coast gun is 35 calibres in length, 
and is intended to give very high initial velocities. 
As the gun is fired by the man who stands directly 
behind the breech an obturating fuze is necessary. 
The device employed is on the De Bange system— 
a friction fuze which can only be fired when the 
breech is quite locked, protection being secured 
by means of a safety bolt. The following are the 
particulars of this gun : 


Diameter of bore between lands ... 6.10 in. 
Diameter of bottom of grooves... ... 6.17 in. 
Total length of gun Be: aw. 17. Tm. 
Length in calibres ys cues J 
Number of grooves wa ad veo 

Total weight of gun de ... 10,450 Ib. 
Weight of projectile... ax .. 110]b. 
Weight of powder charge - ... 55 (b. 
Initial velocity... Be as ... 2132 ft. 
Height of trunnions above floor 43.31 in. 
Maximum recoil ... dea Ses ... 25.59 in. 
Maximum angle of elevation ... ... 25 deg. 
Maximum angle of depression ... .. 10 deg. 
Total weight of mountin ne ... 6 tons. 
Weight of shield ... ses ... 1470 Ib. 


The carriage is of cast steel, with a central pivot 
and hydraulic brake. A device is introduced 
within the frame for taking the stram off the car- 
riage and deck of the ship when the latter is in a 
seaway by means of Belleville springs, which are 
compressed by the weight of the gun if rolling 
occurs. A shield made of chrome steel is attached 
to the forward part of the carriage, to protect the 
men serving the gun. The common shell fired 
from this gun is of cast iron, with a percussion fuze 
in the head.’ The weights are as follows: 

Ib. 


Weight of empty shell... ay o<¢ Coen 

Weight of bursting charge... ph .. 325 

Weight of fuze ‘id zi ae wd 484 
Total weight si : ... 76.834 


The projectile used for firing test charges is a 
cast-iron cylinder weighing 110 lb. 

The mortar of 270 mm. (10.63 in.) corresponds in 
dimensions with the standard French mortar for 
coast defence. The following are some of its prin- 
cipal particulars: 

Diameter of bore between lands 10.63 in. 
Diameter of bore at bottom of grooves 10.76 in. 
Total length of gun es a .. 11 ft. 1.8 in. 
Total length in calibres... 2.5 


Number of grooves a see see 
Total weight of gun... ... ... 6 tons 
Weight of projectile... eae .. 374 1b, 
Weight of powder charge eat ... SSIb, 
Jnitial velocity ... 9 nner, SSA Et, 





Height from ground to centre of trun- 


nions_... ” ... 65.72 in. 
Length of carriage a ae ... 99.43 in. 
Weight of carriage pe ae .. 6 tons, 


The mounting for this mortar is, of course, in- 
tended to be fixed; it can, however, be mounted 
on wheels for convenience of transport. 

The gun of 320 mm. (12.60 in.) was the largest 
piece of ordnance shown by the Cail Company at 
the Exhibition. We shall have more to say of its 
construction on a future occasion; in the mean 
time we may give some of its leading particulars. 
It was mounted on a coast-defence carriage, but is 
adapted also for naval service. This gun was built 
upon the latest modification of the De Bange system, 
in which the biconic arrangement of tubes is re- 
duced to very limited proportions. The following 
are the leading dimensions of the gun: 


Diameter of bore between lands ... 12.60 in, 
Diameter to bottom of grooves .-. 12.72 in. 
Total length of gun me ; ... 40 ft. 10 in. 
Total length in calibres ... . 8 
Number of grooves acs st 1.262 

Total weight of gun ___... 4 ... 47 tons, 
Weight of projectile... as ... 880 1b. 


Weight of powder charge ass ... 440 Ib. 
Initial velocity ... aaa a --- 2193 ft. 
Maximum range ... a tes ... 12.5 miles, 
Height from ground to centre of trun- 

nions.. a oss oa .. 11 ft. 5.7 in. 


Maximum recoil ... ti ne .. 79.74 in, 
Maximum angle of elevation ... ... 30 deg. 
Maximum angle of depression... .. 12 deg. 
Weight of mounting complete... ... 54 tons. 


The Cail Company, not possessing any firing 
ground of their own, asked, and obtained the per- 
mission of the French War Department, to have 
this gun tested at the State Polygon at Calais, before 
it was sent to the Exhibition. The tests were 
made on May 7, 8, and 9, 1889, by a Government 
Commission, and from these experiments it was 
found that the energy imparted to the projectile 
on leaving the gun was 8622 metric tons. This 
energy was sufficient to have penetrated an armour 
iron plate at the muzzle of the gun 35.43 in. in 
thickness, or 29.53 in. thick at a range of 1500 
yards. Atthe muzzle of the gun the shot would 
have penetrated a steel plate 23.62 in. thick, and 
one 19.69 in. thick at a range of 1500 yards. The 
carriage on which this gun was mounted will be 
described hereafter. 

We shall defer until the next article a notice of 
the Engstrom quick-firing gun, the manufacture of 
which is a speciality of the Cail Company, and 
which completed the collection of war material 
exhibited by them at Paris. Figs. 146 to 149, on 
pages 446 and 450, are general views of the re- 
presentative types of artillery made by the Cail 
Company. Fig. 146 illustrates a coast defence gun 
of 240 mm. (9.45 in.), mounted on its carriage and 
in firing position. Fig. 147 is the gun of 155 mm. 
(6.10 in.) on a naval carriage, showing the position 
of shields and hydraulic brakes. Fig. 148 is a 
general view of the great 340 mm. (13.39 in.) gun 
and carriage, the former being in firing position ; 
and Fig. 149 is a 155 mm. (6.10 in.) rifled mortar, 
mounted on its carriage, which is available for 
transport. 





NOTES. 
A Free Harzour at CoPpENHAGEN. 

A LARGE free harbour at Copenhagen, of which 
there has been so much talk, will probably soon 
become a reality, judging from a statement the 
other day by the Danish Minister of War. The 
Government proposes to construct the harbour at 
the northern boundary of the town, where a very 
considerable amount of preparatory work has already 
been done, resulting in an extensive sea front and 
an important available area of land. The free har- 
bour will consist of two distinct sections, the com- 
mercial and warehousing portion, which will com- 
mence almost immediately to the north of the 
famous Langelinie promenade—one of the finest in 
the north of Eurepe—and extends towards the 
north. Still further north there will be the section 
for industrial undertakings, &c. Between the two 
and with access to both, will be a steam-ferry har- 
bour for the projected steam-ferry communication 
with Malmé, Sweden, which will be carried on 
simultaneously with the Elsinore-Helsingborg steam 
ferry, the starting of which is however closer at 
hand. The new harbours will be connected with 
the custom-house premises and the railway stations 
by railway lines. The harbour proper will occupy 
about one-third, andthe ‘‘ free” land about two- 
thirds of the whole area, Also at Malmé, in Swe- 





den, just opposite Copenhagen, there is some pro- 
ject about a free harbour, but whether this plan 
will ever be realised remains to be seen. It is 
natural enough that Malmé should be wishful to 
make a counter-move, so as not to feel the effect of 
the large Copenhagen free harbour too much. 


Sanp Pumpine, DREDGING, AND THE MERSEY 


Bar. 

The Mersey Docks Board have taken the first 
practical step towards the cutting of a channel 
through the bar which makes access to the port of 
Liverpool almost impossible in the case of large 
vessels, except near flood tide. The Board have 
intrusted Messrs. Simons and Co., the well-known 
dredging machinery manufacturers on the Clyde, 
to design and construct a powerful centrifugal pump- 
ing apparatus to be fitted to one of the steam hopper 
—— built by this firm some time ago. The work 
of dredging at the bar is to be carried out under 
the direction of Mr. George Fosbery Lyster, 
M. Inst. C.E., engineer to the Mersey Docks 
Board, and it is to be hoped the much desired 
result will be attained. It is too late in the day to 
point out the serious inconvenience caused by the 
bar to inward-bound steamers, especially the great 
Atlantic packets, the gain in time by fast steaming 
being often more than counterbalanced by the long 
delay, in some cases many hours, waiting for sufti- 
cient water at the bar. It is intended to begin 
with a set of pumps to raise 500 tons per hour and 
to work in depths ranging from 10 ft. to 35 ft., but 
doubtless when the advantage is established more 
extensive plant will be employed to facilitate the 
work and make the proposed channel wider and 
deeper. The dredging material will be discharged 
into the hopper of the barge, which has capacity 
for 500 tons. The pumping apparatus will be 
similar to that fitted on board the Beaver, built by 
Messrs. Simons, and now at work at Natal. In 
our issue of August 16 last, we illustrated and 
described this vessel, which has two 18-in. cen- 
trifugal pumps, with suction pipes. The two 
pumps work independently and are driven from 
the propelling machinery by shafting. The tubes 
are each 67 ft. 6 in. long, and can dredge sand at a 
depth of 40 ft. from the water level. Great care 
was taken in designing the pump dises. They work 
to 150 revolutions per minute and absorb 180 indi- 
cated horse-power. At this speed they can raise 
fully 1000 tons per hour. The engineer of the 
Natal Board, in reporting on the work of the 
Beaver, states that the vessel is doing good service. 
In one week she lifted 10,500 tons, and discharged 
over the bar 10,000 tons, and towed outside seven 
barges about 100 tons each. The time of dredging 
was 24 hours 30 minutes. Time slipping moorings, 
depositing the spoil, and picking up moorings 
again, 37 hours 15 minutes, or a total of 61 hours 
45 minutes, and the first load lifted was in 45 
minutes, or equal to 666 tons per hour, with one 
pump working all the time. The engineer adds: 
‘* We could certainly do more work if we could get 
back to the moorings without being delayed, but 
the crowded state of the harbour renders it difti- 
cult to get back, and a lot of time is lost thereby.” 
The best single day’s work done by the Beaver was 
five loads, or 2500 tons raised and discharged about 
four miles off. The usual ten-hour day’s work is 
raising five loads and discharging four loads, or 
vice versa. The result of the work at Natal of the 
Beaver and a bucket-ladder dredger Otter, also 
built by Messrs. Simon, has been that whereas 
several years ago the ships trading to Natal were of 
about 400 tons, steamers of 1700 tons and drawing 
16 ft. of water can now safely go up to the wharves. 
The Otter is making a channel 300 ft. wide, 
and has in a short time increased the depth from 
16 ft. to 18 ft. over the whole area, and the desired 
depth (22 ft.) will doubtless be obtained shortly. 
These facts must be encouraging to the people of 
Liverpool, as they augur well for the success of 
their project to remove the barrier which, if taken 
away, would raise their port to rank among the 
finest in the world. 


Tue Errect or A Pic-Iron Carco on Sutps’ 
CoMPASSES. 

The important question of the effect of a cargo of 
pig iron on the compasses of a steamer came up at 
a Board of Trade inquiry just held at Glasgow, into 
the circumstances attending the loss of the steamer 
Dunrobin. The point is not exactly new, but the 
fact that the theory was supported by Mr. William 
Bottomley, who has been for thirteen years asso- 
ciated with Sir William Thomson in the manufac- 
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ture, fitting and adjusting of compasses, adds 
importance to it. The Dunrobin wasan iron screw 
steamer, built in 1885, and having a registered 
tonnage of 161.63 tons, the length being 160 ft. ; 
breadth, 23 ft.; and depth, 11 ft. On December 
21 the steamer left Barrow with a cargo of 390 
tons of pig iron for a Clyde port. The night was 
thick, some wind was blowing, and there was a 
heavy sea from §.8S.E. Five or six hours after 
leaving the steamer ran ashore at a point on the 
coast of the Isle of Man, about two miles north- 
ward of Laxey. The captain stated that there were 
two compasses on beard, one in a teakwood box 
2 ft. 9 in. above the bridge, which was 7 ft. from 
the deck, and the other on the top of the after 
skylight. The latter swung sluggishly and he 
always used the other in short voyages. After 
the casualty occurred the vessel lay about a point and 
a half to the west of where he thought she should 
havebeen. Mr. Bottomley said he had made a special 
study of the magnetism of iron ships and its effect 
on the compass. A drawing of the ship and the 
_—. of cargo and compasses had been shown 
iim. On the Dunrobin the nearest part of the 
mass of iron was 10 ft. or 12 ft. from the compass, 
and in his opinion a mass of iron placed before and 
abaft the compass might, and very probably would, 
affect the compass. The proximity of soft iron 
would cause a quadrantal error, which would 
attain its maximum on a north-west, north-east, 
south-east, and south-west course. As the Dun- 
robin was going a north-west course the error 
would be westerly, and he did not think it 
was unreasonable to suppose that a deviation of 
three-quarters of a point might have occurred in 
this manner. When the Court met to pronounce 
judgment, a letter was read from Mr. Bottomley 
stating that he had in the interval made a calcu- 
lation, and found that a mass of iron 16 ft. in 
diameter placed 10 ft. in front or abaft the com- 
pass might produce an error of 8 deg. on the north- 
west course. This being so he was quite within 
the mark in stating that it would not be unreason- 
able to suppose an error of three-quarters of a 
point might be produced on the Dunrobin’s com- 
pass by the iron cargo in front or abaft of the 
compass. The judgment of the Court, over which 
Sheriff Guthrie presided, the assessors being Cap- 
tain C. H. J. Baker and Captain Edward Brooks, 
was against the captain. The Court ‘‘ was clearly 
of opinion” that the evidence adduced on the 
subject of compass deviation was not sufficient to 
establish the = relied on by the respondent, and 
the assessors ‘‘ were quite agreed that at the dis- 
tance which they calculated the nearest point of 
the cargo to be from the compass—a distance of 
12 it. or 15 ft.—there would have been no such 
effect on the compass as that contended.” In any 
view the vessel was on her time calculation so far 
away from the course which the master desired or 
expected her to keep, that there was carelessness in 
his running without verifying his position. The 
stranding was due to the master’s continuing at full 
speed in thick weather after having run his distance 
to the Bahama lightship without seeing it, and 
neglecting to use the lead in his doubtful position.” 
His certificate was suspended for three months ; 
but it is not improbable that more will be heard of 
the matter. 





THE DORDON BOILER EXPLOSION. 

An ofticial investigation was held on Thursday, 
March 20th, relative to the beiler explosion which 
occurred on January 17th at the brick works of Mr. 
Ross, Dordon, near Tamworth, Fortunately no one 
was seriously injured in this case. The Commissioners 
yresent at the inquiry were Mr. Howard Smith, 

yarrister-at-law, and Mr. Matthew McIntyre, con- 
sulting engineer. Mr. Giough conducted the case for 
the Board of Trade, and Mr. M. G. Atkins, solicitor, 
represented Mr. Ross, the owner of the boiler. 

he boiler was of the Cornish type and gave way in 
the furnace tube, which collapsed fom end to end. 
The tube, which was 35 ft. long and 3 ft. in diameter, 
was made of @-in. plates not strengthened by en- 
circling hoops, and was further weakened by corrosion. 
The boiler was worked at a pressure of 45lb., but 
according tothe evidence of the Board of Trade Engineer 
eres it was not suitable for more than 14 lb. or 
15 Ib. 

In opening the proceedings, Mr. Gough stated that 
the boiler had been laid down at the brick works, 
second-hand, having been purchased for 40/. from a 
firm of colliery proprietors in the district, who, in turn, 
had purchased it in 1880 from another firm now out of 
business. The maker's name, therefore, and the age of 
the boiler, could not be determined. 








From the evidence it appeared that in 1880 a new 
tube had been put in, and other additions made at a 
cost of 43/, 15s. Since being set at the brick works 
the boiler had been worked three days a week, and was 
under the charge of the foreman, Daniel Bailey, who 
managed the works in the absence of the owner, who 
was eighty-one years of age and paralysed. At intervals 
of about two months, the boiler was cleaned and exa- 
mined by Bailey, but no important repairs have been 
made since 1880. A local boilermaker was requested 
in November last to examine it, but failed to do so. 
On Christmas Day, however, he made a slight exami- 
nation, the boiler not being ready for complete internal 
examination, after which he recommended that certain 
repairs should be effected at a cost of about 35/., by 
which the boiler would be considerably strengthened. 
These suggestions, which were sent in on New Year’s 
Day, were not adopted ; no repairs were made, and 
the boiler burst three weeks after. 

Mr. Marsh, mining engineer and manager to Messrs. 
Morris and Shaw, colliery owners, Polesworth, from 
whom the boiler had been purchased by Mr. Ross, 
said he thought Bailey was competent to look after a 
boiler such as that in question. In places where there 
were several boilers at work he should advise the 
regular engagement of a mechanic, but such a course 
was not usual in that locality, and in four out of five 
brickyards that he was acquainted with, those engaged 
in the supervision of boilers were not mechanics, nor 
were mechanics called in to inspect the boilers. 

Daniel Bailey, the foreman, said he had been accus- 
tomed to boilers for forty-five years, and had periodi- 
cally examined the one in question. He discovered 
a leakage in December which he repaired by ‘‘cover- 
ing the same over with a plate of iron.” He cleaned 
the boiler out every two months, and never detected 
any bulging. The water left a heavy deposit. With 
the exception of the boilermaker no mechanic was ever 
called in to examine the boiler. He considered him- 
self competent to judge if the boiler was safe or not. 
He always thought it safe. He might have thought 
there were some weak places, but he never anticipated 
such an “‘ accident” as had happened. The boiler cer- 
tainly was weak and old. 

Thomas Wynn, boilermaker, said he could not 
examine the boiler when requested last November, as 
he was ill. He went to examine it on Christmas morn- 
ing, but the boiler was not ready for him. Nothing 
was done in the way of preparation. Bailey told him 
he should not let him go inside the boiler, for if he did 
‘** he would knock a hole in the furnace plate.” 

At this point the Commissioner stated the witness 
was not ina fit condition to give evidence, and he there- 
fore retired. 

Mr. Gough put various questions to the Court, re- 
ferring to the competency of the attendant, the exami- 
nation or non-examination of the boiler, the construc- 
tion and strength of the furnace tube, &c., and asked 
for their judgment thereon. 

Mr. Atkins addressed the Court at great length on 
behalf of the foreman Bailey, who, he maintained, was 
perfectly competent to look after the boiler, and to 
examine it to see if it required repairs. He had made 
regular examinations, and had called in a boilermaker 
when he thought it necessary, so that he had done all 
that was required of him, and all that was usually 
done in similar works with similar boilers. This was 
not a parallel case to that of a boiler on board a 
steamer or in connection with a railway, or to that of 
a boiler used in a large mill where many persons were 
employed. In such a case it would be necessary to 
have the boilers periodically examined because of the 
immense risk the owners would run. His client, Mr. 
Ross, had intrusted the boiler to a person whom he 
held to be competent, and had adopted all the usual 
means of securing safety. There was nothing in the 
Act under which the inquiry was held, or in any other 
Act that he knew of, which required an owner to have 
his boilers examined, so that Mr. Ross had not 
broken any law in this respect. He had taken all 
usual steps, and ought not to be subjected to 
heavy costs and expenses. There was no Act of 
Parliament which required engineers to pass an exami- 
nation, and it was impossible for a man who was 
ordinarily employed as an engineer at a brickyard to 
have such a knowledge of boilers as the Board of 
Trade Engineer-Surveyor possessed, so that if the 
person in charge of this boiler had omitted to have it 
repaired when it became weak, it would not be fair 
to hold the owner responsible, especially since in this 
case he was an invalid and never at the works. He 
submitted that the owner had taken reasonable pre- 
cautions by having the boiler examined by the boiler- 
maker, who was properly qualified for the purpose. 
With regard to the question put by the Board of Trade 
respecting the weak furnace tube, he could only 
vane that a competent person had been employed to 
put in the tube at a cost of 40/., and that the boiler 
worked satisfactorily from 1880 to the time it exploded. 
His client had never thought it dangerous, as it had 
stood all those years. If those connected with the 
works had known prior to the explosion as much as 
they knew now, they would not have allowed the boiler 





to work, but unfortunately they had not that know- 
ledge. If they were to be punished for this lack of 
knowledge it would be rather hard. It would be 
peculiarly hard upon the owner if he had to pay heavy 
costs and expenses. 

Mr. Commissioner Smith said that undoubtedly the 
circumstances were unfortunate for Mr. Ross, but 
the boiler, if in a weak state, should not have been 
worked, and if Bailey was aware of any weaknes 
in it he should not have worked it. They had it in 
evidence that, knowing the brickyard was not profit- 
able, Bailey tried to work it as economically as possible. 
If he was a competent man and knew the condition of 
the boiler, then it appeared that there had been 
great negligence on his part in working at the pressure 
stated, because there ought always to be a large 
margin for safety, and Bailey had acknowledged that 
there was some slight risk in working the boiler. 

Continuing his address, Mr. Atkins submitted it 
would be unfair to hold the owner responsible and to 
make him pay costs, while with regard to Bailey, he 
was simply a working man with a wife and yeawon: 
and would not be able to pay anything, but would 
have to lie in prison for months, which he thought 
would never be intended by the Board of Trade. On 
the contrary, he thought the Board of Trade would 
meet all the expenses in this case. 

In reply, Mr. Gough said that Mr. Atkins seemed 
to think that because a boiler was worked in a large 
mill where a number of people were employed it was 
necessary it should be periodically examined by a 
properly qualified person, but that where a boiler was 
worked in a brickyard, in the midst of a village, these 
examinations were not necessary. This was a distinc- 
tion he did not think the Commissioners would admit. 

In delivering judgment the Commissioner said that 
Bailey was no doubt competent to work boilers, 
but that was a very different matter to examining 
them. The owner could not be expected to keepa 
skilled mechanic on the premises for a single boiler of 
this class, but he should have employed a skilled man 
to inspect it at stated intervals. Bailey was not com- 
petent to determine whether the boiler was safe or not, 
not having had the education to enable him to ex- 
amine boilers as to their safety. The Commissioners 
did not think the boiler was properly constructed ; it 
should have been strengthened in the furnace tube 
with encircling hoops. They could not but think that 
Bailey had a suspicion that the boiler was weak, 
though he did not appear tu have thought there was 
any great risk in working it. Having a suspicion, 
however, he should not have continued to work the 
boiler. He could not escape blame, because the results 
of the explosion might have been very serious. Mr. 
Ross was responsible inasmuch as owners had to take the 
responsibility for the actions of their servants or agents. 

Mr. Gough applied for costs against Mr. Ross and 
Bailey on this finding of the Court. 

Mr. Smith replied that the Commissioners had de- 
cided not to make any order against Bailey, because it 
had been shown that he would not be able to pay. The 
Act under which the inquiry was held did not mean 
that a man in his position should be sold up or sent to 
prison to satisfy the costs. The owner was undoubtedly 
liable, but considering his advanced age and illness the 
Court would not order him to pay heavy damages. 
They considered that there had not been any supervi- 
sion at all over the boiler, and, under other circum- 
stances, they would have made the costs heavier. The 
effect of inflicting expenses was to make other people 
careful, and therefore they must call upon Mr. Ross to 
pay the sum of 15/. towards the costs of the inquiry. 





THE Roya, Mart Steam Packet Company’s NEw 
SreamMer ‘‘Criype.”—The last of four steamers which 
Messrs. Robert Napier and Sons, Govan, have built for 
the Royal Mail Steam Packet Company, London, was 
launched from the yard at Govan on Saturday last. This 
vessel is similar, although not identical, with a sister 
steamer named Thames, completed for the same company 
quite recently. The principal dimensions of the Clyde 
are as follows : henath over all, 456 ft.; breadth, extreme, 
50 ft.; depth to spar deck, 33 ft. 4in.; and her gross 
measurement is about 5650 tons. State-rooms have been 
provided on the main deck for about 200 first and 40 
second-class passengers, and in the after part of the 
*tween decks room is provided for 500 third-class pas- 
sengers. The dining saloon is forward the machinery on 
the upper deck, and is finished in polished walnut with 
carved panels from Florence, and in addition to the usual 
sideboard, &c., there is an organ at the forward end. 
double staircase with walnut rails and carved balusters 
leads to the music-room on the promenade deck, finished 
in bird’s eye maple and satin. Adjoining is the ladies 
boudoir. Further aft is the first-class smoking-room 
fitted with polished mahogany and walnut. The entire 
anges accommodation is heated by steam and lighted 
vy electricity. The propelling machinery is of the triple- 
expansion type to vas 7000 indicated horse-power, 
and it is interesting to note a fact recalled by Dr. Kirk in 
connection with the launch, that fifty years ago the com- 
pany had a paddle steamer named the Clyde, less than 
200 ft. long, and while the cylinder capacity of her en- 
gines was within a small percentage of that of the present 
steamer, on the round voyage she burned more coal, 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a continuance of 
the depression in the iron market this day week, and there 
seemed to be a disposition to refrain from buying till after 
the termination of the holidays. Prices of warrant iron 
suffered a further decline. The fall in the price of Scotch 
iron was 64d. per ton, that of Cleveland being 8d., and of 
hematite iron 114d. per ton; and over the three days the 
decline was respectively 1s. 54d., 1s. 14d., and 3s. 104d. 
per ton, the closing settlement prices being—Scotch iron, 
48s. 43d. ; Cleveland, 49s. ; hematite iron, 57s. 14d. per 
ton. Warrants were again depressed at the forenoon 
meeting of the “ring” on Thursday, the price of 
Scotch warrant iron falling to 47s. 10!d. per ton. 
Cleveland iron, though dull, was scarcely so sluggish, 
the heavy shipments contributing to steady the market 
a little. Prices rallied to some extent in the after- 
noon, and the decline of the forenoon was fully re- 
covered. Scotch warrants closed at 4*%s. 9d., which was 
a gain of 44d. from the previous day’s close ; Cleveland 
iron was 1s. 3d. higher at 50s. 3d. ; and hematite iron 
closed at 58s. per ton, or 104d. higher. Good Friday and 
Easter Monday were both observed as holidays by the 
“iron ring.” When the market opened yesterday, after 
the holidays, there was a comparatively buoyant feeling 
shown, and a considerable amount of business was done 
at better prices. Scotch iron touched 49s. 104d. per ton 
cash, but closed rather under the top price; at noon, 
however, the closing price was 8 ¢. r ton above 
Thursday’s finish. he price of Cleveland iron was 
up 2s. 3d. per ton, the withdrawals from store lead- 
ing to some brisk purchasing. Cumberland hematite 
iron, on the other hand, fluctuated in price consider- 
ably; it went up to 59s. 14d., and finished at noon 
at 58s. 7d., which was 5d. up for Thursday’s close. 
Scotch iron remained unchanged in price in the after- 
noon ; hematite iron was 2d. higher in price ; and Cleve- 
land iron lost 5d. on the large advance made in the 
forenoon, the closing settlement prices being — 49s. 6d., 
52s., and 58s. 74d. per ton, respectively. There was not 
the same amount of buoyancy in — warrants to-day, 
nor was the amount of business so large as was the case 
yesterday. The opening was firm, but only in the case of 

leveland iron was the firmness maintained. At noon 
the price of Scotch iron was 34d. per ton down from yes- 
terday’s close, and of hematite iron 74d. down. At the 
close in the afternoon Scotch iron was quoted at 48s. 9d. 
per ton cash, Cleveland at 51s. 6d. buyers, and hematite 
iron at 57s. 6d. cash. Some changes have taken place in 
the prices of makers’ special brands. The top price of 
No. 1 west country brands is 73s. per ton for A loan ; 
Coltness and Calder are both quoted at 72s. ; Gartsherrie, 
and Summerlee at 71s., and Glengarnock at 70s. per ton. 
Carron, f.o.b. at Congeees is still quoted at 77s. for 
No. 1. There are still 89 blast furnaces in actual opera- 
tion, as compared with 82 at this time last year. The 
shipments of pig iron from all Scotch ports last week 
amounted to 10,430 tons, against 6076 tons in the corre- 
sponding week of last year. The stock of pig iron in 

essrs. Connal and Co.’s public warrant stores yesterday 
afternoon stood at 815,432 tons, as compared with 823,688 
tons yesterday week, thus showing for the week a de- 
crease of 8256 tons. 


Foreign and Colonial Shipments of Machinery, c., 
from the Clyde.—The shipments of machinery, &c., from 
the Clyde, reported last week for foreign and colonial 

rts included the following: Locomotive engines for 

anilla and Natal, of the value of 8062/.; machinery of 
various kinds, valued at 10,000/., chiefly for Calcutta, the 
Philippines, Bilbao, Sydney, the Cape, New York, France, 
Penang, &o. ; sewing machine parts, of the value 25431., 
chiefly for the Cape, the Philippines, Gothenburg, Natal, 
and jan ; blooms, billets, plates, bars, sheets, and other 
steel goods, for Halifax, New York, Italy, St. Nazaire, the 
Cape, Shanghai, Boston, Calcutta, Sydney, Baltimore, 
an Bilbao, valued at 10,6007. ; pipes and other castings, 
plates, sheets, bars, tubes, bridge and wagon iron, of the 
value of 35,7501. 


Steel and Malleable Iron Trades.—A fair number of 
orders for general work (but scarcely anything at all for 
shipbuilding purposes) comes forward in the steel trade. 
The works are still well employed, but there is now more 
concern to obtain orders for future delivery. Prices are 
about 10s a ton less than those of a fortnight ago. Makers 
now quote as follow : Ship-plates, 9/. ; boiler plates, 10/.; 
angles, 81. ; and bars, 9/. per ton ; all less 5 per cent. dis- 
count for delivery in Glasgow district. The depression 
in the malleable iron trade of this district not merely 
continues, but is getting deeper and more general. In 
fact, the breakdown of orders is so complete that nea» ly 
everyone in the trade is more or less affected by it, and 
one even begins to hear talk about the expediency of 
putting the works on short time at no very distant date, 
unless an improvement should speedily arrive. The prices 
of bars are again reduced about 10s. perton, makers now 
quoting for common bars 7/. 5s. to 7/. 10s. per ton, less 
5 per cent., best bars being 10s. more; angles are at the 
same prices as bars, but nail-rods—the manufacture of 
which is in few hands—are still at 8/. 15s. Business is 
reported to have been done in unbranded iron rather 
below 67. per ton net. Sheets are quoted at 9/. 10s. to 10/. 
per ton, less 5 per cent. discount. 


Great Western Road Bridge.—This afternoon there was 
laid with befitting honours, the foundation stone of a new 
and very handsome bridge which is to carry the Great 
Western Road of this city over the River Kelvin into the 
suburban burgh of Hillhead. The bridge will be 60 ft. 
wide, and consist of two large spans of 91 ft. each and two 
small spans of 34 ft. on the north side and 20 ft. on the 
south side. There will be three piers, which will occupy 





the site of the piers of the old bridge, and they, as well 
as the abutments and wing walls, will be faced with 
nite. These piers will he finished at the - with 
handsome — bearing lamps. The arches will be of 
iron, and a handsome iron balustrade will run between 
the piers, forming the parapet of the bridge. The foot- 
— are to be 12 ft. in breadth, and the roadway 36 ft. 
rovision will be made for carrying the Loch Katrine 
water pipes underneath, so that a separate bridge for 
them will be unnecessary. Under the contract the con- 
tractors are bound to complete the bridge by May 15, 
1891. The gradient of the roadway at each end of the 
bridge will be much improved, and the whole under- 
taking, when finished, will be creditable alike to the 
large important West End districts which will use 
the bridge, as well as to the authorities concerned 
in carrying it to a successful issue. Including the 
price to be paid for ground at both ends of the bridge, the 
timber accommodation bridge, the new bridge, and the 
extra granite facings, the whole works will cost somewhat 
over 40,000/. Messrs. Ball and Miller, Glasgow, are the 
engineers, and Messrs. Morrison and Mason are the con- 
tractors, with Messrs. William Arrol and Co. for the iron- 
work. Bailie Cumming, chairman of the Bridge Trustees, 
performed the ceremony of laying the foundation stone. 


Explosion at Bell Rock Lighthouse.—A singular accident 
occurred at Bell Rock Lighthouse last Saturday night. 
An explosive signalling arrangement was recently fitted 
up on the top of the tower for use during thick weather— 
the explosive being charges of dry cotton powder in 
cylinders coated with paraffin, the detonator running up 
the centre of the cylinder. The signal was brought into 
use on Saturday night, and one of the charges, it is said, 
exploded prematurely, destroying the dome and all the 
machinery, and consequently putting out the light. 
Stormy weather has prevailed almost continuously since, 
but some of the officers of the Northern Lights Commis- 
sioners and workmen, with glass, &c., were put on the 
rock yesterday to carry out the repairs that have been 
rendered necessary. 


Proposed Extension of Dundee Water Works.—The 
necessity of increasing the carrying power of the water 
mains between the Loch of Lintrathen and Dunéee at no 
distant date has begun to engage the attention of the 
Dundee Water Commissioners. The that Tayport and 
Monifieth have been brought within the area of supply 
the consumption has increased to almost 9,300,000 gallons 
per day, and it is believed that before long it will reach 
10,000,000 gallons. The main, which was laid about a 
year ago from the Loch to Pitnappie, has given the utmost 
satisfaction, no leak or fracture having occurred ; but the 
carrying power from Pitnappie to Dundee is limited, and 
it is evident that a second pipe will have to be laid along 
that route. A proposal was lately made that the old pipe 
between Lintrathen and Pitnappie should be lifted and 
relaid between Pitnappie and Clatto, but a number of the 
Commissioners question if it would be prudent to attempt 
that work, even should it prove to be practicable, the old 
line of piping having proved so faulty. The question was 
discussed at a recent meeting of the Works Committee of 
the Water Commission, and a committee was appointed 
to consider and report on the question. At the same 
meeting the risk of fracture of the pipe under the River 
Isla was referred to, and it was even suggested that when 
Parliament is next approached by the Water Commis- 
sioners, they should ask powers for the construction of a 
bridge to carry the pipe across the river. 


Honorary Degrees Conferred by the University of Glasyow. 
—It has just been announced that the senators of the 
University of Glasgow have resolved to confer the 
honorary degree of Doctor of Laws (LL.D.) on Sir 
William Arrol, contractor for the Forth and Tay Bridges, 
and on Mr. Peter Denny, shipbuilder and engineer, 
Dumbarton, father of the late much-lamented William 
Denny, and head of two great concerns which have raised 
shipbuilding and marine engineering to such a prominent 
pitch in that town in recent years. 


Engineers and Shipbuilders in Scotland. --The sixth 
meeting of the uate section of the Institution of 
Engineers and shi builders in Scotland, was held last 
night, Mr. Hugh Reid, president, in the chair. The 
discussion on Mr. J. Weir’s paper on ‘‘ The Drawing 
Office Practice as applied to Marine Engineering,” was 
concluded, and a vote of thanks awarded to Mr. 
Weir. A paper on “Regulating the Speed of Steam 
Engines,” was read by Mr. John A. Rudd, in which he 
described the various forms of conical governors, also 
Wilby’s regulator. Mr. Rudd was also awarded the 
thanks of the section. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday the quarterly 
meeting of the North of England Iron and Allied Trades 
was held in the Royal Exchange. There was a very 
r attendance, but this was to be expected on an Easter 
uesday. Nobody exhibited any articles of interest to 
the trade. Although the attendance was so thin and 
very little business was transacted, quotations opened 
very firm, several sellers asking as much as 53s. per ton 
for prompt f.o.b. delivery of No. 3 g.m.b. Cleveland pig 
iron, but buyers were not to be found at that figure. 
Prices gradually fell, and at the close of the market there 
were merchants willing to dispose of No. 3 at 52s. 3d., 
but hardly any transactions weie recorded. In the early 
rt of the day buyers’ quotation was 52s. 6d. for Middles- 

| sabe warrants, but towards the close they would not 
offer more than 52s. cash. Makers were reported to 
have reduced their quotations, but they still asked higher 





rates than those quoted by merchants. It was stated, 
however, that some producers had accepted 55s. for 
early delivery of No. 3 g.m.b. Grey forge iron was 
obtainable at 53s. Sellers here still asked 70s. per ton 
for hematite pig iron produced in this district, although 
west coast warrants are considerably below that figure. 
Shipments are now improving a good deal and warrants are 
becoming much scarcer There are many people who opine 
that these two facts alone cannot fail to stiffen prices, but 
others are not so sanguine that affairs will improve and 
consider prospects for the future not very encouraging. 
To-day the market was quiet, and only a very pa 
amount of business was transacted. First thing in the 
day Middlesbrough No. 3 warrants were quoted 51s, 9d., 
but they afterwards dropped to 51s. 4d. cash, which was 
the closing figure of buyers. For prompt f.o.b. delivery 
of No. 3 g.m.b. Cleveland pig iron, 5ls. 6d. was the 
general quotation, but there were some sellers who asked 
a trifle above this quotation. 


Manufactured Iron and Steel.—There is only a poor 
demand for all classes of manufactured iron, new orders 
being very difficult to obtain. Several of the establish- 
ments are closed this week. It is some time since orders of 
any moment have been placed, and producers must now be 
getting well through contracts entered into a few months 
ago. Common bars are quoted 6/. 15s. per ton; ship-plates, 
6l. 12s. 6d.; and ship angles, 6/. 12s. 6d.; all less the 
usual discount for cash. The steel trade is very quiet. 
Heavy sections of rails are 5/. 17s. 6d. 


The Make and Disposal of Pig Iron in Cleveland.—A 
few days the Cleveland Irenmasters’ Association 
issued from their offices at Middlesbrough their returns 
showing the make and disposal of pig iron in Cleveland 
during March. Of 153 blast furnaces built, 105 have 
been in operation, and have produced 244,889 tons of pig 
iron, of which 129,440 tons were Cleveland and 115,449 
tons hematite, spiegel, and basic. In February the total 
production of pig iron was 221,517 tons. The total stocks 
of pig iron at the end of March stood at 274,022 tons, 
being a decrease of 5007 tons as compared with the pre- 
vious month. Connal’s stores had been reduced by 26,468 
tons during March, whilst makers’ stock had increased 
21,596 tons. Shipments of pig iron for March reached 
60,683 tons, an increase of 18,716 tons on the previous 
month, but a decrease of 26,631 tons as compared with 
March last year. 


Reducing the Output of Pig Iron.—The fall in the price 
of pig iron concurrent with the increased cost of produc- 
tion from the advance in the price of coal, coke, and 
labour has at length commenced to make its effect felt 
upon the trade of the district, and is producing a check in 
the tide of prosperity which has for a short time attracted 
labour to this part of England. Despite the firmness 
with which the makers have resisted the falling tendency 
of the market pig iron has continued to recede in price, 
and all classes of pig iron are now quoted at rates which 
are deemed to be unremunerative. The Cleveland iron- 
masters are now seriously considering the advisability of 
decreasing the output of their works by damping down 
furnaces. Steps in this direction are already being taken 
by one firm—Messrs. Williams and Co., of the Linthorpe 
Tron Works—who have at the present time four furnaces 
blowing, two on Cleveland pig iron and two on hematite. 
We understand that the firm have determined to damp 
down the two last-named furnaces for the reason that at 
the present price hematite does not pay to produce. 
Notice has been given all the employés, but in the case 
of a proportion has been since withdrawn. 


Wages in the Steel Trade.—Mr. G. Beadle, secretary of 
Nativnal Steelworkers’ Association and Labour League, 
has just had sent to him the auditors ascertainment show- 
ing that the wages of the members of the above Associa- 
tion employed at the North-Eastern Steel Works, Mid- 
dlesbrough, will be 8 per cent. higher than for the three 
months, pe 31. This advance will effect steel manu- 
facturers and engineers alike who are members of the 
above Association. The advance will take effect from the 
first of this month and will run till the end of June, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Development of the Open-Hearth Steel Process.—-Mr. 
B. H. waite, of Liverpool, has delivered an address 
before the Sheffield Society of Engineers on the ‘‘ De- 
velopment of the Open-Hearth Steel Process.” Pro- 
fessor Ripper wom te chair, and all the leading firms 
of the town were represented. r. Thwaite commenced 
his lecture by giving an historic outline of the manufacture 
of steel, and followed with a brief summary of the chemical 
and thermic principle underlying the open-hearth steel 
process, the origin of the recuperative principle, the 
structural development of the open-hearth steel furnace, 
the thermic efficiency of the furnace, the production an 
application of heat by gaseous fuel, the structural and 
mechanical agents of the furnace, and the latest form of 
‘** acid and basic furnaces.” The lecture was illustrated 
by a powerful lantern, fifty splendid slides being shown, 
among these being one representing the finished Forth 
Bridge kindly lent by Sir B. Baker. The lecture was 
practically illustrated by a model of a basic open-hearth 
steel furnace sent by Mr. James Riley, of the Steel Com- 
pany of Scotland, showing the application of his neutral 
course for dividing the lime from the acid part of the 
furnace. Mr. Riley also sent a number of samples 
of steel and slag taken from a furnace bath each hour, 
intended to show the change in chemical and physical 
properties during the process of conversion. Some ex- 
cellent samples of plate steel were sent by Sir B. Baker 
showing the material used to build up the Forth Bridge. 
Mr. Percy Gilchrist forwarded samples of steel and ake 
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illustrating the entire process of conversion, both chemical 
and physical, and Mr. Le Neve Foster, of Bolchow, 
beh an, and Co., also sent one of his reversible gas 
valves. 


Sheffield Trade with the United States.—The exports 
from Sheffield to the United States amounted to 
142,063/. 18s, 14d., against 140,515/. during the corre- 
sponding period of last year. The values of steel ex- 
ported were: January, 18,685/. 4s. 5d.; February, 
23,7571. 17s. 3d.; March, 25,6927. 12s. 10d.; total, 
68,135/. 14s. 6d. The values of cutlery were: January, 
15,4151. Os. 4d.; February, 16,7241. 7s. 54d.; March, 
17,9751. 18s, 9d. ; total, 50,1157. 6s. 64d. Last year, for 
the same period, the total values were: Steel, 
65,1141. 9s. 44d. ; cutlery, 50,932/. 5s. 94d. 

Yorkshire Miners’ Association.—On Saturday a special 
meeting of the Committee of the Yorkshire Miners’ Asso- 
ciation was held at Barnsley, when several Yorkshire 
colliery disputes and rc conferences were con- 
sidered. It was resolved to grant 10/. to the stove-grate 
fitters on strike at Rotherham, and the district was 
recommended to support them. The men at Middleton 
Colliery, near Leeds, were allowed to send in notices 
unless an amicable agreement is arrived at. Delegates 
were specs to attend the International Congress to 


be held in Belgium, and the Federation Conference at 
Nottingham. 


Iron, Steel, and Coal.—The iron market shows signs of 
weakness, and few fresh orders are coming in, but there 
are aay contracts on hand which will keep district 
houses fully employed for many months to come. Engi- 
neering houses are well off for work, but scarcely 
so pressed as at the opening of the year. The heavy 
steel trade, however, not = & maintains its briskness, 
but if anything is more active, the demand for railway 
material, Siemens and Bessemer steel, being almost un- 
precedented. The establishments turning out armour- 
plates, projectiles, heavy steel forgings, shafting, and 
marine work are filled with orders at remunerative rates, 
and the outlook in these important branches is very en- 
couraging. An effort has been made to raise the prices 
of steam and manufacturing coal, but it has only been 
partially successful. There is a plentiful supply of fuel 
of all descriptions, 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—Business in steam coal has been interrupted 
by the Easter holidays, work not having been resumed 
with full vigour until Wednesday. Best coal has made 
15s. 3d. to 15s. 6d. ; and good dry coal, 14s. 6d. to 15s. 
per ton. The bituminous coal trade has continued fairly 
active; No. 3 Rhondda has made 15s. per ton. The 
demand for patent fuel has been less active, but prices 
have not exhibited much change. Coke has been toler- 
ably firm at 24s. to 26s. per ton, according to quality. 


Milford and New York.—A syndicate is stated to be in 
course of formation for running a fast line of steamers 
between Milford and New York at a minimum speed of 
20 knots per hour. The vessels are to be built in the 
United States, the members of the syndicate being prin- 
cipally Americans. 

The Sirhowy Valley.—Coal has been reached in new 
pits which have been sunk in the Sirhowy Valley between 
Argoed and Holly Bush by the Bargoed Coal Company. 
The seam is the well-known Pontywaith-yr-Harian (or 
Brithdir) vein of coal, and is of good thickness and 
quality. 

Shot-Firing Experiments.—On Saturday a large number 
of the local gentlemen devoted the afternoon to witness- 
ing some shot-firing experiments to which they had been 
invited by Mr. T. Griffiths, manager of the Messrs. 
Insole’s Cymmer collieries. At an entertainment which 
followed, Mr. Larsen spoke of the combination of gases 
to be met with underground, and said he hoped to see 
further experiments tried in {a proper mixture of inflam- 
mable gas and coal dust. Mr. Griffiths concurred as to 
the desirability of such tests, and remarked that the pro- 
prietors of the Cymmer Colliery would be quite prepared 
to place their appliances and gas at the disposal of those 
present for further experiments. 


The Severn.—On Saturday a meeting of the Severn 
Commissioners was held at Worcester to receive a report 
from the Committee of Works and Finance upon nego- 
tiations which have taken place with the Great Western 
Railway Company regarding its opposition to the Severn 
Navigation Improvement Bill. The committee reported 
that the petition of the Great Western Railway against 
the Bill had led the committee to consider the possibility 
of effecting an arrangement with that company for ter- 
minating its liability under its guarantee to ales up the 
tolls of the commissioners to 14,000/. per annum. The 
result of the negotiations was that the railway compan 
had consented to pay the commissioners 100,000. in cas 
and to cancel mortgages amounting to 28,808/. 11s. 6d. in 
consideration of its being discharged from all liability to 
the commissioners. The Staffordshire and Worcestershire 
Canali Company was also willing to receive 100,000/, in 
discharge of securities amounting to 83,333/. 6s. 8d. As 
part of the arrangement, the Great Western Rail- 
way Company would withdraw its opposition to the 
Bill, and arrangements had also been made for the 
withdrawal of opposition by the Sharpness New Docks 
and Gloucester and Birmingham Navigation Compan 
and by various other opponents on clauses agreed 
upon being inserted in the Bill. The opposition still 


existing against the Bill was reduced to such an 
extent that the committee had every reason to believe 
that the Bill would receive the sanction of Parliament in 
the present session, 





The Usk.—Mr. Vernon Harcourt, the engineer appointed 
by the Newport Harbour Commissioners to make an in- 
spection of the Usk with a view toan improvement of the 
navigable channel, has met that body at an informal meet- 
ing. An inspection has been made from the Avon Llwyd 
to the mouth of the Ebbw, and an official, it is stated, 
is now engaged taking sections. It will be some time 
before a final report is in the hands of the eommissioners. 


The Electric Light at Exeter.—A meeting of the Exeter 
Electric Light Company was held on Tuesday, Mr. W. 
Horton Ellis in the chair. The chairman stated that 
three Exeter silversmiths had adopted the electric light, 
and they had come to the conclusion that it was simply 
perfection. It had been complained that there had been 
electric light failures at the Exeter Theatre, but it should 

remembered that it was started with new machinery, 
which should have been running experimentally for two 
or three weeks. If the light worked well elsewhere there 
was no reason why it should not do so in Exeter. It was 
a great pity that Exeter was not at present lighted by 
electricity. 





MISCELLANEA. 

THE length of telegraph line open in India last year was 
increased by 16,200 miles, and the messages sent exceeded 
1,800,000. 

The grey, smokeless, Swedish powder, invented by Mr. 
Skoglund, and with reference to which ENGINEERING has 
contained one or two previous Notes, has quite recently 
been tested in Russia. The result was there, as has been 
the case in Sweden, very satisfactory. 


The inspection made by Mr. O’Callaghan, consulting 
engineer to the Government of India, of the countr: 
through which the Mu Valley Railway, Burmah, will 
pass, has confirmed the impression that the line can be 
easily built, and that the capital expended upon it is 
likely in the long run to yield a good return. 


With reference to the dredging done by the Preston 
dredger mentioned in last week’s issue, we are inform 
that the Bombay dredger in December last raised 112,000 
tons in 105} working hours, which is nearly double that 
done by the Preston dredger. A descripton and illustra- 
tion of the Bombay dredger was given in our issue of 
December 7, 1888. 


Mr. W. H. Radford, C.E., Nottingham, has been 
appointed representative and consulting engineer in Eng- 
land, for the Corporation of Durban, in South Africa. 
He will act conjointly with the London agents in ordering 
and testing the materials required for the water works 
extension. The cost of the new works, when finally com- 
pleted, will be about 120,000/. 


The Buenos Ayres and Ensenado Port Railway Com- 
pany have ordered two complete ‘“‘ trains de luxe ” from 
the Gilbert Car Manufacturing Company, of Troy, New 
York, U.S.A., and of 28, St. Ermins Mansions, West- 
minster. Each train is to consist of four saloon smoking 
cars, two ladies’ cars, one buffet car, and one age 
car. Mr. Edward Woods, of 6, Victoria-street, West- 
minster, is the consulting engineer to the line, and the 
cars will be made under his inspection, 


Professor L. J. Blake, of the Kansas University, has 
proposed to use the spectroscope to determine whether 
cesspools, stables, &c., drain into neighbouring wells. A 
solution of carbonate or chloride of lithium, 10z. toa 
quart of water, is poured into the suspected sources of 
pollution in the neighbourhood, and after a week or so 
the well water is examined spectroscopically for lithium, 
which can thus be detected even if the water holds in 
solution less than 1 pint in a million. The inventor has 
practically tested his plan with success. 


The following course of lectures has been arranged at 
the Royal Institution. The Hon. George E. Brodrick 
will begin a course of three lectures on Tuesday, April 15, 
on ‘The Place of Oxford University in English Litera- 
ture.” Mr. C. V. Boys, F.R.S., will begin a course of 
three lectures on ‘‘ The Heat of the Moon and Stars,” 
on Thursday, April 17, and Captain Abney will com- 
mence a third course of three lectures on ‘‘ Colour and its 
Chemical Action,” on Saturday, April 19. The evening 
meetings will be resumed on Friday, April 18, when Sir 
Frederick Bramwell, Bart, F.R.S., will give a discourse 
on “* Welding by Electricity.” 


An important patent case has just been tried in the 
United States, in which the Brush Electric Company 
charged the Julien Company with infringing its patents 
for storage batteries. The pe patent claimed the use 
of a suitable plate or support provided with mechanically 
applied absorptive substance, and adapted for use as a 
secondary battery element, and a number of methods of 
preparing this support by cutting holes, grooves, &c., in 
the plate. The Court has given judgment in favour of 
the Brush Company, and if this judgment is confirmed, 
in another case now pending with the American Accu- 
mulator Company, the effects upon the accumulator in- 
dustry in America may be serious. 


The important work of drainin 
on which the Italian Government has been for some time 
engaged, is now well advanced towards completion. The 
main object of the works is to drain the marshes of Cotta, 
Isola Sacra, and Maccarese, bordering the coast about 15 
miles from Rome. Work was commenced in 1884, but 
it can only be carried on at certain seasons of the 
— owing to the unhealthiness of the district. Centri- 

ugal pumps of Italian manufacture are largely employed 
for raising the water from the lower levels. The work- 


the Roman marshes 





men employed are said to be sober and industrious, and 





are paid at the rate of from 3s. 4d. to 4s. per day. Upto 
the end of 1888 the works have cost 139, 507, 


An interesting little railway has just been opened for 
traffic between Lynton and Lynmouth, which are sepa- 
rated from each other by a cliff nearly 500 ft. high, and 
are only connected by a road so steep as to be almost im- 
practicable for vehicles. The new line is 900 ft. long 
with a uniform gradient of 1 in 13, which is the steepest 
incline in the world. In spite of its shortness, the con- 
struction of the road has involved considerable difficulties 
deep cutting having to be made through solid rock and 
several streams of water having to be regulated. The 
motive power is supplied by water which is brought by 
4-in. pipes from the West Lynn, a distance of a mile, to 
a reservoir near the top of the incline. Two cars con- 
nected by a wire rope are moved together, the one drag- 
ging the other up the line as it descends, the necessary 
excess of weight being obtained by filling a tank on the 
car at bank from the reservoir already mentioned. Safety 
appliances have been fitted to prevent a breakaway of 
the cars in case of accident. 


It is proposed to erect yet another bridge over the St. 
Lawrence, the site chosen being Brockville, where the 
river narrows to a width of less than a mile, and prelimi- 
nary surveys at the point selected show the conditions to 
be very favourable. Plans have already been got out by 
Mr. McLean, of the engineering staff of the Brockville, 
Westport, and Sault Ste. Marie Railway, and according 
to these the bridge will have a total length of 46874 ft. 
divided in nineteen spans, ranging in length from 150 ft. 
to 525 ft. The 525-ft. span is formed by the outer arms 
of two cantilevers, which come together and interlock in 
the middle of the channel, forming a swing span at this 
point, the other arms being bolted down to their piers 
when the bridge is open for traffic. Two of the 150-ft. 
spans are also swing spans, but neither these nor the main 
swing would have to opened save for large steamers 
and tows. It is said that a solid foundation for the piers 
can be obtained on islands and shoals of granite rock 
without the necessity of going into deep water. The 


ed | estimated cost of the whole structure is 1,250,000 dols. 


Mr. James Maxon, M.I.N.A., recently read a paper 
before the Belfast Natural History and Philosophical 
Society on ‘‘ A Proposed Submerged Bridge between 
Scotland and Ireland.” He stated that several sites had 
keen proposed for tunnels between the two countries, 
namely, the Donaghadee and Port-Patrick route of 
194 miles, the Tor Point and Mull of Cantire, a distance 
of 11} miles, the Whitehead and Port-Patrick route, of 
22 miles, and perhaps best, the site between the great 
Copeland and Port-Patrick, a distance of 174 miles. Mr. 
Maxon’s plan described briefly is to carry a roadway 
through the water at a Bre 480 depth, to be held in 
position by vertical deadweight anchors, and guyed at 
intervals to resist tidal currents. The roadway he pro- 
poses to inclose in a circular water-tight steel tube, to be 
made in lengths of 1000 ft. to 500 ft., each of which is to 
be fitted with expansion connections to its fellows. The 
anchors he proposes to make of blocks of concrete having 
a weight of 250 tons in water. Mr. Maxon has con- 
structed a model illustrating his idea, and this model was 
exhibited to the meeting. 


The Admiralty have issued orders for a new second- 
class battle-ship to be built for the Royal Navy at 
Chatham Dockyard. The proposed vessel is to be named 
the Barfleur, and will be the first second-class battle-ship 
commenced since the Hero was laid down some five or 
six years ago. She is to havea displacement of 9000 tons, 
and will be built upon similar lines, although of smaller 
dimensions, to the new first-class battle-ships of the 
Hood type commenced for the Navy last year under the 
provisions of the Naval Defence Act. The engines of 
the Barfleur are to be of the triple-expansion type and 
are to be capable of developing 12,000 horse-power. Her 
armament will consist of four of the new 10-in. steel 
breechloading guns, ten 4.7-in. quick-firing guns, seven- 
teen 3-pounder and 6-pounder quick-firing guns, and six 
tubes for discharging Whitehead torpedoes. The Barfleur 
will be as powerful, so far as armament is concerned, as 
several first-class battle-ships at present afloat, while she 
will be more than their equal in point of speed and coal 
endurance. A sum of 48,460/. is to be expended upon her 
during the present financial year. A ship of a similar 
type, to be named the Centurion, is to be shortly com- 
menced at Portsmouth Dockyard. 


The annual general meeting of the Institute of Marine 
Engineers was held at the “eo Rooms, Broad- 
way, Stratford, on Saturday, the 29th ult., and was 
presided over by Mr. J. McFarlane Gray. The report 
showed the Society to be in a very flourishing con- 
dition, the accounts showing that the receipts for the 

t year had been 499/. 10s., and the expenditure 

21. 18s. 8d., leaving a balance of 116/. 11s. 4d. Mr. G. 
W. Manuel was afterwards elected president for the 
ensuing year, and gave an interesting inaugural address. 
An ordinary meeting of the same society was held in 
the Langthorne Rooms, Stratford, on the evening of 
Tuesday, April 1, when the adjourned discussion on 
the “‘ Friction of Screw Propelling Engines” was resumed, 
the proceedings being commenced by Mr. Brett reading 
a short paper in extension of his original communication 
with special reference to experiments on friction, and 
the best system of lubrication. At the close of the meet- 
ing the honorary secretary announced that on April 15 
at 7.30, a paper by Mr. J. Thomas (honorary member) 
would be read on the ‘‘ Blowing Up of the Old Dock 
Wall where the New Entrance at Royal Albert Dock was 
Made.” And afterwards on the same evening a paper on 
‘**Paddle Engines,” by Mr, G, W, Buckwell (member) 





would be read, 
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TESTING OXYGEN CYLINDERS. 


Tests were made recently by the Scotch and Irish 
Oxygen Company, Limited, for the purpose of demon- 
strating the safety of the cylinders used to hold 
the compressed gases manufactured by them, and on 
this page we give one or two sketches, which will 
assist the reader in appreciating the nature and extent 
of the tests. The process of manufacturing the gases 
is the same as that adopted by Brin’s Oxygen Company, 
Limited, London. This was fully described in a paper 
read by Mr. Kenneth S. Murray before the Institution 
of Mechanical Engineers, and of which a summary was 
published by us in a recent number (see page 149 ante). 
As we intend to give the Lae in extenso it is not 
necessary to deal with the subject here. Such tests 
had not previously been made, and the time was 
opportune owing to an accident at the Rosehill Works 
of the Scotch and Irish Oxygen Company, Limited, 
in Glasgow. Indeed, it was probably owing to the 
ideas which had got abroad as to the cause of the 





accident, that the company was led to make these ex- 
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haustive tests. A workman in the Rosehill estab- 
lishment lost his life by the explosion of one of the 
cylinders which he was laying down after being 
charged. In the case of gas cylinders so largely used 
by the public, it was desirable to have the matter 
thoroughly sifted, more especially as the theory of over- 
pressure had been circulated. An examination of the 
circumstances proved that the accident was due to an 
explosion of mixed oxygen and hydrogen gases. The 
main portion of the exploded cylinder was found to be 
very hot, whereas the pieces of cylinders which have 
since been intentionally destroyed were perfectly cold. 
With the view of making it impossible for two gases to 
be put into the same cylinder, it has been decided by 
the parent and other companies to fit all hydrogen 
cylinders with a left-handed screw, so that they cannot 
be filled at the oxygen pump, and in the same way 
oxygen cylinders cannot be filled at the hydrogen 
ump. 

" The tests were made on March 3and 12. A couple 
of ‘‘legs” were erected with the necessary winding 
apparatus, &c., as shown in Fig. 1, and a drop of 
35 ft. was obtained by sinking a hole immediately 
under the legs. 

The cine tested were taken from the ordinary | 
stock of the company. They had in the usual course | 
been tested to twice their working pressure (3600 Ib. | 
per square inch) and were filled with oxygen at a pres- 
sure of 1800 lb. per square inch. 

The first cylinder experimented upon measured 6 ft. 
6 in. long, was 54 in. in diameter, and of }-in steel. It 
weighed, when charged, 107 Ib. Like all the other 
cylinders tested it was made from a lap-welded mild 
steel tube closed in at one end and necked at the 
other to receive the usual valve. This cylinder was 
dropped twice from a height of 35 ft. sideways upon 
a block of iron 12 in. square and weighing 34 cwt. 
(Fig. 1), each blow bending it to the extent of! 
about # in. It was then dropped vertically on to 
its round end, having a clear fall of 31 ft., when 
it was found that the impact had only flattened | 
a part of about the size of a penny piece. It was next) 
placed across the iron block, and an iron weight of | 
6} cwt. dropped on to its centre from a height of | 
35 ft., the blow crushing in the side to the extent of 
%in., as shown in section Fig. 3. The cylinder was | 
subsequently placed on two iron blocks set 4 ft. 1 in. | 
apart so as to support the ends, and the same weight | 
again let fall from 35 ft. height, with the result that | 
the cylinder was bent 4} in. from the straight. This | 








| be 


cylinder was otherwise undamaged, and was found to 
retain its full pressure of gas. 

Another cylinder of the same size as the first was 
treated in a similar manner. It was dropped side- 
ways from a height of 35 ft. on to the block, and by 
this fall was bent 8 in. It was then dropped endways 
31 ft., and the end was found to be slightly flattened to 
about the same extent as in the case of the first cylinder. 
This cylinder, it may be here parenthetically stated, 
was afterwards destroyed, and it was found that this 
blow had cracked the end inside slightly, but the 
cracks did not show on the outside a did not allow 
any escape of gas. The next test that the cylinder 
was subjected to consisted in placing it on two blocks, 
set 4 ft. 2 in. apart, and dropping on to its centre 
from a height of 35 ft., the 6} cwt. weight. 
This bent the cylinder to the extent of 7;;in., as 
shown in Fig. 2. The method of destroying this 
cylinder is shown by Fig. 5, the cylinder being placed 
with its hollow side across the 34 cwt. block, and then 
being struck by the 6} cwt. falling 35 ft. 

A third cylinder, also of the same size as the 
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first, was placed horizontally across two blocks as 
shown by Fig. 6, and the weight of 6} cwt. allowed to 
fall upon its centre from a height of 35 ft., with the 
result that the cylinder was destroyed. The blocks, 
after this blow, were found to be depressed on their 
near or inner edges as shown by the dotted lines. It 
may be stated here that this cylinder and the other de- 
stroyed showed no rise of temperature after fracture. 

A smaller cylinder containing liquefied carbonic acid 

as was also tested. This cylinder measured 2 ft. 7 in. 
c by 5} in. in diameter by } in. thick, and contained 

7 tb. of liquid gas. It was dropped sideways on to the 
block from a height of 35 ft., and vertically from the 
same height, and was afterwards flattened to the extent 
of 13? in. as shown in section, Fig. 4, by dropping the 
6} cwt. weight upon it. It was found that the cylinder 
was sound and gave no signs of leakage. 

The trials were continued on the 12th inst., when 
two cylinders were tested. 

A 6 ft. 6-in. cylinder weighing 107 lb., including the 
contents, was dropped four times across the iron block 
from a height of 35 ft., so that the cylinder was struck 
on the same place each time, and as a result a bend of 
24 in. was produced. It was also allowed to fall on its 
end with little perceptible result, the blow doing little 
more than to remove the paint. 

A smaller cylinder, 2 ft. 7 in. long by 54 in. in dia- 
meter, was tested in the same manner and sustained 
no-greater injury than a few dents. 

rom these trials it will be seen that the cylinders 
will withstand a greater amount of rough handling than 
they are likely to receive under ordinary circumstances, 
even at the hands of the most reckless of railway 
servants, and it is satisfactory to know that they may 
bent and crushed as shown by the experiments 
without becoming dangerous. 





NOTES FROM NORTH-WESTERN INDIA. 

IRRIGATION work is par excellence the speciality of 
Indian engineering, and the improvement on native 
methods that the English have worked out cannot fail 
to strike the New Zealander of a future age as, at once, 
the most distinctive and most beneficent of the marks 
left by British rule. 

It has already been remarked in these columns that 





there is a very great difference between the physical fea- 
tures of the rivers that flow east into the Ganges and 
those that go west into the Indus, and the fact that the 
country through which the latter run is so nearly awash 
has justly given the irrigation department pause, on the 
question of weiring these streams in the plains for the 
purpose of supplying their canals, lest by raising the 
rivers bodily they may not only inundate the district, 
but cause them to find in casual depressions some 
totally new lines of outfall. Such changes are known 
to have occurred frequently in the course of nature, 
and indeed in historic and even recent times, At one 
place the course of the whole Indus was diverted by 
the very slight inducement offered by a local irrigation 
cut, and in another case the Beas and Sutlej formed a 
new confluence, some 300 miles above their former junc- 
tion, by dint of the former spilling into the latter, 
where the two had traversed into close proximity. It 
is not easy to grasp the magnitude of the disaster that 
ensued on this gigantic evulsion of just a century ago, 
when, in one fatal day, the Beas flood subsided to rise 
no more, and left a belt of country 300 miles long and 
perhaps 10 or 15 miles wide, that was fat and flourish- 
ing with towns, villages, roads, canals, and fruitful 
fields, to become a desert. 

With such examples before them, it is not to be 
wondered that the Punjaub irrigation engineers have, 
at great cost, carried their weirs up into the gorges of 
the foot-hills, whence the canal has to be carried under 
or over mountain torrents and through a multiplicity 
of immense difficulties that would not be met with if 
the weir were in the plains. Two or three years ago 
advantage was taken of an abnormally deep and defined 
reach of the Ravi, which is by far the smallest of the 
five rivers, to construct a weir in the plains, and the 
Sidnai Canal, which it feeds, is turning out to be one 
of the most remarkable financial successes we have, for 
the capital cost bids fair to clear itself in three, or at 
most four years of working. 

In default of weirs in the plains, all that can be 
done for irrigation outside the tracts that are evolved 
by the perennial canals known as the Bari Doab and 
the Sirhind, is to make irrigation canals that fill with 
water in the summer when the rivers rise. Apart from 
the objection of giving only one crop a year in place of 
two, these works are liable to be partially or entirely 
silted up in some years, or left by movements and 
changes in the river’s course without adequate supplies 
in others, and an immense amount of special skill and 
ingenuity is required to treat the various cases that 
arise with any measure of success. 

Although in England there is little, if any, scope for 
using the knowledge of this class of question that has 
been acquired in India, there are probably many 
cases in America where the concise and lucid papers 
which Mr. E. A. Sibbold communicates from time to 
time to the pages of Indian Engineering, would be found 
of value. Owing, itis said, to the great difficulty expe- 
rienced in keeping open a great inundation canal that 
draws from the Chenab river, near Wozirabad, it has 
now been determined to construct a weir which is prac- 
tically the first attempt to deal in the plains witha 
wandering river of the class. This great work, which 
will cost quite as much as a railway bridge, will be 
5000 ft. long, founded on wells, backed up by vast 
quantities of boulder pitching. Special care is being 
devoted to the flank works, which will prevent the 
whole river from spilling into another line of country. 
The crest of this barrage is to be furnished with falling 
shutters, for upholding the low-water level, and the 
whole undertaking is one of exceptional interest, to 
which some of pwn, Sol executive talent of the country 
is being devoted. The work is located some ten miles 
below the Alexandra Railway Bridge, and the effect of 
the weir, if any, in spreading the river more evenly in 
the bridge, will be watched from the railway point of 
view with much interest. 

India is not exempt, under the Queen-Empress, from 
the tendency of history to repeat itself, and the 
story of the events which have given us an Indian 
Engineering as well as the Indian Engineer, reminds 
old hands whose memories go back to, say, the con- 
sulate of Plaucus, of a notable case of the kind that 
occurred in another country. Whether there is room in 
India for two technical journals is fairly a matter for 
doubt, but so far—-that is to say for now some years 
past—both papers have been conducted with, in spite 
of at times somewhat vague and elementary utterances, 
marked success. Besides the rs on irrigation 
work of Mr. E. A. Sibbold, there are manyothers of emi- 
nent practical value to those who would rightly think 
of matters technical, That the two papers take vigo- 
rously opposite views of such questions as the merits of 
rival automatic brakes goes without saying, and indeed 
your namesake adopts throughout the role of Her 
Majesty’s Opposition, and fills column upon colunin 
with the grievances of civil engineers, as compared 
with their Royal Engineer brethren. Without now 
going into all the grounds for complaint, it can and 
should be said that however straitened the Govern- 
ment’s purse may be, it is both bad policy and false 
economy to continue a state of things for which no moral 
grounds exist, except that one branch of the same service 











456 


ENGINEERING. 





[APRIL 11, 1890. 








has had its claims more powerfully advanced than the 
other. There is a great temptation to any employer of 
skilled labour to make hard bargains on a falling 
market. Men can be got cheaper, now-a-days than 
when the famous corps of Bengal Royal Engineers 
was founded, and perhaps, for many years to come, 
the tradition of a service of gentlemen will survive 
the sense of wrong with which the columns of Indian 
Engineering teem. Even then it is not difficult to see 
that it would pay the Government well to divert the 
misspent energies of some of Indian Engineering cor- 
respondence columns to more profitable channels by 
reasonable concessions. 

Among the best men, at least, in the department a 
tone of Scotian prevails over the gloom of present 
financial embarrassment which touches the private 
means of family men very closely, and it is to be hoped 
that the present Secretary of State will, if the rupee’s 
exchange value rises, see his way to fulfil his promises, 
and those of his predecessors, to treat civil engineers’ 
grievances in a large and statesmanlike spirit. The 
tone of the greatest spending department of a great 
country, of which the natives are notoriously venal, is 
not a matter to be haggled and quibbled over, and 
sowing dissensions by favouring one class or branch of 
the service beyond others who have equal claims, is 
a policy that it may well be hoped will not be per- 
sisted in. 





INDUSTRIAL NOTES. 


Tue resolutions affirmed at the Berlin Conference, 
the text of which has unofficially appeared, enable us 
to appraise the value of that gathering—unique in the 
annals of the world—and to estimate its probable 
results, in so far as legislation is concerned. As 
regards Great Britain the working classes can antici- 

ate very little directly resulting from the conference. 
Most of its ‘‘resolves” are already embodied in our 
statute law, for the remainder they are in operation 
either as the result of law, of custom, or of associative 
effort on the part of the workpeople themselves. In- 
directly, however, the influence of the conference may 
be of some importance, as the resolutions arrived at 
will, if carried out by the several countries whose 
adhesion was given to them by their representatives, 
help to equalise the conditions of competition, as 
between English and foreign capitalists and producers, 
and consequently invalidate the common argument that 
we cannot do this or that because of foreign competi- 
tion. The British workman will not complain if he is 
met on equal ground by dexterity and skill, by energy 
ard persistency, in the labours of the workshop; but 
he is not always able to produce at the same cost those 
articles in the production of which his competitor 
works longer hours for greatly less wages. Some 
margin of difference he can compete with, but the 
margin must be limited. 

The first resolution, as to miners, will help to raise 
the age of boy workers to fourteen years, instead of 
twelve as at present. An effort was made in 1887 to 
raise the age in England in the Mines Regulation 
Act, but the effort was unsuccessful. With respect 
to the Sunday question, law and custom, and also the 
religious convictions of the great majority of our 
people, operate as a barrier to any serious encroach- 
ments upon the day of rest ; and the action of trade 
unions in demanding double pay for Sunday work 
helps still further to restrict Sunday labour, except 
where it is absolutely necessary. Perhaps, as a result 
of the conference, the Continental Sunday may become 
less and less regarded as an ordinary working day. 
The resolution as regards women and girls will help to 
strengthen legislation in this country, and that too at 
a time when some desire to see its stringency relaxed. 
With respect to adult labour, we must see what 
measures Germany, Austria, France, Belgium, and 
other competing countries formulate before  esti- 
mating the results of the conference. We cannot 
afford to throw away our supremacy in the 
markets of the world, but the British Legislature will 
not lag behind in any reasonable forward movement, 
where the material, physical, social, and moral well- 
being of the people demand its attention and care. 





The Easter holidays have necessarily greatly inter- 
fered with all branches of trade, and this year the 
cessation of labour has been very general wherever a 
standstill could be arranged without serious detri- 
ment. The engineering trades throughout Lancashire 
show no slackening off in employment, though the iron 
market is still reported du and inactive. In some 
branches of the engineering trades new work is re- 
ported to be coming forward more freely than of late, 
especially in machine tools of various kinds, and the 
leading firms have sufficient orders on hand to keep 
them well going for some time to come. Machinists 

enerally are also sufficiently supplied with work to 
seep them fully occupied for some months, Locomo- 
tive builders report very little new work, but the 
orders on hand will carry them over the present year. 


Boilerniakers are fully employed, although new orders 





are not being booked as freelyas theywere. Generally, 
in the engineering trades of Lancashire, new orders are 
less plentiful in many branches, so that there is a pro- 
spect of slackening off when the present contracts run 
out, but in no case is there any diminution of employ- 
ment in any of its branches. Hitherto the trade has 
not, in this district, been disturbed to any large 
extent by labour disputes. In Bolton the ironmoulders 
are still on strike for an advance of 2s. per week in 
wages ; this affects the engineers to some extent ; 
otherwise in all branches of the iron and cognate trades 
the district is free from strikes—with the exception of 
petty disputes in isolated cases. 





The report of the Steam Engine Makers’ Society for 
April confirms the statements made from time to time 
in these Notes as to the condition of trade being satis- 
factory in all the engineering departments. It says: 
Trade is again satisfactory, and employment seems to 
be plentiful, whilst, in marine centres, wages have an 
upward tendency. Strikes and disputes are reported 
in various parts of the country. At Derby, where a 
labourer was put to do the work of a turner, the men 
struck work. At Grantham a general strike took 
place among the engineers, fitters and turners, 
moulders, and boilermakers for an advance of 2s. per 
week in wages ; the best wages in this town for these 
kinds of mechanics is stated to be only 28s. per week, 
and only a portion of the men get even that sum. The 
report gives some interesting particulars relating to 
the recent strike along the north-east coast, from which 
it appears that the men employed generally in the 
shipyards already left work at twelve o’clock on Satur- 
days, while the engineers worked on till one o’clock. 
The practice will now be uniform of leaving work at 
noon in all branches after May 10. The total number 
of members out of work in this society is only thirty- 
five, most of whom are on strike at Derby, Grantham, 
and other places. It is apparent, therefore, that 
employment is plentiful in all branches represented by 
this society, covering as it does the same class of work- 
men as the Engineers’ Society. 





The general condition of trade in the Sheffield and 
Rotherham district may be conceived from the fact 
that most of the works and manufactories were ina 
state of activity on Saturday last, the day between 
Good Friday and Easter Sunday. This may be taken 
ascertain evidence that there is plenty of work with 
orders on hand. Some firms in the lighter wares and 
industries say that there is a falling off in orders, but 
the local trades generally are in a flourishing condi- 
tion. But profits are alleged to be small, in conse- 
quence of the high price of fuel and materials, and 
some employers state that they are losing some big 
foreign orders because they are unable to compete as to 
price. In some of the railway departments fresh 
orders are coming in for tyres and axles, which with 
the orders on hand will keep the works in full swing 
for months to come. The demand of the men in the 
engineering branches of trade, for an advance in wages 
of 2s. per week, has been conceded all round, but in the 
stove-grate department there is some agitation.. The 
men in this branch of trade at Rotherham are still on 
strike for an advance of 10 per cent., while those 
working in Sheffield are still at work, the latter gene- 
rally being in receipt of higher wages. The Sheffield 
men fear, however, that if the Rotherham men lose 
the day, their wages will be lowered to the Rother- 
ham standard, hence they are strenuously supporting 
the demand for the 10 per cent. advance. In the 
heavier trades the iron workers and others are fully 
employed, the men’s wages, where governed by a slid- 
ing scale, having been again recently advanced. The 
organisations of the various Sheffield trades are being 
constantly strengthened. 





In the Birmingham district trade is still active in 
most branches, and wages show an upward tendency. 
But in the manufacture of iron the ironmasters com- 
plain that the wages of the ironworkers are 12} per 
cent. higher than in the north of England, so that 
local firms are not able to compete. An order, it is 
said, for 2000 tons of iron has gone to a Middlesbrough 
firm, who will deliver it in Staffordshire at less than it 
can be manufactured in the latter district. Both dis- 
tricts are governed by a sliding scale, the basis in the 
Midlands being equal shillings to equal pounds of the 
selling price of iron, plus the premium ; thus with bars 
at 9/., puddlers get 10s. 6d. per ton. The toolmakers 
of Birmingham are agitating for the abolition of over- 
time, or such an amount of extra pay for it as to 
render it prohibitive. Hitherto overtime has been 
worked at the ordinary rate of wages in the trade. 





In the Wolverhampton district the same or similar 
conditions prevail as in and around Birmingham. The 
several works were in full activity right up to Easter. 
New business is reported as being rather slow, but the 
establishments have been fully employed on the orders 
on hand. The cost of fuel and the prices of materials 
are checking production, and in addition the prices of 





various kinds of iron have been reduced. The advance 
to puddlers of 9d, per ton, and of 74d. to the millmen, 
came into force last week, making the price to puddlers 
of 9s. 9d. per ton, being an advance of 5s. or 44 per 
cent. in eighteen months. The wages of the blast 
furnacemen have also been advanced on the basis of the 
sliding scale, so that the rates now paid are higher 
than they have been for over twelve years. In the 
Hanley district the ironworkers express themselves 
— with the award for ruling the wages of the 
istrict. 





In the Cleveland district trade has been quiet in 
consequence of the holidays, but the general condition 
of employment is still as active as ever, though there 
is a complaint of the lack of new orders, in the iron 
trades on. in shipbuilding, and in the engineer- 
ing trades. Shipments have commenced satisfactorily, 
especially for foreign accounts, and stocks are being 
further reduced. There are no serious labour dis- 
putes in the district ; in most of the trades the wages 
are regulated by some kind of sliding scale, or settled 
by arbitration. Prices generally in the district have 
been maintained, in spite of fewer orders. 





The ship joiners’ strike in the London district still 
continues, but it is confined to the three largest firms 
—the Thames Iron Works, Limited, Messrs. Samuda 
Brothers, and Messrs. Yarrow and Co., whose firms 
were closed up to Wednesday last, in consequence of 
the holidays and the strike. All the firms who have 
conceded the advance are very busy, and employment 
has been found for many of the strike hands, the 
number being reduced to about seventy all told. The 
men in work at the advanced rate pay the extra 6d. 
per day gained as a levy to support those who are out. It 
is stated that very few ship joiners have responded to 
the advertisements in the newspapers. Trade is too 
brisk and busy at other ports, and the wages are too 
high, for the men to be attracted to London. 





The condition of things in the coal trade does not 
seem to have permanently settled down, the Durham 
miners not being at all satisfied with the recent ad- 
vance of 5 per cent. At a large meeting held at 
Houghton-le-Spring, at which thirty collieries, em- 
ploying some 40,000 men, were represented, a resolu- 
tion was unanimously passed in favour of a demand 
for a further advance of 25 per cent. in wages. This 
seems a very large order all at once, but it was sup- 
plemented by a further demand for better house 
accommodation, the sanitary state of the mining 
villages being strongly condemned. 

In Northumberland a movement is on foot for 
equalising the average pay for both hard and soft coal, 
the pay for the latter being much below that for the 
former. The coalowners appear to admit that some 
more equitable system should prevail, and they express 
a willingness to grant an advance in certain cases. The 
matter will doubtless be dealt with in an amicable 
spirit, so as to avoid any strike. The wages committee 
suggest, as the basis of wages for hewers 4s. 74d. per 
shift of short hours, and 5s. for long hours, and that 
where they are required to ‘‘ nick ” or cut the coal the 
average wage for hard coal shall obtain. 

In the other coalfields of the country the men are 
much elated at the recent victory. But there are 
rumours of discontent at the way in which the 
managers at some collieries irritate the men by small 
vexations by way of retaliation. In some cases the 
Federation have had enough to do to prevent a turn- 
out. But these trifling exasperations are only tem- 
porary and will soon wear off. After the holidays all 
will be at work in better humour all round. 





It appears that the Liverpool dock strike was ulti- 
mately settled by the efforts of Mr. Michael Davitt in 
such a way as to avert some of the misery of an utter 
defeat. It is stated that the men who went in to 
supply the places of those on strike have left the docks 
in shoals, having served the temporary purpose for 
which they were hired. Fortunately the disturbance 
on the first day of returning to work was not repeated, 
and the men settled down to their various tasks. The 
strike, however, was most ill-advised, and it entailed 
sreat misery and privation upon some thousands of 
amilies. The terms of settlement finally arrived at 
will avert further strikes. 





The labourers employed in the Government estab- 
lishments at Woolwich are agitating for an advance in 
wages from 17s., 18s., 19s., and 20s. per week, to 25s. 
per week as the minimum, declaring by resolution that 
the present rates of pay are insufficient to enable the 
men to procure the necessaries of life. A mass meet- 
ing of from 8000 to 10,000 persons condemned the low 
rates of pay in the Arsenal. 





The strike of the London shoemakers scarcely comes 
within the scope of Notes for ENGINEERING, but the 
ee movement is peculiar. The men are agitating 

or the abolition of home work, on the ground that this 
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system is the primary and main cause of ‘‘ sweating.” 
The men demand that the employers shall provide 
workshops for all branches of the manufacture of boots 
and shoes, the same as is done for the most part in 
Northampton, Leicester, and elsewhere. A large 
number of the manufacturers are in favour of this 
system, and they have really assisted in promoting 
the movement, only that other considerations have 
crept in. 





The strike at Grantham, at Messrs. Hornby and 
Sons, Limited, was for the most part by non-society 
men, the number of union men employed being but com- 
paratively few. Something like 800 non-union men came 
out, and in consideration of their action, the united 
bodies of the Engineers, Ironfounders, Blacksmiths, and 
Wheelwrights, the Boilermakers, and Iron Ship- 
builders, and the Amalgamated Society of Carpenters 
and Joiners have all combined to render them support 
until the 2s. per week demanded is conceded. The 
joint committee of these societies are appealing for 
funds in support of the non-union men. 


The boilermakers’ strike at Leeds was settled by a 
deputation from the Executive Committee, from New- 
castle, the employers generally having received them 
ina kindly and friendly manner. After interviews 
with the leading firms, the terms agreed upon were 
that in lieu of the 2s. per week demanded, the men 
should at once receive ls. per week advance, and a 
further ls. per week at the end of four weeks ; piece- 
work prices to be adjusted on the same rates of pay- 
ment as soon as the second advance came into opera- 
tion. The men are now working on the advanced 
scale at most of the firms in and around Leeds. It 
appears, also, that some arrangement has been entered 
into by which day wages and piece prices will in future 
be regulated by a committee of employers and em- 
arp on similar lines to the Wages Boards in the 

orth of England and in the Midlands. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 27, 1890. 

Iv is the unexpected that always happens in the 
American iron trade, and we are being treated toa 
dispensation of the unexpected just now. Ever since 
the opening of the year prices have been declining ; 
each week the prediction has been made in some 

uarter or other that a reaction would set in in a few 
ays; but in spite of these comforting anticipations 
prices continue on the down grade, and at present 
writing large buyers do not know whether to take 
advantage of the low prices ruling, or wait in view of 
the possibility of a still further decline. The best 
posted men in the iron trade seem to be all at sea as to 
what is the best thing to do. Everything entering into 
the cost of ironmaking has been advancing since last 
fall. Production has been increasing at a remarkable 
rate. The statement has been made in this corre- 
spondence that the increase in pig iron production 
during the last six or eight months amounts to from 
40,000 to 45,000 tons per week. In spite of this heavy 
increase there is only a very trifling accumulation of 
stocks at furnaces. The output will probably be 
farther increased 10,000 tons per week within a short 
time. Old furnaces are being relined, new ones are 
being built, and a considerable number are projected. 
It is only a question of time when this extraordinary 
increase in production will react, and an accumulation 
of stocks bring prices tumbling down. Even in the 
south, where furnaces are sold three to six months 
ahead, a reaction has set in and prices are 50 cents 
lower than two or three months ago. This is hard on 
those who placed contracts three to six months ahead ; 
a cancellation of contracts will most likely result in 
many instances. Some failures may be precipitated. 
Speculators in the Ohio Valley are now awaiting 
opportunities to act, as they believe there will bea 
reaction in the direction of higher prices. They argue 
that there are no stocks, that there is an enormous 
consumption in progress, and that the multitude of 
new enterprises calling for crude iron will bring about 
a demand which will not only make higher prices 
possible, but positively assure them. 

All kinds of rolling mill capacity is busy. The 
plate ironmakers are busy, but prices have receded 
2 dols. to 3 dols. per ton ; the same is true of structural 
iron. There:is an excellent demand for steel plate for 
shipbuilding purposes. All kinds of car building 
material, including lumber, are in good demand. 
Nails have gone down several notches, but the nearness 
of a very active building season is bringing out flocks 
of buyers, who are now taking advantage of the low 
prices prevailing. 

Steel rails are selling at 34 dols. to 35 dols. in the 
east. The Ways and Means Committee of the House 
propose to make a slight reduction in steel rail and 
structural iron duties, but an advance on tin plates. 
The new Tariff Bill, as submitted, does not give 
universal satisfaction. The structural ironmakers 
fear that the reduction proposed wilk injure them, but 
the steel railmakers are saving very little ; they can 





stand it. A reduction on shaped iron would probably 
allow a great deal of foreign material to come in, 
especially along the coast; of course the manufac- 
turers in the interior are protected to the extent of 
railway freight rates. 

Schemes by the score are looming up, calling for 
large supplies of building and general constructiou 
material. Congress has authorised the construction of 
three or four very large bridges. Three or four trunk 
lines are just now coming into market for equipments 
and supplies of all kinds. All the car and locomotive 
builders are crowded with work. The immense works 
of the Baldwins, in this city, are being enlarged, owing 
to the pressure of orders for locomotives. 


The anthracite coal trade continues very dull, the |, 


output being less than 100,000 tons per day, whereas 
the capacity of the region exceeds 1,000,000 tons per 
week, Thousands of miners have been on the verge 
of starvation all the winter, and it has become neces- 
sary to organise relief committees to mitigate the pre- 
vailing distress in some localities. 





MARINE BOILERS. 
The Distribution of Evaporation in a Marine Boiler.* 
By C. E. Stromryer, Member. 


Tuis subject has not been dealt with at previous meet- 
ings of this Society, but I have been able to avail myself 
of some very interesting inquiries by Mr. K. Clarkt 
and Mr. J. A. Longridget into the distribution of evapora- 
tion of locomotive boilers. Naturally their chief interest 
centres on the question of the distribution over the 
length of the tubes, the diameters of these boilers being 
very much less than their lengths. In a marine boiler 
the case is almost reversed, and it often happens that we 
have combustion chambers high enough to stand in, while 
the tubes hardly exceed 6 ft. in length, and it is very 
— that there must be more gas (or products of com- 

ustion) passing through the upper than through the 
lower tubes. 

This distribution is governed partly by the temperature 
in the combustion chamber and smokebox, and partly 
by the resistance of the gas in the tubes, and this again 
depends upon the velocity and temperature of the gas, 
and on the loss of heat experienced by it. It will, there- 
fore, be necessary to deal first with some of these 
problems. 

he coefficient of transmission of heat through boiler 
tubes or combustion chamber plates found by Mr. 
Longridge is eleven cals. of heat, per square foot per hour 
for every degree (Fahr.) of difference between the gas and 
the water: .U91 is the reciprocal value of the above, and 
is the resistance offered to the flow of heat under the above 
condition. Now this resistance is composed of the resist- 
ance which is offered when heat passes from one medium 
to another, as, for instance, from the gas to the metal, 
from the metal to the boiler scale, or to the water, and it 
also includes the resistance offered by the metal and the 
scale. For iron, and for plaster-of-paris, which latter is 
the same substance as boiler scale, the resistances are 
0.00202 and 0.207 per inch thickness, so that a clean 4 in. 
plate would offer 0.001 resistance, or, if covered with 
— in. thick, the resistance would be 0.001 + 0.021 

Comparing these values with 0.091, which is the value 
adopted by Mr. Longridge, we are driven to the conclu- 
sion that the chief resistance, about 80 per cent., is 
encountered at the surfaces. I doubt whether the change 
of medium from iron to scale, and to water, influences 
the above values very much, as it seems more than 

robable that the chief difficulty in transmitting heat 

rom the gas to the tubes is the want of circulation, and 
the outer layers of the gas are not replaced suffi- 
ciently quickly by the inner ones, which are hotter. 
It ought to be possible to effect this by draught retarders 
or by using corrugated boiler tubes ; and I also believe 
that the excellent results which have been obtained by 
the use of John Brown s ribbed tubes is simply due to the 
increased inner surface which is exposed to the gases, 
whereby the resistance is diminished from 0.091 to 0.055. 

If the above is the true explanation, then I believe that 
Mr. Longridge is not quite correct in adopting the same 
coefficient for the combustion chamber as for the tubes, 
because, in the former case, heat is imparted to the 
plates, not only by contact, but also by radiation, 
and, under these circumstances, a recalculation of his 
results would most likely lead to a higher value for the 
resistance of the tubes, and a lower one for the combus- 
tion chambers. 

That radiation plays an important part will be seen 
from the experiments by Mr. M. P. Havrez§ referred to 
by Mr. Clark. _ In one of his experiments coke was used, 
while in the other one briquettes were burnt, and it was 
found that there was relatively more heat absorbed in the 
firebox with the flaming material than with the flameless 
coke, and it is well known that a luminous flame radiates 
more heat than a non-luminous one, for which reason the 
latter may not be used in the Siemens-Martin furnace. 

For these various reasons, I believe that the formule 
used by Mr. Longridge for the heating of boiler tubes will 


be more correct if the coefficient of resistance i is in- 


m 
creased a little, say from 0.091 to 0.1, so that his formula 
would be 

* Paper read before the Institution of Naval Archi- 
tects. 

+ Institute of Civil Engineers, vol. xlvi., page 242. 

t Ibid., vol. lii., page 101. 

§ Ann. du Génie Civil, 1874. 





t=t.e 4% 


-¥;5) 

H=hAt \l-e h 

t = Difference between the temperatures of the boiler 
water and of the gas in the tube after having 
traversed S square feet of surface. 

to = Difference of the above temperatures before the 
gas has entered the tube. 


e=2.718... 
h =o.Q= specific heat x weight of gas (products of 
combustion) passing through the tube. 


H = Quantity of heat transmitted through the wails of 
the tubes. This quantity divided by 1150 gives 
the quantity of water evaporated from 60 deg. 
Fahr. 

The coefficient 10 is the quantity of heat transmitted 

ag hour, therefore the time units of h and H must also 
the hour. 
I intend to adopt the following values : 
o = 0.236. 
S=7.D.L.=7.3in.. 6 ft. = 4.72 square feet. 
Instead of Q, the weight of the | roan ye of combustion, 
I intend to use C = the weight of coal from which Q has 


been produced. 
Q = 30. C nearly. 
Then 
—_» 
t= to € 3. Cc 


(_.7-¢) 
H=708. Ct\1—e 3° © 

These formule have been arrived at without taking into 
account the fact that the gases grow denser and travel 
slower as they grow colder, and that they therefore 
remain longer in contact with the tube surfaces. Fortu- 
nately, the influence of the reduction of speed and in- 
creased density balance each other, and no correction need 
be added to the above. yer 

Before leaving the subject of conductivity, it will be as 
well to mention the case of tubes which are partly choked 
with ashes. One would suppose that their efficiency is 
reduced in the same ratio as the exposed surface, but this 
is not quite the case, especially if they are coated with 
scale and if the differences of temperature are not too 

at. Then the heat travels down the sides of the 
tubes, and the exposed inner surfaces being colder than 
those of tubes without obstruction, would also absorb 
more heat per square foot of 1 eae surface. The 
numerical values can be obtained determining the 
values of the various constants in the following formule : 


t=A+Bsina.« 
&=a(, B © 4 ——Br) 


Here ¢, is the temperature of the top part of the tube, 
and t, that of the bottom part; x is measured on the 
circumference of the tube, starting from the top or bottom. 
All the other values are constants, which can be deter- 
mined : ¢, and f2, as well as their first differential quotients, 
must be equal at the boundary formed by the ashes. 

As there exist very large differences of temperature in 
a boiler, it is desirable, while dealing with the flow of the 
gases, to take them into account, and it will therefore be 
necessary to construct the formule for the resistance of 
gas in motion. 

Starting from the well-known formule 

vw=2gh 


where v is velocity of acceleration due to gravity, and h 
the height of the fall or the height of the liquid, it can be 


replaced by 7 which is the pressure per square foot 


divided by the weight of 1 cubic foot of gas. S the deno- 
minator is inversely proportionate to its absolute tempera- 
ture T, and we have o 
2=29f1 1 
g ST)’ 
S,=0.0845 Ib. per cubic foot at 32 deg. Fahr. or at T)= 
493 deg. absolute temperature. ; 
Let a be the sectional area of one tube, then the weight 
which passes through it per hour is 


Q=§v.a.8.3600=§ a. 3600, /2gp,S, Ty 


T; 
Here the coefficient 4 is a coefficient of experience. Seeing 
that the resistance to entering the tube is inversely pro- 
portionate to the absolute temperature, it is more than 
probable that the surface friction in the tube is also de- 
pendent on it. 

8 aa 


9 
Q (5 T,+0.012 A 
P=PitPa= ~~ (3600 a? 2. gS Ty 
Here S is the surface of the tube, T, is the average tem- 
perature of the gas in the tube, and 0.012 is a coesicient 
of friction adopted by Rankine. Let T be the absolute 


temperature of the water in the boiler, then the final tem- 
perature 1s 
8 


-108, 

T+t=T+toe h 

and the average temperature is 
_10.8 

Inserting the previously found notation, and replacing 


2 by C, we have 
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20 
T,=T +t (1. sc) 


None of these values are negligible, for C can easily be 
made to exceed unity. The pressure p can then be ex- 
pressed by a formula of the following form : 


(,_,80) 

p=C2(aT +b ty) +Ce. to 1-8 

Here abc are constants, and it will be seen that the 
resistance encountered by a gas which es through a 
boiler tube depends not only on the dh temperature 
in the combustion chamber (T'+t)) but also on C2 and C. 

As matters would get too complicated if the formule 
were carried further, I shall insert the following nume- 
rical values, which would of course have to be altered for 
different cases : 

Let the temperature of the boiler water be 379 deg. 
Fahr. Then T=379 deg. +461 deg.=840deg. Let the 
absolute temperature in the combustion chamber be 2840 
deg.; then t9=2000 deg., and if the boiler tubes are 3in. 
in diameter and 6 ft. long, we have a, the area, =7.07 
square inches=0.049 square feet. S, the tube surface, 
=4.71 square feet. 


(as. ) 
p=C?0.173+C. 0.166\ 1—2.718... —_ 
20 
so 1815... 
wei. lL. 
log t =3.301 - 1-815... 
C 


All that is now necessary is to determine the value of p, 
which is the difference of pressure at either end of a tube. 

Let P be the value of p for the lowest row of tubes in 
a combustion chamber ; then for any row of tubes situated 
n feet higher, we have p=P+n Ap. Here Ap is the 
difference of weight of 1 cubic foot 5 in the combus- 
tion chamber and in the smokebox. The temperature of 
the first of these is assumed to be 2840 deg. absolute, and 
the latter can safely be taken as the mean value of all the 
tubes, it is 840+¢. Now, as the weight of 1 cubic foot of 
gas at 32deg. Fahr. is 0.0845 lb., we have 

of AOS 
home ( 493 _ 493 \o oa4s 
840+¢ 2840 

Suppose now that the combustion chamber with which 
we are dealing consists of ten rows of ten tubes pitched 
4in. apart: then n=24 ft., and C,=100C is the total 
weight of coal burnt per hour for supplying these 100 
tubes, then, assuming C, to be 100 lb lb., 400 Ib., 
and 800 lb. per hour, corresponding to easy firing, ordi- 
mee firing, and strong firing with natural draught, and, 
lastly, strong forced draught : 








Ch. | 3879 deg. +t. p. Ap Ap. 
Consump- | Temperature | Average Resist- ———< | Difference of 
tion perhour, in Smokebox, | ance in Tubes. “| |Weights of Gas 

Ib. | deg. Fahr. | Ib. persq. ft. Ib. per foot. 
100 382 0.3390 0.0049 0.035 
200 | 626 0.983 0.0079 0.024 
400 | 1094 3.20 0.0150 0.012 
800 | 1564 11,60 0.0170 0.006 








In order to find the relative quantities of gas which 
pass through the top and bottom rows of tubes, multiply 
the values in the fifth column by 1} ft., being half the 
height of the combustion chamber, and divide by the 
values in the fourth column, and add and subtract from 
the values of C,, and divide the one by the other thus : 


100 + 1-25 x 0.035 _ 199+9—109 and 91. 


0.0049 

Showing that the top rows receive or , or 20 per cent. 
more than the bottom rows, when the average consump- 
tion is 100 lb, per hour. In the other three cases this 
value is 4 per cent., 4 per cent., and 4 per cent. 

The difference of the temperature in the smokebox for 
each extra pound of coal burnt is 0.2 deg. when the con- 
sumption is only 100 1b., therefore with 20 1b. difference 
the range of the temperature of the waste gases is 
only about 4 deg. In the three other cases the difference for 
each extra pound of coal is 0.3 deg., 0.6 deg., and 1.0 deg., 
and the difference of the final temperatures from the 
lowest and hightest tubes are 2.4 deg., 1.2 deg., and 1 deg., 
showing that generally the heat is pretty evenly distri- 
buted among the tubes, I have taken no account of the 
actual efficiency of the boiler surface, but have restricted 
myself simply to the theoretical question of the distribu- 
tion, and by applying the above results to those trials of 
marine boilers which I am glad to see are now often 
carried out, it will be possible to obtain accurate values 
as to the various heating surfaces. 





THE STRENGTH OF SHIPS. 


On the Strength of Ships, with Special Reference to the 
Distribution of Shearing Stress over a Transverse Section.* 
By Professor P. Jenkins, Member of Council. 

E1cut years ago, when my friend Mr. Read and I read a 
joint paper on the strength of ships before the Institution, 
we commented on the fact that this branch of the science 
of naval architecture had practically remained untouched. 
The same fact had been previously adverted to by Mr. 
William John, who in a paper on the same subject spoke 
of the field for investigation as being ‘of almost un- 


* Paper read before the Institution of Naval Architects. 





limited extent.” Since 1882 but little advance has been 
chronicled. In 1886 Mr. read a paper on the 
strength of bulkheads, in which that most difficult subject 
was treated with much originality ; and in the same year 
Dr. Elgar opened up a practically unknown branch by 
discussing before the Rega Society the twisting strains 
on ships produced by rolling. 

With the exception of the work of those two papers, no 
attempt has been made, so far as I am aware, to advance 
our knowledge of the stresses upon ships during the above 

yeriod. Probably the neglect which so important a 
ranch of our professional work has suffered, is due to the 
fact that an investigator cannot proceed far without find- 
ing that he needs experimental data for the proper prose- 
cution of his inquiry, which do not exist, and which 
cannot be obtained without the expenditure of much 
time and money. It is probably true also, as was 
said by Mr. Ramage at a recent meeting, that the 
fact that the Register Societies prescribe the scantlings 
which all classed ships are required to have, and thus 
practically relieve the shipbuilder of responsibility for 
their sufficiency, takes away from him the incentive he 


main guide in the past, I must make an exception as 
regards the larger classes of vessels, use I know quite 
well that at Lloyd’s ister at least the question of the 
sufficiency of their longitudinal strength was studied with 
the testcare. But even in this the simplest of all the 
problems connected with the strength of ships, the as- 
sumptions one has to make at the outset in order to 
render the calculation possible in the present state of our 
experimental knowledge, is one which makes the deduced 
stress of doubtful quantitative value, although it is un- 
questionably of importance for purposes of comparison. 

For many years all  seeaamesrae calculations of longitu- 
dinal bending moment have proceeded on the assumption 
that the vessel is most strained when crossing waves of 
her own length, and at the instant when the crest is 
amidships, the weight and buoyancy being equal. The 
former assumption is, perhaps, true; I do not, however. 
admit the latter assumption to be accurate, although t 
am quite unable at present to say what the extent of the 
error in the deduced stress really is. 

The fact that the calculation of longitudinal bending 





moments has proceeded for so longa time, on the assump- 
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would otherwise have to find out what the stresses to 
which sea-going vessels are subject at different parts 


















| tion that the maximum is attained when the vessel is 
| placed on the crest of the wave of her own length, the 
| weight and buoyancy being equal, is due, I think, to the 
circumstance that, for the largest class of vessels, the re- 
sults obtained have appeared to give about the maximum 
stresses the material could repeatedly withstand without 
becoming distressed, and as in some of the larger vessels 
signs of straining at the top sides have not been wanting, 
| this has been taken as a practical confirmation of the 
truth of the assumptions on which the calculations were 
‘based. But Mr. Smith’s paper of 1883 showed very 
| clearly that if the variation of the law of pressure within 
| the wave structure from that holding in still water be 
| taken account of, as to a certain extent it undoubtedly 
should, the maximum stresses obtained from the calcula- 
tion become reduced to a limit below that which may be 

' expected to cause distress in the material of the hull. 
Another fact which has led me for some time to regard 
with suspicion the usual theory adopted in the calculation 
of longitudinal stresses, is the smallness of the deduced 
maximum stresses for little vessels. These as calculated 
do not in some instances amount to more than 2 tons per 
square inch for sea-going vessels, and I think it absurd 
| to suppose that intelligent practical men would go on year 
after year building these vessels with such an enormous 
excess of longitudinal strength, as they must have if the 


really are under the worst conditions of loading thought | results of this calculation are to be relied on. On the 


wrobable, and to arrange the scantlings accordingly. 


| ground of the disparity existing between practice and 


ut be this as it may, I think I may fairly say that up | the results of this method of calculation, I think we are 
to the present time — experience of the working | entitled to regard it with somedoubt. But I think I may 
e 


of ships has been r 
scantlings. Scantlings have been increased here and 


ied upon mainly in the fixing of | show in a few words that the assumption on which the 


| calculation is based is in error, in some cases at least, to a 


there according as the actual straining of ships seemed | considerable extent. 


to warrant, 
excellent plan ; it certainly has the merit of being on the 
safe side. But inspection does not always accurately 


his may appear at first sight to be an/| 


If a vessel be supposed to cross a series of regular waves 
| of her own length at right angles to the line of crests, 
| while considerable changes of trim will occur, she will 


reveal the true causes of straining. Hidden indifferent | be lifted bodily as she is embraced by an advancing crest, 
workmanship and exceptionally bad stowage have been in | and will fall bodily as the trough of the wave approaches 
some cases the true causes of the straining that has been | amidships. She will, in fact, perform a series of dipping 


set down to lightness of scantling. 


| oscillations somewhat similar in character to what takes 


Even if the straining of ships at sea were in all cases | place if a body floating in still water be forced down into 
accurately diagnosed by surveyors and attributed to its it beyond the normal draught, and be made to continue 
true cause, reliance upon practical experience alone would | the ipping oscillations by a succession of impulses. Now 
never enable us to discover in what parts of aship scant- | the rise or fall of the vessel’s centre of gravity during the 


lings may be safely reduced. It is on this point that we 


| passage of the waves is necessarily conformable to the 


chiefly want information. I remember hearing the late | common law, viz. : 


William Denny, on more than one occasion at the meet- 
ings of this Institution, appeal to our scientific naval 


architects not to rest content with telling shipbuilders | 


where they should increase the scantlings of their ships, 
but to go further, and tell them also where the scantlings 
could with safety be reduced. 

I do not claim that a thorough investigation of the 


- _ Moving force 
Acceleration= ee ae 


| the upward pressure of the water being at the same time 
| employed in causing this acceleration, and in changin 
|the trim. Thus, if, in Fig. 1, P be the resultant upwa 
pressure of the surrounding fluid at any instant, and A its 


stresses eee by ships at sea from all causes under | point of application, while G is the centre of gravity 


iven con 


itions should be deemed a sufficient substitute | through which the weight W acts, we may suppose two 


or experience of their working in regulating the scant- | equal and opposite forces P “"e~ at Gas shown. The 


lings, but I do think that such investigations would be of 
service in enabling the material in the de 

hull to be arranged with due regard to the character an 
amount of the maximum stress it has to bear. It would, 
moreover, be of advantage in enabling some discrimina- 
tion to be made between vessels of full and fine form ; 
in fixing the difference in the scantlings which vessels of 
the same breadth and depth, but 


breadth of vessels of the same length and depth, as well 
as in many other ways. 


fferent parts of the | 1 J € n 
d | couple Pa which has effect in changing the vessel’s trim. 


iffering in length, | 
should have; and in gauging the effect of changes in the | 


{ 


| 


the moving force of the 
to form a 


difference P—W at G will 
above equation, leaving the two other forces 


So long, therefore, as the total upward pressure of the 
water surrounding the vessel is ater than the weight, 
the upward velocity is being accelerated, and when P is 
less than W there is an acceleration downward. 

Let us now glance at what must be a very common case. 
Assume that the vessel’s centre of genes is moving 
downward as the trough passes amidships. With the 
advance of the next crest the downward velocity is gra- 


While saying that practical experience has been the dually destroyed, and the centre of gravity begins to move 
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upward. This change in the velocity will not take place 
until the crest has advanced from the bow some distance 
along the side, and the velocity downward can only be 
destroyed by an excess of buoyancy over weight causing 
an upward acceleration. The vessel then begins to rise 
under the influence of an excess of fluid pressure. Com 
monly the total upward pressure of the water will be still 
greater than the weight of the vessel when the crest of the 
wave reaches amidships, and as this must have been the 
case from the instant the velocity downward began to 
decrease, the upward velocity with thecrest amidships must 
be greater than at any previous instant during the lifting 
of the vessel. Moreover, the velocity upward will con- 
tinue to grow as the crest passes abaft amidships until 
the instant at which the weight and ‘the upward pressure 
become equal. After that instant the velocity upward 
is retarded, because the mass moved is greater than the 
lifting force, and the acceleration is downward. Hence 
we see that in the case I have taken, instead of the vessel 
being at rest on the wave when the crest. is amidships 
with the weight and buoyancy equal, she does not come 
to a state of rest until some little time after the crest has 
passed the middle of thelength, and that at the instant at 


corresponding with statical equilibrium, the bending | 
moment amidships is less than that corresponding with | 
the position of statical equilibrium, and greater if the | 
converse be the case. If the vessel be immersed when on | 
the crest to an extent beyond that corresponding with | 
statical equilibrium, as may sometimes be the case, the | 
bending moment amidships will be increased, if. the | 
centre of buoyancy of the layer in the fore body inclosed 
between the actual water surface and that corresponding 
= = —, : — eg Sa is abaft the 
centre of gravity of hull and cargo in the fore body, and | 
decreased if the converse be the a " | 
_ What the precise difference between the greatest bend- | 
ing moment and that calculated on the usual assumption | 
would be in any given case, it is impossible to say without 
actually tracing the vessel’s motion as she crosses the 
waves, and that cannot be done without data as to the 
resistance to the motion of a variety of ship-shaped sec- 
tions downward through the water with different velocities. 
It is important, however, to observe that the actual | 
maximum bending moment amidships must be greater 
than that corresponding with the position of statical 





equilibrium, because if it be less when the vessel is ele- 
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brium on the crest of a wave of her own length. But I 
have shown that at some time, in crossing a series of 
regular waves of her own length, the bending moment 
amidships must be greater than that corresponding with 
the position of statical equilibrium, and that with a 
common distribution of cargo, it may be further aug- 
mented by pitching and ’scending; and since the bend- 
ing moment at any point of the length is the area of the 
curve of shearing force between pc ee end of the vessel 
and that point, it will be seen that augmentation of the 
bending moment necessarily involves an increase in the 
shearing force. 

As with the bending moment, I am not able to place a 
ew value upon this excess. ring in mind 
the fact, however, that the maximum shearing force will 
be frequently greater than that calculated in the usual 
way, 1 will now turn to the problem which has given the 
title to this paper, viz., that of the distribution of shear- 
ing stress over the transverse section of a vessel. 

have long been impressed with the fact that most 
vessels that exhibit symptoms of straining under water, 
do so at the upper turn of the bilge. Now, so far as the 


| Stresses due to longitudinal bending moment are con- 
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which she does come to rest the supporting force is a great 
deal less than the weight. Obviously the motion I have 
here traced out is not representative of the behaviour of 
the vessel on every wave of a series. Her behaviour on 
each wave will be different usually from that on the pre- 
ceding wave, and will depend on the period of the wave, 
and on her dipping period. 

It might at first sight be thought that with the vessel 
raised on the wave at a greater height than that corre- 
sponding with the position of statical equilibrium, the 
bending moment amidships will be greatly increased, but 


this is not necessarily the case, it might be greater, or it | 


might even be less. By way of illustration, imagine a 


prism of rectangular section to be in statical equilibrium | 


on the crest of a wave of its own length. Assume it to 


be homogeneous, and assume that the calculation of the | 


longitudinal bending moment amidships is made in the 
usual way. If now the prism be supposed on the wave at 
a lighter draught than that corresponding with the posi- 
tion of statical equilibrium, or at a deeper draught, no 
change takes place in the value of the bending moment as 
calculated, if the variation of the pressure in the wave 
from that holding in still water be neglected; it is the 
same for all three positions of the prism. If, however, 
the prism be not homogeneous, having more weight in 
the ends than in the middle, the bending moment is 
greater when it is immersed in the wave to a greater extent 
than that corresponding with the position of statical equi- 
librium than it is for the statical position, and less when 
it is immersed to a less extent. If, on the other hand, 
the weight in the prism be greater in the middle than 
towards the ends, the converse takes place ; the bending 
moment is greater when the prism is elevated above the 
ition corresponding with statical equilibrium than it 
is for that position, and less when it is immersed to a 
greater extent. 
In the case of an actual vessel elevated on a wave above 
the position of statical equilibrium, if the centre of 


vity of the hull and cargo in, say, the fore body, be | 


before the centre of buoyancy of the layer in the fore 
body inclosed between the actual water surface and that 





| vated above that position it must be greater when she is 
| below it, and vice versd. 

| In the foregoing remarks no note has been taken of the 
| effect upon the bending moment of the changes in the 
trim which occur as the wave passes the vessel. Re- 
| ferring again to Fig. 1, it will be seen that so long as the 
| point A is on the fore side of the centre of gravity, the 
/moment to change trim will have the effect of raising 
| the bow and depressing the stern, and that this will con- 
' tinue with growing angular velocity until A and G are in 
the same vertical, that is to say, when the crest of the 
wave is about amidships. The angular velocity of the 
bow upward has then its maximum value, and when A 
passes abaft amidships the moment to change trim first 
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| cerned, we know that the distressed parts, being near the 
| neutral axis, can be subject to but very little stress from 
that cause, and the question arises as to the origin of the 
| sometimes severe straining at that part. No doubt the 
stress due to the transverse bending moment must be 
considerable near the place where the floor-plate ends 
especially when a hhenvilg laden and badly stowed vessel 
is rolling heavily ; and this may in some circumstances be 
a factor in causing the distress referred to, but I believe 
it is helped appreciably by the shearing stress the mate- 
rial has also to bear at that part. To make clear what I 
have to say ee this particular form of stress, it 
will be necessary to show how the distribution of shearing 
stress over a section in the case of a body subject to bend- 
ing moment differs from that in the case of a section 
subject to shearing force alone. ‘ ¢ 
If two equal and opposite forces F be applied at the 
section of any bar, as in Fig. 2, the whole shearing force 
over the section is F, and probably the intensity of the 
shearing stress per square inch of the material will be 
nearly uniform throughout, except in the immediate 
neighbourhood of the places of application of the forces. 
But if a beam be weighted with a load W, as in Fig. 3, 
while the total shearing force over any section is W, the 
shearing stress is not uniformly distributed over the 
section as in the previous case, but is greatest at 
the neutral axis, and nil at the top and bottom. The 





| destroys the angular velocity and then changes its sign. 
The effect of this angular motion upon the bending 
moment amidships depends upon the distribution of the 
weight in the fore and after bodies. If the moments of 
inertia of the fore and after bodies about a transverse | 
axis through the centre of gravity be equal, then, if the | 
vessel be out of trim when on the crest of a wave, the| 
bending moment amidships is unaffected thereby. If, | 
however, they be unequal, and they may in practice differ | 
appreciably, the bending moment amidships is decreased | 
when the moment of inertia of the fore body is greater | 
than that of the after body, if the trimming moment tends | 
to depress the bow and raise the stern, and increased i 
the moment of inertia of the after body be greater than 
that of the fore body. I have already shown that the 
bending moment amidships is necessarily greater on some 
waves of a series than that calculated for the position of 
statical equilibrium, and we now see that it may be 
— augmented by the pitching and ’scending of the 
vessel. 

I have been led to make this imperfect sketch of the 
behaviour of a ship on a wave, because the shearing force 
over a transverse section which I propose now to discuss 

|is similarly affected with the bending moment. Like as 





excess of the maximum shearing stress over the mean 
depends greatly upon the arrangement of the material in 
the section. : ‘ 

The fact that the shearing stress is not uniform over 
the section in the case illustrated by Fig. 3 has long been 
known to authorities on the strength of materials. I 
find that Rankine mentions it in his great work on ship- 
building, and gives a rule for determining it at each point’ 
of a section in any given case, but Ido not think he, at 
that time, prt to it so much importance as it 
deserves, and I am not aware that an actual di m of 


f | shearing stress has been at any time made for a ship. 


I have had the opportunity recently of making a calcu- 
lation of the varying shearing stress borne by a transverse 
section of an actual vessel ; but before I refer more fully 
to it, I should like to call attention to some diagrams of 
shearing stress for one or two sections of simpler form, 
subject to shearing force in the same way as the bar of 
| Fig. 3. Fig. 4 is a section of a bar 6in. square, subject 
| to a shearing force of 72 tons. This, if uniformly distri- 
buted, would give a mean of 2 tons per squareinch. The 
actual distribution of the mone stress is wry by the 
ordinate from A C to the curved line A B C at the side 
of the diagram, being 3 tons at the neutral axis, and 





regards the maximum longitudinal bending moment, the 
ractice has been to calculate the maximum shearin 


| force for the case in which the vessel is in statical equili- | 


nothing at the top and bottom. Ifthe bending moment 
borne at the section be, say, 200 foot-tons, the distribution 
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of the stress due to it is represented by the ordinate, from 
A C to the straight line D E, being 5.55 tons per square 
inch at the top and bottom of the section, and nil at the 
neutral axis. Hence we see that the shearing stress is a 
maximum where the stress due to longitudinal bending 
moment is nil, and nil where the stress due to the longi- 
tudinal bending moment is a maximum. 

Consider next the hollow girder shown in Fig. 5, having 
heavy flanges at the to pol « bottom. The sectional area 
is the same as that of the square bar of Fig. 4, and if the 
total shearing force over the section be assumed to be the 
same, viz., 72 tons, the mean shearing stress will be 2 tons 
per square inch as before, but the maximum will be in- 
creased to 5.96 tons per squareinch. The actual distribu- 
tion of the shearing stress is shown at the side by the 
curve ABCD EF G, the maximum of 5.96 tons being, 
as before, at the neutral axis. The ratioof the maximum 
to the mean is here 2.98, whereas in the case of the section 
of Fig. 4 it is only 1.5. 

If this girder of Fig. 5 be subject to the same bending 
moment as that of Fig. 4, viz., 200 foot-tons, the distribu- 
tion of stress due to it is represented at any place by the 
ordinate from A G to the straight line H x. being but 
1.21 tons per square inch at the top and bottom of the 
section, and nil as before at the neutral axis. 

While the effect, therefore, of massing the material at 
the top and bottom of the girder is to reduce the maxi- 
mum stress due to tonaibotianl bending moment in the 
examples given from 5.55 tons per square inch to 1.21 
tons per square inch, it augments the maximum stress 
due to the shearing force from 3 tons per square inch to 
5.96 tons per square inch, and if this were carried suffi- 
ciently far the girder would break down through the 
yielding of the sides under the influence of the shearing 
stress alone. 

Although the causes of the variation in the shearing 
stress over the section of a girder are discussed in some 
of the advanced works on applied mechanics, it may be of 
interest, and will make this paper more complete, if I 
allude briefly to them here in connection with the case of 
an actual vessel. Let A B and C D (Fig. 6) be two trans- 
verse sections of a vessel near to each other, N N being 
the neutral axis, and let M, be the bending moment 
borne by the section A B when the vessel 1s on a wave, 
and M, that similarly borne by C D. Assume the two 
sections to be so near each other that differences arising 
out of change of form and sheer may be neglected. The 
longitudinal stress per square inch at the gunwale A will 


be found by the well-known equation m.%, and that at 
y 


C by the equation BM, and if My be greater than Mj, 
y 

p, will be greater than p;. We shall thus have, if we con- 
sider a small strip of sectional area a between A and C, a 
force p, a acting at the one end, and a smaller force p; a 
at the other. Under the influence of the unbalanced 
force (p,.—p,) a the strip tends to move in the direction 
from A to C, and the resistance to this tendency is pro- 
vided by a shearing force along the lower edge of the 
strip AC. If now we examine the case of a similar strip 
of section a nearer the neutral axis than A C, ps and py, 
being the longitudinal stresses per square inch calculated as 
above, we shall have similarly a resultant force (ps—ps) a 
on the strip which causes shearing stress along its lower 
edge, as already explained. It will be seen that the 
shearing effect of all these differences of stress is cumu- 
lative as we pass from the gunwale towards the neutral 
axis, so that the magnitude of the longitudinal shearing 
a is greater there than at any point nearer the gun- 
wale. 

If now we regard the part of the vessel below the neutral 
axis, we shall have on a strip at D B of section a a com- 

oressive stress g, a at the one end, and g a at the other. 

heir difference (gq. — q,) a must be resisted as before by 
the shearing stress along the upper edge of the strip. 
The same holds true of any other strip we may select 
below the neutral axis, and the sum of all such small 
quantities similar to (¢3—4q,) a below the neutral axis must 
be the same as the sum of all such small quantities as 
(p.2—pi) a above the neutral axis, either of which is the 
longitudina) shearing force on the plating at NN. In 
the same way the longitudinal shearing force at any place 
between N N and the gunwale, or between N N and the 
keel, may be found by taking the algebraic sum of all 
these small differences of longitudinal stress between that 
rece and either the gunwale or the keel. The actual 
ongitudinal stress per square inch of the material at any 
»lace may now be found by dividing the ascertained shear- 
ing force by the sectional area at that place between the 
sections A Band C D. 

Having found the longitudinal shearing stress at any 
place, we may at once obtain the shearing stress at the 
same place across the transverse section from the fact that 
shearing stress along any plane must be accompanied 
by shearing stress of equal intensity alonga plane at right 
angles to it. Hence we see that the lonjitudinal shearing 
stress which has been shown to exist in the plating at any 
place, generates equal shearing stress over the transverse 
section at that place. 

Briefly stated, the shearing stress per square inch at 
any point of a transverse section of a vessel may be found 
by dividing the product of the actual shearing force borne 
at the section and the moment of the area of the section 
above the given point about the neutral axis by the pro- 
duct of the moment of inertia of the whole section and 
twice the thickness of the plating at the given point. It 
will be obvious, from the above rule, that the maximum 
shearing stress in a vessel will usually occur in the trans- 
verse section at which the shearing force is a maximum. 

have constructed a diagram of shearing stress for a 
vessel, for which Mr. John Inglis has very kindly sup- 
plied me with the necessary data. The vessel in question 





is 330 ft. long, and Mr. Inglis has had curves of shearing 
force and bending moment drawn for her, as actually 
laden, on the assumption that she was in statical equili- 
brium on a wave of her own length, and 20 ft. high. 
The maximum shearing force in this case is 1233 tons, 
and occurs at a section 93 ft. abaft the stem. Fig. 7 is 
the transverse section of the vessel at that place, modified 
somewhat to conform with the usual style of construction, 
and by the side of it is shown the actual diagram of shear- 
ing stress. It will be seen to be a very irregular curve. 

tarting from zero, at the top of the section, the shear- 
ing stress per square inch grows regularly in intensity 
until the upper deck is reached. Here it becomes reduced 
again to a very small amount, since the thickness of the 
deck, measured horizontally, as it has to be for the esti- 
mate of shearing stress, is large. Starting again, below 
the upper deck the shearing stress becomes at once of 
oe so magnitude, because, owing to the large amount 
of plating upon the deck, the difference of longitudinal 
shearing force over the small vertical interval occupied 
by the deck becomes large, and the shearing stress thus 
induced has to be borne by the shearstrake just below it. 
The same feature will be noticed in the diagram of shear- 
ing stress in Fig. 5 at the inside of the top and bottom 
flanges. The curve again begins to grow regularly until 
the lower edge of the shearstrake is reached. The shear- 
strake, ek is 44 in. thick, is here attached to an 2% in. 
between deck strake, and as the actual intensity of the 
shearing stress is inversely as the thickness of the plate 
its value in passing from the one plate to the other is in- 
creased to fourteen-eighths its former amount. 

On reaching the main shearstrake, which is }$ in. thick, 
the shearing stress, for the reason already given, becomes 
reduced, and is again very small in way of the middle 
deck, but increases suddenly as soon as that deck is passed. 
If below the middle deck the plating were of uniform 
thickness, the curve would be of practically fair form 
down to the neutral axis, but as it 1s gradually reduced 
in thickness in this instance until the neutral axis is 
reached, the curve continues irregular, there being a point 
of discontinuity at eachlap. At the height of the neutral 
axis itself the shearing stress is 3.9 tons per square inch. 
This figure, which is the maximum, has been deduced 
from the shearing force of 1233 tons, obtained on the 
assumption that the vessel is momentarily in statical 
equilibrium on the crest of the given wave. 

Below the neutral axis, the diagram takes the form 
shown, and there will be no difficulty experienced in trac- 
ing out the causes of the irregularities in the curve. I may 
add, that in the calculation the keelsons have been 
assumed of equal value with the other parts of the hull 
as regards this particular kind of stress. This can hardly 
be the case, but it is very difficult to discover the precise 
kind of action that really takes place at those parts. 

In referring earlier in this paper to the straining some- 
times observed at the turn of the bilge, I ventured the 
opinion that this may be caused mainly by the shearing 
stress borne by the material. It will be seen from wr 5 
that the value of the shearing stress is not appreciably 
diminished at that place; and, indeed, if the vessel be 
inclined when on the wave, the angular movement of the 
neutral axis which takes place, as I explained in my 
paper of two years ago, will cause it to pass very nearly 
through one of the bilges, and thus render the latter sub- 
ject to the maximum stress. It will be obvious, if we 
look at the form of the section of the plate at the turn of 
the bilge, that the shearing force upon it, between the 
frames at a butt, will tend to change the curvature, and 
thus lead to the working, the effect of which is so often 
visible. If I amcorrect in my view, a very efficient cure 
for this form of distress would be the fitting of a T bar on 
the inside of the butt strap along the line of the butt. 

We may draw one or two important lessons from this 
diagram of shearing stress. In the first place, while the 
estimate of longitudinal stress shows that stress to be 
greatest at the top and bottom of the section, and nil at 
the neutral axis, and that, therefore, so far as that parti- 
cular kind of straining is concerned, the girder may be 
strengthened by removing material from the neighbourhood 
of the neutral axis, and massing it at the top and bottom, 
the effect upon the intensity of the shearing stress at the 
neutral axis will be of the contrary character. By way 
of illustration, suppose the strake of plating in way of the 
neutral axis, which is in this case }}in., were to 
reduced in thickness to ¥ in., the difference being 
applied at the top and bottom of the section. The 
increase in the moment of inertia of the section would 
cause the longitudinal stresses to be correspondingly 
reduced under the given bending moment, but the shear- 
ing stress at the neutral axis would be increased from 3.9 


tons to nearly use 


=6.1 tons per square inch. 

Another important difference in regard to the two kinds 
of stress is to be found in the effect of variations in the 
thickness of the plating upon their intensities. I have 
shown above that the intensity of the shearing stress at 
any place is inversely as the thickness of the plating at 
that place ;on the other hand, asis well known, the stress 
due to longitudinal bending moment at any place is inde- 
pendent of the thickness at that place, being the same per 
square inch upon a $$ in. plate as upon an ¥) in. plate at 
their place of junction. It is this fact which makes it 
senile to fit light erections on the upper decks of ships, 
where the stress due to longitudinal bending moment is a 
maximum, whereas the employment of such thin material 
in the neighbourhood of the neutral axis, where the stress 
due to longitudinal bending moment is ni/, would be 
attended with + danger, owing to the rapid growth of 
the intensity of the shearing stress. 

One other point of some importance in considering the 
relative values of shearing and tensile or compressive 
stresses is the fact that the shearing strength of steel is 





much less than the tensile strength. According to some 
wa 4 careful experiments conducted by Professor Ken- 
nedy a few years ago, steel having a tensile strangth of 
28.45 tons, which is about the tenacity of that used for 
shipbuilding, was found to shear under the much lower 
stress of 23.09 tons. 

It is of interest to note, further, that the greatest 
shearing stress is probably never experienced amidships ; 
certainly the maximum shearing stress and the maximum 
tensile stress never occur on the same section. The former 
must always occur at the place where the curve of bending 
moment is growing most rapidly, while the latter is at 
- section at which the bending moment has its maximum 
value. 

I have explained how the varying shearing stress 
actually experienced over a transverse section of a vessel 
is induced in the material by the tendency which it has to 
shear longitudinally, and it will be of interest to measure 
the effect of this longitudinal shearing stress upon the 
rivets in the landing edges. In the old wooden ships with 
no edge connection, the effect of the longitudinal shearing 
stress would be to give the adjacent strakes of planking a 
tendency to slide past each other. Rankine remarked 
this tendency, and attributed the ‘“‘spewing” of the 
oakum from the seams to it. Members present who have 
experience of wooden ships may perhaps be able to tell 
us whether the tendency to spew the oakum has been 
observed to be greatest at the upper turn of the bilge, and 
at about one-fourth of the jensth from each end. 

In an iron or steel vessel, the actual longitudinal shear- 
ing stress experienced along the lower edge of one strake 
of plating has to be communicated from it to the strake 
below through the rivets in the landing edge. The latter 
are thus placed under shearing stress. e may give a 
coed A pe to this stress in the case of the vessel 
before us. The total longitudinal shearing force on the 
— for a length of one frame space in the neighbour- 

ood of the neutral axis is 24 x 4}. x 3.9=51.5 tons, and the 

rivets in the landing edge are arranged as in Fig. 8. 
They are fin. in diameter, and assuming the stress in 
each rivet to be the same, this would give 4 tons per rivet 
or 6.7 tons per square inch of rivet area. Of course, if 
any appreciable yielding were to take place under this 
stress, the framing would be called into play to help 
resist it. 

The above investigation throws some light upon the 
roblem of the rivetting of the laps of the a So 
‘ar as tensile or compressive stresses due to longitudinal 

bending moment are concerned, double-rivetted landin 
edges are not necessary anywhere ; the additional materia 
required for the second row could be more beneficially 
applied in thickening the plates themselves. As regards 
transverse bending moments, I think that the nature of 
the girder formed of the frame, reverse bar, and plating, 
is such that the tensile or compressive stress due to this 
cause can never be so great in the plating as to require 
double-rivetted landing edges. I have shown, however, 
that the rivets in even double-rivetted laps for the case I 
have taken are under considerable stress in the neighbour- 
hood of the neutral axis at certain parts of the vessel’s 
length. In that part, therefore, double-rivetted landing 
edges in vessels of any size are very desirable. But away 
from the neutral axis, towards the upper and lower parts 
of the section, the necessity for diiectectiel landing 
edges is not so apparent ; and so faras the work the rivets 
have to do is concerned, the edges may well be single 
rivetted. On the other hand, there are objections to the 
carrying out of this deduction in practice with large 
vessels. It must be recognised that double-rivetted land- 
ing edges help to give rigidity to the structure, and assist 
in keeping the plating to its work. It would, moreover, 
be found difficult in practice, probably, to properly close 
the landing edges of thick plates if they were only single 
rivetted. 

In concluding this paper, I wish again to point out how 
desirable it is that we should be furnished with reliable 
experimental data of the kind I have alluded to, The 
absence of such data prevents that effective investigation 
of the stresses borne by ships by which alone the most 
efficient distribution of the material of the hull can be 
determined, 





CrLacToNn-ON-SEA Pier.—The widening of this pier is 
now being proceeded with. For 870 ft. from the shore 
end the width is to be increased from 12 ft. to 30 ft., and 
for the next 225 ft. from 13 ft. to 90 ft., on which latter 
a pavilion to accommodate 700 visitors is to be erected 
next autumn. The deck area when the alterations are 
completed, will be two and a half times ter than it is 
at present. Extra stairs and other facilities for boating, 
&c., will be provided. The widening will be finished in 
the course of a few weeks in time for the use of visitors 
next summer. Mr. Kinipple, of 3, Victoria-street, West- 
minster, is the engineer, and Messrs, Meats Brothers, of 
Nottingham, are the contractors. 





SwevisH Rapip-Frrine Gun.—On Thursday, March 27, 
some experimental shooting took place at Finspong with 
a new rapid-firing gun constructed by Mr. Tiascld 
Thronsen, and manufactured at the above large establish- 
ment. Several officers, both Swedish and Danish, were 
present by command to witness the tests. The results, 
which entirely corroborated earlier experiments, were 
considered exceedingly satisfactory. Several series of 
ten shots were fired, and all compassed within twenty-five 
seconds. The hitting was remarkably uniform and true, 
all the shots having hit the je within a space of 
245 millimetres high and 170 millimetres broad. It is 
confidently anticipated that the new Finspong gun will 
prove itself one of the very best of its kind. 
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LOUGH ERNE DRAINAGE. 

AT the sixteenth ordinary meeting of the session of the 
Institution of Civil Engineers, held on Tuesday, March 18, 
Sir John Coode, K.C.M.G., President, in the chair, the 

aper read was on the ‘‘ Loch Erne Drainage,” by Mr. 
Se Price, Jun., M. Inst. C.E. 

The physical characteristics of the Lough Erne district, 
comprising 1,056,160 acres, were first described, and the 
various schemes proposed at different times for effecting 
the drainage of the district, without lowering the navi- 
gation level, were referred to. The works which had 
been carried out were designed by Mr. James Price, 
Sen., M. Inst. C.E., in 1878, and consisted in cutting a 
channel through a rocky barrier at Belleek, on the River 
Erne, below the Lower Lough Erne ; controlling the dis- 
charge through this channel by large sluice gates, and 
improving the channels above Belleek and between the 
two lakes. The sluice gates, when closed, retained the 
water at its normal summer level; whilst the raising of 
the gates, on the first intimation of heavy rain com- 
mencing in the upper districts, enabled the large water 
surface, of 27,643 acres on the lower lake, and 9453 acres 
on the upper lake, to be drawn down 6 in., so as to make 
provision for a flood in anticipation of its arrival, and 
thus prevent the flooding of the adjacent lands. The 
works were commenced in 1882, at the lower end, and the 
sluices were completed in September, 1883, the upper 
works being subsequently carried out. The channel at 
Belleek was excavated under the protection of clay dams, 
and the upper channels were mainly improved by dredging. 
The four sluice gates,* designed by Mr. F. G. M. Stoney, 
M. Inst. C.E., sliding against a train of 8-in. live rollers, 
were 29ft. 2in. wide and 144 ft. high, and capable of 
being raised 9 ft., and had been working most satisfactorily 
for the last six years. Each gate weighed 13 tons, and 
could be easily raised by one man to its full height in 
forty-five minutes ; or the four gates could be lifted simul- 
taneously by a turbine in half an hour. Their total cost, 
exclusive of masonry, was 4000/. Large compensation 
had to be paid for anticipated injury to the fishery rights, 
though the works had actually improved the salmon 
fishery. The total cost of the works was 180,000/., of 
which 30,0007. was for navigation and 150,000/. for 
drainage. The author was the resident engineer for the 
whole of the works, and the lower works were carried out 
under his supervision, whilst the works between the lakes, 
and in the upper lake, were executed by contract. 
Observations of the rainfall, lake levels, and sluice dis- 
charges for the years 1885-88 had been put in the form of 
a diagram. Allowance had been made for a discharge 
of 600,000 cubic feet per minute, of which 400,000 cubic 
feet had to be provided for by enlargements of the 
channels; but it appeared from the diagrams that, 
owing to the power of anticipating a fi by means 
of the sluices, a discharge of 500,000 cubic feet 
per minute would have sufficed to prevent flooding, 
without unduly lowering the navigation level of the 
lakes. The Erne diagrams showed how little the storage 
in the lakes affected the summer flow, and indicated that 
the great store for the summer yield of a river was the 

round water. The general effect of the Erne drainage 

ad been to render the water level of the lakes more 
uniform, higher in summer and lower in winter. The 
had effects of the flooding, during a wet summer, of the 
extensive flat lands bordering Lough Erne, which ex- 
tended in an unbroken sheet of water for 50 miles, were 
not confined to the loss of the year’s crop of grass, for the 
decayed grass affected the next year’s hay crop; whilst 
large tracts of undrained land, by exposing large sur- 
faces of spongy grass to evaporation, chilled the air, pre- 
venting or delaying the ripening of corn; and the damp 
chilled air, mixed with the products of decaying vegeta- 
tion, fostered disease. In some cases occasional flooding 
might be beneficial to land, owing to the manurin 
= of the flood deposits ; and sluices enabled suc 

ooding of flat lands to be effected, for short periods, at 
suitable seasons. 

The author advocated the following general principles 
in designing drainage works: 1. That the cross-section 
of the enlarged channels should be hyperbolic instead of 
trapezoidal, increasing the discharge in proportion to the 
section, obviating slips by flattened slopes next the land, 
facilitating dredging, and confining the low water channel 
so that the sides could be cleaned. 2. That the channels 

hould be given a fall of only 1 ft. or 2 ft. per mile, with 
embankments and back drains where necessary, and 
accumulating any excess of fall at certain points where 
the discharge might be effected along paved channels. 
Embankments were generally avoided in Ireland ; but it 
was clearly a mistake to lower a large river in order to 
preserve a small area of land from flooding. Though not 
applicable to the Erne, embankments should be used for 
the Barrow drainage. The extension of arterial drainage 
in Ireland would render large areas of land available, and 
would raise the mean summer temperature, which at pre- 
sent was only 58 deg. Fahr. Amended laws, however, 
would be required for carrying out any large drainage 
works in the future, and the initiation of the schemes 
could no longer be left to the landowners who, under 
their altered conditions of tenure, had lost their former 
interest in the improvement of their estates. 





THE BARRY DOCK. 


Art the eighteenth ordinary meeting of the session of 
the Institution of Civil Engineers, held on Tuesday, the 
1st of April, Sir John Coode, K.C.M.G., President, in 
the chair, the paper read was ‘‘On the Barry Dock Works, 
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including the Hydraulic Machinery and the Mode of 
Tipping Coal,” by Mr. John Robinson, M. Inst. C.E. 

e paper stated that Barry Dock was situated on the 
north shore of the Bristol Channel, between Barry Island 
and the mainland, seyen miles directly south-west 
of Cardiff. The site chosen for the dock occupied the 
eastern portion of the channel, which formerly ran 
between the island and the mainland. An Act of Parlia- 
ment to authorise the construction of the dock, and the 
railways ccnnected therewith, obtained the Royal assent 
on the 14th of August, 1884. The undertaking comprised 
a tidal basin of seven acres, a dock of 73 acres, and a tim- 
ber pond of 24 acres. The entrance to the dock was at 
the eastern end of the island, under the shelter of the 
high land of Nell’s Point. This excellent natural shelter 
was supplemented by two outlying converging break- 
waters. The tidal range was 36 ft. at ordinary sprin 
tides, increasing to 40 ft. at extraordinary springs ; an 
194 ft. at ordinary neaps, diminishing to 16 ft. at extraor- 
dinary neaps. The dock was not fed with water from 
any river. The width of the entrance between the 
masonry walls was 80 ft., and gave access to the basin. 
In the entrance was placed a single pair of wrought-iron 
gates, and the dock not being exposed to heavy seas, 
there were no gates pointing outwards. The passage 
ann the basin and the dock also had a width of 
80 ft. 

The dock was 3400 ft. in length, the maximum width 
being 1100 ft., divided at the western end by a mole into 
two arms, the full width being left at the eastern end 
for a length of 1600 ft., where vessels of the largest class 
could swing. The bottom of the dock, which was not 
puddled, was 20 ft. below mean sea-level. The mole was 
1300 ft. in length and 200 ft. in width, with pitched slopes 
of 1? to 1 on the north side, and of 2 to 1 on the south 
side. Along the northern side of the dock were 11 high- 
level tips, and on the northern side of the mole were 
three low-level fixed tips, and masonry towers for two 
others had been built. (Two more low-level tips were 
stationed on the south side of the dock, and one at the 
western end. To prevent the basin and dock being 
flooded whilst the temporary stone dam was removed a 
caisson was erected, which could be used for future 
requirements, 

he breakwaters were formed of rubble excavated from 
the basin and railway cuttings, and the sea slope was 
protected by blocks of mountain limestone, weighing 
from 4 to7 tonseach. At the head of the west break- 
water there was erected a cast-iron tower 30 ft. in height, 
the diameter at the base being 7 ft. 9 in., and at the top 
6 ft. 6in., with a spiral staircase inside. In the tower 
was placed a fourth order dioptric occulting white light, 
visible in clear weather at a distance of ten miles. 

The -hydraulic power was obtained by means of two 
pairs of compound horizontal condensing pumping 
engines of the tandem type. The boiler pressure was 80 Ib, 
per square inch, and condensing water was obtained from, 
and returned to, the dock through pipes 15 in. in diameter, 
by the circulating pumps. Another hydraulic engine- 
house was in course of construction at the north-west end 
of the dock. 

The entrance of the sea into the basin, and the passage 
between the basin and the dock, were each provided with 
a pair of wrought-iron gates, having a span of 80 ft. and 
a rise of 20 ft. There were six sluices in each leaf, havin; 
acombined area of 100 square feet. These were worke 
from the top by direct-acting hydraulic cylinders and 
pistons. The gates at the entrance were opened and 
closed by hydraulic power, chains being dispensed with. 
The water was admitted to a direct-acting hydraulic 
cylinder, having a piston 2 ft. 5? in. in diameter, and a 
ram 1ft. 9 in. in diameter, with a stroke of 25 ft. 9 in., 
attached direct to the gate, the cylinder being in three 
parts of cast steel. Trunnions were cast on the cylinders, 
projecting above and below, and pivotted in saddle 
bearings which also had trunnions on their sides, and 
these pivotted in bearings fixed to the walls of the ram- 
chamber, thus permitting the cylinder to oscillate both 
horizontally and vertically. The hydraulic rams were 
of sufficient strength to resist shocks of waves, and to 
hold the gates rigidly during movement. The passage 
gates were worked in the same manner as those at the 
entrance; but in this case the ram was attached to a 
radius arm near the top, with a slide against the back of 
the gate, the other end of the arm — on a pin in 
the holding-down bracket over the top of the heel-post. 
As the power required was less, the diameter of the 
piston was only 2 ft. 14in., and that of the ram 1 ft. 6in., 
with a stroke of 16 ft. 7in. The cylinder for the passage 
gate machine was of iron cast in one length, and tested to 
a pressure of 2400 Ib. per squareinch. The ram was also of 
cast iron, and the whole machine was arranged in asimilar 
manner to that for the entrance gates. For the protec- 
tion of the gates stout chain cables and wrought-iron 
box booms were placed in front of the masonry. To pre- 
vent the gates rising and floating away, a cast-steel hold- 
ing-down bracket was provided at the top of each heel- 
post. The ordinary time occupied in opening the gates 
was one minute and a half, and the same in closing ; but 
those at the passage occupied less than a minute in open- 
ing, and the same in closing. 

Phe following modes were ap at Barry for the 
shipment of coal, where it was shipped both from high 
and from low levels. On the high level the trains were 
backed into curved sidings intended for full wagons, 
where the engine left them. These sidings were on gra- 
dients of 1 in 233. No stop-chocks were employed, nei- 
ther had they been found necessary. The loaded wagons 
were sent from the collieries with the doors up-hill, to 
prevent their opening on some of the steep inclines in the 
valleys, and did not therefore require to be turned for tip- 
ping when shunted into the sidings, thereby saving both 
time and labour. The wagons were drawn forward and 





run one by one on to the weighbridge, and afterwards 
drawn on to the coal-tip by means of another hydraulic 
capstan. The coal-tips consisted of masonry towers 30 ft. 
square, on which were erected wrought-iron framings, 
braced together by angle, tee, and bar irons. This fram- 
ing served to support the wrought-iron guides for the 
cradle. The latter was provided with the necessary 
tip-up table, hinged in front, and worked by hydraulic 
power, by means of a cylinder hung on trunnions to 
girders underneath the table which travelled with it, 
and capable of tipping loads up to 19 tons. The tips 
were provided with coal shoots, anti-breakage cranes, 
boxes, &c. The shoot was tapered towards the point to 
check the sliding of the coal, and had a single door across 
near the end for regulating the same. In the bottom 
plate of each shoot were two iron bar screens for sepa- 
rating the small coal when required. On the underside 
of the shoots, immediately below the screens, were hinged 
doors to allow of single screening, double po my or 
the passage of the coal unscreened. At one of the high- 
level tips 400 tons had been shipped in one hour in the 
ordinary course of working. 

The tips on the low level differed from those on the 
high level, insomuch that wagons were received into the 
hoists at quay level, and the empty wagons were returned 
from the tip at the same level. The wagon had thus to 
be lifted the required height for tipping. A movable ti 
was in course ‘of construction for the Sigh level, whic 
would run on rails along the quay for a distance of about 
50 ft. each side of the centre of approach, and could be 
used in connection with a fixed tip. The tip was moved 
by a hydraulic engine geared to the travelling wheels. 
There was also a movable tip in course of construction for 
the low level. The passage was crossed by a rolling 
bridge, worked by hydraulic power, carrying a single line 
of railway and forming part of a roadway. There were 
eleven movable cranes, capable of lifting from 30 ewt. to 
4 tons, for loading and discharging cargoes of vessels 
lying along the quay wall and — the timber jetties 
at the east end of the dock. The cranes were of the 
elevated type, and constructed on a pedestal of wrought- 
iron plate, with an arch underneath for the wagons to 
pass while the cranes were at work. The dock and 
sidings were lighted by electric light. The engineers of 
the dock works were Mr. John Wolfe Barry, Mr. T. 
Forster Brown, and Mr. H. M. Brunel. The author 
was the resident engineer. 





THE EVAPORATION OF LANCASHIRE 
BOILERS.* 
By Mr M. Loneriper, M.A., M. Inst. C.E. 


Tue Lancashire boiler is such a common object in this 
part of the world that it is difficult to avoid the feeling 
that some sort of apology is required for venturing to ask 
a Society of Manchester Engineers to spend an evening 
in considering it, for it would almost seem as if every- 
thing that could be said about it must have been said 
already. In one sense this is true. As astructure the 
boiler a been so minutely studied and described that if 
the diameter and working pressure were given, none of 
us would find much difficulty in Apoers, By specification 
from which a perfectly safe boiler could be made, and if 
the factor of safety were also given, I venture to say that, 
with the exception perhaps Of some little disagreement 
about latacuaf flues, the specifications would be practically 
identical. 

But if besides fulfilling conditions as to strength, the 
boiler were required to evaporate a given quantity of 
water in a given time and from a given quantity of coal, 
I fear that unanimity would vanish, that speculation 
rather than calculation would guide our pens, and that 
the result would be quot homines tot sententie. I at least 
have no hesitation in confessing that the problem would 
be very difficult to solve, and my object in bring- 
ing this paper before you is to explain how I have tried 
to solve it, and to learn what you have done in similar 


cases. 

In 1882, a lecture was given at the Institute of Civil 
Engineers in London, by Mr. William Anderson, “On 
the Generation of Steam and the Thermodynamic Pro- 
blems Involved.” It is a lecture well worth reading, and 
it contains an illustration which I am sure Mr. Anderson 
will not object to my quoting, with one or two verbal 
alterations, as an introduction to my argument. He 
drew a picture (like Fig. 1) representing the section of a 
hillside. ‘‘Some distance up there is a lake L fed by 





Fig. 7. 
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streams running down from a still higher level. Lower 
down on the slope is a millpond P, the tail-race from 
which falls into thesea. At the millpond is established a 
turbine, driven by water descending from the lake through 
a pipe. Datum or zero is the sea level. The level of the 
lake is T,, and of the millpondT. W is the volume of 
water falling through the turbine per minute, ¢ the weight 
of 1 cubic foot. The sea level is the lowest level to which 
the water can possibly fall, hence its greatest potential 
energy, that of its position in the lake, is WoT, The 
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* Paper read before the Manchester Association of 
Engineers. 
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water is working between the absolute levels T, and T, 
hence the maximum effect to be expected is 


“WoT, tr) =W o(T,-T).” 


If for ‘‘ hillside” we substitute ‘‘ boiler flue,” for ‘‘lake” 
“furnace,” for Wo, the weight multiplied by the spe- 
cific heat, or the heat capacity of the gases in the furnace, 
for T,, and T, the absolute temperatures of the gases in the 
furnace and at the end of the flue, and for the sea level, the 
zero of absolute temperature, then W o T,, will represent 
— absolute energy of the heat generated in the furnace, 
an 


WoT, ("x)= o(T,-T) 


the maximum proportion of W ¢ T,, which we can b 
any possibility utilise so long as the initial and final tem- 
peratures of the gases are T, and T. 

The proportion (T,—T)+T, will no doubt be recognised 
as the Carnot’s coefficient of efficiency of a perfect heat 
engine, and the illustration shows, that we can no more 
utilise all the energy of the heat supplied to a steam 
boiler, than we can all the energy of the heat supplied to 
any other heat engine; for we can neither make the tem- 
perature in the furnace infinitely great, nor that at the 
end of the flue absolutely zero. Thus, as the water in 
the lake possesses energy in virtue of its height, so does 
the fuel in the furnace possess energy in virtue of its 
temperature. As on the hillside the energy of the water 
in the lake cannot become active without a fall of level, 
soin the boiler the energy of the heat in the furnace 
cannot be utilised without a fall in temperature. And as 
in the waterfall the work done by the turbine is propor- 
tional to the change of level, so in the heat engine is the 
work done by the heating surface proportional to the 
change of temperature. 

Therefore if W be the weight of gases per pound of coal, 
o their mean specific heat at constant pressure, T, and T 
the initial and final temperatures of the gases (whether 
measured from absolute zero or any other point is imma- 
terial), the heat available for evaporating water cannot 
exceed W o (1.7) thermal units per pound of coal. 

So far we have dealt exclusively with quantity. We 
must now consider time, or settle the rate at which the 
heat W o (T.,—T) can be transferred from the gases to the 
water. This is really the question with which this paper 
is concerned, and it is a question of very considerable 
difficulty, and in my opinion well worth your considera- 
tion. The way in which I have tried to answer it is this: 
First to obtain a general approximate formula connecting 
the different variables involved, and then to determine 
by experiment the constants and corrections required to 
make the formula available for numerical calculation 
under practical conditions. 

If S=the number of square feet of heating surface per 

pound of coal burnt per hour. 
W=the weight of gases per pound of coal. 
o=the mean specific heat of the gases under con- 
stant pressures, 
T,=the temperature of the gases in the furnace. 
T’=the temperature after passing over surface S, 
t=the temperature of the water in the boiler. 
m= the number of units of heat transmitted through 
the plates per square foot of surface per hour, 
and per degree difference of temperature. 


Then considering ™ as constant and the rate of trans- 
mission proportional to the difference of temperature, the 
heat transmitted by an element of surface 5S is m (‘T—t) 
58; and the heat lost by the gases in passing over the 
surface 5 Sis -Wo6dT. Equating these two quantities 


we have 
m(T-t)86S=-WoiT 
or 
m . oT 
_ -88S= 
Wo T—? 
and integrating 
m = othe + 
We S=log, (T—t)-+ constant. 
When T=T., S=0. 
-*. O=log, (T, -¢) x constant, and constant = — log, (T, -t) 
Whence 
~ m S 


= log, (T - ¢) - log , (T.—t), 


Wo 
or taking common logarithms and transposing 
m=2.3 x pA {log (T, — t)-log (T-2)} » 


By means of this equation and a sufficient number of 
experimental observations of the values of the symbols in 
the right-hand member, I hoped to determine the general 
value of the constant m, and this once done to use the 

mS 


formula 
aswa} ° 


log (T —t)=log (T.,—t)-- — 
‘ to calculate the final temperature T of the gas for any 
tery case where the working conditions defining W ¢, 

»» and ¢ were given, and then to calculate the probable 
gy og in the following way : 

Having found T, the heat lost by the gases is Wu 
(T.—T). Part of this heat is. expended by transmission 
through the brickwork and by radiation, and partly in 

heating air drawn into the flues between the brickwork 
and the boiler. Call this heat R. The remainder is trans- 
mitted to the water in the boiler. If ¢, be the temperature 
of the feed, w the number of pounds of water evaporated 
per pound of coal, then the heat transmitted to the water 
1s w (1114+,305¢-¢,) thermal units per pound of coal, 


(2) 


Equating this to W o(T,~—T)-—R, the number of pounds 
of water evaporated per pound of coal will be 
Wo(T,-T)—R 


= oe SD 

It will be noticed that in constructing the general equa- 
tion of transmission (2) I have treated m and ¢ asconstant, 
and have assumed that all the gas passes over the whole 
of the heating surface. 

Now as regards m this treatment is certainly incorrect. 
Instead of being constant m is a function of T,, T, ¢, of 
the condition of the plates in respect of soot and scale, 
and of the rapidity of circulation of the water and gas 
currents, for both water and gas are such bad conductors 
that unless the layers of heated water and cooled gas next 
the plates are rapidly displaced, the transmission is 
materially reduced. The mathematical expression of this 


Y | function and its introduction into the differential equa- 


tion, however, seemed so utterly impracticable, that there 
was no alternate but to adopt Newton’s hypothesis, and 
treat m as constant in the integration, afterwards provid- 
ing for such variations of this constant as experiment 
might suggest by a table of values or an empirical formula. 

s regards t, the difference in the temperature of the 
water in contact with the different parts of the heatin; 
surface of Lancashire boilers is so small, that no materia 
error can occur in treating it as constant and equal to 
that due to the steam pressure. 

The error involved in the third assumption is also small, 
and the variation of the error smaller still, and it is this 
variation only which affects the coefficient m so long as 
this coefficient is applied to one type of boiler. Strictly 
speaking, the evaporation from the furnace plates should 
be calculated separately, and the formula (2) applied only 
to the part of the boiler beyond the bridge. But with an 
ordinary extent of heating surface, the results of the two 
methods differ by so little, that it isnot worth while com- 

licating the subject by the addition of another calcu- 
ation. 

Having made these necessary observations, I must now 
explain the way in which I have found the values of 
We, 8, T., T, and t, which are required in order to deter- 
mine m from equation (2), and I think I can do this best 
by taking a concrete case ; for this purpose I have selected 
one of my own experiments with two Lancashire boilers 
7 ft. in diameter by 30 ft. long, hand fired. This experi- 
ment is fully described in my annual report for the year 
1888, and I will only give such particulars here as are 
necessary to the comprehension of the question before us. 

The result of the experiment expressed in the form of a 
debtor and creditor account were as follows : 


Boilers. 





Thermal 
Units. 
Dr, To calorific value of 11b. dry coal 13,363 
To heat contained in 1]b. coal... sas 
To heat contained in air, 14.79 |b. 
entering furnace at 54deg. ... Ss 179 
To heat contained in moisture held by 
air... ; ene vA we ee 2 
Total 13,566 
Cr. By heat required to raise 9.819]b. 
water from 206 deg. to 326deg., and 
to evaporate it into steam contain- 
ing 3 per cent. of moisture ... 5 9,626 
Heat carried off in waste gases : me 
9.1461b. products of combustion at 
648 deg. ae ae “ Re 1,606 
5.618 lb. unburnt air, 0.135 Ib. 
vapour, and 0.16 lb. steam, arising 
from evaporation of water mixed 
with the coal ... eee ae ins 914 
2,520 
Heat absorbed in evaporating .016 lb. 
water mixed with coal ‘ . 18 


Heat lost by imperfect combustion we 0 
Calorific value of .03951b. of unburnt 





carbon in ashes... me ie 575 
Heat lost in clearing fires a ae 45 
Remainder, including heat lost by 

radiation and unaccounted for L€ 782 

Total a me 13,665 
The heating surface of the boilers was 1810 square feet, 


excluding the lower halves of the furnaces below the bars 
as is usually done, though why they should be excluded I 
do not quite understand, as they certainly receive heat 
radiated from the grates, though no doubt the quantity is 


very small, 
‘The weight of dry coal burnt per hour was 1073 Ib. 
The weights, specific heats, and heat capacities of the 
waste gases are given below. 


yo = 
W lbs. o Specific Heat 
Heat. Capacity 
Carbonic acid 2.721 x 0.216 = 0,588 
Products of ) Nitrogen -- 6.870 x 0,244 = 1,676 
combustion |} Steam from combus- 
tion of hydrogen.. 0.445 x 0.481 = 0.214 
— 2.478 
Air en 5.618 x 0.238 = 1,337 
Air in ex-) Vapour in air -» 0.1385 x 0.481 = 0.065 
cess & water) Steam from water 
mixed with coal .. 0.016 x 0.481 = 0.008 
c — 1.410 
3.888 


The value of S is found by dividing the heating surface 
by the weight of dry coal burnt per hour, and is in this 





case 1.69, 


The value of W a is given above, namely, 3.888, 

The value of Ty must be obtained by calculation, since 
we have no reliable method of observing it para 6 The 
calorific value of the coal was 13,363 thermal units, but this 
value was reduced by various losses in the furnace, as 
shown in the balance-sheet, namely : 

18 units absorbed in evaporating the water mixed with 
the coal. 

575 units, the equivalent of .0395 lb. of unburnt carbon 
mixed with the ashes. 

45 units lost in the hot ashes and clinkers, altogether 
638 units, which, being deducted from the calorific value 
of the coal, leaves 12,725 units available for raising the 
— of the gases. 

The heat capacity of the gases being 3.888, these 12,725 
units would heat the gases 12,725+3.888=3273 deg., and 
as the temperature of the air entering the furnaces was 
54 deg., the temperature of the fire was 3327 deg., and 
this I take as the value of T,. 

The value of T and ¢ were obtained directly by observa- 
tion ; they were 648 deg. and 326 deg. respectively. 
Substituting these numbers in the right-hand member 
of equation 2, we have 


= 3.888 ene - 
m=2.3x Le {log (3273—826)—log (648 —326 i 


=5,.13 thermal units. 


From this slight sketch you will see that the deter- 
mination of m depends upon a knowledge of a number of 
other quantities, the accurate evaluation of some of 
which is very difficult. To begin with, it is by no means 
easy to learn the calorific value of the coal itself. First, 
there is the exceeding difficulty of selecting an average 
sample for analysis and testing, and secondly, the calorific 
values calculated from analyses, hardly ever agree with 
those found from calorimetric tests. In my work I have 
been forced to content myself with one analysis of each 
coal I have used, but when using the same coal for several 
days I have made generally three calorimetric tests for 
each ~ ; unfortunately, I have found that the three tests 
of one day, though ing among themselves, have not 
in general agreed with those of other days, although the 
coal was said to be supplied from the same seam and pit. 
I have found as much as 1000 thermal units difference in 
different loads of what was supposed to be the same coal. 
In general I have taken the analysis (as was necessary) as 
the basis for calculating the volumes and weights of the 
chimney gases, but have relied upon the calorimetric 
tests for fixing the calorific value of the fuel. (Perhaps 
I may here nee that in making tests with Thompson’s 
calorimeter, the value obtained must be reduced by the 
heat liberated by the condensation of the steam arising 
from the combustion of the hydrogen in the coal, for 
when the coal is burnt in a boiler furnace this steam is 
not condensed, and does not give up its latent heat as it 
does to the water in the calorimeter. This correction is 
frequently overlooked ; with Lancashire coals it generally 
lies between 400 and 500 units). 

Secondly, there is the difficulty of determining the 
amount of the losses in the furnace, which have to be 
deducted from the calorific value of the coal, before the 
per of heat available for the calculation of T, can be 

xed, 


The most important of these are: The heat equivalents 
of the unburnt carbon, which is lost among the ashes, and 
of combustible gases, passing off unburnt. 

Without making an analysis of the ashes, which I have 
been unable to saeecealen, the only means of estimating 
the quantity of unburnt carbon is to deduct the percentage 
of ash given by the coal analysis from the percentage 
actually thrown away; a method which can only give 
correct results if the percentage given by the analysis of 
the single sample analysed be the same as the percentage 
in the bulk of the coal burnt. 

The amount of the loss due to imperfect combustion is 
also difficult to ascertain outside a laboratory. It is fre- 
quently asserted that combustible gases cannot exist in 
company with a large excess of air. This I think isa 
mistake. It is true it is often difficult to find carbonic 
oxide, while carbon vapour and free hydrogen entirely 
elude the snares of the apparatus ordinarily used for out- 
door work. My experience, however, is, that with care 
and patience, carbonic oxide can very frequently be found 
in small proportions, while as regards free hydrogen the 
experiments of Scheurer Kestner* seem to show that, in 
general, about 20 per cent. of the hydrogen in coal escapes 
unburnt, whether the supply of air be great or small. 

If these experiments be relied on, the losses in the fur- 
nace will exceed those found in the balance-sheets of 
trials, while the remainders usually ascribed to radiation 
and heat unaccounted for will be diminished. Hence the 
probability is that the losses in the furnace have been 
under-valued, and the temperature T, over-stated some- 
what in my experiments. 


(To be continued.) 








Steam NAVIGATION IN THE Paciric.—The Pacific Mail 
Steamship Company is favourably considering a proposi- 
tion to establish a new line to run in connection with the 
Northern Pacific Railway from Tacoma, Washington, to 
China. It is proposed to begin with two steamers only. 





GERMAN METALLURGY.—The production of pig in the 
Rhenish and Westphalian provinces of Germany in 
January amounted to 113,178 tons. The sales of the 
month were 113,768 tons. The stocks on hand at the 
close of the month were estimated at 35,070 tons. 


+ Researches sur la combustion de la houille, par A. M, 





Scheurer Kestner, Mulhouse, 1868. 
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the broken-off object is screwed out of its aperture, and is con- 
‘* ENGINEERING” ILLUSTRATED PATENT veniently removed from the material and finally from the bit A. 
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Comp1teD sy W. LLOYD WISE. 
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TOOLS. 


in the Act, 


855. A. Dunbar, Liverpool. Treating Staves 


5 
for Use in the 


ufacture of Barrels, 

and the like. (8d. 5 Figs.) April 5, 1889.—This machine is 
specially designed for hollowing and backing in the direction 
of the grain of the wood, rough staves such as are em- 
loyed for making palm oil casks and similar classes of tight casks. 
Two revolving cutters R, S, are arranged directly one above the 





other in combination with holding or feeding rollers M, H, and 
delivery rollers K, J. The weighted feeding roller M is driven by 
an endless pitched chain, and the movable stretching roller N and 
lever N1, and is capable of accommodating itself to the varying 
thicknesses and shapes of a rough stave, and of pressing the same 
approximately flat on the lower feeding roller H. (Accepted 

e ry 19, 1890). 

6020. G.G. N. ham, London. (J. 7. Halsey, 
New York, U.S.A.) Portable Drilling Machines. [8d. 
7 Figs.) April 8, 1889.—Rotary motion is communicated from 
the pulley G, through the tubular shaft F, bevel wheels C! and C, 
and the drilling bar A, to the drill X. The feed is differential in 
principle and is effected by means of the shaft H, bevel wheels Bl 





and B, outer sleeve b, and innersleeve al, the latter being clamped 
to thedrilling bar A. The amount of feed is determined by the dif- 
ference in speed between the nut wheel Band the drill. The tubular 
shaft F and inner shaft H are coupled together at will by means of 
aspring clutch slideI. (Accepted February 12, 1890). 

10,883. G. A. Hardt,Cologne,Germany. Soldering 
Irons, (6d. 2 Figs.) July 5, 1889.—The improved soldering 
iron K is hollow, and has connected to it an air chamber L that is 











collapsible or capable of having its capacity readily altered so that 
it may be made to cause fluid solder to enter a hollow space 2 in 
the soldering iron, and to afterwards force such solder out of the 
hollow space by pneumatic action. (Accepted February 19, 1890). 


20,849. M. Weatherford, Texas, U.S.A. Device 
for Remo ang Brohen Screws and the like. (8d. 
6 Figs.) (Date under the Convention). May 28, 1889.—The device 
is used as follows: When a screw, tap, or screw bolt is broken off 
in a piece of iron, marble, or other material, a bit A, of which 
the diameter of the internal thread C corr ds to the di t 
of the broken-off object, is fastened on the shank B, the end of the 
bit being inserted in the aperture in which the object is broken 
off. By turning the shank B the oblique external cutters E 
remove part of the material, so that the bit A enters the opening 
leading to the broken-off object. When the end of the bit A 
comes in contact with the broken-off object, the internal cutters F 
cut off part of the thread on the said screw, tap, or screw bolt, and 
the cutting thread C cuts a new thread on the object extending in 
an opposite direction to the old thread. When the bit has cut a 
sufficient length of thread on the broken-off screw, tap, or screw 
bolt, the latter will finally turn with the bit, that is, in the oppo- 





Fig.3. 
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The cuttings of the internal thread F and the outtings of the 


VALVES. 


5284. H. Trott, London. Valve Apqevatus. (sd. 
18 Figs.) March 27, 1889.—This invention has lor its object to 
facilitate the removal of parts of valves for examination, repair, or 
renewal by cutting off the supply of liquid in advance of the valve 
chamber from which the valve is being removed. In operation 
whenever the screw spindle a of the improved valve is moved 
inwards to its ordinary working position, the coned valve piece d? 
comes in contact with the end of the stem d, forcing the valve 
piece d2 from its seat and opening the passage for supply of fluid 





which finds its exit between the valve c and its seat to the outlet 
8, Continuing the motion the valve ¢ may be closed on its seat 
b4 and the supply of fluid entirely stopp B tinuing the 
rotation of the spindle a the valve piece may be brought to its 
extreme extent of outward movement when the auxiliary valve 

iece d2 will have come home to its seat and close the passage for 
liquid, when the valve piece ¢ can be removed without escape of 
liquid through the opening left by the removal of the cap b®. (Ac- 
cepted February 19, 1890). 





6406. D. B. Morison, Hartlepool, Durham. Pump 
Valves, (8d. 17 Figs.) April 15, 1889.--The valves proper are 
circular conical plates with a circular opening in the middle, the 
metal round the opening being flanged or turned up to give 
ample guiding surface on the central guide ; they may be stamped 
or cast. The valves are placed with the apex of the cone down- 
wards so as to give a more easy disch: for the fluid at the 
circumference of the valve. 1 is the seat which is shaped to exactly 
correspond with the surface of the valve, 2 is the guard having a 
central opening 3, to allow of the escape of fluid at the inner cir- 





cumference 4. Three screws 5 are provided for holding down the 
guard, the jam nuts 12 preventing the screws from working loose. 
This form of guard is suitable when the valve chest door is on the 
side of the chest and not on the top, the screws then bearing 
against the metal surface with their parts 6 and so causing the 
guard to bear upon the valve seat at the points 7 and 8. The guard 
thus serves the double pu of securing the valve seat and of 
regulating the lift of the valve. Should an increase of lift of valve 
be required adisc or washer may be placed between the guard and 
the seat at the point 7. (Accepted February 19, 1890). 


GAS. 


6131. S. Fox and E. Blass, Leeds. Manufacture of 
Water Gas. [6d. 2 Figs.) April 10, 1889.—a is the furnace, 
¢ a passage connected with a valve controlling the air inlet and 
as Outlet, and through which a current of air is admitted for 
lowing up the lighted fuel to an incandescent state, and the 
water gas withdrawn to the receiver. The producer gas gene- 
rated by the partial combustion of the fuel during the process of 
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blowing hot, is ignited at the point e, where a jet of air controlled 
by the valve cl enters, mixing therewith, and induced by the 
action of the chimney f to through and heat the regenerator 
d, after which the damper/! and the air passages c, cl are closed. 
Steam is then produced in the ———— by the admission of 
water at g, and passing through the incandescent fuel, becomes 





site direction to that in which its old thread was formed, whereby 


6134. T. Sturgeon, Ilkley, Yorks. Gas Governor. 
(8d. 11 Figs.) April 10, 1889.—a@ is a dome-shaped cup, 6 an 
annular trough, ¢ a thin annular projection dipping into the fixed 
trough d ; eis the exit anes J isa plate and projecting rim ; 
g is the inlet passage. hen the pressure of the gas in the in- 
verted cup becomes too great, the cup rises, and the lower edge of 
the projecting rim f becomes immersed in the liquid in the 











annular trough b, any further supply of gas being thereby cut off 
until some of that in the inverted cup is used, and the cup again 
falls owing to the pressure being reduced, when the supply is 
again renewed. The pressure at which the apparatus shuts off the 
gas is regulated by means of weights attached to a lever m con- 
nected with the inverted cup. (Accepted February 19, 1890). 


10,286. N. Rogers and J. A. Wharry, Terre Haute, 
In , U. Gas es. (Sd. 6 Figs.) June 24, 
1889.—This is a two-cylinder engine, each cylinder B being pro- 
vided with a combustion chamber C, which is not entered by the 
piston D. The connecting-rods E from each piston are coupled to 
one crankpin F of the crankshaft H. On the outstroke of each 
piston, in succession, a charge of carburetted air of regulated 
strength and temperature (from the carburetter R), and a charge 
of atmospheric air are drawn by suction, through valves P, O, S, 
and N, into the cylinders. On the return stroke of each piston 
the charges are compressed into the bustion chambers and 
then fired by an electric spark produced by the igniting apparatus 





















connected with the dynamo M1, Thus while one engine is draw- 
ing its charge the other is compressing its charge, and then fires it 
whilst the first engine compresses. The second engine then ex 
hausts while the first makes its power stroke, then to exhaust in 
its turn. The regulation of speed is effected by means of cams 
acted upon by a governor, each cam being moved to the left as 
the speed increases, and the inlet valve lever drops from one cam 
stop to the other, thus decreasing the lift of the inlet valve. 
The exhaust valves are opened by means of exhaust cams. When 
excessive speed takes place the right-hand engine is thrown idle, 
and at a still higher speed both engines run idle. (Accepted Feb- 
ruary 12, 1890). 


20,980. H. E. Newton, London. (The Fuel Gas and 
Light Impr t ip of America, New York.) Process 
of and Apparatus for Manufacturing Gas. (8d. 2 Figs. | 
December 31, 1889.—Into the converter or d posing chamb 

D is introduced through the injector d? a mixture of liquid hydro- 
carbon, superheated steam, and oxygen or air, which is ignited 
through the opening d. The intensely heated products of com- 
bustion pass down through the passage or mixing chamber E, 








where they mix with the hydrocarbon admitted in fine jets through 
small passages ¢ from the supply pipe E!. The enriched or car- 
buretted gas then passes down through the high heated mass of 
fragmentary refractory material C into the chamber A® and thence 
out through the eae a to be used as illuminating gas. A pipe F 
is provided for drawing off the gas before being curburetted if 
required. A pipe a? is also provided for carrying off the vapours 
during the preliminary heating up. (Accepted February 5, 1890). 


PIPES. 


7012. W. R. Lake, London. (Hollander and Vinken, 
Rotterdam, Holland.) Apparatus for Testing Pipes or 
Tubes. (8d. 8 Figs.] April 26, 1889.—The pipe or tube G to be 
tested is retained and compressed between a flange E on the 
extremity of the body A and a disc F, two leather discs G! being 
arranged at the two ends of the pipe or tube so as to form a k- 
ing and prevent the escape of water. The compression is effected 





decomposed, forming water gas which passes off through the pipe c. 
(Accepted February 12, 1890). . _ 


by means of draw-rods H passing through holes in the dise F and 
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collar F1, The rod D is drawn backwards to the end of its course ; 
water is then introduced into the space A? and the pipe G to be 
tested. The pressure is obtained by causing the rod D to move 
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orward, a small groove J being formed in the screw-threaded part 
of the rod D, through which the water can pass slowly to the other 
side of the screw-threaded part. (Accepted February 12, 1890). 


s2titng Sipe Specialy Ranpled Yor habentoses 
for Su eo 
Use. (or 3 Figs.j August 21, 1880. —The improved joint 


may be used with pipes formed of sheet metal, the ends of each 
pipe being furnished with solid conical rings A and Al! of spigot 




















and faucet form respectively. Behind the conical ring Al upon 
one Jength of pipe is mounted a flange B perforated with a num- 
ber of bolt holes; the rear end of the conical ring A upon the 
adjoining length being flared to form a projecting rima. The 
bolts C are formed with hook ends ¢ adapted to engage with the 
rim a, (Accepted February 12, 1890). 


ELECTRICAL APPARATUS. 


4371. G. Hoo Birmingham. Electricity 
Meters. (8d. 2 Figs.) March 13, 1889.—a is a pulley freely 
movable about its centre o ; b is a flexible band, from which hangs 
an iron core c, d is a solenoid wound with thick wire carrying the 
current to be metered, the core and solenoid being about the same 
length. When no current is passing through the solenoid about 
one-half of the core is situated in the solenoid. ¢ is a weight 
attached by an arm rigidly to the pulley a, and taking up a posi- 
tion (when no current is passing) at an angle of about 20 deg. to the 
vertical ; f is a curved iron core also attached to the pulley a and 
balanced by a weight g. h is a curved solenoid attached to the 
framework of the instrument, wound with a large number of turns 
of fine wire and forming a shunt to the current to be metered. 7 is 
the first wheel of a counting train free to move about the same 
axial line as the pulley a, but independently of the pulley a. isa 
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camel's hair pencil cut obliquely as shown and attached to the arm 
carrying the weighte. & isa similar pencil attached to the frame 
of the machine. The angular motion of the pulley a is approxi- 
mately proportional to the current circulating in the solenoid d, 
through an angle of about 45 deg. As soon as a current passes 
through the solenoid d the arm e is deflected, carrying with it the 
brush j, which urges forward the first wheel ¢ of the counting 
train. The core f is now partly withdrawn from the solenoid A, in 
which no current is passing. At stated intervals a contact actuated 
by ordinary clockwork completes the shunt current through the 
fine coil solenoid h. This is sufficiently powerful to completely 
overpower the influence of the current in the solenoid @ acting on 
the core c, and to restore the weight e to the zero | eyo the 
cireuit being afterwards broken by theclock. The fixed brush k 
prevents the return of the wheel ¢ with the brush i. (Accepted 
February 19, 1890). 

6021. A. L. Shepard, London. Dynamo-Electric 
Machines and Electric Motors. (8d. 2 Figs.) April 8, 
1889.—This invention is designed for automatically adjusting the 





brushes relatively to the commutator to suit varying conditions of 
the external circuit, so as to insure the efficient working of the 
machine. A is the armature shaft of a dy electric hi 

or electric motor. C are th 





B is the commutator. main brushes 





attached to arms D adapted to turn on the shaft. a are auxiliary 
brushes or feelers attached to arms b secured to, but insulated 
from, one of the arms D. ¢ are conductors connected with the 
feelers a. dis an arm formed with the arms D and provided with 
a toothed segmente. f isa _— fixed on a shaft #1. Upon the 
latter is a wormwheel g with which is geared a worm h on the 
armature shaft j! of a supplementary electric motor j. The con- 
ductors c are connected with the brushes of the vg <r penpe  4 
electric motor. The reversal of the current in the feeler circuit 
causes the reversal of the supplementary motor, and consequently 
the movement of the main brushes C into the most favouraole 
ition, the potential of the feeler brushes then becoming equa- 
ised, the current in the feeler circuit will cease to flow, and the 
supplementary motor will stop. (Accepted February 12, 1890). 


18,018. A. J. Boult, London. (EF. EF. Ries and A. H. 
Henderson, Baltimore, Md., U.S.A.) Electro-Magnetic 

(8d. 2 Figs.] November 12, 1889.—The improvements 
are shown applied to a vehicle propelled by an electric motor 7, 
and consist in establishing two independent electric circuits 
travelling with the vehicle approximately of equal resistance, and 
fed by a single source of electricity. The brake circuit includes 
magnetising cvils 16 so arranged in inductive relation to each pair 
of brake shoes 23 as to produce magnetism of opposite polarity 
respectively by the passage of electric currents through the same. 
The other or traction circuit includes magnetising coils 5 and 6, so 
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arranged as to complete a closed magnetic circuit through the 
axles 3, wheels 2, and intervening track rails, the successive wheels 
of the vehicle being converted into opposite poles. The magnetic 
force of attraction between the driving wheels 2 and the track 
rails produced by the magnetic influence of the traction circuit is 
utilised for assisting in retarding the speed of the vehicle. A 
switch 30, operated by hand, is adapted to control the path of the 
currents so as to change the direction of current at will, and thus 
reverse the polarity of the brake shoes and wheels, thereby throw- 
ing ap brake into or out of operation. (Accepted February 12, 
1890). 


TREATING MATERIALS. 


for Sopatating higihd Containing Proctete Metal 
or ara’ mn ous Me 
fro: ores Treated by Wet (8d. 2 Figs.) 


m e 
April 8, 1889.—The ore having been first chloridised by any suitable 
method, it is placed into an apparatus consisting of a vat or closed 
vessel A constructed with a balanced removable lid B and provided 
with a perforated false bottom C, upon which rests the filtering 
material D retained in position by a perforated covering E imme- 
diately beneath the mass of ore F. H is an air pipe provided with a 
cock and communicating with an air compressor. Iisa pipe through 
which the liquid forced through the filter by the action of the 
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compressed air is discharged from the vessel. K is a pipe pro- 
vided with a cock through which water may be introduced at the 
lower part of the charge occasionally, or when required to lighten 
up the mass or thoroughly wash the chloride of gold from the ore. 
The ore is dumped into the vessel A and the cover screwed down, 
suitable packing being employed to make an air-tight joint. Air 
under pressure (usually about 60 lb.) is then introduced through 
the pipe H and drives the water or solution through the filtering 
material D, (Accepted February 19, 1890). 


16,478. A. De Kunwald, Paris. Distillatory Appa- 


ratus. (8d. 4 Figs.) October 18, 1889.—This pont Bn is 
based on the principle illustrated in Fig. 1, in which 2 is a her- 








metically closed vessel containing water up to the level » so that 
the mouth of the pipe @ is completely submerged. b is a pipe 
communicating with the upper part of the vessel z. If a suction 
or pressure be exerted at the opening of the pipe z, the level of 





the water in 2 will undergo no change, either at noratv. Re- 
ferring to Fig. 2, the water in the boiler 2 is vaporised by the 
fire f. The steam thus produced passes through the pipe band 
enters the 8) between the receiver c and the still e. e stille 
absorbs the heat produced by the condensation of the steam from 
the boiler, and the poy 4 of condensation which run down the 
outer wall of the still to the flange d, collect in the bottom of the 
receiver c and afterwards return into the boiler by the pipea. At 
the beginning of the operation the v” are opened so as to 
allow the steam to ually drive out the air from between the 
receiver c and the still e. (Accepted February 19, 1890). 


,722. J. C. F ndo The American Ammoni: 
vs = sapeee, 0 Va, U.S.A.) Obtain- 


Manufacturing Company 
ing onia from Atmospheric Nitrogen and the 
Hydrogen of Decom: Steam. (8d. 6 Figs.) De- 


cember 24, 1889.—The ammonia generating furnace A having been 
brought to a working heat by means of the incandescent gases 
resulting from the ignition of gas and air admitted through the 
pipes red and D respectively, pulverised carbon and alkali 
are fed into the generator A from the hopper E. The fall 
of the charge is retarded by the shelves F, and the carbon 
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and alkali become intensely heated by the incandescent 
with which the furnace is filled, and unite with the 
nitrogen in the flame to form «lkaline cyanates which are decom- 
by means of superheated steam admitted to A through the 
pipe J and produce ammonia, oxides of carbon, hydrogen, and 
alkaline compounds. Cyanides that may be produced are trans- 
formed into cyanates by admitting superheated air through the 
pipe J. The air and steam are superheated by the arrangement 
of the pipesI and J ina furnace H. GQ is a steam pipe. (Accepted 
February 12, 1890). 


MISCELLANEOUS. 


3119, F. Wynne, London. Lamps for Hea and 
Boiling. (8d. 5 Figs.) February 21, 1889.—The improved lamp 
comprises a vessel 1 for containing the spirits of wine to be burnt, an 
air tube 2, a wick tube 3, and a wick 5 of brass gauze. If a light be 
applied to the metal wick at a point just above the top of the air 
tube, and this be open to the atmosphere at its lower end, a small 





flame 13 will be obtained. This flame, which constitutes the 
evaporating flame, will heat the part of the metal wick surround- 
ing it, and will consequently heat the spirit drawn up the wick by 
capillary attraction, and will vaporise the spirit in such quantity 
as to form a large flame 12 at the top of the tube 3. A cup-shaped 
valve 6, operated by a lever 7 and handle 9, serves to close the 
lower end of the airtube, (Accepted February 19, 1890). 


8509. F. Favier, Gromelle, France. Machinery 
for ey | and F Half-stuff in Paper- 
making, in ces for sz 

Pulp Reservoirs, [lid. 6 Figs.| 
May 22, 1889.—The essential feature of this invention is the alter- 
nate changing of the contents of one pulp reservoir 41 to the other 
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4, and subsequently lifting it by pumps 6, 7 into the triturating 
cistern 1 above, and the successive passage and re-passage (as re- 
quired) of the pulp through this process, aided in its movements 
by the hydrostatic balance L, these operations being effected by 
— of suitable mechanism described. (Accepted January 29, 


). 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the Wa yd time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the cffioes of Exenraxnine, 85 and 86, Bedford. 
street, Strand, 
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MODERN FRENCH ARTILLERY. 
No. XV. 


THe Gun Factory oF THE CAIL 
Company—continued. 

We may now proceed to describe in detail the_ 
most recent development of the De Bange system | 
as carried out by the Anciens Etablissements Cail, | 
and exhibited by that company at the Paris Exhibi- | 
tion last year. The most important piece of | 
ordnance that has been manufactured on this | 
system was the 340-mm. gun (13.39 in.) shown at 
the Antwerp Exhibition. A 320-mm. (12.60 in.) 
gun, together with one of 155-mm. (6.10 in.), is | 
completely illustrated by Figs. 150 to 162 on, 
page 468. These illustrations and much of the) 
following information are taken from the Revue | 
d'Artillerie. The general dimensions of both these | 
guns were given in our last article. The construc- | 
tion of the 155-mm. gun is shown in the section, | 
Fig. 154, page 468, where it will be seen to con. | 
sist of an inner tube covered with two rows of | 
hoops, the first one extending the whole length of | 
the tube ; the outer row reaches somewhat in ad- 





| where it will be seen that the outer end is inclosed | being bolted to it. For vertical training a toothed 
| by a gas-check device, consisting of a cap sliding | sector is bolted to the side of the gun, a toothed 
| over the tube that forms an extension of the fuze ;| wheel inside the frame (see Fig. 160) being geared 
| this cap is enlarged to form a flat handle P, and | into it. Motion is given to this pinion by means 


| the end of the projecting firing pin terminates with | of a handwheel and bevel gearing turning an end- 


a cylindrical head O. The breech-block, which is, | less screw (Figs. 160 and 161). In order to permit 
on its general lines, of the De Bange pattern, is; the angle of the gun to be adjusted up to the 
provided with a safety apparatus shown in Figs. | moment of firing and to avoid straining the teeth 
157, 158, and 159. The bolt A is split (Fig. 157), | of the pinion by the recoil, the motion of the hand- 
and is carried by the swinging bracket, on which it | wheel is transmitted to the endless screw by means 
is free to slide, and it is operated by means of the| of a toothed cluch a, Fig. 160, so that at the 
handle N. Between the jaws of the split bolt A is} moment of recoil the clutch is disengaged, but 
placed the lever B, turning around the axis C, | comes automatically into gear as soon as the gun is 
which is fixed to A. The upper end of this lever | brought back into firing position. A slight longi- 
B is forked at B', this fork being in the axis of the | tudinal play is also given to the endless screw by 
gun when the block is closed ; a flat spring tends | compressing the Belleville springs that are placed 
always to press the end D of the lever forward. against it at the moment that recoil takes place 
On the inner side of the bolt a groove is cut termi- (Fig. 161). The gun is trained horizontally by a 
nating in the recesses E and F, connected to the pinion mounted on a vertical shaft, and gearing 
groove by inclined planes. A finger G enters this | into the circular rack on the baseplate. A special 
groove carried on the outside of the cylinder I | arrangement, not shown in the illustrations, is 
(Fig. 158), and held up by the coiled spring. At introduced to check the inconvenience arising from 
the other end of the cylinder is a second finger H, the rolling of the vessel containing the gun. 
sliding in a groove, and preventing the cylinder I Within the mounting, and attached at one end to 





vance of the trunnion ring. The biconic system of 

reinforcement already described, and illustrated to 
an exaggerated scale (see Fig. 145, page 403 ante), is 
modified in such a way that the objections raised 
against the system and confirmed by experiment, 
have practically disappeared, and the construction 
approximates very closely to the standard French 
practice. Near the breech the outer surface of the 
tube is swelled so as to present the appearance of a 
double cone with the bases abutting ; a correspond- 
ing form is also given to both rows of rings at this 
point. Beyond and at a short distance in front of the 
trunnion rings, asimilar biconic enlargementismade, 
the increase in the diameter, however, only amount- | 
ing to5mm. From this point to near the muzzle | 
a slight and uniform taper is given to the tube, | 
but at the end, for a distance of about 10 in., the 





Fic. 179. THE ENGSTROM QUICK-FIRING GUN. 


from turning. When the bolt is moved up or down | the base and at the other to the carriage, are a 
by the handle N, the finger G remains set in the! series of bars, on which are placed a number of 
groove R, and the travel of the bolt is limited by | Belleville springs in such a way that the weight of 
the recesses at the top and bottom of the groove ; | the carriage is partly thrown upon the springs, 
the finger pressing against the side of the recess| which are compressed ; these springs also aid in 
being sufficient to prevent any further accidental | lessening the shock of recoil. This gun is provided 
movement of the bolt. When the breech-block is | with a steel shield mounted upon the forward part 
closed and the fuze introduced, if the bolt is pushed | of the frame. The 320-mm. (12.60 in.) gun (Figs. 
from right to left, the end of the firing pin enters 150 and 151) is a heavy piece of ordnance weighing 
the fork in the top of the lever B, whilst the en-| 47 tons. It consists of an inner tube reinforced by 
larged end P is held fast between the two branches | four tiers of rings, the first extending for its whole 
of the bolt. The gun is fired by pulling on a lan-| length ; the second is carried as far as the middle 


| yard passed through the hole D of the lever B ; by | of the chase ; the third a little beyond the trun- 


pulling on the cord, the head R of the firing pin is| nions ; and the fourth stops a little in advance of 
pulled forward by the movement of the lever and|the powder chamber. Like the gun we have just 
the charge is exploded. The bolt enters a recess| referred to, the De Bange system of construction is 
M made in an extension of the breech-block, and | introduced in a reduced fashion, so that the type 





tube is'coned in the opposite direction, so that at | in order that it may be slid up and down to effect | 
the extreme end the diameter is larger than it is at | the manipulations necessary for firing, the breech- 
a foot nearer the trunnions. Of the rings in the | block must be completely closed. It is this latter | 
inner row, one only is biconic, the others are | device that constitutes the safety apparatus. 
cylindrical as far as the next enlargement, and are| The form of naval carriage on which this gun is 
tapered beyond ; only one ring of the second row | mounted is shown by Figs. 160 to 162. It is of | 
is biconic, and the front ring of this row, beyond | cast steel and has a circular baseplate, which is 


in the adjacent inner ring. The chamber is/alive ring with a series of conical rollers. The 
50.39 in. long, or more than 8 calibres ; its dia-| form of the carriage will be seen from the illustra- 
meter is 6.41 in., or .31 in. greater than that of | tions as well as the position of the hydraulic brake. 
the bore. The length of the rifling is 25 calibres. | The axis of the brake cylinders is on the same 
The breech-closing mechanism, which is of the De | plane as that of the trunnions, which are mounted 
Bange latest pattern, is illustrated by Figs. 157 to 159. | on the slides, to which are also attached part of the 
The firing tube is screwed into the breech-block. | elevating gear. The forward part of the frame 


| over these parts have corresponding forms. 
| the whole length where the first row of hoops is 





It is illustrated separately by Figs. 155 and 156, | serves as an abutment to the brake, the piston-rods 


resembles the French standard model more closely 


| than the original De Bange pattern. The tube is 


swelled near the breech and muzzle, and the rings 
Over 


covered by the second row, the outer faces of the 


|former are biconic, the inner faces of the second 
the trunnions, is held in its place by a recess made | bolted to the deck of the ship. Upon this plate is| 


row being of course turned to correspond ; the 
fourth row is all cylindrical. The total length of 
the gun is 39 calibres ; that of the rifled portion 
being 29 calibres. The diameter of the powder 
chamber is 12.99 in. and its length is over 8 calibres, 
The mechanism of the breech is similar to that de- 
scribed for the smaller gun, and the safety appliance 
is identical ; the breech is operated by hand. At 
the Exhibition the gun was mounted on a central 
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pivotting carriage that was built for the 340 mm. 
gun shown at Antwerp and which afterwards failed 
when tested ; the weight of the mounting is 54 tons. 
It should be mentioned that a number of rounds 
were fired from the 320-mm. gun, and which esta- 
blished the following ballistical properties. With 
acharge of 418 lb. of brown prismatic powder, an 
initial velocity of 2132 ft. per second was obtained, 
with a pressure of about 42,700 1b. per square inch; 
the residual velocity of the projectile at about 1600 
yards was measured and found to be 1928 ft. The 
mean range with an elevation of 10 deg. was about 
10,000 yards. 

Fig. 179, page 465, is a general view of a quick- 
firing gun made by the Cail Company upon a system 
devised by Captain Engstrém, a Swedish artillery 
ofticer. Before describing the construction of this 
gun, which is illustrated fully by Figs. 165 to 178, 
page 469, we may give a few particulars of it. Two 
— are made, one heavy and the other light, the 


following being the particulars : 
Heavy Light 
Type. Type. 
Diameter between lands... 2.24 in. 2.24 in. 
se to bottom of 
grooves... a 2.264 ,, 2.264 ,, 
Total length of gun 89.56 ,, 59.86 ,, 
Length of gun in calibres. 40 26 
Number of grooves 24 24 
Total weight ie .. 6601b 440 lb. 
Weight of projectiles... 6,, 6... 
me charge, 1.9]b... 1.98,, 1.32,, 
Initial velocity —... ... 1827 ft. 1528 ft 
Speed of firing per minute 30 to35 30 to 40 
Height from ground to 
centre of trunnions obs 44.28 in. 
Maximum recoil ... .. 6,90in, 3.15 ,, 
. angle of eleva- 
tion a ~ .. 13deg. 10 deg. 
Maximum angle of depres- 
sion - — es ee - 
Weight of carriage . 1210)b. 1265 |b. 


The projectiles for the light type of this gun are 
common shell and shrapnel ; for the heavy type, 
common and armour-piercing shell. |The cartridge 
is formed either of brass tube or of linen and paper 
with a brass base. Particulars of the projectiles 
are as follows : 

Common Shell, 


Ib. Ib. 
Weight of brass cartridge case... 2.53 2.09 
ae paper cartridge case .. 1.98 1.76 
in empty shell : i 5.654 
a bursting charge 22 
. fuze m 176 
Total weight 9.900 
Shrapnel. 
Number of balls 104 
Weight of shell pus = 5.8 
‘e bursting charge 176 
Armour-piercing shell 
Weight of empty shell : 5 30 
4 bursting charge.. ll 
9” fuze ass 11 
Total weight... 11.496 


The mechanism of the heavy and light types of 
the Engstrém quick-firing gun differs only in a few 
unimportant particulars, so that the illustrations 
Figs. 165 to 178, and the following description, serve 
equally for both. The breech of the gun is made 
with four projections, placed in pairs, parallel to 
each other, and above and below the axis of the 
bore (Fig. 165), Holes are made in these projec- 
tions to receive the end of the spindles O and O', 
Fig. 167, which carry the principal pieces of the 
breech mechanism. These are, first, the block A 
(Fig. 168), which turns around the axis O, and is 
extended backwards by the lever B, at the end of 
which is the handle C; and second, the block D, that 
turns around the axis O', and the motion of which 
is controlled by the block D. This controlled 
motion is produced by the sector E (Fig. 168,) on 
which are two pins, eand e', which act as ratchets, 
while on the spindle O' is another sector F, in 
which are two corresponding recesses f and f". 
When the lever B is thrown upwards, the sector E 
is depressed, the pins gearing into the recesses of 
the sector F cause the, block D to open outwards, 
exposing the end of the bore. Fig. 168 represents 
the various parts when in the loading position. 
To close the breech, the lever B is pulled down- 
wards, when the reverse movement is produced. 
Before the pin e clears the recess f, the bearing 
face a of the block A (Fig. 172) presses against the 
corresponding face d of the breech-block D, and 
when the lever is home, it is held in position by 





the former. On the spindle O there is also a finger 
m, which in the movement of opening the breech 
pushes the block D to the rear, as soon as the 
bearing face a of the block A clears the face d of 
the block D, that is to say while the pin e of the 
sector E is still in gear. 

The gun can be fired by hand with a trigger, or 
automatically as soon as the breech is closed. The 
firing device is mounted on the block D, and 
moves with it. The different parts comprise a 
slide G, a striker H, which can be replaced at 
will (see details Figs. 167 to 178), a main spring I, 
and a detent K, on which are the fingers ¢ and @. 
This latter is free to turn an axis at right angles to 
the right side of the block. When the gun has been 
tired, and the lever B is lifted, the recess » in the 
block A (Figs. 166 and 172) engages with the finger 
g of the slide G, and presses it back. There is an 
enlargement at the end of the striker H (Fig. 178) 
that bears in a recess in the slide G; and when 
this latter is forced back, the striker moves with it, 
compressing the spring I, until the arm H! of the 
striker enters a recess in the lower part of the 
detent ; the gun is then at half-cock. The various 
parts of this mechanism are shown in Figs. 177, 
178, &c. These different movements take place 
during the early part of the motion of the blocks A 
and D. When it is completed, the firing device 
continues to move with the blocks. On closing the 
breech the recess 7 in the block A again engages the 
finger onthe slide, and presses the latter forward, 
and when the breech is completely closed a pres- 
sure of the finger on the detent K releases the 
striker, which is driven forward, and explodes 
the cartridge. For automatic firing a special 
arrangement is introduced, shown in Figs. 168, 
169, and 170. On the right side of the block 
A are two pins L and L'; on the former is placed 
loosely a button, on which is formed the projection 
M. This projection can take two positions shown 
in the engraving ; when it is in that corresponding 
to the dotted line, Fig. 169, it is out of use ; when 
it is as shown by the full line, it liberates the 
striker by pressing against the finger 7 of the detent, 
when the breech is closed. On the axis L' is a 
lever R free to move to and fro ; at its upper end 
is a finger r, which can enter a recess 7! in the face 
of the block A. The lever R is recessed on the 
inner face, and contains a flat spring (see section 
Fig. 170). The spindle L, where it passes through 
the lever R, is eccentric, while within it is made 
with two flat faces (Fig. 169) against either side of 
which the spring can be made to bear. When the 
projection M is in its lowest position, the combined 
action of the spring and the eccentric part of the 
spindle L, lifts the finger + out the recess 7’. 
The gun is then fired when the breech is closed, by 
the pressure of the projection i releasing the detent. 
If, however, the tinger M is above the lever R, 
which is its ordinary position for hand-firing, the 
point of M enters a recess in the breech-block, and 
the gun cannot be opened ; the lever B may then 
be used in connection with the butt for training 
the piece. Before opening the breech after firing, 
it is always necessary to release the block A from 
the finger r by pressing on the end of thelever R. A 
safety device is introduced consisting of a projection 
i’ in the detent K, which presses against one of the 
lower flanges at the end of the gun, and hulds the 
detent, until the breech is closed, when the finger 
falls into a recess i! and is set free. 

The cartridge cases are removed by two inde- 
pendent extractors N and N! (Fig. 166), placed in 
front of the breech-block and free to move vertically 
to a limited extent. When the breech is closed they 
enter two recesses formed at the back of the gun, 
and are held there by means of the springs I' [', 
which are extensions of the main spring I. When 
the breech is thrown open, the extractors first 
slide upwards for a short distance and loosen the 
cartridge case in the bore, then falling back with the 
block they carry the case with them. 

The mounting of the light type of this gun is 
shown in Fig. 163. It is a rigid stand, carried by 
a series of Belleville springs arranged around the 
base, and which are sufticient to absorb the force 
of recoil. The heavier pattern has a carriage fur- 
nished with a hydraulic brake. During recoil the 
carriage turns backwards around a horizontal centre 
fixed on the underframe, the motion being con- 
trolled by the brake cylinder, which is set verti- 
cally. The underframe is mounted on a baseplate 
and ring of live rollers. Both guns are trained 
with a stock. Fig. 179 gives a clear idea of the 
appearance of this gun and its carriage. 





THE INSTITUTION OF NAVAL 
ARCHITEOTS. 

In our two last issues we have dealt (see pages 
405 and 433 ante) with the chief part of the papers 
read and discussed during the recent meeting of the 
Institution of Naval Architects. We have now to 
deal with the concluding proceedings. 


Lire Boats. 


The final sitting of the meeting was held on the 
evening of Friday, the 28th, when the first paper 
read was on ‘‘ Experiments with Lifeboat Models,” 
by Mr. J. Corbett, of Manchester. This interest- 
ing paper we shall print shortly with the diagrams 
by which it was illustrated, so we may at once 
proceed to the discussion. This, although of an 
animated and prolonged nature, was not perhaps 
of great practical or scientitic interest. 

Briefly stated, the author’s proposals are to sub- 
stitute for the comparatively narrow and deep self- 
righting boats now used by the Royal National 
Lifeboat Institution, a more shallow and beamy 
non-self-righting boat. This vessel would be far 
less likely to turn over than the existing boats, 
having greater natural stability, but if she did turn 
bottom up she might remain in that position. We 
cannot now enter fully into the points raised by 
the author, but these will be seen when we publish 
his paper. The Royal National Lifeboat Institu- 
tion, as represented by its officials at the discussion, 
prefers its own design. Who is right and who is 
wrong will be likely to remain for a very long time 
at least an open question, as any trials to settle 
the question are not likely to be made, as the 
difficulties in the way of carrying them out on a 
practical scale are undoubtedly great. 


THE ScREW PROPELLER. 


The last paper read at the meeting was that of 
Mr. James Howden on ‘‘ Various Theories of the 
Screw Propeller.” This was a very long paper, 
occupying nearly thirty pages of the Transactions, 
and had to be very much abridged in the reading. 

The author commenced by referring to the two 
papers read at last year’s meeting of the Institution 
by Mr. R. E. Froude and Professor Greenhill re- 
spectively, both of which treated of the theory of 
the screw propeller. In these papers the theories 
of Rankine and Cotterill were referred to, and the 
author also made mention of the researches of Dr. 
Froude. It may be said generally that Mr. Howden 
has no agreement with these eminent authorities, a 
fact which he makes no attempt to gloss over, as 
he speaks with no ambiguous phrase, so far as the 
fact of disagreement is concerned. In 1877 the 
author read a paper before the Glasgow meeting of 
that year, and in the following year he read a 
second paper before the Institution of Engineers 
and Shipbuilders of Scotland, in which he shows 
the error, as he believed, of Rankine’s theory. In 
1889 he read a second paper before the latter In- 
stitution. The arguments brought forward in the 
present paper were those the author had already 
advanced in the memoirs to which reference has 
been made. He quotes various authors on the sub- 
ject to show how widely Rankine’s theory has been 
accepted. As we published Mr. Howden’s paper 
of 1877 in full,* our task of giving a fairly intelli- 
gible abstract of his present contribution will be 
much simplified. Mr. Howden says: 

‘* As the correctness of Professor Rankine’s and 
every other theory will be more easily tested if it 
can be first clearly demonstrated what are the actual 
motions of the water produced by the action of the 
screw under any given dimensions, pitch, slip, and 
velocity, the author undertakes this demonstra- 
tion. That sucha demonstration is possible may be 
inferred from the following considerations. 

‘* A screw is an instrument whose dimensions, 
shape, and relative position of every part to each 
other can be definitely ascertained ; also its exact 
linear progress per revolution when working ; con- 
sequently an exact geometrical delineation of its 
movement in the water and the relative position to 
the water of every part can be made. This delinea- 
tion, when properly analysed, will therefore reveal 
the only action on the water that is possible by 
each and every part of the propeller during each 
revolution under any given conditions of working. 
This investigation is made simpler by first examin- 
ing the action of the propeller under the conditions 
of its being a screw of uniform pitch, and that it 





* See ENGINEERING, vol. xxiv., page 313, 
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acts on water unaffected by the vessel’s progress, 
the vessel also moving evenly. 

‘‘ When the several relative motions of the pro- 
peller and water acted on are established, under 
these primary conditions it becomes comparatively 
easy to ascertain accurately the variations on these 
motions caused by currents set up by the motion of 
the vessel, when the extent and direction of these 
currents are determined, and to show the effect of 
any current on the propeller, or the propeller on 
the current, under any assumed direction and velo- 
city. The effect of friction and the displacement 
by the body of the propeller blades will meanwhile 
be neglected. In making this investigation the 
following facts require to be noted : 

‘1, Anycircumferential line across a blade at any 
diameter is in one plane. 

‘¢2, When no slip occurs these lines, which make 
up the propelling faces of the blades, pass through 
the water without imparting to it any motion what- 
ever. 

‘“¢3. That whether working with or without slip the 
distance passed through by each point on a blade 
per revolution at any diameter is correctly repre- 
sented by the hypotenuse of a right-angled triangle 
of which the base = 2 7 7, and the perpendicular = 
the ship’s progress, or 

J/(2rrP + (P—SP=D. 
D being the distance passed through per revolution, 
P pitch, S slip. 

‘¢4, When slip occurs, each point on the same 
circumferential line at any diameter moves through 
the same distance per revolution, but each succeed- 
ing point moves in a line somewhat abaft each 
preceding point and parallel to it, the distance 
between these parallel lines increasing as the slip 
increases. 

‘©5, When slip occurs, the water is moved nor- 
mally to the face of the blade at any diameter 
at a uniform velocity, to the extent of the distance 
between the parallel lines described by the respec- 
tive points on the entering and following edges of 
the blade on the circumferential line of the given 
diameter. 

“6. The distance between these two parallel lines, 
or the extent of motion given to the water by the 
propelling face of the blade at any given diameter, 
is found by dividing the slip of the water on the whole 
revolution by the number of times the length of the 
arc of the circle contained on the blade at the given 
diameter divides the distance passed over in one 
revolution by a point in that diameter ; the quotient 
is the whole extent of the motion imparted to any 
particle of water by the propelling face of the 
blade, and the time in which this motion is made is 
found by dividing the period of the revolution by 
the number of times the arc of the circle divides the 
distance passed over by a point in the diameter 
of each revolution. 

‘<7, Owing to the oblique action of the blade rela- 
tively to the line of progress, the slip of the water 
at any given diameter is less than the slip of the 
screw in the ratio of the base to the hypotenuse of 
a right-angled triangle in which the base = 2 77, 
and the perpendicular = the pitch of the propeller. 
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‘*Of these seven propositions, the first, second, 
and third will not require much demonstration. 
The first is a condition of the construction of a screw 
of uniform pitch. The second arises from the fact 
that the line of the propelling face at any diameter 
coincides with the line of motion. The third is 
easily demonstrated. In Fig. 1, let A B, in the 
right-angled triangle A B C, = the circumference of 
the circle at any given diameter, and B C= the 
pitch of the propeller, and when no slip is made, 
also the progress of the ship. A C is then the dis- 
tance passed through by each point on the blade at 
that diameter. When slip occurs = D C, then BD 
is the progress of the ship per revolution, and the 
line A D is the distance passed through by a point 
in the blade at the given diameter. 

‘¢ The correctness of the fourth, fifth, and sixth 
propositions is more conveniently proved in con- 
junction with the seventh, which latter I will first 
undertake. In the right-angled triangle A B C, 
Fig. 2, let A Bagain=2 rr; BC pitch of propeller, 





BD progress of vessel per revolution of screw ; 
A C is the distance passed through each revolution 
by a point in the blade at the given diameter, if no 
slip occurred, and A B being at right angles to the 
line B C of the vessel’s motion ; C A B is the angle 
of obliquity of the propelling face of the blade at 
the given diameter to a plane at right angles to the 
line of motion. When a slip of the screw=DC 
occurs, AD is then the distance and direction 
passed over by a point in the blade at the given 
diameter, per revolution. If now DE be drawn 
at right angles to the face of the blade or AC, D E 
the slip of the water per revolution at the given 
diameter, while D C is the slip of the screw at this 
and all other diameters ; then, as ABC and DEC 
are similar triangles (their angles being equal), 
DE:DC::AB:A C, hence the rule given in 
Prop. 7. 

‘* Having established the relative proportions of 
the slip of the water to that of the screw for the 
whole revolution, we come to the crucial point of 
the investigation : that of proving the actual motion 
given to the water by the blade at any diameter 
or percentage of slip. I wished to direct atten- 
tion specially to this point as it has been 
neglected in the investigation of the motions given 
to the water by the screw blades, by every writer 
on the subject whose works I have seen. 

‘* Their treatment has accordingly been invariably 
founded on an incorrect basis, and their conclusions 
correspondingly inapplicable. The slip of the 
water relatively to the slip of the screw on the 
whole revolution being found by Prop. 7, the factor 
which determines the actual movement of the water 
and the time in which itis made is, as stated in 
Prop. 6, the breadth of the blade.* 

‘*The line D E, divided by the number of times 
the breadth of the blade or arc of the circle on the 
blade at the given diameter divides the line A D, 
gives the actual movement imparted to the water 
by the blade at that diameter; and the time in 
which that movement is made is found by dividing 
the period of the revolution by the number of times 
the are of the circle divides the distance passed 
over by a point in the diameter in that period.” 

These lengthy extracts from Mr. Howden’s paper 
will convey a fairly clear idea of the position which 
he takes up. The author next proceeds to treat 
the matter quantitatively, taking the screw he used 
in his papers of 1877 already referred to. 

The figures the author brings forward show, he 
says, the fact that ‘‘ with a slip of 10 per cent. the 
whole extent of motion imparted by the blade to 
any one particle of water from its first coming in 
contact with the leading edge until it receives the 
last touch from the following edge is, in this pro- 
peller, only 1.97in. at 5ft. diameter, 2.59 in. at 
6ft. 8in. diameter, 2.53 in. at 12 ft. 6in. diameter, 
and .82in. at 20ft. diameter, or the most effective 
part of the blade. At 5 per cent. slip the motions 
imparted to the water would be slightly under one- 
half the above, the distance A D (Fig. 2) passed 
through per revolution being greater, while the 
breadth of blade or divisor remains the same. For 
the same reasons the slip motions given to the water 
increase in a greater than arithmetical ratio when 
the slip increases. Further, it should be noticed 
that, as the extent of the slip motions given to the 
water is directly proportional to the breadth of the 
blade, if the blade in a given case is made only half 
the breadth, the motion imparted to the water 
would only be half the extent at same percentage 
of slip, but made in half the time, or very nearly 
the same motion with double the slip. Then asthe 
motion is imparted to the water at a uniform 
velocity, it is evident that the efficiency of the blade 
decreases towards the after edge. The first 6 in. 
on the entering side, fur example, which begin the 
motion from a state of rest, are more effective than 
the last 6 in. on the after side, which merely con- 
tinue the motion at the same velocity.” 

Mr. Howden also states that at any instant no 
motion is given to the water by the blade except 
across its own face, and there the particles acted 
on are not thrown off the blade, but are in contact 
with it, and are merely pressed as it were a small 
distance into the contiguous mass. He says : ‘‘ The 
observed motions and disturbances in the water 
are made by the displacing action of the body of 
the blades which is quite a distinct action from the 
slip motion, and should not be confounded with 
them as they generally are. The slip motions ina 

* The measurement across the blade is usually termed 


“length.” The author uses “breadth” here merely 
because it was so named in his previous papers. 





properly constructed screw are, I believe, never 
noticeable with moderate slip, and are continuously 
undergoing a process of extinction by falling into 
the space left behind the body of the blade.” 

The author next notices the effect of following, 
or other currents induced by the motion of the 
vessel itself on the propeller’s action. ‘‘ This effect,” 
he says, ‘‘can be comparatively easily investigated 
after the locality and velocity are determined. For 
example, if a current is following the vessel in a direct 
line at the rate of 5 ft. per second relatively to still 
water, at the depth where the tips of the blades of 
our example propeller reach in passing their highest 
point, the blades will there arrest the motion in 
passing to the extent of the velocity per second 
divided by the time of the passage of the breadth of 


the blade which at this point is Boa part of asecond 


with 10 per cent. slip, the quotient being subject 
to the reduction due to the oblique action of the 
blade. This is, by above rule, found equal to 
1.48 in. of arrested motion, which, added to the 
-82 in. slip motion imparted by the blade, gives an 
effect=2.3in. of actual slip. The effect of the 
current can be found in same manner at any other 
diameter ; and for currents flowing in from the 
sides, the effect is similarly calculable, and may be 
positive, negative, or neutral, according as the 
currents flow from aft, forward, or are coincident 
with the angle of the face of the propeller.” 

The author next deals at some Jength with Ran- 
kine’s theory as given in his paper of 1865, and 
then proceeds to give numerical examples of his 
(Rankine’s) formula as applied to a propeller of 
60 revolutions per minute at 10, 20, and 30 per 
cent. of slip, which will, he believes, confirm his 
charge of fundamental unsoundness against Pro- 
fessor Rankine’s theory. He says: 

‘*1. The thrust horse-power obtained from 
example propeller at 60 revolutions per minute 
with the screw making 10 per cent. slip. 

Let V=27.77 ft. or pitch of propeller. 

v=2.24 ft. or mean slip of the stream per second. 
S=25 ft. or speed of ship per second. 
L=27.24 ft. (S+v), length of column acted on by 
screw. 
A=295 square feet, or area of screw’s disc — area 
0 SS. 
W=A-x Lx 64 weight of column in pounds. 
g=32 ft., accelerating effect of gravity per second, 
T= —_ or total thrust of the ecrew in pounds. 
pa 4x8 or H.P. expended in thrust 
7 -P. exy st. 
Here 


W (295 x 27.24 x 64) = 514,291.2 Ib, 
We (ee) = 36,969.134 or thrust in 


32 
pounds, 
and 
ae 55,000.18 = 1635 I.H.P. expended in actual 


thrust at 14.8 knots per hour. 

‘*2, With the propeller, making 20 per cent. slip : 

v=4.48 ft. mean slip of stream per second. 

S=22.21 ft., speed of ship per second. 

L=26.69 ft., length of column acted on by screw. 

The other definitions as in (1). 
Here 
W (295 x 26.69 x 64=503, 907.2 Ib. 


We (205,907 2 4-1) 75,586 or thrust in pounds. 
g 





and 7 
p (75,586 x 22.21) _ 305) 3 LHP. 
550 


expended in thrust in propelling the ship 13.15 
knots. 
‘*3. With this propeller, working at 30 per cent. 
slip : 
v=6,72 ft., mean slip of stream per second. 
S=19.44 ft., speed of ship per second. 
L=26.16 ft., length of column acted on by screw. 
Other definitions as before. 
Here 


W (295 x 26.16 x 64) = 494,900.8 Ib. 
W v (494,900.8 x 6.72 _ 193 999, or thrust in pounds, 
g 32 
and 
p (103,929 x 19.44) _ 3673 4 1 LP. 
550 


expended in thrust in propelling the vessel 11.51 
knots per hour. 
‘¢ These several amounts of merce = which, 





by Professor Rankine’s formula, would be obtained 
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in thrust reaction from a propeller of the given 
dimensions and pitch at the three different per- 
centages of slip, it will be observed, are not the 
gross indicated horse-power of the engines, but 
what may be termed the thrust horse-power, and 
do not include what is used by the engines them- 
selves, or by the friction of the propeller, or nega- 
tive resistance caused by pressure thereon. It is 
the horse-power used exclusively in overcoming 
what, according to Dr. Froude, is the ship’s net 
resistance +the augmented resistance arising from 
the action of the screw. These are estimated by 
Dr. Froude in his paper of 1876, ‘‘On the Ratio 
of Indicative to Effective Horse-Power,” to be re- 
spectively equal to about 40 and 18 per cent., or, 
together, 58 per cent. of the gross indicated horse- 
power of the engines. Taking this estimate, the 
gross indicated horse-power in the three foregoing 
cases, worked out on Professor Rankine’s formula, 
would be as follows: 

1. 10 per cent. slip, and 14.8 knots speed of vessel : 
58 : 100 :: 1635 : 2819 gross indicated horse-power. 

2. 20 per cent. slip, and 13.15 knots speed of vessel : 
58 : 100 : : 3051.3 : 5260.8 gross indicated horse-power. 

3, 30 per cent. slip, and 11.51 knots speed of vessel : 
5S : 100 : : 3673.4 : 6333.4 gross indicated horse-power. 

‘* We have here the extraordinary result of 2819 
indicated horse-power, giving a speed to the vessel 
of 14.8 knots per hour at 10 per cent. slip, while 
no less than 6333.4 indicated horse-power is con- 
sumed in giving the vessel 11.51 knots per hour 
when 30 per cent. slip occurs.” 

The author having shown, as he considers, that 
all theories of a screw propeller based on throwing a 
large mass of water astern, or in any other direc- 
tion, are necessarily erroneous, he proceeds to give 
his explanation of the screw’s reaction, and, in 
passing, criticises the work of Professors Cotterill 
and Greenhill, Dr. Froude, Mr. R. E. Froude, and 
others. We regret we have not space to follow 
him further in this subject, but must refer those of 
our readers who wish to pursue the investigation 
to the paper itself, or to Mr. Howden’s previous 
writings, which contain all he now again advances 
on the subject. 

The discussion on this paper was commenced by 
Mr. R. EK. Froude, who spoke at considerable 
length onthe subject. Mr. Howden’s papers, read 
on previous occasions, have not been very fully 
discussed, a fact which he may perhaps fairly be sup- 
posed to take as a partial acknowledgment of agree- 
ment, or, at any rate, an inability to disprove his 
contentions. We shall therefore reproduce Mr. 
Froude’s criticisms at more than usual length. 

Mr. Froude turned first to the calculation which 
we have reproduced, and which occupied a very 
important position in the paper. This Mr. Howden 
regarded as areductio ad absurdum of Rankine’s 
theory. It would appear that with the given pro- 
peller and given revolutions per minute the figures 
amount to: 


Slip per cent.... a a 10—30 
Speed ... = = st 15 knots—114 knots 
Thrust in pounds 36,000—104,000 
Indicated horse-power ex- 

pended Sek ee ie 2800-—6300 


So far from being self-condemnatory, as Mr. 
Howden represents, these figures appear — Mr. 
Froude maintained—to be the perfection of reason. 
With given revolutions per minute, we find that 
a trebled slip produces (in round numbers) a 
trebled thrust. This is surely a rational result. 
Secondly, this trebled thrust, maintained at a 
diminished speed, requires an expenditure of be- 
tween two and three times the horse-power. This 
again is surely quite rational. Mr. Howden makes 
it seem paradoxical by assuming that the pro- 

eller is in both cases propelling the same ship ; 

ut it must be remembered that the calculation 
says nothing about any ship. The calculation is 
solely about a propeller. We choose our pro- 
peller, our souiiies per minute, and our slip 
ratio, and thence determine the thrust exerted, 
and if a ship is to be introduced at all, it must 
be chosen to fit the conditions in each case. If 
Mr. Howden chose to introduce a ship posses- 
sing the remarkable characteristic of requiring 
three times as much thrust to propel it at 114 knots 
as it does at 15 knots, the paradox is his, not 
Professor Rankine’s. Mr. Froude said he would 
not waste any more time by an examination of 
further examples of what appeared to him to 
be similar mistakes, but would turn at once to 
Mr. Howden’s theory, or his analysis of the 
motions imparted to the water by the propeller, 





which he suggested as a basis for a theory. Mr. 
Froude said that he did not consider this analysis 
to be unsound as far as it went, but that it stopped 
short just at the important point. Setting aside 
certain minor qualifications, which are too com- 
plex to be properly treated here, he agreed that 
the motion imparted to the water might be ex- 
pressed, as Mr. Howden expressed it, by saying 
that if A E represent the width of the blade and 
A D the direction of its spiral path, the water will 
move from E to D while the blade moves from A 
to D. So far so good, but the two important 
questions on which Mr. Howden does not satisfy 
Mr. Froude are these. First, how much water 
receives this motion? Secondly, what becomes of 
the motion imparted after the blade has gone by ? 
As to the first question, Mr. Howden spoke of the 
particles of water next the blade surface as ‘‘ pressed 
as it were into the continguous mass.” But the 
‘*contiguous mass” has something to say to that. 
It must move out of the way to make room for these 
particles, and in doing so must be pressed into 
other contiguous masses, and these again into 
others, and soon. Hence the motion E D must, 
so to speak, infect the water for a considerable dis- 
tance from the blade surface. Strictly speaking it 
will infect the water for an indefinite distance in an 
infinitesimal degree ; but so far as concerns the 
momentum represented by the water so set in 
motion, it may be conveniently expressed by the 
conventional supposition—the purely conventional 
supposition—that the motion extends only to a 
definite distance, and that within this distance the 
whole of the water receives the precise motion E D 
during the time in question. It is the determina- 
tion of this conventional distance—in other words, of 
the thickness of this conventional layer or stratum 
of water—which formed one of the principal fea- 
tures of Mr. Cotterill’s paper of 1879. Mr. Froude 
then went on to consider what becomes of the 
motion after the blade has passed. His opinion is 
that the motion continues for a time with practically 
undiminished speed. When a river flows into a 
lake through a narrow channel, or a pipe discharges 
into a cistern, the stream issuing from the channel 
or the pipe does not stop on entering the stationary 
water, but shoots on through it, only losing its 
speed eventually as it becomes broken up and 
mixed with the stationary particles around it. In 
the same way, until it has become thus broken up, 
the stream set in motion by the screw blade con- 
tinues its motion, and thus we may say—at least, 
as a convenient way of stating the speed imparted 
to it by the blade—that during a complete revolu- 
tion of the propeller the water moves not only as 
Mr. Howden says, the distance E D (where A E is 
the blade width), but that distance multiplied by 
the number of times the blade width is contained 
in the distance of the spiral travel per revolution. 
Mr. Howden appears to consider that the water 
will remain stationary where it is left by the tail 
edge of the blade ; but why, what is there to stop 
it ? If the blade which has set it in motion also stops 
it and leaves it stationary, the reaction which the 
blade experienced in setting it in motion will be 
neutralised by an equal and opposite reaction 
experienced in bringing it again to rest, and the 
net reaction will be nil and the thrust likewise. 
The experiment was tried some years ago of placing 
an auxiliary rudder some distance forward in the 
deadwood of a ship, and it was found to be about 
useless for the reason that the water set in lateral 
motion by the rudder was stopped by the dead- 
wood behind it, so that the lateral force on the 
rudder was balanced by an equal and opposite 
force on the deadwood. The reaction derived from 
a rudder, or an oar-blade moved rapidly edgeways, 
or a ricochetting shot, as in one of Mr. Howden’s 
illustrations, arises alike in all cases from the 
circumstance that water is not only set in motion, 
but that it is dismissed in motion, and in all cases 
the reaction derived is precisely measured by the 
quantity of water set in motion, multiplied by the 
speed with which it is dismissed. To dispute this 
proposition is to dispute not only the received 
theories of the propulsion of vessels, but the 
received first principles of hydro-dynamics. 

With regard to the conception of the homogeneous 
moving column set in motion by the screw, which 
formsthe basis of Rankine’s investigation, and which 
is such a stumbling-block to Mr. Howden, Mr. 
Froude admitted that, taken strictly, it is simply a 
figure of speech. Rankine regarded it as an ideal 
conception—nothing more—which he considered 
accorded sufficiently with the actual facts to serve 





as a basis for a theoretical treatment. The con- 
ception would accord strictly with the actual facts, 
only if the blades of the screw were numerous 
enough to impart uniform motion to all the water 
passing through. Mr. Froude thought that Ran- 
kine overrated the degree of correspondence of 
this conception with the actual facts ; but that this 
did not make his investigation less sound, only in 
so far less relevant. He nevertheless regarded it as 
extremely relevant and extremely instructive ; and 
partly for this reason that the problem has been 
approached from two ideal standpoints, strongly 
contrasted yet complementary to one another. One 
being the homogeneous column already referred to ; 
the other being the conception employed by the 
speaker’s father in his paper of 1878, in which he re- 
presented each screw blade as an elementary plane 
moving independently through undisturbed water. 
And the results obtained from these two contrasted 
ideal conceptions are so truly analogous that either 
may be confidently treated as instructively rele- 
vant to the actual facts which lie somewhere be- 
tween them. Mr. Howden wished to know how the 
space was to be filled which the longitudinal or axial 
motion imparted to the column appeared to leave 
it at its forward end. Mr. Froude was of opinion 
that this axial motion must be regarded as imparted 
to it, not suddenly and in one precise transverse 
plane, but gradually ; and that as it acquires the axial 
speed, so it correspondingly contracts in sectional 
area. Professor Rankine was quite aware of the 
necessity for this contraction, and refers to it we 
believe in his 1865 paper. Mr. Froude said that 
he agreed with Professor Greenhill that Rankine 
does not in his theory take sufficient account of the 
circumstance ; and stated that his principal object 
in his two papers of last year was to supply this 
defect, and to show that in so far as the conception 
of the homogeneous column was realised, in so far 
also must be realised this further conception, viz., 
that of the total motion imparted to the column, 
which is a spiral motion and may be resolved into 
two elements, a rotary motion and an axial motion; 
that of this total motion only the rotary element is 
imparted in the actual moment of passage through 
the propeller. Professor Greenhill showed that 
the propeller in imparting this motion must also 
create a difference of pressure before and behind it, 
and Mr. Froude went on to show that this differ- 
ence of pressure must fulfil a two-fold function, 
viz., to supply at one and the same time the forces 
incidental to the contraction of the column and the 
forces incidental to the acquisition of the axial com- 
ponent of the speed, one-half of this axial speed 
being imparted in the approach to the propeller, 
in obedience to the diminished pressure in front of 
it, and the remaining half in receding from it, in 
obedience to the increased pressure behind it. 

Mr. Sydney W. Barnaby was next called upon by 
the President to continue the discussion, but he very 
considerately gave way to Professor Greenhill. The 
latter did not speak at much length, the hour being 
very late, and did not attempt to controvert the 
theories broached by the author. He said that he 
could not help feeling gratified at being classed by 
the author with men of the stamp of Rankine and 
Froude. Speaking of the analogy between turbines 
and screw propellers, he said the great difference 
was that in one case the water in entering was 
guided to take the direction required, whilst with 
the propeller it chooses its own course, but is 
influenced by the presence of the moving vessel. 
The speaker also referred to the difference of 
opinion as to the possibility of negative slip—Mr. 
Isherwood says it exists nowhere but in British 
Admiralty reports—as showing the difficulty in the 
way of arriving at definite conclusions on the 
subject. 

Mr. J. Macfarlane Gray stated that Mr. Howden 
all through confounded movement with velocity, and 
he gave avery luminous simile to show how Mr. 
Howden had gone astray. He put aside the 
image of a propeller and substituted in its place 
the cow-catcher of an American locomotive. He 
imagined a long row of big stones placed on the 
track. These would be deflected to the side by 
the cow-catcher and thrust some distance away. 
But according to Mr. Howden’s theory all these 
stones would be found at the end of the journey 
adhering to the outside edge of the cow-catcher. 
What Mr. Howden should do would be to substitute 
for the row of stones a line of rabbits, which would 
scuttle away into space as soon as they were free of 
the cow-catcher, only the cow-catcher should supply 
them with the means of locomotion. Mr. Gray’s 
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row of rabbits is worthy to be placed alongside his 
most excellent cow-chewing-the-cud theory of the 
compound engine. 

In the Transactions of the Institution there was 
already a very complete literature of the screw pro- 
peller in the papers of Rankine, the Froudes, 
Cotterill, and Greenhill. In Rankine’s investigation 
there were some gaps which are not easily bridged 
over by all the members of the Institution. Mr. 

tray had written a note supplying these omissions, 
but was too late to give it that evening, but itmay be 
printed with the discussion. The speaker remarked 
inreference to Mr. Read’s paper of that morning that 
it would often make the significance of an algebraic 
expression clearer if it were also represented geo- 
metrically. Asan illustration of this he placed 
before the meeting Lord Rayleigh’s formula for P, 
the normal pressure acting on the face of a plane 
inclined @ to the line of its motion in sea-water, 
when P' is the pressure of the head due to the 
speed of this motion. The formula is given in 
Froude’s paper of 1878 on an errata slip at page 48 
of the Transactions : 

p- 27 sin 0 Pt, 


4+msind 


The graphic representation of this formula is the 
following : 
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The perpendicular A B = 0.64 on any scale, the 
diameter D E = unity on the same scale, @ = incli- 
nation of plane to C G the line of motion, then the 
pressure of head due to velocity is to the normal 
pressure on planeas CE: DE. If v = velocity in 
direction G C in feet per second, the normal pres- 
sure is v?+CE. The practical formula given by 
Froude, P = 1.7 wv sin 6, compares with this as 
FH:DE. The line K H is drawn at 0.45 below 
A G and the radius B F = 0.85. 

When the angle @=0 then will F H = 1.09, 
while D E, representing Lord Rayleigh’s result, is 
always represented by unity= DE. Astheangle @ 
is in the screw propeller the divergence of the path 
of the blade from the direction of the surface of the 
blade, the angle @ is always small, and the ratio of 
D Eto F H for the actual inclinations will there- 
fore be about as 100 : 116, or as was Froude’s inten- 
tion as 96: 112. When @ = 45 deg., as it may be 
for a rudder, the comparison becomes as 100 : 169: : 
Rayleigh’s result to Froude’s result. 

Mr. Howden having briefly replied—the hour 
was so late that there was no time for him to meet 
the arguments put forward by Mr. Froude—a 
hearty vote of thanks was awarded to him on the 
motion of the President. 

After a vote of thanks had been passed to Lord 
Ravensworth, who had presided throughout a most 
arduous meeting, and to Mr. George Holmes, the 
secretary, the members separated. 





THE EDINBURGH INTERNATIONAL 
EXHIBITION, 1890. 
(Concluded from page 433.) 

Tue building for locomotives, &c., Fig. 9 (see 
two-page plate of last issue),. to the rear of the 
Machinery Hall, is 300 ft. long by 57 ft. 6 in. 
wide, and is formed in two avenues with a row of 
columns in the centre, the construction being 
the same as in the case of the eastern annexe. 
The floor is the same as in the Machinery Hall, and 
two lines of rails have been laid in each avenue, 
and extending the whole length of the building. 
These rails are directly in communication with both 
the Caledonian and North British systems, and the 
exhibits of railway rolling stock will be run into their 

laces under steam. In this building four or five 
ocomotives will be exhibited. The Great Western 
Company will exhibit the famous broad-gauge engine 
‘*Lord of the Isles,” which was in the 1851 Exhi- 
bition at London. The North-Eastern, Great 
Western, Caledonian, and North-Western will each 
show one of their latest types of express passenger 
engines. The North-Eastern and North-Western 
will also exhibit their newest style of saloon car- 





riages, while the South-Eastern will send the first 
saloon carriage made and used by the Duke of 
Wellington for travelling between Walmer and 
London. The juxtaposition of the old and the new 
will afford object of interesting study. An oft- 
told story gives the Iron Duke the credit of despis- 
ing all but the minimum of comfort, and his saloon 
railway carriage will probably contrast very much 
with the exquisite appointments and comfort of the 
present day saloon. Of course there will be other 
exhibits from railway companies and_ builders, 
while America promises to send some wagons, the 
design of which will be instructive to those who 
have not studied the subject. These will mostly 
be bogie carriages. A tube iron car to be sent is 
34 ft. long, weighs 11 tons 18 ewt., and carries 
30 tons. There will probably also be a hopper- 
bottom wagon and cars with drop ends carrying 
30 tons, and weighing 8 tons 6 cwt. As to 
whether there will be any American locomotives, 
as was at one time hoped, it is doubtful. The idea 
was to have a typical American engine, and have 
exhaustive trials between it and representative 
British locomotives on several of the trunk lines 
between London and England; but it is said the 
American people wish to send the engine only in 
a completed state, and there is a difficulty of getting 
steamers with a large enough hatch. Even although 
there was liberty to take the engine to pieces for 
transport, the question of cost is not an inconside- 
rable matterforthe Exhibition executive ; butdoubt- 
less if this were the only difficulty, funds would 
be readily subscribed to meet the extra expense, 
in view of the distinct advantages which such a 
comparison of locomotives would afford when tried 
on the same railroads. 

The boiler-house is 80 ft. long by 70 ft. broad. 
It is one of the few buildings of brick, the others 
being the kitchens. The roofing is constructed of 
iron trusses, with galvanised iron and glass. Here 
five of Galloway’s well-known type of boilers will 
be placed, and the flues will be connected with a 
brick chimney of the ordinary factory type, and 
100 ft. high. These boilers are each 30 ft. long 
by 8 ft. indiameter. Each boiler has two furnaces, 
3 ft. 3 in. in diameter, and these unite behind the 
fire bridges into one flue, supported by thirty-eight 
patent Galloway cone tubes, with four pockets to 
throw the flame against the cone tubes, and two ex- 
pansion pockets at the back end to give the necessary 
space in the end plate for expansion and con- 
traction. They are each capable of evaporating 
8000 lb. of water per hour, with average coal, and 
will drive 400 indicated horse-power. They work 
to a pressure of 100 lb. to the square inch, being 
constructed of ;%,-in. shell plates of mild steel. The 
longitudinal seams are butt-jointed with inside 
and outside cover strips, secured by four rows of 
rivets. It is too late in the day to speak of the 
characteristics and points of merit of Galloway’s 
boiler. It may be mentioned in this connection 
that a tubular boiler by De Naeyer, of Belgium, is 
to be exhibited under steam. 

The only structures remaining to be described 
are the three bridges in the grounds. Bridge No. 1 
is that at the main entrance over the Union Canal. 
The span is about 80 ft. clear, and the head room 
given is 12 ft. In order to get this head room on 
the simplest plan, it was considered best to make 
the bridge with a flight of stairs at both ends, as 
shown on elevation (Fig. 10, page 472). It was origi- 
nally intended to have an iron bridge; but for the 
reason already given—increase in the price of iron 
—it was latterly decided to use pitch pine. Of this 
bridge we give several illustrations. (Figs. 10 to 
13). The structure consists of two outside wooden 
girders, the beams of which are 16 in. by 7 in., 
trussed with ordinary battens on each side. In 
addition there are three ribs, also of the same size 
of timber, but not trussed. The thrust of these 
is taken by the foundations at each end, consisting 
of masses of concrete surrounding the heads of 
piles, 12 in. by 12 in., driven firmly into the 
ground, as shown in elevation and section (Fig. 10 
and 12). The flooring and steps of the bridge are 
carried by rolled iron beams, 8 in. by 4 in., shown 
in the plan and section (Figs. 11 and 12). The 
joints of the main girder and ribs are all bolted 
together with 4-in. wrought-iron plates and bolts. 
To give protection from weather the bridge is 
covered over, and this is continued in semicircles 
to the entrances on either side of the ceremonial 
archway. Framing has been arranged on either 
side, carrying a light roof of timber, covered with 
sarking and Leeds roof-cloth. 





The second bridge is that connecting the gardens 
on either side of the Suburban Railway. It has 
three spans, the central one being 35 ft., and the 
total length 150 ft. The roadway is 29 ft. above 
the rail level, and the width between the parapets 
30 ft. This bridge is composed of a wooden 
arch in the centre and two half-arches to the em- 
bankments, and on these the horizontal members 
of the structure rest. The piers are of two thick- 
nesses of pitch pine 9 in. by 9 in. placed at 5 ft. 
intervals, and braced horizontally and diagonally. 
The piers are 8 ft. at the base, and the members 
meet together at a height of 20 ft. upon a 12 in. by 
9 in. springing timber, from which the main rafters 
of the arch rise. All the timbers of the arch are 
12 in. by 6 in., and the joints are made by iron 
dowels and straps, securely bolted together. The 
horizontals, which are also 12 in. by 6 in., have 
scarfed joints at meetings of timbers. They 
support the joists of 11 in. by 3 in., carrying the 
flooring of 6$in. by 24 in. battens, on which a 
tramway is laid to take carriage and cart traflic. 
The parapets are of dressed pitch pine, lined with 
white wood, the height being 4 ft. 6 in. above 
the roadway. 

Bridge No. 3 is formed of two wooden canti- 
levers supported on framed wooden piers, and of it 
we give several engravings (Figs. 14, 15, and 16). 
The thrust members are 14 in. by 6 in., and are tied 
back to the horizontal runners by battens on each 
side 6$ in. by 24 in. Horizontal beams, 14 in. 
by 6 in., carry joists 11 in. by 3 in. for the floor- 
ing, which is 14 in. thick. The joists are at 
18 in. centres. The bridge is 120 ft. long over all, 
the cantilevers being 50 ft. apart. The width of the 
bridge is 40 ft., and it connects the eastern annexe 
and the Machinery Hall. It forms a part of the 
courts for exhibits, and consistent with the idea 
that all should be roofed in for the convenience 
of the visitor, the bridge has been covered in a 
manner similar to that adopted in the Sculpture 
Galleries and already described (see Figs. 14 and 
16). There is a central span of 20 ft. with side 
corridors each 10 ft. wide. The side galleries only 
are to be used for exhibits, leaving the centre for 
passage. 

The estimated cost of the buildings is 50,0001., 
allocated as follows: 20,0001. for main building, 
15,000/. for machinery and locomotive hall, &c., 
70001. for art and sculpture galleries and eastern 
annexe, 50001. for roads and outside bridges, 
20001. for recreation grounds and grand stand, 
and 10001. for offices and entrance gate, &c. 

It is too early to refer in anything like detail to 
the exhibits ; we hope to do that later. All indi- 
cations point to a most representative display, not 
only of electrical science, but also in other depart- 
ments of engineering. The Executive Council 
have certainly shown a great desire to secure a 
class of exhibits which will insure success from a 
technical point of view. In one or two respects 
the conditions for exhibitors differ from those in 
connection with recent exhibitions. At first it 
was intended that there should be, as usual, rent 
for floorage occupied—2s. 6d. per square foot, with 
a minimum of 2/. 10s.—but on representations by 
some of the leading electrical institutions, this idea 
was departed from. The Council wisely decided 
that no rent should be charged for space allotted 
to exhibitors, unless the working of the Exhibition 
resulted in a deficiency. For every square foot of 
space allotted the exhibitor has deposited 2s. 6d., 
and if the working of the Exhibition results in a 
loss, the amount of the deficit will be assessed 
primarily upon the exhibitors in proportion to the 
space allotted to them, and will be deducted from 
the deposits, and the balance returned; but no 
exhibitor will be liable for a greater amount than 
his deposit, unless, of course, he is a separate 
guarantor. If there is no loss the whole of the 
deposit money will be returned. The guarantee 
fund amounts at present to about 30,0001. Looking 
to the success of previous exhibitions in Edinburgh 
and Glasgow the promotors have not been ambitious 
in this matter. 

The Executive Council have reverted to the 
practice of giving awards to exhibitors. We use 
the word ‘‘ reverted,”’ as in some recent exhibitions, 
notably Glasgow and Manchester, there were not 
any special awards, and this was commended in 
view of the abuse of the principle in previously 
held exhibitions. But the executive of the Edin- 
burgh project hope to secure the advantages of the 
system without the abuses. The jurors are to 
be selected by the governments of the foreign 
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countries from which the exhibits come, and by 
home societies or technical institutions ‘‘ of repute.” 
The jurors, for instance, for the Electrical Section 
are to be selected by the Institution of Electrical 
Engineers and the Electrical Committee of the 
London Chamber of Commerce. 

It will be readily understood that with the fair- 
ness of the conditions of rental for space, and of a 
distinct probability of equitable distribution of 
honours, coupled with the influential character 
of the Exhibition generally, there were very large 
demands for space. In all about 500,000 square 
feet were applied for. This far exceeded the space 
according to the original plan, and, encouraged by 
generous support the executive decided to add 
several buildings, bringing u» the available floorage 
to 250,000 square feet. The work of allotment 
too often consists in giving each applicant a 


proportion of space desired, corresponding to) 


the ratio of the total available to the total 
applied for. Had this rule been enforced, each 
applicant would have got half the space he 
wished. Recognising the absurdity of this arrange- 
ment, the authorities decided to consider every case 
on its merits. Preference, of course, was given in 
all instances where the applicant was the inventor, 
manufacturer, or producer of the intended exhibit. 


All electrical exhibits were accepted, and the bulk | 


of the machinery. Only in such cases where it 
could be done conveniently was a part of the space 
given, 

Foreign exhibits were carefully considered in 
view of the desire to make it an International 
Exhibition, but only a proportion of the space 
desired could be given. Italy was allotted 20,000 
square feet; France, a corresponding amount ; 





| Court with native workmen. A large proportion | 
| of the space has been allotted to England, the 
| Exhibition having a large support principally 
through the exertions of a committee in London, | 
under the chairmanship of Sir George Hayter 
| Chubb, and including the Lord Mayor, who, by the 
way, is likely to makea state visit to the Exhibition, 
Sir Frederick Abel, Sir Lyon Playfair, Sir John 
Pender, Major Flood Page, Col. Raynsford Jack- 
son, Mr. W. H. Preece, chief electrician at the Post 
Office, and a large number of engineers, represen- 





'tatives of colonial and foreign countries, and 
others. 

The electrical section, of course, will be the most | 
extensive. Amongst the exhibitors will be the | 
following: Edison, Sir William Thomson; the 
Electrical Construction Corporation, who have been 
allotted 1700 square feet ; the General Electric | 
Company; Edison-Swan; Thomson-Houston, who | 
will exhibit electric welding; Faraday, Electric | 
Traction Company, Sir William Vavassour, Eastern | 
Telegraph Company, Telegraph Construction and | 
Maintenance Company, Woodhouse and Rawson, | 
King, Brown, and Co., and other well-known | 
electricians. The Post Office will show in chrono- | 
logical order instruments illustrative of the | 
development of the telegraph. Some idea of the 
scope of the general industries department will be 
understood from the fact that there are sections for 
clothing; foods and drinks; soaps and perfumery; 
carriages and harness, cycles of all kinds; china and 
| glass, including the process of manufacturing 
| Venetian glass; furniture, with workshops, educa- 
| tional appliances, ship models; india-rubber in all its 
| various forms, &c. There will be a particularly good 
display of baking machinery and of gas engines, | 

















































Fig. 13. 
Detail at C 


























THE AMERICAN INSTITUTE OF 
MINING ENGINEERS. 
(By our New York CoRRESPONDENT.) 
(Concluded from page 375.) 
THE PROPERTIES OF ALUMINUM. 

ConTINUING our notices of the papers on 
“* Aluminum,” by Messrs. A. E. Hunt, Langley, 
and Hall, it should be-‘mentioned that the attraction 
of aluminum for oxygen is far greater than most 
elements, and is turned to practical account in 
removing by it oxygen from molten steel. The 
electrical resistance of the average quality of 98.52 
per cent., is as follows : 





‘Resistance in ‘‘ Legal 





a 
& |Ohms” of One Yard. 
£  |——_—___ 
Specimen Used. be | 
= S | At 14 deg.|At 76 deg. 
| g | Cent. = | Cent, = 
} 3 | 57 deg. | 170 deg. 
| Aa | Fahr. Fahr. 
—_—_- | 
Unannealed aluminum wire 0.0325 0.05749 | 0.07202 
nnealed »” «| 0.0325 0.05484 | 0.06928 


Pure copper wire has the follow- | 


ing resistance 0325 | 0.0315 0.0387 
| 


| 


We find the thermal conductivity is very nearly 
inversely as its electrical resistance, for unannealed 
aluminum wire at 14 deg. Cent. has a conductivity of 
17, where copper has the thermal conductivity of 32, 
the rates being as 1 is to 1.88. Confirmatory 
accurate determinations are now being made at the 
University of Michigan by Professor Carhart. 
Silicon hardens aluminum considerably, increases 
its tensile strength without materially decreasing 





Austria-Hungary, 15,000; Belgium, 10,000; Turkey, but as we have already said, it is not possible thus its ductility ; it, however, very materially decreases 
Kgypt, and Asia Minor, 5000; and 10,000 to other early to deal with the exhibits in detail, or even | its malleability and takes away its capacity of taking 
countries, including Germany, which sends a com- completely in a general way. We hope to do that | a fine polish, and much more, prevents its retaining 


paratively small quota, There will be an Indian 





later, 





whatever polish it has received. Silicon in aluminum 
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Lead is found as an accidental impurity of 
aluminum in proportions up to } of 1 percent. In 
small proportions, so far as yet determined, it has 
no appreciable action upon the properties of alumi- 
num. In larger proportions lead does not alloy 
with aluminum, and no homogeneous alloy or even 
mixture of the two metals, can easily be obtained. 
Antimony does not unite with aluminum to form 
any homogeneous alloy. Chromium unites with 
aluminum readily, hardening it and adding to its 
tensile strength. An addition of 1 or 2 per cent. 
of chromium to aluminum improves it for many 
purposes, although, as in the case of all other im- 
purities, it decreases the malleability of the alumi- 
num. Tungsten unites with aluminum, harden- 
ing the metal, but not giving any very useful alloys. 
Platinum unites with aluminum readily. It, how- 
ever, does not seem to give any advantageous alloys. 
They are brittle and unsound. 

Tissier says that silver seems to be the metal 
most useful to improve aluminum, 5 per cent. of 
silver giving to aluminum increased elasticity and 
hardness without injuring the malleability of the 
metal. The alloy is susceptible of taking a very 
fine polish. The silver lowers the melting point of 
the aluminum considerably. It is predicted that 
the alloys of silver and aluminum will have a large 
use in the arts in the future. No very valuable 
alloys of tin and aluminum have been discovered ; 
the tin added to aluminum makes it more brittle, 
and does not seem to give any valuable properties 
in return. However, small proportions, up to 2 
per cent., of aluminum added to tin renders the 
tin harder and more elastic without decreasing 
materially its malleability. Cadmium unites readily 
will aluminum, giving fusible alloys, which are 
quite malleable ; however, it does not seem to 
impart strength, but rather weakness, to aluminum. 
Bismuth unites with aluminum to form brittle, but 
very fusible, alloys. Nickel unites with aluminum 
to form very brittle alloys in any large proportions; 
in small percentages, up to 3 per cent. of nickel, 
its influence is to harden aluminum without seriously 
decreasing the malleability or ductility of the metal. 
An alloy of 70 per cent. of copper, 23 per cent. 
nickel, and 7 per cer cent. aluminum, has a fine 
yellow colour and takes a high polish. Zine forms 
alloys readily with aluminum, which are very 
brittle and highly crystalline. The best solder yet 
obtained for aluminum is this alloy of zinc, with it 
using Venetian turpentine as a flux. Unfortu- 
nately it will not flow well, nor are the soldered 
surfaces capable of withstanding hard usage. 

Ten per cent. aluminum with 90 per cent. copper 
(called 10 per cent. aluminum bronze), rolled into 
plates, has an elastic limit of 70,000 lb. to 80,000 Ib. 
per square inch, a tensile strength of from 
100,000 lb. to 120,000 Ib. per square inch, a reduc- 
tion of area of from 20 to 40 per cent., with an 
elongation of from 5 to 10 per cent., in 8 in. The 
metal has a beautiful yellow colour, and is sus- 
ceptible of taking a fine polish. One great ad- 
vantage of the metal is its freedom from corrosion 
from the action of the air, either moist or dry, or 
water upon it. Its specific gravity in castings is 
about 7.84, and in rolled sheets about 7.89. Its 
modulus of elasticity is about 18,000,000 lb. In 
castings it has a tensilestrengthof between 70,000 lb. 
and 80,000 Ib. per square inch, with a reduction of 
area of about 20 per cent. 

Compression tests upon cylinders of 10 per cent. 
aluminum bronze ? in. in diameter and 2 in. long, 
gave an ultimate compressive strength of 160,000 lb. 

er square inch, the specimens being shortened by 
4 A similar piece of 5 per cent. bronze was 
shortened to 1} in., and gave an ultimate compres- 
sive strength of 153,000 lb. per square inch. 

Five per cent. aluminum bronze in tension has 
an elastic limit of about 50,000 lb. per square inch ; 
a tensile strength of about 70,000 lb. per square 
inch ; a reduction of area of from 30 to 50 per 
cent. Its specific gravity is from 8.20 to 8.30. 
Two and one-half per cent. aluminum bronze has a 
specific gravity of 8.6. 

The melting point of 10 per cent. aluminum 
bronze is about 1700 deg. Fahr., a little higher 
than that of ordinary brass. The metal shrinks a 
little less than 4 in. to the foot, ora little less than 
ordinary brass. It solidifies very rapidly from the 
molten condition, and it is necessary te pour it 
very quickly. 

The feed gates should be made large enough to 
prevent the metal freezing. Hot baked sand moulds 
should be used for casting. Precautions should be 
taken also to prevent oxidation of the metal, for 








TABLE OF TENSILE TESTS OF IRON 


AND STEEL CONTAINING ALUMINUM. 
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O. H. steel, with one-tenth of 1 per cent. aluminum, | | | 
j-in. thick plate in oe or 2 Ae --| 40,250 | 58,590 30.10 | 62.82 Silkycup 0.04 0.12 0.41 0.02 0.05 
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without it the oxide is carried into the metal, which 
prevents its rolling into sheets. It is well also to 
** bottom pour” the metal into the mould—that is 
to cast the metal into a hot ladle having a nozzle in 


the bottom in direct connection with the gate of, 


the casting, allowing the metal to settle so that the 
oxide and dross shall come to the surface, in this 
way preventing its entering into the casting below. 
The surface of the molten bath should be kept 
covered with powdered charcoal. It is also advan- 
tageous to keep the bath covered with a flux in 
some cases, although the disadvantage of this is 
that the flux is apt to cut the sides of the pot and 
add silicon to the metal. It is well to tap the metal 
in an inert atmosphere (casting in a cloud of smoke 
or the like), to prevent the oxidation from the air 
in the mould attacking the metal. 

Aluminum bronze is an extremely dense, close 
metal. It can be worked at a bright red heat as 
easily as can wrought iron. In this respect it differs 


from all other forms of bronze, which are red-short | 


at ared heat. The fact that aluminum bronze is 
malleable at a red heat and stands this temperature 


without change, makes it especially adaptable for | 


blast furnace tuyeres. The metal can be hardened 
to a considerable extent by working without anneal- 
ing. To anneal aluminum bronze, heat to a dull 
red heat and permit it to cool gradually, 

The alloy of aluminum and copper does not 
volatilise at any ordinary temperatures used in 
fusing it, and consequently it can be frequently 
comahed without any appreciable change in the 
chemical constituents of the metal. This has great 
advantages in the economic use of the metal, as 
the scrap in casting or rolling can be readily re- 
melted into ingots of the same quality metal. 

Aluminum bronze can be brazed as well as any 
other metal, using as a solder : Zinc, 50 per cent. ; 
copper, 50 per cent. ; using } of the solder and ? 
borax and cryolite in equal parts. 

The following are some of the analyses of 
aluminum bronzes lately made by the Pittsburg 
Reduction Company, and by the Scovill Manufac- 
turing Company : 


| 
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10 per cent. bronze cast: | | | | 
ing made Dec. 5, 1889 | 9.20 | 90.0 | 0.117 | 0.370 0.077 | 7.69 
5 per cent. bronze casting | | | 
made Dec. 5,1889 ..| 4.70 94.84 0.080 0.320 0.060 8.25 
| 


2} per cent. bronze cast- | | 
ing made Dec. 5, 1889 2.35 97.29 | 0.05 
10 per cent. bronze cast-| | 


ing made at New-, | 
6.32 | 91.98 | 0.09 | 1-000 | 0.48 


| 
0.260 0.050) 8.61 


; 8.01 


\ 


hausen .. of 

The influence of aluminum in making wrought 
iron fusible has been taken advantage of in the 
well-known Mitis process of making castings of 
wrought iron. Aluminum furnished by the Pitts- 
burg Reduction Company has been found to be 
very advantageous, and is largely used in the manu- 
facture of the Mitis metal. Aluminum will also 
increase the tensile strength of wrought iron and 
improve the fibre if added either as pure metal or 
in the form of ferro-aluminum to the molten bath, 
just before the metal comes to nature in the 
puddling furnace. 

The influence of aluminum in cast iron is to turn 
the combined carbon to graphite—that is, to make 
the white iron grey, and also to close the texture 





0.08 0.15 


‘of the metal. (W. J. Keep.) It makes the metal 
ordinarily more fluid, and it also makes it sus- 
ceptible of taking a better polish and retaining it 
free from oxidation. Aluminum will also increase 
the tensile strength of many grades of cast iron, 
and aids in obtaining sound castings free from blow- 
holes. It has been used in preparations from one- 
tenth of 1 per cent. to 2 per cent. with good results, 
with various grades of iron. 

The influence of aluminum in stcel of high carbon 
is to turn the combined carbon into graphite, and 
destroy the hardening action of the carbon in tool 
steel. Aluminum in this sense softens steel. In 
structural steel of .20 per cent. carbon, a small 
amount of aluminum, up to 1 per cent., increases 
the tensile strength without to any great degree 
decreasing the ductility. By its aid a higher tensile 
strength can be obtained in thick sections of steel 
which have been subjected to but little work than 
can be otherwise obtained ; although aluminum with 
considerable quantities of graphitoidal silicon have 
been added to steel, no graphitoidal silicon has 
been found in the steel afterward, it being all 
found in the amorphous or combined state in the 
'resulting steel. The influence of aluminum is also 
| to lower the melting power of the steel and in this 
| way make it more fluid. It also makes the ingots 
| of steel more solid and free from blowholes. It 

can be most advantageously used in proportions of 
‘from one-tenth of 1 per cent. up to 3 per cent. of 
| aluminum. 

As considerable inquiry has been made as to the 
‘ore from which aluminum is made, it may be well 
‘to state here that aluminum is now being manufac- 
‘tured from the oxide, alumina, which is purified 
chemically from silica and iron, from the native 
bauxite mineral. Bauxite is found in considerable 
| quantities, and fully as pure in quality as the best 
‘foreign mineral, in the States of North Carolina 

and Georgia, and there are vast deposits of it in 
Ireland and Northern France. The average com- 
position of bauxite is about as follows, as given by 
| Dana, at the Pittsburg Testing Laboratory : 











| | | 
a AljOy., SiOz Fex0s Hx0 'TeOz, CaCos — 
| White from Be’x | | 
France .| 581 21.7 3.00) 14.0 | 3.20 trace Dana 
| British red from | | 
| Revest, France| 57.6 2.80 25.3 | 10.80 3.10) 0.40 re 
| Oolitic from Al- | | | 
| lamt, France. .| 55.4 | 4.80) 24.8 11.60 | 3.20, 0.20) 








| 
| 


The two methods of purification of bauxite are as 
| follows : 
| Bauxite, ora rich clay, chosen as free from iron 
'as possible, is roasted at a low red heat, and 
| afterward is treated with sulphuric acid, which com- 
| bines with the alumina present, forming sulphate of 
alumina. This is readily dissolved by water, leav- 
ing the great bulk of silica and iron behind. The 
solution of sulphate of alumina is allowed to settle, 
the supernatant liquid syphoned off into an evapo- 
rating tank and evaporated to dryness. The dry 
sulphate of alumina is calcined at a red heat, driving 
off the sulphuric acid, leaving as a residue anhy- 
‘drous alumina. This calcination seems to be as 
easy as the calcination of alumina hydrate, and 
there appears to be no difficulty in condensing the 
volatilised sulphuric acid, which can be used over 
|again. This process is easier, on a laboratory scale, 
than the soda carbonate method, which is about as 
follows : 
Bauxite is fused with carbonate of soda, in a 
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reverberatory furnace. The fused mass is lixiviated 
with water, which dissolves aluminate of soda, 
which is decanted off. The solution of aluminate 
of soda is decomposed by carbonic acid gas, which 
forms carbonate of soda, which remains in solution, 
and the alumina hydrate is precipitated. This 
alumina hydrate is afterwards washed repeatedly 
with water, dried, and calcined at a red heat for a 
considerable time, which forms anhydrous alumina. 

The foregoing abstract prepared by the authors, 
although quite long, was necessary to a proper un- 
derstanding of the subject. The original paper was 
almost as long again, and those specially interested 
in the subject are referred to it, more particularly 
as to the details. 

In this connection a note was read by the secre- 
tary from G. H. Abbott announcing the discovery 
in Mexico of a deposit of sulphate of alumina con- 
taining 37 per cent. of sulphuric acid and 18 per 
cent. of aluminum, the balance being insoluble 
matter and water. 

Oberlin Smith, of Bridgeton, N.J., President of 
the American Society of Mechanical Engineers, 
read two papers, one entitled ‘‘ Aluminum in 
Search of a Nickname,” and the other ‘* Aluminum 
in the Drawing Press.” The latter is the record 
of experiments at the Ferracute Machine Com- 

any. 

. The paper of Mr. E. H. Cowles, of Lockpoit, 
N.Y., whose process for obtaining aluminum has 
already been described in ENGINEERING at length, 
was next presented. It was entitled ‘‘ Aluminum 
Bronze and Brass as a Suitable Material for Pro- 
pellers.” The paper commenced with a history of 
the various materials used in England and America 
for this purpose, and a summary of their defects, 
but the substance of the claims of superiority for 
aluminum brass is as follows : 

‘Aluminum bronze is the strongest of all the 
copper alloys. A small bar of it, cast in sand, broke 
in the testing machine of the Leeds Forge Company, 
at Leeds, England, in the presence of Sampson Fox, 
at the unheard-of load of 130,000 lb. per square 
inch, and with about 0.5 per cent. elongation in 
lin. The bronze in question was made at Lock- 
port, N.Y., in the Cowles electric furnace from 
corundum, and had approximately 10 per cent. of 
aluminum, 10 per cent. of silicon, 0.5 per cent. of 
iron, and 88} per cent. of copper in its composition. 
It is what is known as the Al grade of bronze. 
Many hundreds of tests on this grade of metal on 
smalls bars up to ? in. in diameter prove its tensile 
strength to be over 100,0001b. on bars of that size, 
while its transverse strength on our test ran as high 
as 95,000 lb. on a bar lin. by lin. by 12in. Its 
elastic limit is proportionately high and its hard- 
ness far above all other alloys. Its corrodibility is 
far less in salt water than manganese or gun bronze. 

‘¢ While a short metal, so far as ductility is con- 
cerned, this should not weigh against it, for it is 
in no sense a brittle metal ; it must, however, be 
properly cast to obtain good results. Its price 
alone is the one great obstacle to its introduction 
into propellers generally. This is approximately 
700 dols. per ton for ingot metal alone. 

‘¢* Aluminum brass is produced by fusing together 
equal weights of Al aluminum bronze, copper, and 
zinc. The material is left in the furnace until a 
small test bar shows a tensile strength of 80,000 lb. 
or over, with 2to 3 per cent. elongation. Attimes 
tests of this bronze on small bars have shown as 
high as 100,000 lb. Three of these, which were 
attached to a large casting made by the Brush 
Electric Company, at Cleveland, for the hub of the 
colossus dynamo in the Cowles Works, at Lock- 
port, exhibited a tensile strength of from 93,000 lb. 
to 96,000 lb., and 23 to 74 per cent. elongation. A 
bar of it 2 in. in diameter and 15 in. long, was 
broken at 82,0001b. on the Watertown machine, by 
Chief Engineer Harris, United States Navy. Three 
tests of this No. 2 brass in England on sand cast- 
ings gave equally high results. A bar 1 in. by 
6 in. broke at 76,187 lb., elongation 14 per cent. 
Another bar, 2 in. by 12 in., broke with a load of 
72,912 Ib, and 1 per cent. elongation. The last 
bar was 3 in. in diameter and 18 in. long between 
marks. It broke at 66,752 lb., and a slight elon- 
gation. These three tests were made at the proving 
house of the Lloyd’s, near Netherton. The screw 
of the United States gunboat Petrel is cast from 
aluminum brass mixed with a trifle less zinc in 
order to increase its ductility. Its cost is about 
the same as that of other alloys. 

“* We have not to-day in this country, or in Eng- 
land, any official standard by which to judge of the 





physical characteristics of cast metal. The Harris 
test bar is 22 in. long, 24 in. in diameter at the 
head, 2 in. in diameter in the shank, and 15 in. 
between marks. Two other requirements are abso- 
lutely necessary before a fair comparison of different 
materials can be secured. One is a statement as to 


whether the same was cast in dry or green sand, | po 


orinachill. The other inquiry is whether it was 
cast attached to a larger casting or cast by itself. 
As a rule, the smaller the bar the higher the result, 
no matter what alloy is under consideration, 
unless it is perhaps the aluminum brass. Tin 
bronze and manganese bronze show this as much as 
aluminum bronze. It is also true of all the ordinary 
brasses. It has also been found to be true that 
chill castings give higher results than sand castings, 
and that bars cast by themselves, purposely for 
testing, almost invariably run higher than those of 
the same material cast attached to castings. It is also 
a fact that bars cut from castings are generally 
weaker than bars cast alone. All tests of bars of 
cast metals, for a fair comparison, must be made 
under identically the same conditons in the foundry. 
When the material is supposed to be the same, or 
approximately so, a complete analysis of the broken 
bars should be made.” 

After a brief abstract of Mr. W. J. Keep’s 
paper read by the secretary, Prof. F. P. Dewey, 
of Washington, D.C., gave a description of the 
Heroult process of smelting aluminum alloys. 
The question of aluminum now being fairly before 
the meeting, a sharp discussion ensued between 
Mr. Dewey and Mr. Cowles as to the claims of the 
Heroult method. The question turned on the use 
of carbon. Mr. Dewey, in answer to the question 
whether the Heroult process did not produce 
alumina by reduction of carbon rather than by 
electrolysis, replied, Yankee-like, by asking another 
question: How could a current pass through a 
fused mass containing alumina without electro- 
lysis? He stated that the distinctive claim for the 
Heroult process was the electrolysis of a mass of 
melted alumina, the aluminum and the alloying 
metal being maintained in a fluid condition by the 
passage of the current. He reported that in making 
a 25 percent. alloy the variations were not more 
than f to ? per cent., and that an alloy as high as 
60 per cent. of aluminum could be produced. This 
is obtained in one run direct, and not by making 
first one run and using the alloy produced to obtain 
a higher grade by a repetition of the operation. 
Mr. Dewey stated also that no carbon is charged 
with the alumina. 

Mr. Cowles replied by the distinct statement 
that the Heroult process was a plagiarism of the 
Cowles process. However, the Institute as a 
body are not responsible for individual statements, 
hence there is no opinion to be given on the merits 
of the question. 

The various uses to which the aluminum 
derived from the Hall process could be put, were 
shown by a large exhibit of almost every household 
utensil, and a variety of works of art made from 
the substance—kettles, pans, &c., together with 
some beautiful placques, ash- holders, match-boxes, 
military buttons, and the like ; also sheets beaten 
to nearly the thinness of gold leaf, wire, and many 
alloys with copper, iron, and other metals. The 
great recommendation being they would not 
oxidise, hence required no polishing. Mr. Hunt 
seemed an adept in displaying the exhibit and 
explaining their adaptability ; he also generally 
gave many samples to the visitors, and as your 
correspondent secured a match-box, he has no 
hesitation in saying that this is the coming metal, 
more especially as an alloy. It was stated that 
10 per cent. combined with steel increased its tensile 
strength to double the original. When alloyed 
with copper for an electric wire, it seemed to 
present also a most promising field. In fact, its 
uses seem so many and so varied that an enumera- 
tion is useless. 

EXcuRSIONS. 

The next day the party started to see a gold 
mine, and as the discoverer, or rather the 
developer of this proved to be an old friend of your 
correspondent, he obtained a little of the history 
of the ‘‘ find.” It seems gold had been known to 
exist in this locality for centuries, and in 1620 an 
expedition was sent from England to explore for it. 
They evidently made only casual examinations, 
perhaps because the Indians may have had certain 
ideas of protection as opposed to free trade ; at 
all events, the matter was dropped, and yet, 
strange to say, the gold was known to exist ; for on 





the very property we visited, which had been for 
many years in the hands of one family, it had been 
the custom, whenever a relative married, to dig 
enough gold for the wedding-ring. The vein we 
went to see lay under a field which had been used 
for agricultural purposes for a hundred years, and 
tatoes, corn, &c., had grown and decayed over 
the metal for whose obtaining wars have been 
waged, and human life sacrificed without scruple. 
Again, strange to say, the explorer was one whose 
mission was to save human life—viz., a physician. 
Being called to Washington in connection with the 
Guiteau case, for he was an expert on insanity, 
and had been the head of a large asylum, he made 
the short step to insanity on gold. He was con- 
vinced it was there, and he meant to find it. The 
trouble with the previous investigators was that 
they only scratched around on the surface, but our 
medical friend first made borings, and then having 
acquired the property, proceeded to sink a shaft. 
He has gone down in all 160 ft., drifting some 
600 ft. on the 90-ft. level and some 400 ft. at the 
bottom. The result has justified his wisdom, the 
mine has paid from the outset, has one of the most 
complete 10-stamp mills to be seen anywhere, and 
the ore is yielding from 10 dols. to 12.50 dols. per 
ton. It is a free melting ore, and several hand- 
some nuggets were shown to the party. There is 
an abundance of water, and everything points to 
a high degree of prosperity. The situation is 
picturesque, and it is located but twelve miles 
from our national capital. The mine is owned by 
twoindividuals, one of them a United Statessenator, 
and they don’t want to sell stock nor to take in a 
partner. If they had, there would have been 
plenty of volunteers from their visitors. Their 
whole entertainment of the Mining Institute was a 
piece of sheer good nature and hospitality, ana 
they omitted no detail for our pleasure and com- 
fort. Stages were provided to convey the party 
there, and a bountiful lunch was ready on our 
arrival. After this the party were lowered three 
at a time in the ore bucket, and a number of the 
ladies descended in this manner. The whole trip 
was a great success, and formed a most fitting close 
to the Washington meeting. It was one of the 
largest held for some time, and one of the plea- 
santest. No one went away disappointed, and 
having said that, there is nothing more to add. 





THE ACCIDENT ON BOARD H.M.S. 
* BARRACOUTA.” 
(Concluded from page 387.) 

THE inquiry into the recent accident on board H.M.S. 
Barracouta was resumed by Mr. W. J. Harris, Coroner 
for the Sittingbourne district of East Kent, at the Foun- 
tain Hotel, Sheerness, on Thursday, the 10th inst., 
assisted by Mr. T. A. Crompton, Assessor, and brought 
toa termination. Mr. Baker, solicitor, and Mr. Manuel 
of the Peninsular and Oriental Company, again represente 
the Admiralty, while Mr. Ince, solicitor, and Mr. W. 
Parker, of Lloyd’s, represented the contractors for the 
boilers and engines, the Palmer Shipbuilding Company. 
Mr. E. W. Brightman, County Councillor and Chair- 
man of the Sheerness Local Board of Health, was fore- 
man of the jury. 

A letter was read from Fleet-Surgeon Kell, stating that 
since the adjournment Mr. Saxton fad had a relapse, and 
it would be unwise for him to leave his house in this cold 
weather. He was well enough to give his evidence at his 
own home. —The foreman said that Mr. Saxton was both 
anxious and willing to give evidence, and arrangements 
could be made for the jury to attend at his house, 141, 
Berridge-road, about a mile from the Fountain Hotel.— 
The Coroner, jury, and other gentlemen engaged in the 
case, then proceeded to Mr. Saxton’s house, and examined 
the witness. 

Joseph Saxton, an engine fitter employed in Her 
Majesty’s Dockyard, Sheerness, deposed: On February 7 
I was directed to attend the steam trial of H.M.S. Barra- 
couta, my duty being to watch and report everything 
done by the contractors in the stokeholds and to see that 
the trial was carried through in a fair manner. Just as 
the ship started to leave Sheerness I entered the starboard 
aft stokehold, and made a survey of the whole. I observed 
the water gauge glasses, and there was then in the star- 
board after gauge about half a glass of water, and in the 
port glass barely half a glass. The survey took me 
twenty minutes, and when I returned to the after stoke- 
hold there was then about the same amount of water in 
the starboard boiler and from 3 in. to 4 in. of water in the 
port boiler. Shortly afterwards I again noticed the 
gauges and found the water in the port boiler was 
still going down. This attracted my attention to 
the speed of the main feed donkey, and I found 
the starboard donkey working faster than the port. Upon 
going into the port stokehold again, Mr. Spyer, the 
Admiralty official, called my attention to the water in the 
boiler. There was then about half an inch in the middle 
line gauge. I said to one of the con ractors’ men “It is 
nearly time we had more water in that boiler.” Mr. 
Spyer spoke to him at the same time. The water con- 
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tinued to go down until it was level with the nut 
of the gauge—it was just bobbing in the glass. On 
Mr. Spyer speaking to Batey, who was in charge 
of the tokehold for the contractors, the speed of 
the main donkey was considerably increased. The 
water coma in that state for about three 
minutes, but it afterwards gradually rose, and 
when there was from 2 in. to 3 in. I lett the port 
and went into the starboard stokehold, and from 
thence into the starboard engine-room to see if I 
could find Mr. Hodgson to report what had oc- 
curred. Not being able to find him I returned to 
the port stokehold, and noticed the water was 
sindeaiie gaining. There was then about half a 
glass, and the speed of the main donkey was 
slackened. I distributed my time between the 
stokeholds until three minutes before the accident, 
when I took note of the steam pressure and water 
gauges. I went into the fore stokehold and seeing 
a stranger (Stalker) on the fan engine, I spoke to 
him. Gould, one of the deceased men, was firing. 
I looked at his fire and spoke to him, and as I was 
stepping back from him flames from the midship 
ashpit belched forth and played on_his thigh. 
Seeing the flames rise in the stokehold I called out 
** Every man for himself,” and was running along 
the passage to apprise those in the after stokehol 
of what had taken place when I met Collins, lead- 
ing stoker, who said, ‘‘ You can't go this way.” I 
replied, ‘* You cannot go the other.” I shouted, 
**Fall down close on the footplates.” We laid 
there some time, and after feeling the heat some- 
what relieved, I ran through the port engine-room 
to the deck. I was burnt on both hands, wrist, 
and face. 

By the Assessor: Three minutes before the 
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accident I noticed about 4 in. of water in the 
midship line bulkhead gauge of the port boiler. é 
The main feed donkey was worked at a higher = 7/ 
speed for about seven minutes. I never saw the .29328) 
auxiliary donkey at work. It may have been, but 

I did not notice it. I cannot say whether Batey put on 
the sea cocks to get more water. When I first spoke to 
the contractors’ men about the water in the boiler, there 
was about three-quarters of a glass showing in the gauge 
on the feed tank. 

By Mr. Baker: When I noticed the water was low, 
the trial had just started. That was the only time I 
noticed it low. 

By Mr. Manuel: The water in the starboard boiler was 
never lower than 4 in. 





By a Juror: More than half an hour elapsed after the 


water was bobbing in the nut before the accident occurred 


water was not being - in fast enough from the feed. 
Mr. R. J. Butler, C 
miralty, deposed: ‘‘ On receipt of a telegram at the 


Admiralty yo te the accident, the engineer-in-chief | ness Dockyard, de 
sent me to Sheerness to inspect the machinery of the | on the afternoon of the return of the Barracouta, and was 
Barracouta. I went on board on the afternoon of the | of opinion that deficiency of water in the boiler was the 
accident accompanied by Messrs. Hodgson and Baker, of | cause of the accident.—By Mr. Ince: If the glass showed | 


of the port boiler. 


starboard boiler. 


late ; and 25 on the forward tubeplate. 

iler was in a satisfactory condition. There was a marked 
hief Engineer Inspector at the Ad- | difference between the appearances of the two boilers. 

Alfred Baker, acting Somes of boilermakers, Sheer- 

sed that he inspected the port boiler 


We took 


Port Boiler 


Sheerness Dockyard, and entered the combustion chamber | 
eneral observations of the 
interior of the combustion chamber, and Mr. Hodgson 
took the notes produced. I came to Sheerness again the 
next day and examined the combustion chamber of the 
On the top of the firebox of the port 
boiler 45 stays were leaking out of 70; on the port side 
12 stays were leaking out of those visible, and on the 
| starboard side 14 out of those visible. 
| stays was leaking between the nests on the after tube- 
| plate, and two on the forward tubeplate ; 17 stay tubes 
were leaking on the right-hand forward tubeplate, 19 on 
I thought at 7.40 that the water was low enough to be | the after ditto, 22 on the left-hand forward ditto, 21 on the 
dangerous, but there was never any shortness of water | left-hand after ditto. 41 plain tubes were leaking on the 
after the donkey was put on faster. I was satisfied with | left-hand forward tubeplate out of 93; 16 ditto on the left- 
the water in the boiler just before the accident. The cause | hand after tubeplate ; 18 ditto on the right-hand after tube- 
of the water going down between 7 and 7.40 was that the 


One of the solid 


The starboard 





considerable experience with 


Starboard Boiler. 


3in. or 4 in. of water, I should not call that a de- 
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= (a Juror) considered the witness should not 
be asked to express an opinion as to the cause of the acci- 
dent, seeing that he had been in the room nearly all the 
time the witnesses had been under examination. 
not know it was proposed to call Mr. Baker, or he would 
have called attention to the matter. 

Mr. Manuel said the witness was only present a part of 
the time ; and directly it was known he was to be called 


He did 


to the Foreman, witness said: I have had 
Directly I saw the 
rt boiler, I came to the conclusion the 
ue to shortness of water. 
chamber was very much shattered. 
Mr. Durston was then 


The combustion 


ed, and a juror drew atten- 
tion to the fact that that gentleman had been in the room 
from the time the inquiry commenced.—The Coroner: 
He is a professional witness. : i : 

Mr. Albert John Durston, R.N., Engineer-in-Chief of 
the Navy, deposed that he made an examination of the 
port boiler of the Barracouta on Februar 
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H.M.S. “BARRACOUTA ;?? BOILER FEED ARRANGEMENTS. 
(For Description, see Page 484.) 
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appeared to have been leaking, and also some on the side. 

early every space of the combustion chamber was more 
or less bulged—that is, each stay nut appeared to lie in 
the depression of the plate. There was red rust in the 
corner of the combustion chamber and on portions of the 
top plates. There was also salt and dirt generally dis- 
tributed over the combustion plates. He went into the 
combustion chamber of the starboard boiler, where all the 
plates and tubes appeared to be in their normal condition. 

here were a few leaks, but slight, and not more than 
might be expected. He considered the accident occurred 
from the over-heating of the upper portion of the com- 
bustion chamber of the port holier by its being bare of 
water for some time. 

y Mr. Manuel: After reports are received at the 
Admiralty from the dockyard authorities, it’s my duty to 
examine and sign them. I signed the report referring to 
the Barossa. There is no difference in the structure of 
the boilers of the Barossa and the Barracouta, except 
that the grate of the Barracouta was lengthened. The 
Barracouta’s boilers were good and well made. I see no 
reason why the port boiler should give out any more than 
the starboard. 

Replying to Mr. Ince, Mr. Durston said he looked upon 
the lengthening of the grate of the Barracouta as an 
advantage. He considered it was running a risk if the 
water was only bubbling in the glass. He was of opinion 
that 3in. or 4in. would be a safe working level. The 
boiler might have received an injury between 7.40 and 
8.30 without any disastrous results immediately following. 

By Mr. Manuel: I have never had a complaint from 
the officials at Sheerness Yard as to the water being un- 
suitable for steam trials. I was chief engineer of this 
dockyard for two years, and have heard it mentioned that 
the water is likely to cause priming, but have never found 
itso. In the event of war, I should not think it neces- 
sary to send to the River Lea for water for the boilers. 
Replying to Mr Howe, Mr. Durston said that ships were 
often taken to Portsmouth for steam trials because the 
measured mile at Stoke’s Bay was more suitable than the 
Maplin Sands and not on account of the water for the 
boilers. Mr. Manuel said he had examined the fresh 
water at Sheerness, and only wished they could get such 
water alongside the wharves in London for the vessels of 
the P. and O. Company. 

Mr. Howe: The Zealand Company would not take in 
water at Queenborough Pier if it could be obtained at 
Flushing, on account of the sediment. I suppose the 
main at Queenborough is from the same spring as Sheer- 
ness.—Mr. Durston said the Sheerness water had been 
examined on several occasions by the Government 
analyst and always pronounced to be good and pure.— 
Mr. Gordon said a short time back the Local Board of 
Health had the town water analysed, and it was pro- 
nounced to be perfectly pure and good. 

Dr. Mansfield, R.N., was recalled and described the 
nature of deceased’s injuries. 

Replying to Mr. Baker, witness said: We only ran 
short of lint when the accident occurred, but the towels, 
shirts, and handkerchiefs were forthcoming, which 
answered the purpose temporarily. There was plenty of 
oil. The canlieue taken on board were according to 
the Admiralty regulations. Directly the vessel came 
into harbour, all the injured men wece properly dressed 
with lint from the Naval Barracks before being sent to 
Chatham Hospital. 

he Coroner asked the witness if he considered half a 
pound of lint, four splints, and three yards of strapping 
was sufficient to take on a steam trial when there were so 
many on bard. 

Mr. Burnet said he considered it was totally inade- 
quate, and Mr. Simmons considered that no ship should 
leave the harbour without sufficient appliances to meet 
any emergency. Replying to Mr. J. Palmer, Dr. 
Mansfield said that all the medical appliances allowed by 
the Admiralty were on board at the time of the accident. 
The Coroner: I hope there will be a more liberal supply 
in future. 

Dr. Mansfield said that in the event of anything occur- 
ring the ship was not far from the port and it only took a 
very short time to run into the harbour, when ample appli- 
ances could be obtained from the Royal Naval Barracks, 

Mr. Howe : It’s a question whether it would not have 
been better to have landed these sufferers at Ramsgate. 

The Coroner: Was any effort made to get them into 
the military hospital here ? 

Witness: No. 

The Coroner: Why ? 

Witness ; Because it would take longer than to remove 
them to Chatham—there’s such a lot of routine to go 
through. : 

A Juror: Whilst that was being done the ship could 
get to Chatham. 

The Coroner: There ought to be no red tape when a 
man’s life is in peril. I shall ask the jury to express a 
very strong opinion upon this point. 

The Coroner said that as each of the experts had made 
areport, he would merely swear them and ask them to 
read their statements. ; 

Mr. G. W. Manuel, Superintending Engineer of the 
P. and O. Company, was then sworn and read his report, 
which was as follows: In accordance with the request of 
the Admiralty and by permission of the Peninsular and 
Oriental Company, I visited H.M.S. Barracouta on the 
17 February last, and during seven days till the “8th 
February ; also on the 15th March. My pur was to 
ascertain the cause of the accident that occu on the 7th 
February, in connection with the port boiler, while the 
vessel was commencing what is termed a trial under 
natural draught. This accident caused the death of two of 
the crew belonging to Her Majesty’s service, and seriously 
injured others ; also some of the contractors’ men. My 





examination included the port boiler, externally and inter- 
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nally, with its connections, steam and water gauges, feed 
supply valves and pipes, mainand auxiliary donkey pumps, 
and their connections to tanks, &c. On February 17, I exa- 
mined the port boiler as it had been left after the acci- 
dent, and found the water as shown in the gauge glasses, 
which are three in number, to be as follows: Aft mid- 
ship glass, Zin. above the bottom ; aft wing glass, 1f in. 
above the bottom ; fore midship water not visible in the 
glass. The vessel had then a slight list, as on the trial, 
making a difference of 1 in. in the glasses at each side of 
this boiler. [The list was to port.] On the following day 
the vessel was put nearly upright, when the water showed 
in the glasses as follows : Aft midship glass, 1 in. above 
the bottom; aft wing glass, 14 in. above the bottom ; 
fore midship, # in. under the bottom, and in measure- 
ment inside this glass, 34 in. above the combustion cham- 
ber top. When the water in the mid after gauge glass 
is down level with the bottom of the glass, there would be 
about 24 in. above the top of the combustion chamber. 

In the starboard boiler, which had been pumped up 
after the vessel returned to port, the water stood at 8} in. 
in the glasses; taking the average of the three, this 
would give 11 in. above the top of the combustion cham- 
ber of the starboard boiler. The draught of the vessel was 
similar to that on the day the accident occurred. 

Before examining further I made some inquiries as to 
the nature of the accident, and was informed the men 
were scorched by the flame ; no steam or noise was heard. 
I then examined the furnaces of the port boiler, and tested 
them by measurement; found them in good condition, 
and that, apparently, they had not altered their forms. 

The firebrick flame bridge, which is built across the 
centre of the combustion chamber with division walls be- 
tween each furnace reaching to about 2 ft. 6 in. from the 
top of the combustion chamber, I found in good condition ; 
the bricks and jointings were not disturbed. There 
is a small air hole in the sloping part of the bridge in the 
two after furnaces, 3 in. by 24 in., communicating with 
the space under the bridge, and with the ash-pits by 
small holes in the bridge partition. I examined these air 
holes carefully. There were no signs of any strong 
draught through them, for a good deal of loose dust was 
hanging in the corners of this passage, and it appeared 
to me very evident that the cause of the flames coming 
into the stokchold was not due to anything in connec- 
tion with the bridges or underneath the bridges. 

On going into the combustion chamber through the 
brick division I noticed a considerable number of the 
common and oy J tubes leaking, and from their appearance 
they had been leaking considerably when under steam. 
The leaks came out from the joints, where the tubes 
come through the tubeplates, od appeared worse at the 
top rows in both the forward and after tubeplates. 

"he surface of the tubeplates was covered with a mix- 
ture of dust and salty water, which was running down 
the tubeplate, so that, except the top rows, the exact 
number leaking could not then be well judged. I esti- 
mated there would be about 100 to 150 tubes leaking in 
each tubeplate and mostly at the top rows. There are 
altogether 260 tubes in each tubeplate. 

On the underside of the combustion chamber top, a few 
of the stay-nuts appeared to have been leaking very 
slightly, but were then tight ; also a few at the sides of 
the combustion chamber near the top. 

The surface of the plating at the top part of the com- 
bustion chamber had every appearance of being over- 
heated. It was free from soot, was buckled in several 
eeee near the centre and midship sides. This was con- 

rmed on examining the same plates from the inside of 
the boiler, and it was noticed that the nuts holding the 
girders were about 4 in. away from their proper posi- 
tion at the centre part of the girders. I account for this 
excessive slackness by the overheating, buckling, and draw- 
ing of the plates, so that when the pressure was removed, 
the top plates having become longer, had to go somewhere, 
and they came up in the direction of the original camber of 
this plate, causing the stays and nuts to rise with the plate. 

The opinion I formed from what I then saw was that 
the water had been allowed to get too low in the port 
boiler, and that, in consequence, the top part of this com- 
bustion chamber, and for some distance down the tube- 
plates, had become suddenly short of water, and that the 

lates, owing to the intense heat, became rapidly over- 
reated, causing the jointings in the tubeplates to give 
out and leak. Steam and water due to about 150 Ib. pres- 
sure, was thensuddenly discharged into the hot combustion 
chamber, and on the firebrick bridges in an opposite direc- 
tion to the flames and gases coming from the furnace 
whereby a pressure was created sufficient to overcome an 
force back the flames through the openings in the fires and 
firebars into the stokehold, where the air pressure due to 
the fans for natural draught was only 3 in. of water 
pressure, This occurred without noise, enveloping the 
men in flames for about a minute or less, and seriously 
scorching others, after which the hot combustion cham- 
ber was reduced in temperature by continuous leaking 
from the tubes, The fires were deader ed and the air pres- 
sure from the fans again predominating, the flames, 
in a smaller body, returned through the tubes to the 
funnel. The water also returned on the plates, and, with 
a better supply and reduced pressure, the port boiler, 
though actually doing little or nothing to bring the vessel 
back to port, was kept connected, and the starboard boiler 
being well fired, the Barracouta was brought into port at 
aspeed of about 9 knots, which is easy work for one 
boiler with a vessel of this fine type. This opinion was con- 
firmed on further examinations of the starboard boiler, 
which is, as far as design and strength, a duplicate of the 
geet Se ; as regards the workmanship, they are equally 

‘ood, 

The furnaces and bridges were, to all appearance, as 
made, and very few leaks were found in the tubeplates 
at the jointing of the tubes, or had there been since steam 





was first got up ; the few that had been leaking, had taken 
up, for it was found, on testing this boiler to 200 Ib. 
water pressure, only four tubes in each tubeplate were 
actually leaking and that slightly. 

The surfaces of the plates of the starboard boiler were 
covered with soot, and there was not the least sign of over- 
heating ; evidently this boiler had been well supplied with 
water over the combustion chamber top, therefore no 
damage was done. 

In order to compare the state of the two boilers as they 
returned to port, and to detect the possibility of there 
being any weakness in the structure of the port boiler 
where leaking, in agreement with Mr. Crompton and 
Mr. Parker, the boilers were separately tested by water 
pressure up to 2001b. per square inch, or 50 1b. above 
the working pressure, and record made in the port boiler 
of the movements that took place in the plates formin 
this combustion chamber. As the pressure was applie 
25 Ib. at a time the results taken were as follows: At 25 Ib. 
leakage increased at the top rows of tubes; 50 Ib. at 
second rows of tubes; 75 1b. third and fourth rows ; 100 lb. 
increase in all over to the fourth row ; 1251b., leakage in 
some of middle and top rows very badly ; 150 lb., three or 
four leaked from middle downwards ; 180 lb., three tubes 
leaked badly in the lower rows in the after tubeplates and 
one in forward tubeplate, and the experts had to come out 
(getting wet through). At 200 lb. pressure on the centre 
gange the leakage allie very considerable. 


e gauges showed that the greatest movement of the | & 


top plate forming the combustion chamber top was 3’; in., 
when at the centre the pressure reached 200 1b. per square 
inch ; but, as before stated, the nuts on the girders above 
this part of the top plate were 4 in. clear before the 
pressure was applied, so that the actual movement was 
only about a full ais in. and agreed with the original tests 
of these boilers at the makers’ works. 

The movements of the tubeplates were also tested, and 
at the centre, where the most movement would be, it was 
only gz; in. in a direction towards the front of the boiler 
at 200 lb. pressure. 

It was considered that there was no weakness in the 
structure of the boiler in this combustion chamber that 
would in any way account for the accident. This was 
confirmed when the starboard boiler was also tested to 
200 lb. At that pressure there were only leaks at four tubes 
on each tubeplate, or eight tubes in 520, and the leaks were 
butslight. These leaks are the usual results of new work— 
in fact, the condition of this combustion chamber was 
very creditable. I found, on examining this boiler in- 
ternally, that the nuts were also slack on the girders 
about ;; in., a slackness which may be expected. After 
first getting up steam, when subjected to heat, the plates 
expand and take a set ; but, being about 60 per cent. less 
than in the port boiler, it post se: showed the excessive 
heat in the plate of the port boiler. 

I examined the port boiler after the water was all out 
and the inside dried, and found the usual indications of 
strong ebullition and foaming, particularly « gainst the end 
plates. Evidently the water had been driven from the 
centre or top of - combustion chamber and was thrown 
= on the end ge for they were covered with a 
white deposit of lime and salt to a height of 2 ft. 3 in. 
from the tubes; the top rows of stays at this part 
were also covered with a like deposit, evidently 
showing when this boiler was at work under what is 
termed natural draught, that the water had not been in 
the quiescent state such as shown in the gauge glasses, or 
to be expected in a boiler like this with large grate sur- 
face extending into the combustion chamber, converting 
the top of the combustion chamber into heating surface, 
more resembling that of the furnace and requiring addi- 
tional water above it to work it with safety. 

On examining the state of the water in the port boiler 
I found it to be a mixture of salt and fresh water, having 
1,8 oz. of saline matter to the gallon, a mixture, in my expe- 
rience, most likely to cause foaming, or what is termed 
priming. 

The water in the starboard boiler contained three 
ounces of saline matter to the gallon. Evidently a consi- 
derable quantity of sea-water had been pumped into the 
boilers. It certainly would have been advisable to have 
refilled these boilers, before going on trial, with fresh clean 
water. 

I tested some of the water from the shore mains. It 
contained very little sediment, a few grains only, chiefly 
chalky deposit, and is suitable for boilers. 

I examined the gauge glasses of the port boiler, also 
the steam and water pipes leading to same. The pas- 
sages were all found clear except the top port of two of 
the gauge glasses, which were somewhat contrac 
owing to the gauge glasses being left too long, thus 
rendering the cleaning plug useless. Evidently the man 
who fitted it neglected to cut the glasses to their proper 
length. The ports in gauge glasses are small, and require 
but a slight movement to contract the passage. 

The water pipe to the bottom of the gauge glasses is 
connected to the boiler under the level of the firebars, 
where the water is in a quiescent state, and would only 
indicate in the glasses something like an approxi- 
mation to the mean level of water inside the boiler, but 
would not show the rapid movements that take place 
on the surface of the water in a boiler such as this. 
Therefore the level of the water should not be kept in — 
way near the bottom of the gauge glass. In practice, wit 
the extended firegrate, this boiler should not have been 
worked at less than half-glass. If this had been done the 
necessary power would have been obtained and the acci- 
dent prevented, 

After reading the above report Mr. Manuel made the 
following observations: After hearing the evidence of the 
different witnesses I see no reason to alter my opinion as 
to the cause of the accident, as the evidence, to me, 
only confirmed that opinion, I must say that the evi- 





dence of the different witnesses was conflicting. Taking 
that of the last witness Saxton, Government engi- 
neer fitter, who was injured, and whose duty it was to 
watch the water in the glasses, he stated that the water 
got below the bottom nut of the midship aft gauge- 
glass in the port boiler, adangerous level. This statement 
differed from that of the majority of the witnesses, except 
Mr. Spyer, Mr. Fielder, and Naval Stoker Richardson, and 
the water was so low that Mr. 7 and Mr. Fielder 
considered it their duty to inform Mr. Sharp (who was in 
charge of the machinery under Mr. Reed}. In his evi- 
dence Mr. Sharp did not admit he had been warned, but 
afterwards said he might have been. 

The evidence of Mr. Batey, who was particularly in 
charge of the boiler feeding, was also very conflicting. He 
stated that the steam was so high that he heard the safety 
valves lift and blow several times, whereas no one else, 
either, below? or on deck, heard or saw any signs of 
the valves lifting. Taking the evidence as a whole, 
it undoubtedly shows that the water in the port boiler 
varied considerably, and was allowed to get too low; 
whereas in the starboard boiler the water had been 
kept about half-glass with no signs of being low in the 

lass. This boiler was doing the same work as the port 

iler, but returned to port in good condition. Various 
opinions as to the cause of the accident have been formed, 
such as back draught through the firebars not being 
properly covered, stoppage of the fans, opening firedoors, 
They were all considered along with other views, 

but none of these could be maintained in this case. 

Mr. Parker, in reply to the Coroner, said he had not 
made a report on the result of his investigation, but had 
prepared a few notes, which he read as follows: At the 
request of Messrs. Palmer’s Shipbuilding and Iron Com- 
pany, Limited, and with the consent of Lloyd’s Register 
of Shipping, I attended on board the Barracouta for the 
purpose of investigating the cause of an accident which 
occurred in the port boiler of H.M.S. Barracouta, while 
that vessel was running her trial trip off Margate on 


February 7, 1890. Mr. G. W. Manuel, superintendent | 


engineer of the P. and O. Company, also attended on 
behalf of the Admiralty, and Mr. J. T. Crompton, con- 
sulting engineer, on behalf of the Coroner. 

The Barracouta is a composite vessel built at Sheerness 
Dockyard in 18%8-90, and engined by Messrs. Palmer’s 
Company, of Jarrow-on-Tyne. The machinery was con- 
structed at Jarrow, and fitted on board the vessel at 
Sheerness by the contractors’ men. The engines and 
boilers are exact duplicates of those fitted by the same 
firm in H.M.S. Barossa, the trials of which were made in 
1889. The vessel is fitted with twin screws driven by 
triple-expansion engines having cylinders 21 in., 31 in., 
and 45 in. diameter by 24 in. stroke. 

The steam is supplied by two double-ended cylindrical 
steel boilers fitted abreast of each other, and working at a 
pressure of 155 1b. Each boiler is 10 ft. 9} in. inside dia- 
meter, and 17 ft. Gin. long, with four corrugated furnaces 
3 ft. 1 in. internal diameter. There is one combustion 
chamber in each boiler, common to all four furnaces. 

The boilers contain a total heating surface of 5230 square 
feet, and a total grate surface of 195 square feet. All 
parts of the boilers are made of steel. The plates and 
stays were manufactured by the Steel Company of Scot- 
land, and tested by the Admiralty inspectors in accord- 
ance with the Admiralty regulations, the mean strength 
being 27 tons to the square inch. 

The boiler-room is divided by a fore and aft bulkhead 
running between the boilers. There are two funnels 
placed abreast, one for each boiler. Each stokehold is 
hermetically closed and the draught for combustion is 
produced by fans 6 ft. in diameter (one fitted in each 
stokehold), which are driven by separate engines at an 
average speed of about 130 revolutions per minute. These 
fans receive their supply of air from air trunks, one in 
each stokehold, and are fitted with air-locks having two 
air-tight doors, so that by closing one before opening the 
other the air pressure in the stokehold can be maintained. 
The ash hoists are also fitted with air-tight doors, covers, 
&c., to prevent the air-pressure escaping from the stoke- 
hold when ashes are being hoisted on deck. 

No dampers are fitted in the funnels, and the arti- 
ficial air pressure in the stokehold at the time of the 
trial was only what is termed ‘“* moderate forced 
draught.” As each compartment of the boiler-room 
is supplied with air by its own fan, the draught 
and rate of evaporation in either boiler can be adjusted 
independently of the other. The air pressure is indicated 
by water contained in aglass ren attached to the bulk- 
head, one end being open to the air in a stokehold, and 
the other to the atmosphere ; the difference in the two 
levels gauges the excess of pressure in the stokehold. This 
system of producing draught by forcing air by fans into 
aclosed stokehold is the same as that adopted of late 
years in the warships of this and other countries, and in 
several of the large merchant steamers engaged in the 
Atlantic trade, as well as in a number of Lpemeed 
Channel steamers. It isa system that has given—and is 
still giving—satisfaction in the merchant service, when 
the air pressure in the stokehold is used in moderation. 

Horizontal spring-loaded safety valves are fitted on 
each boiler, adjusted to blow-off at 1551b. Stop-valves 
constructed on the self-closing principle are also fitted. 

The height of the water in the boilers is shown by three 
water-gauge glasses, two being fixed at the after end, 
and one at the forward end of each boiler, These gauges 
are fitted on stand-pipes, which communicate with the 
upper and lower parts of each boiler by separate pipes. 
The gauges are packed with asbestos, and were ante by 
Messrs. Hopkinson and Co., of Huddersfield. The feed 
water is supplied to each boiler by two double-cylinder 
feeding engines of the type usually adopted by the 
Admiralty, fixed in the after stokehold, one being con- 
nected to the main feed and the other to the auxiliary 
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feed. The discharge pipes and valves are so arranged 
that any or all of the four pumps can be connected with 
either boiler. The suction pipes of these pumps are led 
to feed tanks, one being placed in each engine-room. 
Suction pipes are also led to the condenser of each main 
engine, the valves for which are situated in the engine- 
room. They can, however, be worked from either the 
stokehold or engine-room, The steam pressure is indi- 
cated by two gauges in each stokehold, made on the usual 
Bourdon principle by Messrs. Dewrance and Co., London, 
one gauge being graduated to 1751b. and the other to 2401b. 

According to the specification: ‘‘ Each screw is to 
be driven by an independent set of engines with 
three vertical cylinders with the collective power of 
1500 horses, giving an aggregate indicat power 
of 3000 horses for both sets of engines, with a working 
steam pressure in the boilers of 150lb. per square inch, 
and an air pressure in the stokehold not exceeding 2in. 
of water.” 

The conditions of the. trial were as follows: ‘‘ An 
official trial at sea of twelve consecutive hours’ dura- 
tion is to be made, during which an average power 
of 1900 horses is to be maintained. A further official 
trial for four consecutive hours at sea must also be made, 
during which the machinery will be required to develop 
and maintain the full power of 3000 horses, with the 
steam and air pressure above mentioned.” 

In order to have a clear understanding of the case, it 
is necessary that a brief reference should be made to the 
trials that had taken place previous to the one on which 
the fatal accident occurred. 

On January 30 the vessel was taken out of Sheerness 
for the purpose of making her official trip, but owing to 
a slight accident to her steering gear, the trial was aban- 
doned for that day, and she returned to the dockyard. 

On February 6 the vessel again proceeded to sea for the 

urpose of running an eight hours’ trial, but the joint of 

igh-pressure cylinder commenced to leak; and as it 
could not be remade in time for the trial to be completed 
in daylight, it was deemed advisable to return to Sheer- 
ness, and to commence the trial the following day. 

Accordingly, on February 7, the vessel was taken to 
sea with the intention of running this trial, but about 
one hour and a quarter after leaving Sheerness, and about 
three-quarters of an hour after the trial had commenced, 
the vessel being then off Margate, the accident occurred. 

It appears that without any warning whatever the 
flames suddenly rushed out of all the ashpits of the fur- 
naces in the port boiler, enveloping both port stokeholds, 
which were closed, in flames, and burning all the occu- 
pants. 

During the completed portion of the trial the steam 
pressure had been 153 Ib., the air pressure maintained in 
the stokeholds had been equal to a column of water of 
# in. to ; in. high, and the engines had been running at 
174 revolutions per minute, the combined power developed 
by the engines being about 2200 horses. After the acci- 
dent the vessel returned to Sheerness under reduced 
steam, and from the time of her return to the dockyard 
until the opening of the inquest and investigation, the 
stokeholds of both boilers were kept blocked and under 
guard, so that when the inquiry opened the boilers and 
their fittings were in the same state as when the accident 
happened. The investigation was commenced at Sheer- 
ness on February 17th by Mr. Manuel and myself. 
We were accompanied by Mr. Spyer, R.N. (an engi- 
neer from the Admiralty), Mr. Fielder (the chief engi- 
neer of the vessel), Mr. Reid (managing engineer to 
Messrs. Palmer’s company), and Messrs. Palmer’s fore- 
man. The internal parts of the furnaces and combus- 
tion chambers of both boilers were examined, but 
after consultation with Captain C. G. Fane, R.N., the 
Superintendent of Sheerness Dockyard, it was decided 
not to disturb any parts of the boiler until the Coroner’s 
Assessor (Mr. Crompton) could be present. On the 
following day, on the resumption of the inquest, the 
Coroner gave permission to Mr. Crompton, Mr. Manuel, 
and myself to make a searching and exhaustive inquiry 
into the cause of the accident. He, at the same time, 
gave us the necessary authority to take what steps we 
thought proper in carrying out this object, and in doing 
so we received every assistance from the contractors, the 
Admiralty, and the dockyard authorities. 

The furnaces and combustion chambers of both boilers 
were again examined, and in the combustion chamber of 
the port boiler, the one in which the accident occurred, 
there was evidence of the tubeplates and the top of the 
chamber having been overheated. e tubes were 
slightly sprung, and it was evident that leakage had 
taken place there, while the top of the chamber plating 
was found slightly buckled between the stays. 

On inquiries being made from those who were in the 
engine-room shortly before and after the accident oc- 
curred, it was found that water was seen in the starboard 
gauge glass of the port boiler, and this was reported to 
be from 2 in. to 3 in. in height, which would give 5} in. 
to 63 in. above the “ of the combustion chamber. In 
order to be satisfied of the depth of water over the firebox 
thus represented the top doors of the boiler were taken off, 
and the height of the water above the top of the chambers 
together with the height and position of the gauge glasses 
in relation to the tops of the chambers carefully mea- 
sured. It was thus found that when water was just 
visible in the gauge glass 33 in. of water existed over the 
tops of the chambers, so that the position of the glasses 
was correct. 

Each gauge glass, together with its cocks, pipes, and 
connections, was taken off the boiler, examined, water 
run through them, and proper means taken to’ satisfy 
ourselves that there was ne obstruction to the glass, and 
that the height of the water shown in the glass indicated 
correctly the height of the water in the boiler at the posi- 
tion the glasses were fixed, 





_The feed pipes in the boiler, together with the delivery 
pipes from the donkey engine suction pipes from the tanks, 
and all valves connected therewith, were also taken topieces 
and examined in order to ascertain if they were free and 
in — working order. On examination of the port 
boiler internally, the top of the combustion chamber 
plating gave additional evidence of overheating. The 
whole of the inner surface of both boilers excepting the 
top plates of the combustion chambers and the upper 
parts of the pry 780 4 were covered witha slight coating 
of oil refuse of a black colour. This was also noticed to a 
less extent in the starboard boiler, but so far as the 
a of the plates was concerned there was no sign 
of overheating. It was further observed that the nuts on 
the girder stays which support the top of the chamber 
pr risen from ;); in. to } in. above the top of the 
girder. 

In order to ascertain whether the disturbed position of 
the nuts and plating was due to weakness or to the plates 
having become heated and buckled, the boilers were both 
tested by hydraulic pressure to 200 lb. per square inch. 
The chambers and tubeplates were carefully measured by 
properly constructed deflection meters supplied by the 
Admiralty, and the yielding of the plates carefully 
measured, and read off at intervals of 25]b. of pressure. 
The positions where these observations were taken were 
marked on a diagram, and the extent of the deflections 
entered in a table. It was shown that at the maximum 

ressure the greatest deflection amounted to }{ in., ora 
ittle over 41n,, and was directly under the stays and 
nuts which were found to be sprung; when the nuts 
bore on the girder stays the deflection ceased. 

Taking the slight yielding of these plates under pres- 
sure, which is not more than is commonly found when 
testing boilers of this description, there are no grounds 
whatever for thinking that the boilers were at all weak. 
From calculations I have made I find that the scantlings 
of the boile:s are quite in accordance with the Admiralty 
practice for a working pressure of 155 lb., the pressure for 
which they were built. 

It should be stated the tubes of the damaged boiler 
leaked considerably while under this test, even at a pres- 
sure of 25 lb., both at the ends of the tubes and slightly at 
the landing of the plate forming the combustion chamber 
top, whilst the other boiler, which had been found 
entirely free from injury, was perfectly tight. 


Having got thus far with the examination of the | we 


damaged boiler and the experiments made as to the 
strength of the boilers under water pressure, and heard 
the evidence of those in charge of the boiler at the time 
of the accident, it becomes necessary to consider what may 
have been the cause of the disaster. 

There is nothing to show that the gauge glasses were 
imperfectly pl , or out of order, and the evidence of 
those who were present at the time goes to show that 
— were not neglected, and that there was not any in- 
sufficiency of water or that the water was lower than 
usual on Government trials. 

The evidence also shows that the three water gauges 
on the boiler had from 3 in. to 34 in. of water in the 
glasses a few minutes before and a few minutes after the 
accident. This water was moving in the glasses, an 
indication that they were free and open, and they had 
been satisfactoril Presa through immediately before the 
accident occur The theory that the accident could 
have been caused by shortness of water cannot therefore 
be sustained. 

Our experiments on the strength of the boiler under 
water —— to which I have already referred, show that 
apart from other causes want of strength alone would not 
have caused the accident. 

There was nothing to indicate that any explosion of 
gases had taken place in the furnaces or combustion 
chamber. The passages leading to the atmosphere were 

rfectly free and open, and there was no damper in the 
unnel to get out of order and produce a back draught ; 
in fact, under such circumstances forced draught lessens 
the chances of a back draught. 

As to oily deposits having led to overheating and 
consequent leakage, this matter was made the subject of 
very careful investigation, but I failed to find on the tops 
of the combustion chambers of either of the boilers any- 
thing but the faintest trace of such a deposit, which was 
utterly insufficient to account for any overheating. 

After carefully considering the whole circumstances in 
connection with this case, making the tests and experi- 
ments referred to, and listening to the evidence of those 
who were present in the stokehold at the time, I am of 
opinion that at the moment of the accident, from some 
cause it is difficult to explain, there wasexcessive heat in the 
combustion chamber which ca the water to rise from 
the plates; that they then became.red-hot ; that at some 

riod during the process of overheating, the plates 

ame buckled, and the tubes sprung, thereby admitting 

a heavy leakage of water into the chamber; and that 

this water at once flashed into steam, overcame the air 

= of the fans, and drove the flames into the stoke- 
olds. 

In conclusion I may state that in conducting these sur- 
veys, Messrs. Manuel and Crompton were in perfect 
accord with me as to all the facts, and my object through- 
out was to make the investigation as complete and accu- 
rate as possible in order to elucidate the causes of what 
appeared to be a most unusual, though perhaps not an 
unprecedented accident, with a view, if possible, to avoid 
arepetition of such a disaster in the future. 

r. Manuel, in reply to the Assessor, said that if water 
had been on the plates the accident could not have 
occurred.—Mr. Parker concurred, and said that the exces- 
sive heat might have thrown the water back. 

he Coroner summed up and congratulated the jury 
that they had at last arrived at nearly the end of their 
exhaustive inquiry. 





The jury then retired toa private room, and, after an 
absence of nearly half an hour, returned, when the 
Coroner asked if they had agreed upon their verdict. 

The Foreman replied in the affirmative. The jury found 
that the psc Henry Ovenden accidentally came to 
his death from shock from burns received in the stoke- 
hold of H.M.S. Barracouta, caused by flames suddenly 
issuing from the ashpits of the port boiler owing to the 
combustion chamber, tubes, and tubeplates becoming over- 
heated from shortness of water or ebullition in the boiler, 
thereby producing local expansion and contraction, and 
allowing the steam to escape into the combustion chamber 
and cut off the exit of the flames through the tubes. 

To this verdict they appended the following rider : 

1. They were of opinion that the conduct of Fleet 
Engineer Hall, in his capacity as representing the Chief 
Inspector of Machinery of the Steam Reserve, at the 
time of the accident, was deserving of censure. _ 

2. The jury considered that the medical appliances as 
supplied to H.M.S. Barracouta were totally inadequate, 
and that in future, provision on all trial trips should be 
made for possible emergencies, 

3. The Jury concur in the opinion expressed by the 
jury in the accident on H.M.S. Thistle in 1869, that 

ospital accommodation to meet cases of accident should 
be provided at Sheerness so as to save the risk of convey- 
ing dangerous cases of injury so far as Chatham, and they 
regret that the recommendation of the jury in the Thistle 
inquiry bas not been acted upon, and hope that hospital 
accommodation may be at once provided both for the 
dockyard and the Royal Navy at Sheerness, 

The Foreman said the jurors had uested him to 
express their thanks to the Coroner pe Mr. Crompton 
for the able manner in which the inquiry had been con- 
ducted, and to the experts for the very great assistance 
they had rendered the jury during the investigation. 





ROYAL METEOROLOGICAL SOCIETY. 
THE monthly meeting of this Society was held on 
ednesday evening, the 16th inst., at the Institution of 

Civil Engineers, 25, Great George-street, Westminster, 
Mr. Baldwin Latham, F.G.S., President, in the chair. 
The Marquis of Gallidoro and Mr. J. M. Veevers were 
elected Fellows of the Society. The following papers 


re read : 
1. ‘‘ The Cold Period at the Beginning of March, 1890,” 
by Mr. C. Harding, F.R. Met. Soc. At the commence- 
ment of the month a rather heavy fall of snow was experi- 
enced in many parts of England, and very cold weather 
set in over the midland, eastern, and southern districts, 
the temperature on the 3rd and 4th falling to a lower 

int than at any time in the previous winter. The 
iowest authentic thermometer readings, in approved 
screens, were 5deg. at Beddington, 6deg. at Kenley, in 
Surrey, and Hillington, in Norfolk, 7 deg. at Chelmsford 
and Tihenhem 8 deg. at Addiscombe, 9 deg. at Reigate 
and Brockham, and 10 deg. in many parts of Kent and 
Surrey. At Greenwich Observatory the thermometer 
registered 13 deg., which has only once been equalled in 
March during the last 100 years, the same reading havin 
occurred on March 14, 1845. During the last half- 
century the temperature in March has only previously 
fallen below 20deg. in three years, whilst Seine the 
whole winter so low a temperature has only occurred in 
eight years. 

2. ** Note on the Whirlwind which occurred at Fulford, 
near York, March 8, 1890,” by Mr. J. E. Clark, B.A., 
B.Sc. A sharp and heavy thunderstorm occurred at 
York about 2.30 p.m. At the same time, or shortly 
afterwards, a whirlwind passed a little to the south of 
the city from Bishopthorpe to Heslington, a distance of 
about four miles, its width varying from 3 or 4 to 250 yards, 
The author made a careful survey of the track of the 
whirlwind, and described the damage done by it to trees, 
buildings, &c. 

3. “On the Possibility of Forecasting the Weather by 
Means of Monthly Averages,” by Mr. A. E. Watson, 
B.A., F.R. Met. Soc. The author is of opinion that the 
average values of meteorological phenomena are constant 
quantities, and that any variation from them is sure to 
be met by a compensating variation in the opposite direc- 
tion. 





Exectric Suppty 1n SwepEN.—Electric lighting is 
rapidly extending in Sweden, and several large installa- 
tions have been completed of late. Another large instal- 
lation has just been contracted for, viz., the large Motala 
Engineering and Shipbuilding Company. It comprises 
46 arc lamps and 211 incandescent lamps, and the instal- 
lation has been taken in hand by the firm of Luth and 
Rosen, Stockholm. 





New Harzsour At BornHoLmM.—A company, mostly 
comprising German capitalists, but which is to have 
Danish directors, has obtained concession for the building 
of a new harbour at Hommer, on the Danish island of 
Bornholm, in the Baltic. The capital of the company is 
150,000/., but the harbour will only entail an expenditure 
of some 15,0001. The main object of the company is, 
however, to work the rich deposits of granite in the imme- 
diate neighbourhood of the harbour, at the quarrying 
and finishing of which a staff of some 800 men will be 
employed. A good market for the granite is expected to 
be see in Hanover and Holland, for which traffic the 
Baltic North Sea Canal, when completed, will be ex- 
ceedingly handy. The use of granite for building pur- 
poses is manifestly on the increase, and the large and fine 
deposits of granite and other suitable stone in Sweden 
and Norway are receiving more and more attention, 
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THE ACCIDENT TO THE “ CITY 
OF PARIS.” 

In our issue of the 4th inst. we gave some account 
of the accident which occurred to the Inman liner 
City of Paris on the 25th ult. Quoting from a letter 
of a correspondent who was on board at the time, we 
said, ‘‘“The cause of the accident may come out some 
day, but at present I do not believe any man living 
knows when the low-pressure cylinder and its entire 
connections collapsed and disappeared utterly from 
view, buried under 20 ft. to 25 ft. of water in the 
engine-room, or perhaps under two miles at the 
bottom of the sea.” Since the above appeared in 
our columns we have had, through the courtesy of 
the owners, an opportunity of examining the vessel 
in dock, and we think the facts we are now able to 
record will throw some light on the immediate, 
if not the primary, cause of the accident. It 
is well to state in the first place that our corre- 
spondent’s not unnatural surmise that part of the 
engine might have been buried two miles under 
water is not borne out by actual fact. The skin 
plating of the City of Paris is at the present time, 
and has been throughout, as sound and uninjured 
as on the day the vessel was launched; at least that 
is the conclusion we arrived at at the time as the 
result of as careful examination as could be made 
without actually going under the ship’s bottom, and 
since then we learn on excellent authority that 
such is the case, the outer skin being absolutely 
uninjured, and not even the cement disturbed. 
We will, however, give an account of our inquiries 
and personal investigation in order. 

On arriving in the Mersey the City of Paris was 
taken into the docks on the Birkenhead side, and 
was first placed under the 100-ton crane in order 
that some of the heaviest parts of the débris of 
the smashed-up engine might be lifted out. This 
done, the ship next proceeded to No. 3 graving 
dock, where she was berthed on the 10th inst. 
On the water being pumped out of the dock it 
was at once seen that something was wrong 
with the starboard propeller shaft. The pro- 

eller itself was uninjured, the three blades not 

ing even bent, but it was seen to have been 
shifted somewhat aft of its normal position. Our 
illustration on page 484—which we reproduce from 
our issue of March 16, 1888—gives a good idea 
of the arrangement of propeller and shafting. The 
shafting passes through the skin plating in the 
usual way, and the outboard length of shafting is 
inclosed in a casing of steel plates. This casing 
extends up to the bracket which supports the after 
end of the shafting, and it is attached to the ship's 
side for a certain distance by a web of steel as 
shown. It became necessary to strip off this 
casing in order to make a proper examination, 
and Messrs. Laird Brothers, in whose hands the 
work had been placed, proceeded with the opera- 
tion. Upon the casing being cast adrift, the whole 
of the outer lengths of shafting, with the propeller 
attached, fell into the bottom of the dock, one 
blade cutting deeply into the timber of the dock 
bottom, whilst another was curled up like a leaf, 








Tt was in this position that we saw the shafting and 
propeller on the morning of the 11th inst. 

Each of the twin shafts passes through the ship’s 
side through a stern tube, as we have said, in the 
usual manner. Immediately outside there is a flange 
coupling of the ordinary description, by which 
attachment is made to the outboard length of shaft- 
ing. It was immediately on the forward part of 
this coupling, and therefore directly outside the 


86| stern tube, that the starboard shaft was broken 


square across. The position of this fracture is not 
shown in our engraving on page 484, it being some- 
what forward of the part illustrated. The dia- 
meter of this part of the shafting is 20}in. The 
fracture was thick with rust on both faces, but 
there was every appearance of the metal being 
sound throughout and of excellent quality. On 
the whole, we should judge the shaft to be an 
excellent job, and the fracture to be entirely un- 
connected with any fault in the material. The 
outboard portion of the shaft abaft the coupling 
just referred to consists, we may say, of one length 
of hollow shafting 42 ft. long, and one length of 
solid shaft 15 ft. long, this latter length carrying 
the propeller. The total length of shafting abaft 
of the point of fracture was thus some 58 ft. or so. 

This breakage of the shaft will of course fully 
account for the racing of the engine while the subse- 
quent damage done thereby can, we think, also 
be fully accounted for by causes we shall explain 
presently. In the first place, however, we will 
speak of the events which led to the fracture of the 
shaft. Proceeding aft in our examination of the 
vessel we found the two arms of the stern bracket 
intact, their attachment to the vessel being un- 
disturbed. At their outer ends they are, or rather 
were, connected by a cylindrical boss which forms 
the support in which the propeller shaft revolves 
as shown. This boss, with the two arms and their 
palms by which they are attached to the hull, form 
one steel casting in the usual way. The thickness 
of metal in the cylindrical part is 34 in. This boss 
was fitted with the usual gun-metal bush and lignum 
vite bearing strips. The cylindrical part of the 
casting was split clean across the top in a line with 
the axis. The reason of this was obvious; when 
the forward end of the broken shaft had com- 
menced to fall, owing to losing the support of the 
casing, a twisting moment of considerable force 
was naturally exerted, and this the casting was 
unable to sustain. The length of the cylindrical 
part of the bracket is about 6 ft. 

We have said that the top part of the bracket 
was split across when the twisting strain was 
brought upon it by the release of the forward end of 
the outside shafting when the casing was cast 
adrift in the dock. It should be stated that the 
fracture was quite bright and free from rust, show- 
ing that it had recently been made. It will be 
further evident that the cylindrical part of the 
casting could not be intact on its bottom side, 
or the shaft would not be released. There was, 
however, no occasion for any fracture to occur 
here throughout, and this brings us to the most 
interesting part of our report. The bottom part 
of the casting was worn through for nearly the 
whole of its length, and much reduced in thickness 
where not worn through. The metal liner, 1 in. 
thick, together with its end flanges, was also 
worn through, and was lying in the bottom of 
the dock. The brass sleeve of the propeller shaft 
had entirely disappeared with the exception of 
two rings, presumably the collars at the end. The 
propeller shaft itself was practically undamaged, 
but the metal studs which attached the sleeve 
to the shaft were worn down level with the shaft 
and the shaft was slightly worn also. 

This wearing away and consequent dropping of 
the end of the outer shafting we take to be the 
obvious primary cause of the whole mischief. Our 
readers will easily imagine the abnormal and alto- 
gether unprovided for stress thrown upon the shaft 
through its after end dropping some 7 in. or 8 in., and 
the fracture naturally occurred exactly where one 
would expect, namely, adjoining the next point of 
support ; the latter being provided by the stern tube 
where the shafting emerged from the ship’s skin. 

What may have been the cause of the wear of the 
propeller shaft and its bearing and their support 
remains a question yet to be solved. Upon this we 
can offer nething but surmise. The bearing was, as 
we have said, fitted with lignum vite strips, in ac- 
cordance with the usual practice, and it is an 
interesting point to determine what happened to 
these strips. Those who have had the best oppor- 
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tunity of forming an opinion on the subject, are 
well agreed that the brass liner on the tail shaft 
probably burst, that the rough edge of this cut out 
the wood, and that the metals then came together 
and ground each other away, producing the state 
of things described. This certainly appears to be 
an extremely reasonable explanation of the facts. 

The port propeller has every  ageriey of being 
in good velliar order, judging by what could be 
seen from the bottom of the dock with nothing dis- 
turbed. 

In addition to the complete fracture and sever- 
ance of the end of the stern tube shafting, as 
already described, there was a fracture at the ex- 
treme after end of the outboard shaft, caused 
doubtless by the fall to the bottom of the dock. 
This shaft—which as we have already said is hollow 
—is attached to the propeller shaft by a flange coup- 
ling of the ordinary description ; and therefore it 
will be seen that the fracture occurred close up to 
the collar of the shaft ; in a position, in fact, cor- 
responding to that of the fracture of the other shaft. 
This second fracture did not extend right across 
the shaft, but could be traced about half round the 
circumference. On this point, however, we speak 
with reserve, on account of our not very complete 
facilities for observation, due to the position of the 
parts. The fracture was sufliciently open to enable 
the surface to be observed. The metal appeared 
good, but there were already incipient signs of 
rust on some of the facets of the fracture. The 
condition of this fracture was, however, vastly dif- 
ferent to that first-named, which was covered with 
a thick deposit of rust. 

To these particulars it may be added that on the 
casing which inclosed the outer shaft there was a 
depression, in part worn right through, but this 
we take it was caused by the friction of the 
shaft coupling, due to the rotation of the propeller 
after the breakage, owing to it being dragged 
through the water when the ship was being towed, 
or when she was steaming from Queenstown to 
Liverpool under her port engine. 

Before proceeding further with our notice of the 
accident and its results, it will be convenient if we 
give here a few of the leading particulars of the 
machinery of the City of Paris. To further assist 
in understanding what has occurred, we reproduce 
with our present issue the two-page engraving of 
one set of the vessel’s engines which appeared in 
our issue of August 3, 1888, while we also give on 
pase 480 a view of these engines—looking at the 
ow-pressure end-—which is reproduced from our 
issue of August 24, 1888, The City of Paris is 560 ft. 
long by 63 ft. 3in. beam, and is propelled by two 
sets of triple-expansion engines driving twin-screws 
and estimated to be capable of developing 20,000 
indicated horse-power collectively. The engines 
are placed in two engine-rooms separated by a 
longitudinal bulkhead, and it was, as we stated last 
week, the starboard set of engines to which the 
accident occurred. The engines have cylinders 
respectively 45 in., 71 in., and 113 in. in dia- 
meter, the stroke of all the pistons being 
5 ft. All the valves are of the piston type, there 
being one such valve to the high - pressure 
cylinder, two to the intermediate, and four to the 
low-pressure cylinder. The valves are driven by 
the ordinary link motion. The shafting is of steel, 
and the crankshaft has bearings 20} in. in dia- 
meter, while the diameter of the crank-pins is 
21 in. The diameter of the tunnel shafting is 
19} in., and of the length through the stern-tube 
20} in. The damage pane almost entirely 
to the low-pressure section of the engine, and 
some idea of the nature of the smash will be 
given by the second two-page engraving which 
we this week publish, and which contains two 
views showing the aspect of the engine-room 
after the accident. These views are reproduced 
by a direct photo-engraving process from two 
photographs with which we have kindly been sup- 
vied by the Inman Company, these photographs 

aving om obtained by pointing the camera almost 
directly downwards. The two illustrations thus 
represent two plans of the débris taken from 
slightly different points of view. It may further 
aid in appreciating the extent of the disaster if 
we mention that the low-pressure cylinder, one 
yortion of which occupies a central position 
in the lower view, weighed 45 tons, while the 
weight of the low-pressure piston was about 10 
tons, of the piston-rod 3 tons, of the crosshead 
2 tons, and the connecting-rod 7 tons. The crank- 
shaft weighed 14 tons, The engines are mounted 





on a massive steel bedplate weighing 48 tons, while 
the two standards supporting the low-pressure cy- 
linder weighed about 14 tons each. The substantial 
general design of the engines is well shown by the 
views to which we have made reference above. The 
engines are supplied with steam at 150 lb. pressure 
by nine ye gee te steel boilers, having a total 
heating surface of 50,040 square feet. 

We will now proceed to give some detailed 
account of the damage done inside the vessel, as re- 
vealed during our examination. Passing through 
the starboard engine-room—not without risk of 
broken limbs as we scramble over the débris of the 
low-pressure engine—we enter the dynamo-room, 
which is placed immediately abaft the engine- 
rooms, and thence proceed to the starboard tunnel. 
Here we find the shafting supported by four bear- 
ings, and in each case the caps have been Lroken 
off ; but, so far as we could perceive by aid of a 
dim light, no damage had been done to the shaft. 
The break strap lugs had been broken off, but there 
was no sign of more than ordinary wear upon the 
flange on which the strap engages. The journals 
of the shafting were also in good condition. At 
the transverse partition forming the forward end 
of the tunnel, the plating was torn and doubled up 
to a height of about 6 in. above the shafting. In 
the dynamo-room, through which both port and 
starboard shafts pass, there are two bearings to 
each shaft; both of those belonging to the star- 
board shaft have their caps split. We now come 
to the bulkhead between the dynamo-room and the 
main engine-room ; the plating of this is damaged 
in much the same manner as the other bulkhead. 

From what has been said it will be gathered 
that the shafting must have risen bodily when the 
accident occurred ; but, as the stern tube is intact 
in its position, so far as our observation went, 
there must have been some bending of the shaft- 
ing. The couplings of the various lengths have, 
however, stood the test. 

On entering the engine-room the first thing to 
attract our attention as we follow up the line of 
the shafting is the thrust block (see illustra- 
tion on page 480). There is not much of it 
left, however, as the whole of the thrust caps, 
which are of the horseshoe type, were forced 
from their places, exposing the shaft with its ten 
thrust collars. We have now got as far as the 
wreck of the engine itself, but no words can convey 
an adequate idea of the complete and utter destruc- 
tion there to be seen. Our two illustrations, form- 
ing one of the two-page engravings which we give 
this week and to which we have already referred, 
give a fair representation of the scene of chaos 
“Hemgpeey to the eye. The destruction is, as we 

ave said, almost confined to the low-pressure 
engine. The high and intermediate engines are, 
we believe, only involved in the accident so far as 
the entire break up of their sister engine must 
necessarily affect them in their working parts. 

The highest part of the wreckage at the time of 
our visit consisted of the fractured fork of the lower 
split, or A part, of the engine framing on the port 
side. The illustrations of the engines which we 
give on page 480 and in one of our two-page engrav- 
ings, show very plainly the construction of the 
engine standards. Each leg of the split part is 
15 in. in length (fore and aft) and 3 ft. across 
(athwartship). The metal, which is steel, averages 
about 14 in. thick, roughly speaking. So far as we 
could observe there was no flaw in the castings. On 
one of the broken pedestals there was a large piece 
bent inwards, the deflection being about ? in. in a 
length of 9in. The parts of the broken standards 
which stood highest were, as we have mentioned, 
those on the port side. On the starboad side the 
framing was broken off to within a foot or so of the 
bedplate. 

Thelow-pressure crank itself lies on the topcentre. 
It can just be made out in the lower of the two 
engravings of the two-page plate. In these illus- 
trations the two massive fractured halves of the 
low-pressure cylinder are a prominent feature, 
but these had been lifted out by the 100-ton crane 
before our visit. Descending into the crank-pits, 
which we were able to do, as much of the débris had 
been cleared away, we found the transverse framing 
badly fractured. The caps of the main bearings 
were split clean across. One of the holding-down 
bolts of the main bearings, that of the after low- 
pressure bearing, was broken clean across level 
with the upper surface of the framing ; the corre- 
ome bolt in the other bearing was much bent ; 
these bolts are 54 in. in diameter, 








The inner bottom below the crank pit is cer- 
tainly perforated, but to what extent we were 
unable to see owing to the débris superimposed. 
The webs of the crank, which is, of course, a built- 
up crank, have both shifted on their shaft. The 
movement of both is in the forward direction, and 
is of small amount, probably not more than an 
eighth of an inch. It may be that the crankshaft 
itself is bent, but if so the deflection is not suf- 
ficient to enable a positive statement to be made 
without the aid of accurate measurements being 
taken. 

Emerging from the crank-pit, and taking a general 
view of the wreckage from above, we find the 
connecting-rod, which is 11} in. in diameter, still 
attached to the crank-pin, lying horizontally towards 
the starboard side. This is well shown in the top 
engraving on the two-page plate. It has a con- 
siderable bend in it, say, of 1 ft. to 1 ft. 6 in. 
radius, a foot or two below the fork of the top end. 
The piston-rod is still attached, and this lies 
doubled back towards the starboard side. The 
piston, which is of the now usual dished type, was 
attached to this rod by eight 34-in. bolts. These 
passed through the piston and through a collar 
on the piston top ; the bolts remained in the collar 
but the piston itself had been broken away, only a 
very small part of it on one side remaining attached 
to the bolts. This detail is also well shown in the 
two-page plate. Beyond the collar the piston is con- 
tinued so as to form atail-rod. This has been bent 
almost at right angles to the other part, and, as it 
lies, points aft. 

On the occasion of our visit most of the heaviest 
arts of the wreckage had been removed, the vessel 
aving been, as we have stated, placed under the 

100-ton crane for the purpose. We, however, saw 
some of these parts on the quay and have learnt 
the positions in which they were found. The 
low-pressure cylinder itself was supplied with 
steam by means of four cylindrical valves, two on 
the forward and two on the after side of the 
cylinder. For this reason the cylinder casting was 
much stronger on its forward and after ends than 
at its sides, and when it broke up it naturally split in 
an athwartship direction. It broke into two main 
portions, and fell in the position shown in our 
illustration. The piston was also split into two 
main parts, roughly speaking, and one of these 
pieces, at any rate was, we understand, found 
below one of the cylinder halves. The cylinder 
cover, which like the cylinder is of iron, as we saw 
it lying on the dock was not so much damaged as 
the other parts, although, like all the rest of the 
débris, it was much battered and had a piece weigh- 
ing a few hundredweights knocked off one side. 

Phe webs of the crank are much battered and 
scored especially on their outer ends. One dent 
on the edge of the forward web was 6 in. long and 
3 in. across, being scooped to a depth of about 


in. 
The fork end of the connecting-rod with the cross- 
head lies on the site of the air pump, which may be 
said to have entirely disappeared. One of the side 
levers, bent and twisted in most fantastic forms, pro- 
trudes from the general mass of the wreckage. 
The surface condenser is of cylindrical type, unat- 
tached tothe engine. It has been breached by the 
swinging round of the connecting-rod, so that a 
large part of the side is knocked away and the tubes 
displaced. It was in this way that water obtained 
access to the ship; had there been time to close 
the inlet and outlet valves the water would not have 
risen in the compartments and the vessel would 
have been able to proceed under her port engines. 
As our readers are aware, the port and starboard 
engine-rooms are divided by a fore-and-aft bulk- 
head. This bulkhead has a door at the lower flat, 
and this door was open at the time of the accident 
but was closed immediately. The point as to 
whether the door was open or shut is, however, not 
of such great consequence as it otherwise would be 
were it not that the bulkhead is piereed by three 
holes. One of these is about 8 ft. above the floor- 
plate. It is circular and about 8 in. in dia- 
meter, and was perhaps punched by the tail end of 
the piston-rod. Another hole is a foot or so 
further aft and is a more irregular shape with 
perhaps not quite so large an area of opening ; the 
third is smaller and further forward. The vertical 
plating of the well above the engine is much 
battered and dented to a height even above the 
upper deck. One large bulge in particular is but a 
few feet below the promenade deck. As this is far 
beyond the range of any of the attached moving 
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parts of the engine, even the top end of the tail- 
rod, it must have been caused by some flying missile 
and that of considerable weight. — 

We have given a few details of the leading fea- 
tures of the wreckage; of the character of the 
scene at large we can only speak in general terms. 
Parts of the engine, pieces of cylinder liner, 
floorplates, framing, and undistinguishable masses 
of metal, from a few pounds to many hundred- 
weights, were still piled about at the time of our 
visit. It may be said generally, however, that we 
failed to observe any signs whatever of faulty ma- 
terial amongst all this débris. 

We have now to say something respecting the 
secondary causes which contributed to such an 
entire destruction of the low-pressure engine as we 
have described. As we have already seen, the 
primary cause of the disaster was undoubtedly 
the wearing away of the boss of the bracket 
supporting the stern end of the propeller shaft- 
ing, this leading to the fracture of the shaft- 
ing outside the stern tube, and hence to the 
racing of the engines. Of course such racing 
if unchecked would of itself soon induce strains on 
the connections of the reciprocating parts amply 
sufficient to cause the destruction of the machinery; 
but rapidly as this would occur some brief interval 
would intervene before the necessary speed was 
attained, and from the fact that on the present 
instance—as far as can be gathered from the evi- 
dence available—the smash occurred almost imme- 
diately on the engines starting off and before any 
effort could be made to shut off steam, it almost ap- 
pears as if some special influence had been at work to 
effect at least a portion of thedamage. One theory 
which has occurred to us, and which we consider at 
least worthy of some consideration, is as follows: It 
is well known that in the low-pressure cylinders of 
modern marine engines there is considerable difti- 
culty in getting the amount of cushioning desirable 
to insure smooth running at the speeds now com- 
mon, and hence there is every inducement to 
increase that cushioning (chiefly by inside lap on 
the low-pressure slide valves) to as great an extent 
as non-interference with a clear exhaust will 
permit. What the proportions were in the case 
of the engines of the City of Paris we do not 
know, but probably they agreed with usual first- 
class practice. Now when the engines started to 
race two influences at once commenced to materially 
increase the compression in the low-pressure 
cylinder. In the first place, the condenser (fitted 
with separate circulating engine), received a great 
increase in the amount of steam it had to deal with, 
thus probably materially reducing the vacuum, 
and secondly, the increased piston speed would 
give rise to an increase in the difference be- 
tween the back pressure in the cylinder and 
the pressure in the condenser. These causes 
would thus augment the pressure in the cylinder at 
the commencement of compression, and instead of 
being, say, as ordinarily, some 4 lb. to 5 lb. per 
square inch absolute, it might readily rise to three 
times this amount or more. The effect of this 
would be to proluce a serious pressure at the ter- 
mination of the compression, and the valves on 
the low-pressure cylinder, being of the piston 
type, the only relief for this pressure would be 
through the ordinary relief valves—quite inadequate 
for such an emergency as this. It is very easy to 
conceive that such a condition of things as we have 
assumed might lead to the blowing-off of the top 
cover of the low-pressure cylinder and other 
damage, which would leave the high-pressure and 
intermediate sections of the engine temporarily free 
to run as a non-condensing compound engine, thus 
accumulating speed which would complete the de- 
struction. On this latter point we may observe 
that the strain on the connections due to the 
stopping and starting of the reciprocating parts 
would increase as the square of the speed, so that 
even if these connections had as large a factor of 
safety as 9 at the normal speed of the engines this 
margin would have entirely disappeared by the 
time a threefold speed was reached. 

It may be said that the worst has happened, 
which could happen, to the starboard low-pressure 
engine of the City of Paris. A comparatively 
small cause has led to this great event, from which 
many important lessors may be learnt. The benefit 
of this experience will be shared not only by the 
owners of the City of Paris, but by those interested 
in other large steamers of a similar kind ; so that 
this breakdown will make a voyage across the At- 
lantic safer than before, and this advantage has 





been purchased without the loss of a single life, 
although at great sacrifice of property. The result 
of this mishap should be to strengthen the confi- 
dence the travelling public feel in these magnifi- 
cent modern steamers. There is no time for judg- 
ing of the excellence of workmanship and material 
like that afforded when a piece of mechanism 
is being broken up. Never was an engine more 
thoroughly broken up than that of the City of 
Paris, and after a fairly complete examination of 
the débris we could see no place where faulty 
material or workmanship were to be found-—no sa- 
crificing efticiency to economy. Had not the ship 
been of such excellent design and construction she 
would not be afloat now. It is unlikely that such 
a remarkable train of untoward events will ever 
occur again, but even if they do there are certain 
to be the additional precautions, growing from 
past experience, to meet them. 





THE RATING OF MACHINERY. 

Tue Bill which has been prepared and brought 
in by Mr. Winterbotham, Sir Bernhard Samuelson, 
Sir William Houldsworth, and other members 
interested in industrial questions, ‘‘ To Amend the 
Law .Relating tu the Rating of Machinery,” was 
read a second time in the House of Commons on 
Wednesday afternoon by 239 to 87. It differs 
little from that introduced in each of the last three 
sessions. The principle of the measure was not 
seriously assailed by Mr. Heneage’s amendment, 
which in fact admitted that the Bill afforded a basis 
for an equitable system of assessment in industries 
depending mainly on fixed motive power, while it 
went on to declare that the question should only 
be dealt with as part of a comprehensive scheme of 
local taxation. Indeed, the opposition made a very 
poor show, and were distinctly overmatched. 
Briefly put, the object of the Bill may be explained 
as being the definition of the machinery which is 
properly rateable, and the exemption of all that 
does not come within a defined category, or in 
other words, as Mr. Winterbotham pointed out, 
the substitution of uniformity for the present 
irregularity in practice. The question is daily 
acquiring added importance, owing to the growing 
inclination of assessment authorities, all over the 
country, to enormously increase the rateable value 
of manufacturing premises, in accordance with the 
direct and indirect meaning of recent decisions of 
the Courts. A few months ago, for instance, a well- 
known firm of lace manufacturers found on a re- 
assessment of their factory that their rateable value 
was increased from 1801. to 8001. The practice of the 
authorities is by no means similar throughout 
the country. Indeed, probably no two bodies are 
agreed as to the principle of assessment, either in 
general, or as regards manufacturing premises in 
particular. But, roughly speaking, it may be pos- 
tulated that, where not already fully assessed, 
the rateable value of manufacturing premises of all 
kinds is being raised from 300 to 500 per cent. 
Now this is a very serious innovation, introducing, 
as it does, what is practically a new principle into 
rating law, and threatening to tax industry to an 
extent which is injurious, if not unjust. The pre- 
sent Bill is not, as we have said, wholly new. A 
measure on much the same lines was first intro- 
duced in 1887, and was referred to a Select Com- 
mittee. The evidence taken by that Committee 
illustrated the diversity of practice which then 
prevailed. Thus it was proved that in one dis- 
trict all machinery was taken into account, in 
another only the main motive power, in a third 
a sort of rough average was struck in getting 
at the rateable value. This want of unifor- 
mity, as the Committee pointed out, greatly 
increases the difficulty of dealing with the ques- 
tion, since any change would differently affect the 
rate and the ratepayers in different districts. In 
other words, if the present Bill becomes law, the 
occupiers of manufactories will, in those districts 
where they have been rated on their machinery as 
a whole or in part without regard to its chattel 
character, be relieved of a considerable proportion 
of their quota of the local rates and of their 
payments on account of property tax, while in 
other districts the present upward tendency would 
be checked. But the Committee of 1887, in 
spite of this objection, recommended, firstly, 
that the matter should be dealt with as ‘‘ part of a 
comprehensive scheme of local taxation,” and, 
secondly, that the Bill, with sundry amendments, 
‘* met the case of industries depending mainly on 





fixed motive power,” and they accordingly reported 
it to the House. Moreover, pending legislation, 
the Committee deprecated any change in the existing 
systems of assessment on the part of the rating 
authorities, notwithstanding the recent decisions of 
the Courts. The Bill, however, did not pass in the 
sessions of 1887 or 1888, and was counted out in 
1889. Meanwhile, assessment authorities have shown 
such little respect for the recommendation of the 
Select Committee that the industrial community in 
all parts of the country are either actually suffering 
from, or are threatened with, a fourfold or fivefold 
increase of the rateable value of their manufactur- 
ing premises. In short, there were considerations 
enough and to spare to justify the introduction of 
the Bill and to secure the neutrality of the Govern- 
ment, 

The rating of machinery is, of course, a very old 
difficulty which has for many years cropped up at 
intervals. Its present recrudescence is mainly due 
to a decision of the Court of Appeal in 1886, in 
what is known as the ‘‘ Tyne Boiler Works case.” 
In this the precise point in dispute was the rate- 
ability of certain heavy machinery which, although 
attached to, was capable of being detached from 
without injury to the freehold. it was contended 
on the one hand that, on the precedents, the test of 
rateability was that the machinery should be so 
affixed as to rank asa “‘ fixture” as between landlord 
and tenant, as belonging to a mortgagee as against 
a mortgagor, or to an heir as against an executor. 
But the rating authorities argued that the question 
ought to be decided apart from the legal character 
of the machinery, that the point was not whether 
it was a ‘‘fixture,” but whether it was rateable 
or not. Now Lord Esher expressly pointed out 
that the Court of Appeal was not asked how 
the machinery should be valued, but whether, 
in order to be rateable, it was necessary 
that it should be ‘‘part of the inheritance. ” 
Chattels are by a temporary Act of Parliament 
passed in 1840, and since continued every year, 
admittedly exempt from being rateable, and in 
order to bring machinery within the range of 
liability, it is necessary to divest it of its chattel 
character. This has always proved an almost in- 
superable difficulty to most rating authorities, until 
the ingenious device of the Court of Appeal which 
declared that the value of the premises must be 
considered in connection with ‘‘things there 
for the purpose of making them fit for the 
particular purpose for which they are used,” a de- 
finition which is presumably wide enough to embrace 
all the ‘‘ plant ” that is required in any works, and 
which does away at one stroke with allthe distinction 
between movable and fixed machinery. For it 
is assumed that all gear necessary to any works 
comes within the definition, whether ‘‘ attached ” 
or ‘‘ affixed” to or ‘* permanently connected with” 
(the changes rung on these terms are endless) the 
premises or not. It is idle to ignore the far-reach- 
ing character of this decision as itis being construed. 
There is something almostamusing in the suggestion 
that the law is sufficiently satisfied so long as the 
description in the rate-book applies only to the 
premises and does not actually specify the machi- 
nery, which is really what it comes to. The reason 
is, of course, clear, for if chattel machinery were 
assessed as such per se, the rate would be obviously 
bad, but if it were lumped in as part of the here- 
ditament this patent objection would disappear, and 
it might be argued that the premises were rated as 
intended by the Parochial Assessment Act, and that 
the Act of 1840 did not apply. Mr. Long, ex- 
pressing his own opinion we presume, although he 
spoke officially, declared that Lord Esher’s defini- 
tion met the case. If this be so, it may be asked, 
Why stop short at chattel machinery and tools? 
Nobody suggests rating furniture or books. 

We are not concerned at the present moment to 
discuss the law as laid down in the “‘ Tyne Boiler 
Works case.” It may, however, be incidentally 
remarked that in a case heard in the Scotch Court 
of Session in 1887, Lord Fraser refused, notwith- 
standing this decision of the English Court of 
Appeal, to rate machinery on the ground that it 
was not part of the hereditament. In this case— 
The North British Railway Company v. the Assessor 
of Railways and Canals in Scotland—Lord Fraser 
declared that the decision in the Tyne Boiler Works 
case ‘‘ was not the law inScotland.” Butin Scotland 
the Valuation Act declares ‘‘lands and heritages 
” to **include all machinery affixed to such,” and 
it is, therefore, only machinery which is so affixed 
that it cannot be detached without injury to itself 
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or the premises which can be taken into account in 
getting at the rateable value in that country. Now 
this is very much what is aimed at by the present 
Bill, which defines the machinery to be ‘‘taken into 
consideration,” as comprising ‘‘(1) water-wheels, 
steam, gas, air, and electric engines, steam boilers, 
and all other fixed motive powers and the fixed ap- 
purtenances thereof ; and (2) shafts, wheels, drums, 
and other fixed-power machinery which transmits 
the action of motive power to other machinery, 
fixed or loose.” All other machinery is to be disre- 
garded, while gas works and water works, and as 
Mr. Winterbotham has undertaken, coal mines, are 
excluded. But although this measure would afford 
substantial relief in many cases it will be noticed 
that it does not attempt to introduce any scale 
of assessment. And where machinery has to be 
taken into account at all, unless an equitable and 
uniform system is adopted, it is inevitable that the 
assessment should often occasion great hardship. 
It is, for instance, most unfair to regard machinery 
as enhancing the value of the premises, without 
making due allowance for capital invested and for 
wear and tear. The rent of any works, including 
plant, can obviously, by itself, be no guide in getting 
at its rateable value. But this is really only another 
proof of the old grievance, that the law lays down no 
rule as to how real property ought to be assessed. 
In short the general reconstruction of the law of 
rating is inevitable, and we must, perhaps, wait for 
that for the satisfactory settlement of the question 
asa whole. Meanwhile it is highly desirable that 
the present measure should pass into law, and pre- 
vent the imposition of a growing burden upon the 
industrial world. 





THE ACCIDENT TO H.M.S. 
“ BARRACOUTA.” 


THE coroner’s inquiry as to the cause of the Barra- 
couta mishap closed last week, the jury giving it as 
their opinion that the accident was due to ‘‘ short- 
ness of water or ebullition in the boiler,” thus cast- 
ing an impartial sentence between Mr. Manuel’s 
and Mr. Parker’s theories. The jury censured Mr. 
Hall, inspector of machinery to the Chatham Steam 
Reserve, and they also censure the Admiralty for 
the lack of medical appliances and accommodation. 
Possibly Mr. Hall will be more upset at the con- 
clusion arrived at by the worthy burgesses of 
Sheerness than will their Lordships of Whitehall. 
The latter will, we fear, treat the matter with the 
same indifference that their predecessors did a 
similar finding of a Sheerness jury twenty years 
ago, when the accident occurred to the Thistle. 
On the other hand, Mr, Hall will very likely ask 
for a court-martial, 

We have during the last few weeks* given a 
report of the evidence taken at the coroner's 
inquest. We now publish on pages 476 and 477 
illustrations of the boilers and part of the fittings. 
Fig. 1 gives a longitudinal sectional elevation, 
Fig. 2 is a cross-section of the port boiler and an 
end elevation of the starboard boiler, Fig. 3 shows 
the water and air gauge fittings, and Fig. 4 the 
feed arrangements. 

The Barracouta is a composite vessel and was 
built at Sheerness Dockyard. She was engined 
by Palmer’s Shipbuilding Company, the ma- 
chinery being fitted on board at Sheerness by 
the contractors. The vessel has twin screws 
driven by triple-expansion engines having cylin- 
ders 21 in., 31 in., and 45 in. in diameter, by 
24 in. stroke. Steam is supplied by two double- 
ended cylindrical steel boilers placed alongside 
each other and working at a pressure of 155 Ib. 
Each boiler is 10 ft. 9} in. inside diameter, and 
17 ft. 6 in. long, with four corrugated furnaces 3 ft. 
1 in. internal diameter. There is one combustion 
chamber to each boiler common <o all four furnaces. 
The boilers contain a total heating surface of 5230 
square feet, and a total grate surface of 195 square 
feet. All parts of the boiler are made of steel. 
The plates and stays were manufactured by the Steel 
Company of Scotland; the mean tensile strength 
being 27 tons to the square inch. The boiler-room 
has a fore-and-aft bulkhead running between the 
boilers, and the stokeholds are closed and fitted 
with a 6-ft. diameter fan in each stokehold, run- 
ning about 130 revolutions a minute. Air-locks are 
fitted in the usual way. There are no dampers in 
the funnel. Each compartment is supplied by air 


* See pages 328, 367, 384, and 475, ante, 
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from its own fan, so that the draught and rate of | give allthe information that has been made public 
evaporation in either boiler can be adjusted inde- | on this subject, and we do not see that there is much 
pendently of the other ; water gauges being fitted | we could add. The conclusion generally arrived at 
in the usual way. by the experts after examination of the boiler was 
Our illustration, Fig. 3, page 477, shows the that there was shortness of water ; although much 
water gauge arrangement. As will be seen the of the evidence of those on board and who saw 
water level is indicated by three glasses ; and they | the state of the gauge glasses would not lead one to 
are packed with asbestos ; two being fixed at the suppose this was the cause of the accident. That 
after end and one at the forward end of each boiler. | there was a very low glass at one time is acknow- 
The gauges are fixed on standpipes which com- | ledged, but this was some while before the accident 
municate with the boiler by separate pipes. ‘occurred, and at the time of the mishap there 
The feed arrangements are shown in Fig. 4, appears to have been plenty of water in the boiler 
page 477. To each boiler there are two two-/as shown by the gauge glass. We have heard 
cylinder donkey engines placed in the after stoke-| of course of ‘‘ false water” showing in gauge 
holds. One of these is connected to the main feed, glasses, and indeed have seen it circulating through 
and the other to the auxiliary feed. These feed|a glass in a continuous stream, but it is hard 
engines are of the ordinary type used on board | to believe that with so many experienced and 
Her Majesty’s ships for a like purpose. The dis-| picked men on board, that ‘‘ false water’ should 
charge pipes and valves are so arranged that any or} not have been recognised. If we had simply to 
all of the four pumps can be connected with either| do with an ordinary case of leaky tube ends one 
boiler. The suction pipes of these pumps are led}could easily understand that the damage had been 
to feed tanks, as shown, one being placed in each) caused at the time the water was acknowledged to 
engine-room. Suction pipes are led to the con-| have been low, although the boiler might have 
denser of each main engine, the valves for these! gone through its trial afterwards ; but the sudden 
being situated in the engine-room, but they can|rush which must have taken place is certainly 
also be worked from the stokeholds. There is a difficult to account for by anything but an imme- 
levelling pipe between the port and starboard feed | diate cause. 
tanks, and this has a valve in the centre which can} One point that will doubtless strike our readers 
be worked from either engine-room. There are | in looking at the section of the boiler, Fig. 1, will 
two gauge glasses on the tanks in each stokehold. _| be the great length of grate, 7 ft. 104 in. in all. It 
The contract was that each set of engines should is not to be wondered at that ships at sea fall off so 
give 1500 indicated horse-power, or an aggregate of | in speed when stokers have to pitch coal right back 
3000, with a steam pressure of 1501b., the air pres- from the firedoor to the bridge ; neither is one sur- 
sure in the stokehold not exceeding 2 in. of water. prised to hear that the engineer officer of the ship, 
This power was to be maintained at sea for a period Mr. Fielder, found fault with the way the coal was 
of four hours, whilst the indicated horse-power spread, or rather not spread, at the back of the 
during the twelve hours’ run was to be 1900. \furnaces. We believe, however, that a sufficiently 





Our reports of the evidence taken at the inquest | sharp lesson has been read in this matter, not only 
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in the case of the Barracouta, but of another war 
vessel not of Her Majesty’s Navy, to make con- 
tractors a little more thoughtful of the human 
factor as involved in the powers of the stokers. 

There are many who condemn in toto the single 
combustion chamber arrangement, and doubtless it 
has its faults as well as its virtues, the most con- 
spicuous of the latter being cheapness and light- 
ness. Such critics will see nothing to be surprised 
at in leaky tubes and even burnt plates with such 
an arrangement; but it would be unfair to set 
down the Barracouta’s mishap to this element of 
design, as the starboard boiler, like many another 
single combustion chamber boiler, came through 
the trial all right. 

Mr. Manuel, of the P. and O. Company, who 
appeared for the Admiralty, gave evidence as to 
the state of the boiler, and his remarks will be 
found on page 477 of this issue. He says there 
were 100 to 150 tubes leaking in each tubeplate, 
and the surface of the plating on the top part of the 
combustion chamber appeared to have been over- 
heated, being buckled in several places. He was 
of opinion that the water had been allowed to get 
too low in the port boiler, and the tube ends had 
got so overheated as to give out and leak sufli- 
ciently to cause steam enough in the furnace 
to drive back the flames. He considered there 
was no weakness in the structure of the boiler. 
On examining the inside of the boiler, Mr. 
Manuel found strong indications of priming, par- 
ticularly against the end plates, and this may 
support the ‘‘false water” theory. There was 
also a considerable quantity of salt in the water 
remaining in the boiler. The evidence of witnesses 
on board showed that the auxiliary feed had been 
a good deal used on the port side. 

Mr. W. Parker, of Lloyd’s, who appeared as 
engineer expert on behalf of the contractors, was 
of opinion that ‘‘ At the moment of the accident, 
from some cause difficult to explain, there was ex- 
cessive heat in the combustion chamber which 
caused the water to rise from the plates ; that they 
then became red hot; that at some period during 
the process of overheating, the plates became 
buckled and the tubes sprung, thereby admitting 
a heavy leakage of water into the chamber, and that 
this water at once flashed into steam, overcame the 
air pressure of the fans, and drove the flames into 
the stokeholds.”’ 

It is always difficult to arrive at the facts of the 
case in considering evidence given after an acci- 
dent such as this. The shock to the nerves will 
distort time impressions of even the most stolid 
persons, but there is often more than an inability 
to remember, which has to be dealt with in weigh- 
ing evidence. Each person is naturally anxious to 
show that he did not neglect his duty, and ship- 
mates will not, if they can help it, get each other 
into trouble. The testimony of Mr. Spyer, the 
Admiralty representative, is, however, fairly con- 
clusive, and is of additional value from the cool 
courage Mr. Spyer displayed on the emergency. It 
is an open question in the present instance, in spite 
of the evidence, what occurred with regard to the 
feed supply of the boiler ; the things we are sure 
about are that two poor fellows were burnt to 
death ; that the combustion chamber plates were 
overheated ; and that the tubes leaked badly. 





NOTES. | 
TuE CoLLision At CARLISLE. 

THE inquest on the four passengers who were 
killed at the Citadel Station, Carlisle, on March 4, 
was concluded on Tuesday last. It will be remem- 
bered that on that date a Londen and North- 
Western Company’s train entered the station at a 
high rate of speed, and ran completely through and 
beyond it, coming into collision with a Caledonian 
engine which was backing into the station to take 
the train on to Scotland. It was proved at the 
inquest that the automatic vacuum brake gave a 
great deal of trouble between London and Crewe. 
At the latter station the engine was changed and 
the new driver was not told of what had happened. 
All went well with the brake till the man tried to 
. apply it before reaching Carlisle, and then it failed 
to act. When examined next morning there was 
found a half a pint of water in the brake pipe 
between the engine and the tender, and the inference 
is that there was ice at the time of the accident. 
The jury found a verdict of accidental death, add- 
ing, ‘‘ We acquit the driver of all blame, and are 
of opinion he used all available means at his hand 





to stop the train. We are further of opinion that 
the London and North-Western Railway Company 
incurred a very grave responsibility in using a 
brake of such an uncertain and unreliable cha- 
racter.” When the report of the Board of Trade 
is published we shall give fuller particulars of the 
accident. 
SMOKE-PREVENTING APPLIANCES. 

The case of the manufacturer who has tried to 
obtain the best appliance for preventing the emis- 
sion of smoke from his chimney, and yet cannot 
satisfy the municipal authorities, is certainly a 
hard one. He can find plenty of inventors and 
others to assure him that the adoption of their 
appliances will secure the desired result, but after 
one or two failures he becomes unbelieving, and 
resigns himself to paying the fines which are levied 
upon him from time to time. To all such it will 
be good news to learn that a strong committee has 
been formed in Manchester for testing smoke-pre- 
venting appliances. It will be the object of the 
committee to collect the results of past experience, 
and to make practical tests of apparatus. With 
regard to the latter, experts will be appointed to 
make trials of apparatus or methods of consuming 
coal smokelessly, already at work, and under ordi- 
nary conditions, that is, with ordinary workmen, 
ordinary coal, and under varying demands for 
work. They will also make trials of new apparatus 
of promising character. The funds for this valu- 
able object are being raised by subscription, and 
also by a guarantee fund. It is considered that as 
boiler owners will reap a great benefit, they should 
contribute to a voluntary rate of 10s. a boiler, 
which seems a very moderate amount. It is pro- 
posed to spend 3000/. in the first instance, and 
there ought to be no difficulty whatever in raising 
this sum. Subscriptions may be sent to the 
secretary, Mr. Frederick Scott, 44, John Dalton- 
street, Manchester. Several hundred pounds are 
already promised. 


Harpour Works, JERSEY. 

We learn from Mr. Kinipple that on January 23rd 
last during a very heavy gale from the W.S.W. to 
W.N.W., the recent 525 ft. extension of the Her- 
mitage Breakwater at St. Helier’s, Jersey, which 
was commenced in April, 1887, and completed in 
July, 1889, was subjected to a very severe test for 
about three hours at high-water time of a high 
tide, when it was completely submerged by solid 
green seas of from 10 ft. to 15 ft. in height, the 
spray from which rose toa height of 100 ft. Shortly 
after the storm the foreman diver minutely ex- 
amined the whole of the work above and below low 
water, and not a hair crack or the slightest indica- 
tion of any movement whatever could be seen. The 
heaviest of the seas came direct from the open 
Atlantic, and struck the breakwater almost at right 
angles. The base of the breakwater is of rubble of 
about 50 ft. in width, of several feet in depth, and 
was grouted up with neat Portland cement. Above 
the base is a monolith of about 60 ft. in height by 
42 ft. in width, built of 9 and 12-ton blocks 
cemented together from foundation to cope. On 
February 14th last the Committee of Piers and 
Harbours visited the works and expressed the great 
satisfaction they felt in that the work had been 
carried on and completed in 2} years without a 
hitch of any kind, and that it had so successfully 
resisted the exceptionally heavy gales of January 
last. On the Ist and 5th of last month Mr. 
Kinipple made a personal examination of the 
breakwater, and with the exception of some point- 
ing yet unfinished, was able to state that it was 
absolutely perfect throughout; he had also ex- 
amined the underpinning of and repairs to the 
landward portion of the breakwater carried out 
under Sir John Coode prior to the year 1877. 
These repairs have been chiefly executed by divers, 
and by the liberal use of thick neat Portland cement 
grout or paste passed down 3-in. pipes having a 
head or height of 40 ft. or 50 ft. These works were 
fully described in two lectures given before the 
Royal Engineers at Chatham on March 6th and 
14th last. Mr. Kinipple promises shortly to enable 
us to give a detailed description of these repairs 
and to illustrate the manner in which they have 
been effected. 


Locomotive Burtpine 1n New SourH WaALEs. 

The Government of New South Wales have taken 
a most important step towards the solution of the 
difficulties which have beset the many proposals for 
the successful fostering of the locomotive building 
industry in New South Wales. We are officially 





informed that ‘‘ a contract has been made between 
Sir Saul Samuel, the agent-general for the Govern- 
ment of New South Wales in London (acting on 
behalf of his Government), and a syndicate in this 
country for the establishment in that colony of 
locomotive works upon an extensive scale, as 
recently advertised for by the New South Wales 
Commissioners.” Hitherto the Government have 
not succeeded in their desire to foster native 
industry. Contracts have been given out to colo- 
nial firms at prices very considerably in excess of 
those asked by firms at home, and yet the work 
has not been found profitable. Besides, the time 
taken has very largely exceeded that stipulated in 
the contract, which was often double the time 
within which similar work could be done in estab- 
lishments at home. The chief reason assignable for 
this is deficient plant, and the New South Wales 
Government have certainly made a new move which 
should be successful, if success be possible at all. 
A syndicate of gentlemen interested in the colony, 
one of whom resides in New South Wales, has 
been formed, and is to be named the Australasian 
Locomotive Engineering Company, which would 
indicate that the field is not to be confined to one 
district. They have booked a contract for 100 
locomotives and tenders to start with, and have the 
promise of more. As managing director they have 
secured the services of Mr. Dugald Drummond, 
locomotive superintendent of the Caledonian Rail- 
way Company, and one of the foremost men in the 
profession. The new company, therefore, should 
not fail for the want of experienced management, 
because Mr. Drummond has served in many of the 
leading railways in this country. He started his 
professional career in Brassey’s well-known Canada 
Works at Birkenhead, andafterwards joined the staft 
of the Edinburgh and Glasgow Company, which was 
absorbed in the North British Company, shortly 
after which he entered the Highland Company’s 
service. He was afterwards with the London, 
Brighton, and South Coast Railway Company, and 
acted subsequently for nine years as locomotive 
superintendent of the North British Company, while 
for the past eight years he has filled the same post 
in the Caledonian Company, so that his experience 
has been both extensive and varied. He has 
designed some of our finest engines, bogie carriages, 
and other rolling. plant, many of which designs 
have been illustrated in the columns of ENGINEER- 
ING. He is now organising a staff, and will shortly 
send to the colonies three of the men who are to 
take principal positions on that staff, to ascertain 
the conditions of the country and to fix upon a site 
which will be most convenient for the railways, and 
at the same time be close by the coalfields. The 
plant for the new works will probably all be 
arranged for in this country, but as the scheme is 
only in its initial stage it is impossible to enter 
into details. The most modern machines will 
be employed. The engineers of this country, 
however patriotic they may be in wishing well 
to the young colony, must view with certain 
apprehension the new scheme. It is true that for 
a time the unmanufactured material, castings, &c., 
must be sent from this country, but the idea is to 
make as much as possible in the colonies, and 
foundries and the other necessary adjuncts to large 
locomotive works will be established by the new 
company with as much despatch as_ possible. 
Colonial labour, too, is to be employed extensively. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 4, 1890. 

THE extraordinary depression in American iron and 
steel markets still continues. Steel rails are quoted 
to-day at 34 dols. in eastern mills, 33 dols. at Pittsburg, 
while Chicago makers are quoting 35 dols. Contracts 
for the week foot up 20,000 tons. Railroad building has 
not yet been actively entered upon, but within the next 
thirty, or at furthest sixty days, contracts will be placed 
for large quantities of rails for construction to be pushed 
during the summer and fall. A large amount of newly 
projected work has been announced, and railmakers, 
in their negotiations with builders, have received 
the assurance that the summer demand will be heavy. 
There is much uncertainty existing in the minds of 
railroad builders as to whether it will be a safe polic 
to push the construction this year of roads upon ‘vhich 
dividends cannot be realised for two or three years to 
come. This has been the policy in American railroad 
building for years, and the reaction which followed it 
in many cases had had the effect of intimidating some 
investors. In the north-west the competing companies 
are still at war ; but every few days the announcement 
is made that some definite and permanent arrangement 





486 


- - acerca 


is about to be made by which the enormous traflic of the 
region will be equitably divided and rates advanced. 
But the advancing of rates is almost an impossibility ; 
one or two roads always refuse to conform to the terms 
agreed upon by the others. 

Nearly all the railway systems of the country are 
giving out orders for cars, locomotives, and equipment 
of one kind or another, and this activity, to a large 
extent, compensates for the restricted demand for 
rails. All the locomotive works are busy; all the 
larger concerns have extended their capacity this year. 
The Baldwins, of this city, are putting up additions 
to their already immense works; they now employ 
3500 hands, and are turning out 16 or 17 locomotives 
per week. Most of our wor eae are badly in need of 
new rolling stock and motive power. 

The iron trade _——_ very few new features ; 

rices are low, production heavy. Fortunately there 
is no accumulation of stocks. The steelmakers are all 
busy; merchant ironmakers are running full time, 
double turn. Pig iron production is over 180,000 tons 
ner week, of which about 25 per cent. is anthracite. 
‘here is a very urgent demand for all kinds of 
machinery ; the engine builders, bridge and ship- 
builders, and pipe line builders are all rushed with 
work. The nail factories are all busy, in view of the 
certainty of a heavy demand for nails from the builders. 
The sheet mills are overcrowded with work. for the 
next sixty days. 

The money markets are said to be easy, but this 
statement is to be accepted with a qualification. There 
is not that abundance of money which second-class 
borrowers desire. The volume of business is increas- 
ing, as compared to last year, but there are relatively 
more failures. A very healthy feeling prevails in com- 
mercial circles, 


PHILADELPHIA, April 10, 1890. 

The American railway managers, especially the 
managers of those roads whose head-quarters are at 
Chicago, are now engaged im one more effort at settlin 
differences and agreeing upon a basis which wil 
enable them to conduct te in harmony. There 
are four great Transcontinental lines, viz., the 
Northern Pacific, the Union Pacific, the Atchison, and 
the Texas Pacific. Two of these lines have within a 
short time secured connections which enable them to 
make Chicago their eastern terminus ; the Northern 
Pacific has secured the Wisconsin Central ; the Atchi- 
son has built its own line to Chicago; the Union 
Pacific, to be even with the other two roads, entered 
into a traffic agreement with the North-Western 
Company. Jay Gould’s property is the only one that 
is now out in the cold. The ‘‘ Street” is waiting to 
see what he will do about it. He is trying to secure 
control of the Chicago and Alton road, which is for 
sale. If Mr. Gould secures this road, he will make 
music in railroad circles. 

There is a steady increase in the volume of railroad 
freights in nearly all sections of the country. A good 
many roads have been overcrowded with iron, steel, 
and coal freights, and the lumber traffic is now setting 
in, and the great demand for lumber for building 
operations will materially help those roads passing 
through lumber markets. 

The iron trade continues weak, owing to the heavy 
production, and prices contizue low. Iron and steel 
are lower than for twelve months. Forge iron is 
delivered at tidewater points at 15.50 dols. for 
southern and 16.50 dols. for northern, while No. 1 
northern is seeking buyers at 19 dols. and southern at 
18 dols. The drop extends through nearly all iron 
products. Bessemer pig has dropped 4 dols. to 6 dols. 
per ton ; steel billets about as much; but steel rails 
are still quoted at 34 dols. to 35 dols., which is a drop 
of about 1 dol. from their highest figures. The mills 
throughout the country have been running without 
intermission since last summer, and the strength and 
healthfulness of the market is shown by the fact that 
there is not a week’s supply of iron on hand anywhere. 
When it is taken into consideration that the output of 
crude iron is not far from 50,000 tons per week greater 
than last summer, the strength of the situation can be 
better understood. 

The shipbuilders, carbuilders, and boatbuilders are 
still overrun with work, and from present indications 
there will be no relaxation in demand for many months 
to come. Iron manufacturers are making good margins 
on all kinds of rolled iron and steel. 

The largest order for steel rails taken for some weeks 
was a lot of 15,000 tons for a Colorado road. There are 
inquiries on the market at present for 40,000 to 60,000 
tons, but makers refuse to accept anything less than 
34 dols. at mill. Large blocks of Bessemer pig have 
sold at 19.50 dols. at furnace. Spiegeleisen is quoted 
at 33.50 dols.; ferro-manganese, 82.50 dols.; billets, 
31 dols. at works. Wire-rods, 48 dols. at eastern mills. 





THE ACCIDENT TO THE “ CITY OF 
PARIS.” 


To THE EpiToR oF ENGINEERING. 
S1r,—Referring to the letter signed ‘‘ Verax” in your 
yaper of the 11th inst., page 444, I think it is only fair to 
ay J. and G. Thomson, the builders of the s.s. City 





ce, 





of Paris, to say that they purchased four of Messrs. 
Durham, Churchill, and Co.’s governors and compound 
attachments for controllin da epee cylinders for 
the s.s. City of Paris and City of New York, but unfortu- 
nately from some cause or other they were not fitted. 

Messrs. Thomson have had large experience with these 
governors, and evidently intended to take the best-known 
possible precautions against accident, and, in case of 
accident, to minimise the effects, and it is much to be 
regretted that these safety appliances were not fitted as 
originally intended. 

his morning’s papers confirm in a remarkable way the 
surmise of ‘‘ Verax” that a bad breakdown had taken 
place abaft the engines previous to the final smash. 

I quite indorse the last paragraph of ‘‘ Verax’s ” letter, 
and trust that the authorities will insist upon all steamers 
(at any rate, all passenger steamers) being properly fitted 
with governors which shall always be in operation when 
the engines are at work. 

Yours obediently, 


Glasgow, April 14, 1890. CLYDEBANK. 








THE EDINBURGH EXHIBITION. 
To THE Eprror or ENGINEERING. 

Srr,—I have read your interesting article in last week’s 
issue of ENGINEERING. Regarding the clause referrin 
to the difficulty of tracing the origin of the scheme whic 
you say ‘‘would probably be fruitless in endeavouring to 
solve,” I think it right to let you know that the origina- 
tors of the scheme are Mr. A. R. Bennett, general 
manager of the National Telephone Company for Scot- 
land, and myself. 

I trust you will see the propriety of making this public. 

I am, yours faithfully, 
GEORGE E. Watson, Secretary. 

27, Frederick-street, Edinburgh, April 14, 1890. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—On Thursday forenoon the 
pig-iron warrant market was very much depressed, and 
there was a heavy decline in prices, much of the depres- 
sion being due to the unsatisfactory nature of the Board 
of Trade returns. At noon Scotch warrants were 1s. 74d. 
below the finishing price of the previous day ; Cleveland 
iron was ls. 8d., _ hematite iron was 2s, 54d. per ton 
lower. Prices were somewhat steadier in the afternoon. 
Scotch warrants were dealt in at 47s. 9d. but closed at 
47s. 54d., being a decline of 1s. 34d. from the closing 
quotation of Wednesday. Cleveland iron closed at 
50s. 8d. per ton cash, being a fall of 8d. from Wednesday’s 
close. At the finish of the market hematite iron was 
quoted at 55s. 44d. per ton, or 64d. above the lowest 
quotation of the day, but still 1s. 114d. under the finish- 
ing price on the preceding day. Friday’s market was 
also very flat and depressed, and prices fell off from the 
beginning to the end without almost a break, until near 
the close, when the feeling which prevailed was a shade 
better. Some heavy selling took place, more especially 
of Scotch warrants, and partly for speculation. Down 
to 46s. 3d. per ton cash was reached for Scotch iron, but 
the Salen wes 2d. per ton above the lowest quotation, 
and the day’s decline was 1s. 1d. Violent fluctuations in 
the price of Cleveland took place—between 52s. 3d. and 
50s. per ton; the finish was at the latter price, showing 
2s, of ik decline. Hematite iron was 1s. 14d. per ton lower 
at the close. The settlement prices at the close were— 
Scotch warrant iron, 46s. 44d. per ton; Cleveland, 
49s. 9d.; hematite iron, 54s. 3d. per ton. Outside reports 
of an unfavourable character had a ss a influence 
on the pig-iron market during the forenoon of Monday, 
the price of Scotch iron falling to 45s. 9d. per ton. A 
slight rally took place before the close of the forenoon 
market, with buyers at 45s. 11d. cash for Scotch, 47s. 9d. 
for Cleveland, and 53s. 9d. for hematite iron, so that 
there was a fall of 54d., 2s., and Sd. per ton, respectively, 
on the closing rates of Friday. he price of Scote 
warrants in the afternoon declined to 45s. 54d., but there 
was a recovery to 45s. 84d., at which there were buyers at 
the close. Cleveland iron fell in price to 47s. 14d. and 
the price of hematite iron was down at 53s. 7d. per ton. 
The settlement prices at the close were-—45s. 9d., 47s. 14d., 
and 53s. 74d. per ton, respectively, for Scotch, Cleveland, 
and hematite iron. Last January Scotch warrant iron 
was sold at 65s. 3d. per ton cash; but that was during 
the recent speculative ‘‘ boom,” and it was the highest 
price reached. Some speculative purchasing on behalf of 
one or two sanguine operators gave a slight degree of 
firmness to the iron market at the opening yesterday ; 
but the prices relapsed immediately that the buyin 
ceased, the close of the forenoon market being flat, wit 
buyers at 45s. 8d. per ton cash for Scotch iron, 46s. 6d. 
for Cleveland, and 53s. 9d. for hematite iron. The after- 
noon market was rather firmer in tone, the prices of 
tch and hematite iron improving to some extent; 
that of Cleveland iron, however, declined 64d. per ton on 
the day. The settlement prices ot the close were—Scotch 
iron, 45s. 104d. per ton ; Cleveland, 46s. 6d. ; hematite 
iron, 54s. Pig-iron warrants were firmer this forenoon. 
There was some buying at the opening, which gave a sharp 
advance to Scotch and hematite values, but the gains dis- 
appeared before the finish. No business was done in 
Cleveland iron at either meeting of the ‘‘ring.” Scotch 
iron was quoted at the close in the afternoon at 46s. 1d. 
per ton cash sellers, Cleveland at 46s. 3d., and hematite 
iron at 54s. 2d. Some of the special brands of makers’ 
iron have suffered big reductions in price during the week. 
The following are a few of the quotations now current 
for No. 1 iron: Coltness, 69s. 6d. per ton; Gartsherrie, 
65s. ; Langloan, 70s. ; Summerlee, 67s. 6d. ; Calder, 68s. ; 
Glengarnock, 67s. 6d.; Shotts, 69s. 6d.; Carron, 75s. 
Last week’s shipments of pig iron from all Scotch ports 
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amounted to 10,507 tons, as compared with 8165 tons in 
the corresponding week of last year. They included 150 
tons for the United States, 199 tons for South America, 
295 tons for India, 205 tons for Australia, 765 tons for 
France, 2030 tons for Germany, 795 tons for Holland, 225 
tons for Belgium, 156 tons for Spain and Portugal, 
smaller quantities for other countries, and 4575 tons 
coastwise. One ordinary furnace has been blown out at 
Gartsherrie Iron Works, so that the number of furnaces 
now in actual operation in Scotland is 88, against 82 at 
this time last year. The stock of pig iron in Messrs. 
Connal and Co.’s public warrant stores yesterday after- 
noon stood at 807,584 tons, as compared with 815,432 tons 
yesterday week, thus showing for the week a decrease 
amounting to 7848 tons. 


Railway Appointment.—As successor to Mr. Drum- 
mond, the directors of the Caledonian Railway Company 
have this week appointed Mr. Hugh Smellie, who has 
for many years been in charge of the Glasgow and South- 
Western Railway Company’s Locomotive Department, 
and of the engine works at Kilmarnock. It may be re- 
membered that Mr. Smellie succeeded Mr. James Stirling 
when he was appointed to a similar post on the South- 
Eastern Railway. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Chesterfield and Midland Counties Institution of Engi- 
neers.—A general meeting of the members of this Insti- 
tution has been held at the Town Hall, Derby. Mr. J. 
Lewis (Derby) Ss Mr. Stokes initiated a dis- 
cussion on Mr. G. E. Coke’s paper, entitled ‘‘ A Recent 
Boring at Chesterfield with the Diamond Drill,” Mr. 
Stokes saying this drill was the best for speed. Other 
gentlemen also spoke, and Mr. Coke explained several 
points upon which information was asked. The President 
bore his testimony to the value of the drill, particularly 
when boring to a considerable depth. Mr. Longdon, 
alluding to a paper on the ‘‘ South Yorkshire Coaltield,” 
read by Professor Russel at Sheffield, said it would have 
been more interesting if he had applied himself to an 
explanation of the reason of the division of the Silkstone 
and Parkgate seam into branches, each when they entered 
Derbyshire. Further remarks were made by Mr. Stokes, 
after which Mr. Charles Soar, of Granville Colliery, read 
a Pp ver on ‘‘Soar’s Patent Coal-Lowering Apparatus,” 
which was illustrated by diagrams. 


Sheffield Rolling Mills—Further Reduction of Discounts. 
—A circular has been issued by the Rolling Mill Pro- 
prietors’ Association announcing that they are reluctantly 
compelled to reduce their discounts for rolling by 5 per 
cent. This step has become necessary, the circular states, 
in consequence of the recent advance in the price of coal. 
Early in February a similar reduction of discounts took 
place, which, however, is declared not to have covered 
the increased cost of coal at that time. The present noti- 
fication takes effect this week. 


Advance of Waaes at Parkgate.—The fitters and planers 
employed at the Parkgate Iron Works received on Satur- 
day an advance of wages of 2s. per week, reckoned from 
March 31st, which is the second advance during the last 
twelve months, making 4s. in all. This is granted in 
— with the decision of employers in the Sheffield 

istrict. 


The Dispute in the Iron Trade at Hatifax.—A very large 
number of men in the engineering trade in Halifax are 
now on strike. Within the last few days there have been 
meetings both of the men and the masters, but there is no 
prospect of a settlement. At the last meeting of the 
masters the feeling expressed was stronger against grant- 
ing the new demands that when the strike actually com- 
menced. The question of wages was possible of settle- 
ment, seeing that the only difference was as to whether 
half the advance of 2s. should be given at once or in June; 
but the men are firm in their demand that as to payment 
for overtime, each day must stand for itself, whereas the 
masters allege that this would benefit only the idle and 
careless among the men. 


Under-Managers and Deputies’ Mining Institute.—The 
first step in the formation of the Institute was taken at 
Sheffield early in the present year, and the head-quarters 
having been firmly established, large numbers of colliery 
officials having given their adhesion to the new associa- 
tion, it is now sought to extend its influence and opera- 
tions into every part of the Yorkshire and Derbyshire 
coalfields. With this view meetings have just been held 
at Barnsley and at Chesterfield, and similar meetings 
will be held at Leeds, Derby, and other centres. The In- 
stitute, whilst it is designed to protect and assist deputies 
and under-managers in their work, is not a trade union 
in the ordinary sense of the word. It is not intended to 
create a militant body, antagonistic to colliery owners, 
but a body which shall help officials in their work, give 
them fuller knowledge of the duties imposed on them by 
the new Mines Act, and protect them against unfair pro- 
secutions, 

Wages in the Leeds Engineering Trade.—The engineers 
of Leeds, under the Amalgamated Society, will hold a 
meeting on Saturday to decide if they shall apply for a 
rise in wages of 2s. per week. There are 2100 members. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrIpp.LEsBroucH, Wednesday. 
_ The Cleveland Iron Market.—Yesterday the weekly 
iron market was very numerously attended, but the tone 
was cheerless and very little business was done. Inquiries 
were few and buyers were very difficult to find. essrs. 
Whitwell and Co., of the Thornaby Iron Works, Stock- 
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ton, exhibited specimens of iron cable which they are at 
present supplying to the Navy, and also specimens of 
strong cable used by the Tees Conservancy Commis- 
sioners for the mooring of large vessels. The material 
appeared to be exceedingly strong, and attracted a 
reat deal of attention. Previous to the artival of 
information from other iron-producing centres, sellers 
of No. 3 g.m.b. Cleveland pig iron asked 47s. 6d. 
for prompt f.o.b. delivery, and a small business was 
reported done at 47s. Telegrams from Glasgow, how- 
ever, reported much depression in the Scotch market, and 
this exercised a detrimental effect upon the Middles- 
brough market. Prices at once fell, there being plenty of 
merchants willing to dispose of No. 3 at 46s. 74d., but 
buyers were not to be found, and those who required 
iron would not give more than 46s. 6d. for this quality. 
For forward delivery there was absolutely nothing 
doing. Makers have now reduced their quotations, 
there being several yesterday willing to sell No. 3 
g.m.b. at 50s. early delivery, but few, if any, con- 
tracts were entered into. Middlesbrough warrants were 
easy at 46s. 6d., and closed at 46s. 5d. There was 
little or nothing doing in the hematite pig-iron trade. 
Sellers here would not quote much less than 70s. per ton 
for Nos. 1, 2, and 3 makers’ east coast iron, but as west 
coast warrants could be purchased and delivered here at 
a good deal lower figure, buyers of course would not pur- 
chase makers’ iron. Shipments of pig iron to foreign 
ports this month are — heavy, but it is feared that 
unless new orders come to hand very shortly exports will 
become seriously small. The fact of the matter is there 
is now no confidence in the market, buyers having been 
frightened by the recent somewhat rapid declension of 
orices, and they consequently hold off. e are now 
owever, just commencing the shipping season, and 
it is hoped that the demand will improve, and prices 
advance. Many people interested in the staple indus- 
try speak hopefully of the early future, but others 
are by no means sanguine of any material improve- 
ment in trade. To-day affairs were very quiet and quota- 
tions were again easier. Only asmall amount of business 
was transacted, buyers, as on the previous day, being 
very few. Sellers asked 46s. 3d. for early delivery of 
No. 3 g.m.b. Cleveland pig iron, but buyers would not 
give more than 46s. Middlesbrough No. 3 warrants 
opened at 46s. 14d. and closed at 46s. cash in a month. 


Manufactured Iron and Stcel.—In both manufactured 
iron and steel there is little new to report. Prices have 
been reduced since our last notice. anufactured iron 
producers manage to keep their establishments pretty 
well occupied, but they complain greatly of the scarcity 
of new orders. Common bars are now quoted 6/. 10s. to 
Gl. 12s. 6d. per ton; ship-plates, 6/. 10s.; and angles, 
61. 5s., all less the customary discount for cash. Less than 
these prices, however, would be accepted. Steelmakers 
are not so busy as they were a little while ago, and they 
also experience great difficulty in securing new work. 
Quotations have fallen to 5/. 15s. per ton for heavy sec- 
tions of steel rails, 7/. 10s. for ship-plates, and 71. 5s. for 
angles, all at works, and orders might be booked a trifle 
cheaper than the foregoing prices, 





NOTES FROM THE SOUTH-WEST. 
South Wales Coal and Iron.—The shipments of coal 
from the four principal Welsh ports in March were as 
follows : Cardiff, lain 800,414 tons ; ooastwise, 
114,783 tons: Newport, foreign, 170,035 tons ; coastwise, 
67,773 tons: Swansea, foreign, 77,596 tons ; coastwise, 
49,580 tons: Lilanelly, foreign, 14,131 tons ; coastwise, 
3864 tons. It will be seen that the total coal exports of 
the month, foreign and coastwise, were 1,303,276 tons. 
The shipments of iron and steel from the four ports in 
March were: Cardiff, 5526 tons ; Newport, 10,695 tons ; 
Swansea, 1518 tons; and Llanelly, nil; showing an 
aggregate of 17,739 tons. The exports of coke were: 
ardiff, 9560 tons; Newport, 299 tons; Swansea, 117 
tons; and Llanelly, nil; showing an aggregate of 9976 
tons. The exports of patent fuel were: Cardiff, 21,207 
tons; Newport, 2382 tons; Swansea, 32,600 tons; and 
Llanelly, nil, giving an aggregate of 56,189tons. The aggre- 
ate exports from the four ports for the three monthsending 
arch 31, this year, were: Cardiff—coal, 2,588,338 tons; 
iron and steel, 12,435 tons ; coke, 21,398 tons ; and patent 
fuel, 52,838 tons. Newport—coal, 672,163 tons ; iron and 
steel, 28,7564 tons; coke, 777 tons; and patent fuel, 
10,755 tons. Swansea—coal, 349,026 tons; iron and steel, 
1768 tons ; coke, 23294 tons ; and patent fuel, $4,375 tons. 
Llanelly—coal, 58,678 tons ; iron and steel, 680 tons. 


Cardif.—The steam coal trade has been rather inactive. 
The best qualities have made 15s. to 15s. 6d. per ton; and 
secondary descriptions, 14s. to 14s. 9d. per ton. A slight 
improvement has been reported in household coal ; No. 3 
Rhondda has made 14s. 6d. to 15s. per ton. There has 
been little or no demand for foundry or furnace coke, 
and prices have shown a downward tendency ; foundry 
coke has made 23s, to 24s. per ton, and furnace coke, 22s. 
per ton. 


More Co1l.—Messrs. T, Robinson and Co., Swansea 
and Cardiff, have struck into the former workings of the 
Fforchdwm estate from their colliery on the Nantybar 
estate, thus giving free drainage to between 700 and 800 
acres of the upper seam. Being well under the mountain 
the coal proves exceptionally good. 


Welsh Blast Furnaces.—During the past quarter the 
number of furnaces in blast in North Wales was five, and 
South Wales thirty-nine. In Carmarthenshire a furnace 
has been built during the present year by the Anthracite 
Tron and Steel Company, Limited, and in Glamorgan- 
shire one has been pulled down by the Dowlais Iron 
Company. Atthe present time four furnaces are being 
built in Glamorganshire, one by North’s Navigation 





Collieries, and three by the Dowlais Iron Company. In 
Monmouthshire the Blaenavon Company, Limited, is 
building one furnace. 


Swansea Harbour Trust.—At a meeting of the Swansea 
Harbour Trust on Monday, the chairman moved the ado) 
tion of a report from the executive committee whic 
recommended a lease to Messrs. Robert Johnston and 
Co. of wharf and land at the South Dock, and the con- 
struction of additional sidings and the diversion of a road 
near the South Dock Basin. The Trust, the chairman 
stated, had come to an amicable arrangement with the 
Rhondda and Swansea Bay Railway Company as to a 
lease of wharfage included in the Bill, and the Bill of the 
Swansea Tramway Company, which at first it was decided 
to oppose, had been thrown out. Messrs. Johnson and 
Co. proposed to take wharfage at Swansea for the estab- 
lishment of an import and export trade there, and they 
shortly expected to have two or three steamers a week at 
the port. They had taken 190 ft. at 1/. per foot frontage. 
This meant an assured revenue of 190/. a year, with a 
prospect of increased traffic. He might say that another 
application had been made for wharfage of 190 ft. by the 
London and North-Western Railway Company, which also 
desired to establish an import and export trade, and it 
was pretty certain that the agreement would be concluded. 
It would be necessary for these purposes that the sidings 
should be altered at the point in question, at a cost not 
exceeding 4507. 





MISCELLANEA. 

In some recent experiments at the Vienna Arsenal, 
34,000 rounds have been fired from a single Maxim gun, 
a very high test of the workmanship and material of the 
weapon. 

The directors of Messrs. Robert Boyle and Son, 
Limited, ventilating engineers, Glasgow, have decided to 
pay an interim dividend at the rate of 12 per cent. per 
annum for the half-year ending March 31st. 


The expense of cleaning the streets of Frankfort-on- 
Maine, including the removal of snow, ice, and refuse, 
averaged about 3d. per square yard per annum during the 
_— two years, the area dealt with cae 687,090 square 
yards. 

A French syndicate has made an offer to the Turkish 
authorities to build a bridge across the Bosphorus, 
between Roumeli and Anatoli Hissar. The bridge is to 
consist of a single span 2600 ft. long, and with a clear 
headway of 230 ft. 


At the ordinary meeting of the Society of Civil and 
Mechanical Engineers, held on Wednesday, April 16, in 
the Westminster Palace Hotel, Mr. Ambrose C. Myall, 
Assoc. M, Inst. C.E., read a paper on ‘*Recent Improve- 
ments in Dredging Machinery.’ 

Mr. W. A. Vallon, gas and water engineer to the Rams- 
gate Corporation, has prepared plans for improving the 
sea front of that town which have been accepted by the 
——— and will shortly be forwarded to the Board 
of Trade for approval. The proposed improvements are 
estimated, including compensation money, to cost about 
65,000/. 

Engineers, wishful of trying their fortunes in foreign 
lands, are advised not to go to Argentina. A Swedish 
engineer, who has been a resident in Buenos Ayres for 
many years, publishes a warning in Swedish papers 
against emigrating to Argentina, where things are ina 
very unsatisfactory state, and where a large number of 
European engineers are already unable to find employ- 
ment. 


The gross receipts of the 23 principal railways in the 
United Kingdom, for the week ending April 6th, 
amounted, on 16,158} miles, to 1,375,901/., and for the 
pen a period of 1889, on 16,030 miles, to 1,222,708/., 
an increase of 128} miles, or 0.8 per cent., and an increase 
of 153,1932., or 12.5 per cent., the Good Friday week 
traffic being included in the returns as against an ordinary 
week, 


Messrs. Archibald Smith and Stevens have received 
instructions to erect one of their “‘ Reliance” hydraulic 
lifts at the Badminton Club Chambers. They are also 
erecting similar lifts at Ashley Mansions, Victoria-street, 
Westminster; at chambers in Throgmorton-avenue for 
Mr. J. Morris; at Blue Hart-court for Messrs. Cosh 
and Co. ; at Chesterfield-gardens for Mr. J. W. Beer; 
and for Messrs. Carruthers Brothers, of Luton. 


The building of the Middelgrund fortifications in the 
Sound, outside Copenhagen, will now be commenced, 
the King having sanctioned an expenditure for the 
current Leamaiel year of 3,500,000 kr., although the 
Falkething had declared itself against the erection of 
the fortifications. The total cost is calculated at 
9,000,000 kr., or 500,000/., and the fortifications are in- 
tended to be completed in the course of three years. 


At Huntsmoor Park, Iver, near West Drayton, Messrs. 
C. Isler and Co., of London, have recently completed an 
artesian bored tube well 200ft. deep, in just over four 
weeks. After passing through the various beds of clay 
and sand which form part of the London basin, as soon as 
the chalk was reached the water rose 14 ft. above the sur- 
face, and at 5 ft. the overflow was at the rate of 200,000 

allons per hour through a 4-in. bore. The water is per- 
fectly pure. 


The Quebec Railway Company has made application to 
the Privy Council at Ottawa for permission to bridge the 
St. Lawrence near Quebec. The site selected is o ite 
the mouth of the Chauditre, where the river is ft. 
wide. The design calls for cantilevers on the plan of the 
Forth Bridge, but with one 1400-ft. opening and two of 
700ft. The plans have been prepared by Sir James 
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Brunlees and Mr. A. L. Light, M.I.C.E., Government 
engineer, Quebec. 


Steam heating of railway carriages was introduced on 
most of the main lines of the Prussian State railways 
during the past winter, and the authorities intend finally 
to extend it over the whole system. The steam is supplied 
from the locomotive, and passes through pipes under- 
neath the carriages, the pressure in these being reduced 
to 301b. per square inch. In the first and second-class 
cars arrangements have been fitted permitting the 
passengers to regulate the temperature at will. 


Mr. Haswell, of Vienna, has just patented a method of 
protecting iron from rust by coating it with a layer of 
manganese dioxide. This he accomplishes by electro- 
lysis. The iron takes the place of the anode of an electro- 
te bath consisting of .05 to .5 per cent. solution of 
chloride or sulphate of manganese, and of from 5 to 20 
per cent. of ammon‘um nitrate. Carbon is used for the 
cathode of the bath. On ing the current the iron 
becomes coated with a firmly adherent and inoxidisable 
film of manganese dioxide. 


An important electric lighting installation has just been 
opened at Chelmsford, Messrs. Crompton, of that town, 
having contracted to light the streets with 18 arc and 200 
incandescent lamps for an annual cost of 873/. 6s. 8d. 
The cost per arc lamp being 22/. 10s. per annum, and per 
incandescent oy 2l. 6s. 10d. Previously the streets 
were lighted by the gas company with 118 lamps at an 
annual cost of 7681. per annum. Overhead mains have 
been adopted for conveying the current, which is of the 
high-tension alternating type, generated by Mordey alter- 
nators. 


In a lecture on “‘ The Construction of Walls,” recently 
delivered by Professor W. C. Unwin, F.R.S., in the 
Carpenters’ Hall, the stability under wind pressure of a 
vertical wall 70 ft. high of the type commonly used for 
mills and factories, and of unlimited length, is examined, 
under the assumption that it receives no support from 
cross-walls or floors. The pressure required to overturn 
such a wall turns out to be remarkably low, 12.5 lb. per 
square foot being sufficient for this, and the safe pressure 
under which no part of the masonry is in tension only 
5.6 lb. per square foot. 


The present supplies of copper in England and France 
stand at 95, tons, as against 125,000 tons in March 
1889. <A year of very active trade has thus onl effected 
a diminution of 30,000 tons in the public pmn ty which 
are still twice as large as they were when French specu- 
lators first turned their attention to the copper market. 
With regard to consumption the deliveries in England 
and France for the year ended February 28 last amounted 
to 134,000 tons, — only 59,000 tons in the preceding 
twelve months. In production there was an increase of 
nearly 4000 tons. e total production in 1889 was 
262,990 tons, as compared with 259,126 tons in 1888, 
223,973 tons in 1887, and 217,136 tons in 1886. With the 
exception of Chili, there was an increase in the supply of 
copper last year from all the leading sources. Statistics 
show that at the present range of prices the tendency is 
for production to increase rather than to diminish. Con 
sumption is expected to do little more than keep pace 
with supplies, even if it does that. 


At the meeting of the Junior Engineering Society, 
held on April 11, Mr. J. G. Browning read a paper on 
**The Leyton Sewage Disposal Works,” describing very 
fully the methods there adopted for treating the sewage. 
Up till 1883 the sewage of this town was treated by simple 
filtration through straw and charcoal, at which date treat- 
ment by sulphate of alumina was introduced, but aban- 
doned twelve months later on account of its expense. 
Mr. Hanson’s chemical process was then substituted, and 
has since been worked with very satisfactory results down 
to the present time. The chemicals used in this process 
are lime and a powerfully oxidising powder prepared 
from alkali waste containing both pF ste A. and 
sulphate of lime. About 16cwt. of lime and 3 cwt. of the 
powder are used per million gallons of sewage, and the 
resulting effluent is free of offensive odour, and is dis- 
charged into the River Lea. The quantity treated per 
twenty-four hours averages about 1,500,000 gallons, the 
main part of which flows into the mixing and settling 
tanks without requiring to be pumped. The sludge 
obtained, amounting to 110 tons per week, is pressed into 
cakes in the usual way, and is used as manure, though 
farmers do not consider it sufficiently valuable to cart 
away any considerable distance. 


After giving careful consi:leration to several schemes 

roposed for conducting the speed trials of the Phila- 

elphia and other vessels, the contracts for which make 
speed the principal requirement, the chiefs of the United 
States Naval Bureau have determined upon the method 
recommended by Engineer-in-Chief Melville. This con- 
templates a continuous run at sea, the speed being 
on the number of revolutions of the screw found necessary 
to give a knot in smooth water. To put this oe in opera- 
tion, it will first be necessary to determine the number of 
revolutions per minute and per mile for various speeds in 
smooth water by runs in opposite directions over a mea- 
sured base. Sets of runs at various rates of speed are to be 
made and the revolutions of the screw determined with 
the greatest ayn Having carefully obtained the 
data for these speeds, curves showing revolutions per 
minute and per mile will be laid down on a large scale, 
so that the speed to the hundredth part of a knot can be 
determined. The official trial could then take place any- 
where, the only conditions being smooth sea. Before 
putting the method into permanent use the Board has 
recommended that some experiments be made with one 
of the new vessels already in commission. It is probable 
that the Baltimore will be selected for that purpose, 
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HYDRAULIC AND STEAM DERRICKS. 
CONSTRUCTED BY MESSRS. BROWN BROTHERS AND CO., ENGINEERS, EDINBURGH. 
(For Description, see Page 491.) 
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COMBINED STEAM AND HYDRAULIC CRANE. 
CONSTRUCTED BY MESSRS. BROWN BROTHERS AND CO. ENGINEERS, EDINBURGH. 
(For Description, see Page 491.) 
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‘and which has been the recognised head of labour 
INDUSTRIAL NOTES. 'movements in London for meme thirty years. The | 

Tue atmosphere of the labour market is still charged decision of the delegates at their last meeting was that | 
with disturbing elements, although some ofthe heavier they approved the principle of conciliation as a 
March clouds have passed away. The efforts of the method of settling labour disputes, but they thought 
London Chamber of Commerce to institute a Board of that object could be best attained by the parties to 
Conciliation and Arbitration have been subjected to the dispute meeting, as occasion required, to discuss 
the criticism of the London Trades Council, a body ' their differences. However, they pledged themselves 
representing many of the leading metropolitan trades, to co-operate with the London Chamber of Commerce | 
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in the endeavour to prevent disastrous strikes. The 
London boot and shoemakers do not favour arbitra- 
tion, while the employers desire it; on the other 
hand, the brickmakers and bargemen of Kent seek 
arbitration, while the employers refuse it. These 
differences and difficulties are inevitable. Neverthe- 
less the principles of arbitration and conciliation are 
gaining ground, and they will in the future operate 
with beneficial effect, But the idea of leaving the 
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question to the chapter of accidents, of deferring it 
until a dispute has actually arisen, is /not the wisest 
course, for then temper and ‘‘ dignity ” co-operate to 
postpone any agreement until the mischief has been 
done. 





The April report of the ironfounders says: ‘‘ Al- 
though orders for new work have not been coming 
forward during the last few weeks in the same propor- 
tion as for, at least, two years previously, yet they 
have been sufficiently numerous and heavy to enable 
employers to keep up the usual output without making 
any perceptible difference in the state of trade.” The 
report goes on to say that ‘‘ the pig-iron market main- 
tains its healthy tone ; the prices of Glasgow warrants 
are firmer and Middlesbrough iron has gone up from 
1s. to 1s. 6d. per ton since our last issue.” The stocks 
in Scotland are rapidly decreasing, the reduction since 
March, 1889, being over 196,000 tons, exclusive of 
withdrawals during the present month. The report 
further says: ‘‘ Engineers and ironfounders are still 
kept fully employed ; there is no abatement in the 
demand for moulders, nor is there any indication of 
any falling off in trade generally. The number of 
members has increased by 303, the total now being 
14,288, the highest total ever reached. Trade is re- 
ported as — good in 109 of the branches with an 
aggregate membership of 13,925, thus leaving only 365 
complaining of slack or dull trade. The wages of this 
class of workmen have recently increased by 2s. per 
week for over one-tenth of the entire number, while in 
two towns the dispute is still pending. The total 
number on donation is given as 452, but some were 
only temporarily so, nine only are reported as having 
been on dispute pay; the cash balance in hand has now 
reached nearly 37,000/., while the demands on the fund 
are decreasing ; on the sick list alone there are fewer by 
120 than in the previous month.” 





The monthly report of the iromoulders of Scotland 
shows an increase of members, the total now reaching 
6058. The totalat work is reported as being 100 more 
than in the previous report, but 200 are reported as 
having been on idle benefit in the month. Of course 
some of these were only on the funds for a few days. 
The gain in funds during the first quarter of this year 
is 2728/. No disputes of any moment are reported in 
connection with this society at the present time. The 
society has decided by a majority of nearly 2000 to 
join the proposed federation of the engineering and 
shipbuilding trades ; the federation will now be con- 
stituted upon lines to be mutually agreed upon. 

One significant fact in connection with the iron 
founding trade is that recently some of the members of 
the unions have written practical works on the subject 
for the use of members of the trade. One such work is 
advertised in the ironfounders’ report, and another is 
now advertised in the ironmoulders’ report. The inten- 
tion of these works is the advancement of technical 
training, and the substitution of scientific methods, in 
lieu of the ‘‘old rule of thumb.” This shows progress. 
Employers would do well to encourage this sort of 
thing ; with a more perfect knowledge of the materials 
to be dealt with, pi greater skill in their use in the 
foundry, time will be saved, waste will be prevented, 
and goods of a more excellent quality will be produced. 





The condition of the engineering trades throughout 
Lancashire shows very little variation ; all departments 
are well employed upon work in hand. It is, how- 
ever, reported that new inquiries are less numerous, 
and the prospects of securing orders to replace those 
contracts which are running out, are less encouraging 
than they were. The prices of material remain much 
the same, but the demand is not such as to test the 
real state of the iron market. The fact appears to be 
that the speculative holders of small stocks cannot 
afford to hold out, and are therefore selling under the 
nominal market price. When these are disposed of the 
market will perhaps be firmer than it has been, and 
less irregular. There is, however, very little to com- 
eer of by the makers, most of whom are realising 
airly good prices. The labour market is not disturbed 
by any serious dispute, except at Bolton, where the 
ironfounders are still out for an advance of 2s. per 
week in their wages. In this branch, out of 540 mem- 
bers, 196 are on strike. The trade of the town is 
stated to be good in this and all the engineering 
branches, but the two parties are very obdurate in 
standing out over this advance. Another strike has 
taken place at Bolton, and a rather curious one. The 
ironworkers at the Beehive Iron Works took a holiday 
on Easter Monday afternoon without leave. For thus 
acting the firm refused to pay them on the usual pay 
day, as a punishment. The men demanded payment, 
and on being refused left work on strike. Something 
like 500 hands were thus thrown out of employment. 


In the Sheffield and Rotherham district there is still 
some disturbance in the labour market owing to the 
strike of the stove-grate workers at Rotherham, and 
also the potters. In the stove-grate trade both em- 


bornly to the last, each declaring for a no surrender 
policy. The Sheffield Trades Council have tried to 
effect a settlement but have failed. As a result of 
this failure the local trades are organising pecuniary 
help for those on strike. A further development is 
being contemplated, by the Sheffield stove - grate 
makers making application for an advance in wages. 
If this results in a strike this branch of industry will 
be at a standstill in the whole district. At Birming- 
ham an advance was conceded some time ago. 

The engineers of Sheffield are agitating for an 
advance of 2s. per week in their wages. The advance, 
it is said, will not be seriously resisted, as many of 
the larger firms have either conceded the amount asked, 
or have expressed their willingness to do so. This 
being the attitude of the more important firms the 
others will doubtless follow their example, or if they 
do not a very brief struggle will insure success, as 
trade in the district is good in all departments. 

The iron and steel workers are still actively engaged 
in organising the whole of this district, and it is ex- 
pected that ere long they will be as well organised as 
in any other part of the kingdom. They are seeking 
to become affiliated to the Sheffield Trades Council. 
The wages of these men are regulated by the sliding 
scale generally. 





In the Cleveland district, the platelayers, first and 
second-class, employed at the Eston Works, have been 
awarded an advance of 1d. per day. The claims put 
forward were originally for an advance to the brakes- 
men, the spraggers, drivers, and back deputies, but 
these claims were withdrawn when the matter was 
before the referees. The enginemen employed at the 
West Hartlepool Steel Works sought for an advance 
of 20 per cent. in their wages; on the employers 
refusing they struck work after the expiry of the 
usual notice, two men only remaining in. The wages 
averaged from 22s. to 28s. per week. The mechanics 
employed at the Consett Iron Company’s works have 
made application for an advance of 5 per cent., and 
for a reducion of working hours to fifty-three per week. 
The matter is to be officially considered by the com- 
pany. The steel smelters are demanding some con- 
cessions in the conditions of labour and they threaten 
to strike unless they are conceded. 

The blast furnacemen are arranging to federate all 
their associations, and possibly to agree upon a scheme 
of amalgamation. A conference is shortly to be held 
at which will be represented the various bodies at 
Cleveland, Cumberland, Lancashire, Staffordshire, 
Yorkshire, Shropshire, and Scotland. The eight hours’ 
day is to be one of the chief subjects for discussion. 
The crane and boiler men are also busily engaged in 
organising in various districts, and are seeking to 
identify themselves with trade councils and the 
Trade Union Congress. There is great activity in 
among this class of workmen, most of whom were not 
in union until very recently. 





In Staffordshire trade shows no sign of falling off, at 
least as regards employment. The complaint usually 
heard is that the men do not do enough, that the out- 
put does not equal the demand, and that they should 
make hay while the sun shines. There is, however, 
another side to this question ; working like slaves for 
atime, and then having enforced idleness for a time, is 
not the ideal of human happiness. Steady continuous 
work is better, if only the state of trade permit of 
greater regularity. 





The strike of the various branches of the engineering 
trade at Grantham has been settled upon terms mutually 
agreed to by both parties. 





The strike of the ship joiners in London is not yet 
settled, though there are signs of giving way. The 
men regard the strike as being practically confined to 
the Thames Iron Works Company. 





The bargemen and brickmakers in the Kent districts 
have not yet arranged terms. The men express strong 
condemnation of the Masters’ Association for its 
refusal to submit the case to arbitration. 

The canal boatmen on the Irish Grand Canal are on 
strike for an advance of wages, the drivers only getting 
15s. per week. The directors have, it is said, been 
obliged to refuse receiving goods in consequence of the 
— of the towage drivers along the banks of the 
canal. 

The Thames bargebuilders determined to come out 
on strike on Monday last for nine hours per day, at 
9d. aw hour, and Is. per hour overtime. The hours 
worked now are 584 per week, for 2/. in wages. The 
men agreed to resume work at all firms where the 
terms were conceded. The men stated that they are 
willing to submit the question to arbitration, consist- 
ing of a joint committee of employers and employed. 
The union is stated to be about 400 strong, it being 
confined to the Thames only. 





The enginemen employed at the Northumberland 





ployers and workmen seem determined to fight stub- 





collieries have requested an advance of 8d. per day in 





their wages. These men are not under the usual wages 
scale in operation at the collieries. 


The London, Tilbury, and Southend Railway Com- 
pany have granted concessions in time and wages to 
the signalmen in their ———- The week is to con- 
sist of six days; the seventh day is to be paid for 
when the men are on duty, but at the same rate as for 
week days. No Sunday duty is to be paid for at less 
than the rate for a quarter of a day ; eight hours is to 
constitute a day in special cases, ten hours in first- 
class signal boxes, and twelve hours in the second and 
third class. The pay is increased in all classes, and 
the men are to have six days’ holiday in the year, with 
pay and passes on the company’s line. 





At Dudley the Wages Board, consisting of repre- 
sentatives of masters and workmen, decided that the 
wages of the workers shall be advanced 10 per cent. 
on the current scale. ‘This is a further evidence of the 
state of trade in the Staffordshire district. 

The plate-lock makers have just been conceded a 
further 5 per cent., with a further 5 per cent. at Whit- 
suntide, making a total of 20 per cent. advance within 
ayear. The chainmakers of Walsall have received a 
revised list from the employers, which will advance 
their wages to about 18s. per week. The various 
branches of the chain, nail, bolt, lock, and other trades 
in Staffordshire are perfecting a scheme of federation 
for the entire trades. 


The miners in the Oldhill district (Staffordshire) not 
having the recent advance conceded to them, struck 
work to the number of about 4000, for an advance 
equivalent to that obtained by the other miners con- 
nected with the National Federation. The mineowners 
refused to concede the advance, as not being sanctioned 
by the Wages Board. 





The Durham Miners’ Association, after considering 
the demand made by the great meeting referred to 
last week, of 25 per cent., have made a formal de- 
mand for a further advance of 15 per cent. on current 
rates. The matter will now be considered by the 
Wages Board. 





The Trades Union Congress Parliamentary Com- 
mittee have published an official condemnation of the 
very stupid Bill for the prevention of strikes. They 
term it an ‘‘ absurd and ill-timed proposal,” which 
‘* would go far to pave the way for the re-enactment 
of the old laws against combination.” The crude 
nature of this measure was pointed out in a previous 
Note in the columns of ENGINEERING. 


The demand for an ‘eight-hour day” by Act of 
Parliament is being vigorously pushed forward by the 
miners in various parts of the country, and it will no 
doubt be akind of political shibboleth in the mining 
districts at the next general election. In Yorkshire, 
the Midlands, and in Wales especially, this will be a 
test question. The same thing is ripening in the new 
labour associations which are being floated all over 
the country. Then we are going to have a great uni- 
versal demonstration in May on the subject. In the 
case of the miners they say that the eight hours is 
enough for them, but they deprecate a similar measure 
for all trades. On the other hand the ‘‘ international” 
party demand it all round, but first of all for Govern- 
ment employés, and for those employed by all muni- 
cipal and local authorities. Some trades demand a 
ten-hour day, others a twelve-hour day, the shop 
assistants a half-holiday—all by Act of Parliament. I 
a measure was first of all passed to prevent any over- 
time beyond the customary day the outcry would be 
against Parliamentary interference. What if Parlia- 
ment were to enact an eight hours’ day, with an eight 
hours’ pay—would that solution of the question be 
peel ? It was once said by avery wiseman: ‘A 
fool’s eyes are in the ends of the earth ;” many persons 
who would not like to come under that category are so 
intent upon things in the distance that they cannot 
discern those that are near to them touching their very 
toes. 








NOTES FROM NORTH-WESTERN INDIA. 
S1p1, March ], 1890. 

THE single lines of railway that preponderate in 
India involve, owing to the incidents of race, climate, 
autocratic government, and other local considerations, 
a peculiarly strict, not to say cumbrous system of 
working, which holds its own in spite of many inge- 
nious and persistent attempts to simplify it, and in 
spite, too, of the feeling gaining ground that the 
mechanical operation of stereotyped rules is very 
liable to bring about disaster in times of excessive 
pressure. 

The ‘‘ line clear” system, as worked from station to 
station, is in effect a cumbrous variety of what used to 
be called the ‘‘ absolute” block. The stations being 
pitched at such intervals as suit local trade centres 
are seldom spaced at regular distances, and in cases 





where a heavy through traffic crosses a thickly popu- 
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lated district, it is not uncommon to see stations inter- 
polated that never did, and never will do, any local 
business to speak of, for the mere purpose of dividing 
up the block sections with approximate uniformity. 

Much ingenuity and care has been spent in per- 
fecting the form in which permission is given for a 
train to proceed, and instead of this being done by 
signals actuated electrically, the permission is granted 
by messages which are transmitted at length in words, 
the entire procedure involving at each end of a 
section: 1, a ‘‘line clear” inquiry; 2, a ‘‘line clear” 
report; 3, an arrival report; and 4, a departure 
report. All are signed by station-masters, and the 
two last by the guards in charge of the train con- 
cerned. Thus if 1, 3, 5, 7, &c., are ‘“‘up” and 2, 4, 
6, &c., ‘‘down” trains, the guard of 1, who travels 
in the rear van so as to assure the fact that all the 
train has come, when he arrives at B from A signs 
the arrival report, and guard 2, who has arrived there 
from C, signs his, Prior to this B has asked A by 
wire whether, on arrival of 1 at B, the line will be 
clear for 2 to proceed to A. A has replied explicitly 
and at some length in the affirmative, and B then 
hands guard 2a ‘‘line clear ” ticket, which is, in effect, 
a copy of the whole correspondence inclusive of guard 
l’s arrival report. Guard 2 signs for the ticket in 
token of departure, and if no wrangle arises between 
guard and station-master about the exact time marked 
on the ‘‘ line clear,” the guard hands the ticket to his 
engineman, who, needless to say, files it very care- 
fully as his safeguard against blame. Meanwhile, a 
similar course of signing, countersigning, and tele- 
graphing has been gone through to permit 1 to proceed 
to C. It is easy to see that even in the case of 
passenger trains running to time and with, no doubt, 
as to the order of precedence, a great deal of time is 
necessarily spent in these important formalities. 
When it is added that the average native passenger 
spends an inordinate time in gaping about, getting 
into the wrong class of carriage, &c., that the rules 
for weighing baggage are very strict, that the guard 
a a signature from the station for the packages he 

elivers and signs for every package he receives, and 
that the claims which arise for loss and damage in 
spite of these precautions are often serious, it will be 
understood that on lines which run only one or two 
passenger trains a day in each direction, the services 
are less rapid than English visitors expect, and the 
labour endured by the guard—who, the way, 
carries the official correspondence of the line, of which 
several covers are usually ‘‘ booked ” as free parcels—— 
has a good deal of clerical work and a measure of 
responsibility which it takes at least twenty minutes 
for him to hand over to his successor at the end of 
his run. If the ‘‘line clear ” system makes for delay 
in the case of passenger trains, it is even worse in the 
case of goods trains, which necessarily give way to 
the more rapid Lege traffic, and are subject after 
that to the vagaries of the station-masters, who may 
or may not prefer to detain the up train and send on 
the down train, or vice versé. On some lines a more 
important station controls its more immediate neigh- 
bours ; in others a station-master is a station-master, 
and a petty official of the class who happens to possess 
considerable powers of self-assertion, can not only 
make himself unpleasant, but can, if at all astute, 
cause an amount of delay in a single day that the 
company could not recoup if they fined him ten days’ 

ay. 
Apart from such inconveniences the line clear system 
has two very serious objections. As will readily be 
understood any mishap, however slight, that delays a 
single train, echoes and reaches over immense lengths 
of line, and creates general confusion. Further, this 
absolute safety from collision is purchased so dearly 
that in times of. pressure it has to be modified, and 
when modified leads to false security of a very 
dangerous kind. 

Among other reasons for modifying the line clear 
rules under which, on an average Indian railway, a 
schedule of some fourteen trains each way in twenty- 
four hours is the utmost possible, a notable instance 
consists of such heavy and continuous repair of the 
permanent way as constitute special renewals with 
entirely new rails and sleepers. Here there is no 

ssibility of carrying on traffic at all in the day- 
ight intervals between passenger trairs, if renewal 
work is to be carried on with due vigour and eco- 
nomy. If the engineers make the attempt they can 
only do so when the goods traffic is in any case slack, 
as it is obviously useless or worse to break the road at 
all, except when a clear jnterval of several hours can be 
relied upon. In this way, what between trains losing 
time and station-masters misstating their expectations, 
a great deal of labour is wasted, and the fact that re- 
newals are going on, is too often blamed unjustly for 
every delay and irregularity that occurs. Hence it 
comes to pass that engineers find themselves compelled 
to ‘‘block” the line absolutely during the working 
hours between passenger trains, a course which practi- 
cally restricts the goods to night running over the sec- 
tions concerned, and ends in some sections being com- 
pelled to adopt the inferior expedient of giving ‘‘fol- 





lowing” line clears, in which the only safeguard 
against a rearward collision is the existence of a more 
or less illusory time interval. Under these conditions 
the sense of false security, begotten possibly of years of 
practice with absolute line clears, soon comes into play. 
Guards and drivers, who have perhaps been delayed 
for many hours on the road by a block, are at length 
allowed to proceed. The line clear ticket, it may be 
true, is a green paper instead of white, or has some 
other special mark upon it. Both men sign and 
countersign declarations that they understand the 
special.significance of the case, but it is, all the same, 
matter for small wonder if the driver runs through an 
extinguished distant signal in the small hours, and 
smashes into the break van of a train stopped outside 
the points, whose guard, in spite of ‘‘ caution” line 
clears, has fallen asleep and let his lights go out, or 
burn so dim that the driver behind never sees them till 
too late. 

Such mishaps would not be worth much reference in 
these pages if they did not foreshadow very clearly the 
sort of thing that is sure to happen when war or famine 
throws its strain, say, on our frontier railways. When 
troops and supplies have at any cost to reach a certain 
point at a certain time, when the men are overworked 
and overworried, with no hope of getting surplus 
labour from other lines that will then be all working at 
high pressure, the crews of return trains of empties 
will, as likely as not, find themselves days on the road, 
instead of hours, waiting for intermissions in the tide of 
outward traffic. 

Fortunately the eyes of the Frontier Railway ad- 
ministration seem to be wide awake to these diffi- 
culties. Sidings are being lengthened, water supplies 
increased, and on the great inclines that lead to Quetta, 
the special bogie stock is being fitted with automatic 
vacuum brakes that will greatly help to avoid disaster. 
At the foot of the inclines at Sibi, a device that, 
though common enough in metre gauge lines is new on 
the 5 ft. 6in., is being conpbeaed, an inspection pit 
like a gigantic engine ashpit extending the whole 
length of the passenger platform. It is not, at a 
casual glance, clear whether this is required for the 
bogie trucks per se, which, with their cradles and 
smaller wheels than ordinary stock run very near the 
ballast, or whether the inspection of the vacuum 
brakes exacts this costly and far from desirable conve- 
nience. It evidently relates, judging by its construc- 
tion on the passenger platform line, more to passenger 
stock than to goods, and if a pit of that length is 
necessary, it is perhaps less dangerous to life and 
limb on the platform line than any other, but is, 
judging by metre gauge experience, a very undesirable 
necessity, place it where you will. 

The oil-sinking operations which Sir Robert Sande- 
man has with rare persistence stuck to so well, promise 
in the able hands of Mr. R. A. Townsend, the Canadian 
expert, to be a great success after all. The upper oil, 
as has been mentioned before, is exceedingly viscous, 
so much so that it will not run in pipes, and what is 
worse after a certain depth, it clogs the boring tools 
and stops further progress. Mr. Townsend seems to 
have at length hit upon a plan at once simple and 
ingenious for getting over this ‘‘crux ;” deep sinkin 
has already reached quite a better class of oil, an 
another 25 or 20 fathoms may make Kuttun a Baloochi 
Eldorado. Unfortunately the wells are 40 miles off the 
line of rail across a difficult country, but if the oil is 
there it will have to come out, and will soon pay for 
amore costly means of transport than any yet sug- 
gested. 


STEAM AND HYDRAULIC MACHINERY 
ON SHIPBOARD. 


On the Application of a System of Combined Steam and 
Hydraulic Machinery to the Loading, Discharging, and 
Steering of Steamships.* 

By A. Berts Brown, F.R.S.E., Member. 

Since addressing this Institution in 1884 on the subject 
of a complete system of direct-acting hydraulic machinery 
for first-class passenger steamers, the author has effected 
many improvements, which have been suggested by the 
varied types of over fifty steamships fitted. 

The hydraulic system is indispensable in ships of great 
beam, with their hatches placed too close to the mast to 
admit of the derrick swinging clear of the ship’s side; 
this being the outcome of giving the passenger accommo- 
dation in the design of the ship the first consideration. 
The facility with which a hydraulic derrick can be placed 
on the mast, embodying within itself lifting, topping, and 
slewing machinery, all controlled from the deck, yet with- 
out encumbering it, places the hydraulic system in the 
front of any other. 

The hands of the naval architect are set free in the 
design of a ship, and he is clear of that difficult problem, 
viz., having to provide space for deck engines, length and 
outreach of derricks, and relative position of hatches, all of 
which involve special appliances to meet the views of the 
stevedores, who have to work out cargo in the shortest 
possible time, and whose sympathies are only with those 
who make their particular interest the paramount one in 
the general compromise which obtains on board ship. 

When at sea, captains and other officers are equally 








* Paper read before the Institution of Naval Architects, 





anxious to have their departments absolutely perfect, and 
the author will endeavaur to give in this paper an account 
of the outcome of the various complaints made by these 
difficult-to-please gentlemen, by which term no offence is 
meant, but rather a compliment, as without such fault- 
finding, duly boiled down, he would not have made the 
advances to be described. 

The Hydraulic Derrick. — The derrick is shown in 
vertical elevation Fig. 1, and in plan Fig. 2, similar letters 
indicating similar parts in both figures (see page 488). 

A is the lifting cylinder, with its ram and va th placed 
between the girders of the derrick. On the right-hand 
side is placed the slewing cylinder B, with its ram pulleys 
and rope tackle made fast at C, the derrick being pulled 
in and falling out by gravity, due to the rake of the mast. 
On the left-hand side is the topping cylinder D, which, 
with its ram pulleys and tackle in duplicate, lowers the 
derrick over the side of the ship, the hatch being too close 
to the mast to admit of cargo being delivered over the side 
without such appliance. Water is admitted to these 
cylinders through stuffing-boxes at E, being controlled 
by the three valves and levers, situated close te the 
hatch at F. All the motions are independent, and can be 
worked simultaneously. Thederrick is stowed horizontally 
when at sea, and by the swivel pulley at the point of the 
jib, its lifting cylinder suffices to raise and lower the 
derrick. 

We come now to the latest development of such appli- 
ances, designed to meet the shipowner’s view of moderate 
cost. In cheap cargo ships, and those carrying few pas- 
sengers, the large percentage of cost which the hydraulic 
system bears to the total cost of the ship is principally 
brought about by the expense of the compound surface- 
condensing pumping engines, with steam accumulator. 
Indeed, the bulk of the difference of cost of the two 
systems (steam winches or hydraulic gear) is in these 
engines. The advent of high-pressure steam, however, 
has enabled the author to preserve the general deck dis- 
charging gear identical, so far as speed of working, noise- 
lessness, and durability are concerned, but to use steam 
as the motive force in place of water, and so dispense 
with the pumping engines, as well as the space occupied 
in the engine-room. Although this derrick does not 
attempt to compete with hydraulic machinery, yet its 
action is precisely similar, and the modern high-pressure 
steam (150 lb. to 180 lb.) enables the work of lifting to be 
done by a comparatively small diameter steam cylinder. 
In fact, the derrick is lighter than a hydraulic derrick, 
having slewing and topping gear, which motions, however, 
cannot be conveniently fitted to the steam derrick. It is 
therefore advisable to hang these derricks with the points 
of support plumb, and they will then swing quite easily by 
hand with the usual tackles. 

Steam Derrick.—The engraving on page 488 at Fig. 3, 
shows a side view, and at Fig. 4a section, while Fig. 5 
shows the derrick in position, with valve handles close 
to the hatch. 

A steam cylinder A is fitted between two channel 
beams (which form the derrick), in which works a piston 
B, having a trunk or ram C, carrying at its extremity a 
crosshead D, and two grooved lifting pulleys fitted with 
wire rope, which passes round other fixed pulleys E E. 
When steam is admitted under piston B, through the 
pipe F, the load is raised. It is necessary, however, to 
control the movement of this piston, that an inelastic 
fluid should be interposed in the operation of heaving and 
lowering, otherwise the piston and its ram might move 
like a shot out of a steam gun. To effect this the trunk 
C is bored out and fitted at its upper end with a stationary 
ay G, which is carried by a tube H, fixed to a cross- 

ead at the point of the jib; the trunk being provided 
with a stuffing-box at its upper end. A rod K passes 
through a stuffing-box in this tube for the purpose of 
opening a clack-valve L in the stationary hydraulic 
piston, which valve is only allowed sufficient lift for the 
maximum lifting speed of the derrick, which may be 
5 ft. to 10 ft. per second. The whole of the interior of 
this trunk is filled with water, shown in dotted lines. In 
making a lift it will be seen that all the water has to pass 
to the upper portion of the stationary control piston, and, 
as the aie falls into its seat, and the steam is exhausted, 
the load will be held until this valve is opened by pulling 
the rod M on end, lifting the valve L out of its seat, when 
the load will descend in exactly the same way as is done 
in hydraulic derricks. The rod is actuated by a separate 
lowering lever, shown in Fig. 5. The trunk is kept filled 
with condensed water under boiler pressure by being con- 
nected to a reservoir having a sufficient quantity of con- 
densed water by the branch N, so that it will always 
remain full, and will compensate for the displacement of 
the tube H. The prc 8 space is connected with the 
exhaust steam pipes by trunnions, not shown. The lift- 
ing rope may be varied in length by being attached to 
various points on the side of the derrick, either direct or 
by passing round the segment 8, so as to economise steam 
when lifting through short heights. It is claimed for this 
derrick that it is simple, rapid, and noiseless, and being 
hung entirely on the mast, it occupies no deck space, and 
is suitable for the cheaper class of cargo and passenger 
ships, where first cost is a desideratum. 

he following comparative tests for consumption of 
steam have been made with the ordinary ship’s steam 
winch and combined steam and hydraulic derrick, both 
working at the end of a line of steam pipes 200 ft. long, 
having exhaust carried back to surface condenser, and 
raising 1 ton through 27 ft. twice in one minute. 


Steam Winch, 6 in. Cylinders by 11 in. Stroke. 


D. 
Ist trial of thirty lifts, condensed water... 329 
2nd ” ” ” ” ” wee 315 
3rd ” ” ” ” ” see 337 

Total... aid ata rer -. 961 
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1st trial of thirty lifts, condensed water... 263 

2nd ” ” ” ” 99 tee 250 

3rd ” ” ” ” 990s 219 

Total... on vn a Ms 732 

Mean consumption per lift, winch . 2a 
ss - a derrick css 8.13 


























draulic controlling ram in section, similar letters of | which case an all-round swing can be obtained. The 
reference referring to similar parts as already described | length of the lifting rope may be varied according to the 
in the derrick, the only difference being that the tube H | height of lift required by the winding drum §S, carrying 
carrying the stationary piston passes down through the | the fast end of the rope, so that the steam piston may be 
cylinder end in place of up, as in the derrick. To slew | kept as far as possible working at the lower end of the 
the crane in and out board, a double-acting steam | cylinder, otherwise steam would be unnecessarily wasted. 
cylinder O operates on an endless chain by its piston and| The next important subject is the question of steering 
double rods, the chain passing round a nitched wheel | gear, which, from the various reports of captains, appears 
P, keyed on to the crane post Q, from which the jib is | to formulate itself into the following requirements of an 











Where masts are not available, a convenient form of 


crane is shown in Figs. 6 and 7, and Figs. 8 and 9 to! 
a larger scale. This is supported by being bolted to | 


the deck at the lower part of the lifting cylinder, the 
upper part being attached to the deck-house. Fig. 6 
and Figs. 8 and 9 show the lifting cylinder with hy- 


oo 

he swinging valve is controlled by an automatic cut- 
off gear R, so that the jib will stop at_any point assigned 
to it by the travel of the swing handle in its quadrant. 


Where a deck-house is not available, this crane can be ro 


arranged on the usual post passing to the lower deck, in 


| ideally successful steering gear, whether it be actuated by 
| water or steam : 


| 1. The steering engine or machine should be attached 


to the rudder head without the intervention of chains or 


pes. 
2. It should let go the rudder when unduly strained, 
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and, when the abnormal strain has gone, must return to 
its former position. 

3. An easy method should be provided of connecting 
from steam to hand gear, which shall not involve the 
engagement of a clutch, or the more common practice of 
shipping large bolts into a fixed crosshead from a loose 
one, all of which appliances take much valuable time to 
get into theirplaces, particularly when a ship is rolling at 
sea, with the rudder adrift. 

4. The communication to the bridge from the machi- 
nery aft should be of a kind which dispenses with rods, 
chains, and shafting, all being equally troublesome to the 
shipbuilder to arrange, and to the officers attending to 
them to keep in order, involving oiling bearings, pulleys, 
and tightening up ropes and chains. 

To meet this want, the author has designed what is 
termed a steam tiller and telemotor, shown in Figs. 10 
to 14. 

Steam Tiller and Telemotor.—Fig. 10 shows an elevation 
of the steam tiller with the hand steering gear, Fig. 11 
being the plan. Fig. 12 shows the telemotor in vertical 
section. Fig. 13 isthe same in plan. Fig. 13 shows also the 
corresponding cylinder aft, and also in section. 

In Fig. 10, A is acast-steel tiller keyed on tothe rudder 
head B, having at its after end a double jaw C fitted with 
bearings. Atthe other end D there is a toothed segment, 
into which a pinion works. Aft of the tiller there is bolted 
to the deck a toothed quadrant E, into which the steel 
pinion F gears. The shaft G is shrunk into this, and, 
passing through the bearings on the jaws of the tiller, 
terminates in an expanding clutch wheel H. The worm- 
wheel J embraces this clutch wheel, there being a strip of 
elm wood interposed circumferentially between the two, 
This wood possesses the property of having a coefficient 
of friction nearly constant, whether it is wet or dry. The 
necessary friction to drive the shaft G is effected by the 
worm and wormwheel arrangement J expanding the 
clutch wheel against the laminated spring K. _ 

The steering engines are carried on the tiller, and move 
round with it, receiving and exhausting their steam 
through a double stutfing-box arrangement I. mounted on 
the axis of the rudder head. The steam cylinders M are 
of the usual well-known construction, originally intro- 
duced by Mr. Macfarlane Gray, fitted with piston valves, 
the reversal being effected by changing the direction of 
the steam entering the cylinders through the slide 
valve N. 

The whole of the valve gear, viz., slipper guides, con- 
necting-rods, crankshaft, and eccentric-rods, are inclosed 
in a water-tight box or chest O, having two hinged lids 
P for occasional examination. For the purpose of oiling 
the various parts, a tank Q is fitted between the engines, 
from which proceed pipes leading to every bearing and 
joint, piston-rods, worm and wormwheel. The two valve- 
less oil pumps R Rare worked from the eccentric-rods, 
and they keep up acontinual supply of oil, which returns 
into the well S, the large end of the connecting-rods 
di pe Merge a trough, as well as throwing the oil gene- 
a about the clutch and wormwheels, and a regulated 
quantity finding its way down the shaft G to the main 
bearings on the end of the tiller. From this arrangement 
it will be seen that it is only necessary to pour a few 
gallons of oil into the machinery casing, and the oiling 
of the various parts will be effected automatically by the 
working of the steering gear, an important point with 
deck machinery, which, as a rule, is sadly neglected. It 
may be mentioned that there is only one shaft other than 
the crankshaft, and only one key in the gear, the crank- 
shaft pins, eccentrics, cranks, and worm being all in one 
piece of cast steel. 

The steering lever operating on the valve is shown at S, 
and is actuated by a handwheel T with worm and worm 
sector U with its shaft ana corresponding lever. This 
opens the slide valve N in either direction, and the motion 
of the tiller and engines moving round shuts it again. 

The hand steering wheel is shown at 3; it is 
mounted on the wormshaft W, which gears into a worm- 
wheel precisely similar to that of the steering engine at I. 
A vertical shaft passes down into a steel pinion, which 
gears with the toothed segment D. This shaft is brought 
into gear with the wormwheel by a similar expandin 
= - that on the engine shaft, and lettered simi- 
arly H. 

In proportioning the strain of the engine with the 
torsional strain on the rudder head it is not necessary to 
consider the question of a safe strain ; in fact, the engines 
may be made over-powerful, so as to allow for reduced 
boiler pressure. In practice the clutch H is expanded at 
full speed trials sufficiently tight to put the helm hard 
over, but no more, and the wormwheel screw then set to 
that, so that in changing from hand to steam it cannot 
be set up dangerously tight. It will be seen from this 
arrangement that any abnormal strain on any part of the 
gear or rudder head, caused by heavy seas, must be trans- 
mitted through the elm wood liner, held tight by the 
spring K, which has not sufficient hold to break any part 
of the machinery, but slips, and the valve gear opening 
brings the rudder into its original position. This friction 
etch arrangement being also on the hand steering gear, 
admits of connection at any position of the rudder, even 
when flying about adrift, and the change from steam to 
hand, or vice versd, is effected without shipping bolts or 
jaw clutches, so difficult to manipulate in emergency. 

It is therefore submitted that this gear fulfils the fore- 


going conditions 1, 2, and 3. 


Tclemotor.—The object of this device is to communicate 
the motion of a revolving wheel at the bridge to the recti- 
linear motion of a piston and its connecting-rod attached 
to the steering lever, acting upon a steering valve, which 
may be either steam or hydraulic. 

Fig. 12 shows a vertical section of what is really a hand 

ump. The steering wheel A drives a shaft and pair of 
vel wheels B which actuate a vertical shaft C, so 





arranged that it can be carried up to the bridge, the 
pinions D, one of which forms a nut acting on the screwed 

iston-rod E. This is shown at mid-gear; the piston F 

ing in a cylindrical distance piece Ponine part of the 
upper cylinder G and the lower cylinder H; this distance 
piece, however, allows a free passage of water through an 
annular port from the cylinder G to the cylinder H, being 
open at the top and bottom of these cylinders j, in. On 
turning the wheel A the piston F will travel ,; in. each 
way before the cylinders G or H become effective hand 
pumps. 

Referring now to the lower part of Fig. 11, close to 
the steering gear, this consists of an ordinary double- 
acting hydraulic cylinder fitted with a piston and its 
rod, which is connected to a crosshead, and from there 
to the lever S in the steering gear. The after steering 


wheei T being disengaged, two spiral springs L L are so | 


arranged that they tend to force the piston into mid- 
stroke, and consequently bring the rudder amidships, 
having not only oulliclomk power to overcome the friction 
of the gear aft, but tend to make the wheel amidships 
run back to mid-stroke. 

The cylinder G on the bridge is connected by a pipe, 
3 in. in diameter, to the corresponding letter G on the 
cylinder aft, while the cylinder H is connected to the 
corresponding letter H aft. It will be seen that (the 
pipes and cylinders being full of water) the piston F 
passes the distance piece, say on the upper stroke, the 
piston J aft will move towards the cylinder end, thus 
increasing the initial compression of the springs ‘ 
Let us assume that we put the helm hard over in that 
direction, and leave it there for an hour, and we find that 
a slight leakage in the piston has allowed the gear aft, by 
virtue of the springs, to come amidships, while the bridge 
wheel indicates hard over; the order is now given to 


| THE EVAPORATION OF LANCASHIRE 
| BOILERS.* 
By Mr. M. Loneriper, M.A., M. Inst. C.E. 
(Concluded from page 462.) 

LastLy, there is great uncertainty about the tempera- 
ture of the waste gases if they exceed 600 deg., the maxi- 
| mum temperature for which a mercury thermometer can 
|be used. I have tried Casartelli’s, Schaeffer’s, and 
Murrie’s pyrometers, and found them altogether un- 
reliable, hence in all the experiments in Table I., except 
| those lettered A to E, I have had to correct the observed 
final temperature of the gases. This I have done by 
assuming a loss of 700 units from radiation and com- 
munication of heat to air drawn into the flues between 
the boiler and the brickwork, adding this to the heat 
absorbed by the water, and dividing the sum by the heat 
capacity of the gases, and then checking the results by the 
work done in the economisers, and the heat carried up 
the chimney where the temperatures were measurable by 
a@ mercury thermometer, and though I cannot hope to 
have arrived at accurate results, I think the figures are 
not far from the truth. 

In experiments D and E, the pyrometer was found to 
agree with a mercury thermometer up to 550, and there- 
fore the observed temperatures of the waste gases are 
probably not far wrong, and are given as they were 
observed. Experiment B was made in Vienna, and I 
have no information about the pyrometer used. In 
experiment A the final temperature was low enough to be 
measured by a thermometer. The temperatures in 
Table II. were all taken with a thermometer, and are 
correct, except perhaps those in L and M. 

With such difficulties to overcome, it is not surprising 





























ee eee es ee TApe Ee ; OP ret. 
| { ’ | 

| Sali ae C. D. E. F. G. Hi. I. J. 
i) eee 1.64 1.62 1.59 1.69 1.41 1.42 1.44 145 | 143 
2/We .. ..| 5.979 8.734 | 3.987 5.302 3.888 661 | 6.55 5 5.36 6.20 
3 Value of coal net | 14311 | 12450 | 11424 | 19871 12725 | 112309 | 11586 | 12026 | 12361 | 11282 
Se. fe 1518 2033 | | 2482 3327 1756 | 1826 2170 «| «= 2352 | 1866 
oe. «a 691 750 700 648 743 | 782 700 «=| = 730 703 
6it .. 3. Cl age 304 322 327 326 308 | 308 326 | 326 316 
7|m =| 4.60 5.97 4.41 5.84 5.13 5.61 5.36 | 6.28 | 07 | 39 

| 
TABLE II. : 
| | | 

— és mth ir a | Q a ee i ee 

a ee ..| 19 | 2.03 248 | 298 | 2.98 2.70 3.36 | 3.05 3.45 
2|wo <. cl aves | 4.479 4.799 | 4.597 | 4.268 3.924 4.393 | 4.520 | 4.804 
3 | Value of coal net) 12547 | 12610 | 13159 | 19705 12607 | 12482 12623 | 13289 | 13200 
a{/vT.. .. ..| 2670 | 2958 | 2785 2843 3014 3191 | 2618 | 2967 2790 
5 we as ee oe 405 | 428 440 381 394 | 430 410 | 419 394 
6 : e ee 307 | 307 307 307 307 307 | 305 307 307 
See oe 8 | 672 5.65 5.36 4.92 | 4.60 4.50 4.71 4.70 

| | | 





reverse the helm, that is, to cause the piston F to leave 
the cylinder G and to enter the cylinder H. _ 

The gear being out of correspondence, it sends the 
water into that half of the cylinder aft lettered H, driv- 
ing the piston J hard over towards the stuffing-box end 
of the cylinder; but whenever the piston F enters the 
distance piece, there is established a free communication 
between the cylinders on the bridge and both ends of the 
cylinder I. The springs then exert their force and run 
their gear amidships, and the whole is again in corre- 
spondence. 

An extreme case has been taken of an hour’s time hard 
over with a leaky piston ; but as in practice the helm is 
put very frequently to port or starboard, and the combi- 
nation of the piston F' passing through the cylindrical 
distance piece M with the springs aft, tending to put the 
steering gear amidships, causes a continual rectification 
of the relative positions of the bridge wheel and the 
cylinder aft, which may be disturbed by a worn-out 
leather. . 

Under exceptional circumstances it may happen that 
when carrying weather helm for a long period of time, 
the piston F may be working entirely in the cylinder G 
or the cylinder H, and having no opportunity of passing 
the distance piece M, and consequently with a defective 
piston there would be no automatic regulation. For that 
purpose a foot lever N is provided, which opens a cock, 
and thus enables the steersman to run his wheel back and 
bring the indicator over to zero, when the steering is 
then effected with the piston working in or about the 
distance piece, and the automatic regulation will go on. 
Any external leakage is e up by water sto ina 
small tank P, which enters the end of the cylinders by 
inlet valves in the boxes Q Q, in which are also place 
safety valves to allow for the expansion of the water in 
the pipes through change of temperature. One of these 
boxes is shown in section to a large scale at Fig. 14. It 
is scarcely necessary to say that with well-fitted and 
good leathers no regulation takes place, but it is neces- 
sary to provide some such device, the tendency of which 
is to go into order rather than, as is usual out of order, 
as wear takes place. 





CoAL IN THE NorTH OF FrANCE.—The production of coal 
in the French departments of the Nord and the Pas-de- 
Calais last year amounted to 13,433,847 tons, showing an 
increase of 1,057,413 tons as compared with 1888. In this 
increase the Pas-de-Calais figured for 747,623 tons, and 
the Nord for 309,790 tons. The aggregate production of 
coal in France last year was 24,139,406 tons, so that more 
than half the coal — in France in 1889 was raised 
from the Nord and the Pas-de-Calais. 


that the determinations of m which I have hitherto made 
should be somewhat variable. They are given in the 
Tables I. and II., and cannot be considered as more than 
near approximations. 

The figures in Table I. refer to Lancashire boilers, those 
in Table II. to a combination of a Cornish boiler with a 
pipular boiler, but inasmuch as the furnace was internal, 
and the greater part of the evaporation done in the 
Cornish part, I think the values of m obtained from it are 
worth producing in addition to those shown in Table I. 

Referring to these Tables you will see that in experi- 
ment A the value of mis very low; the reason I think is 
that the temperature of the gases was reduced so much 
as to deposit a great quantity of soot upon the latter end 
of the large heating surface, and thus, the effective heat- 
ing surface per pound of coal burnt was really less 
than the value ascribed toS. If this ineffective surface 
were not counted, the value of S would be reduced and 
that of m increased. 

In C also m has a low value, but this is fully accounted 
for by the fact that the boilers were old ones, fed with very 
dirty water, and coated internally with thick scale. The 
figures in column D were obtained from the same two 
boilers as those in column E, and it is likely that the dif- 
ferent values of m in the two experiments are due to the 
different conditions under which the boilers worked. The 
difference between T, and the observed value of T being 
produced in part by the absorption of heat by air entering 
the flues between the boiler and the brickwork, it is 
natural that T should be lower with the strong draught, 
like that indicated by the value of We in D, than with 
| the weak draught shownin E. But the formula for cal- 
| culating m is based on the supposition that the difference 





aced | T.—T 1s produced by absorption of heat by the water 


| alone, hence the value of m determined by it will always 
| be higher with a strong draught or leaky flue than with a 
| weak one and air-tight flues, and the actual coefficient of 
transmission rather less than the calculated. The high 
| coefficients in F, G, H, I, J, are due partly to strong 
| draught, and tly to the boilers being very clean. 
| The high values in L and M are inexplicable, except on 
the supposition that the thermometer was affected by a 
| current of cold air, which entered at the damper hole and 
| at a crack in the brickwork, or that the os imperfect 
| combustion was greater than that calculated from my 
| analysis of the gases, or that the net heating value of the 
| coal and the temperature T, were over-estimated. The 
| last seems the most likely, for the coal had been lying 
| out of doors some time, and the outside of the heap was 
| used for trial L, and the i near the outside for trial M. 
| 'The low values in P—T are no doubt due, as in A, to 
| the effective surface of the boiler being less than ‘the 
| _* Paper read before the Manchester Association of 
Engineers. 
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actual surface, owing to deposition of soot upon the hinder 


parts. . 
On the whole I am disposed to think that the following 
values of m may be adopted till further experience throws 
more light upon the subject. 
Tacx III. 





8= |1 


1.5 | 2 3 4 
For very clean boilers oe --| m= | 6.5 | 5.9 | 5.5 | 4.9 | 4.6 
» fairly ” ae --| M= 16 | 5.4/5.1!) 4.6) 4.3 
», Yatherdirty boilers .. ++) m= 15.5 4.9/4.6 4.2/4.1 


“Intermediate values of m may be obtained by the 
formula 
Mn =M>- VS. 


Of course this formula has no rational foundation ; it is 
only a convenient expression for substitution in the 
general formula when S is the unknown quantity. 

I now return to the problem with which I started, 
namely, that of designing a Lancashire boiler to evaporate 
a given quantity of water at a given rate. If the calorific 
vibes of the coal and the value of Wo be given, T, can 
be calculated and T found, and this once done the rest is 
easy. But as these quantities are generally unknown the 
engineer will have to fix them pe rene and therefore 
ought to know the limits within which they usually lie. 

As regards the calorific value of Lancashire coals, my 
experience is that it varies from 12,000 to 14,000 
units, and that ordinary good mill coal, whether slack or 
burgy, has generally a value of about 13,500 units, and 
contains, according to analysis, about 78 per cent. of 
carbon and between 4 and 5 per cent. of hydrogen. 

The losses in the furnace may usually be taken between 
500 and 1000 units per pound of coal, thus reducing the 
calorific value from which T> must be calculated to about 
12,750 units for good coal. 

These losses are generally rather greater with slack 
than with burgy, owing to mechanical difficulties ; for 
the same reason they are likely to be greater with bad 
coal than with good, for instance, with coal worth only 
12,000 units, the value in the furnace would probaly not 
be more than 10,800 or 11,000 units. 

The value of W o depends of course upon the weight of 
air which passses through the flues per pound of coal. 

It is generally assumed that 124 lb. of air are required 
to burn 1 Ib. of coal in theory, and about 18 Ib. in prac- 
tice. But this is only true for carbon, not for coal. Asa 
matter of fact good Lancashire coals require about 10 lb. 
of air in theory, and with careful stoking about 15 lb. to 
16 Ib. of air in practice. In such cases the value of W ¢ 
will be about 4.5, but in designing a boiler it will be better 
to take W ¢ at 4.7 for good coal. Of course W ¢ can be 
increased to almost anything by having a roaring draught 
such as some firemen delight in. Several such instances 
are noticeable in Table I. 

And lastly, as to R, the heat lost by radiation and air 
leakage into the flues. Very few direct experiments have 
been made to determine R. It is generally found by 
difference, and thus includes all errors of observation. 
As far as I can judge with single Lancashire boilers, R 
ought to be between 1000 and 700 units, and with groups 
of boilers between 700 and 400 units per pound of coal. 

We can now proceed to the solution of our problem. 
Suppose it be required to 4 ge 5000 lb. of water per 
hour, under a pressure of 100 Ib. per square inch (115 lb. 
absolute) from feed water at 100 deg., and at the rate of 
9 Ib. of water per pound of coal. The heat required to 
evaporate 1 Ib. of water under these conditions 1s 1114+ 
.305 x 338—100=1117 thermal units, therefore the heat 
transmitted through the plates from each pound of coal 
burnt must be 9x 1117=10,053 thermal units, to which 
must be added, say, 700 units for radiation, &c., making 

in all 10,753 thermal units. 

Assuming the coal to have a calorific value of 13,500 
units, or 12,750 units after deducting losses in the fur- 
naces, the air to be at 60 deg. and the value of W ¢ to be 
4.7, then the value of T, will be 


12750 4 60°=2770° 


and that of T is given by (8), viz., 4.7 (2770 —T)=10053+ 
700, whence T = 482 deg. 

What heating surface is required to reduce the tempe- 
rature of the gases to 482 deg. ? The answer is given by 
equation (2), viz. : 


Ww 
S=2.3 — {log (1 =¢) = log T-t} 


Taking the value of m from the second line of Table 
III., referring to fairly clean boilers, viz., 6+ “S and t= 
338, the temperature of steam at 100 lb. pressure, we have 


nw 4G 
$=2.3x sr 5 (og 2432 - log 144} 


or 
St=1.8 x (3.38596 — 2.15836) =2.2086 

The fourth root of S° may be extracted with the aid of 

a table of squares and cubes, by taking the square root of 

2.2086, then the square root of that square root, and 

finally the cube of the result, or more conveniently by a 

table of logarithms, thus 


# log S=log 2.2086 


log S=4 x 0.34312=0.45748 
whence S=2.87 square feet per pound of coal. 
Now the coal to be burnt per hour is 5000+-9=556 Ib., 
therefore the heating surface required is 2.87 x556= 
1596 square feet. 
How many boilers shall we use ? 
This depends upon the area of firegrate required. 


or 


Well, my experience upon the point is this, that it is! 
difficult to burn less than about 16 Ib. or more than about 
21 1b. of coal per square foot of grate in Lancashire 
boilers, without considerable excess of air. 

Having to burn 556 Ib. of coal per hour, therefore, the 
total grate area should not be less than 26.5 square feet, 
or more than 33.5 square feet. Moreover, the length of 
each grate must not exceed 6 ft., and should not by pre- 
ference be less than 3 ft. 6 in. 

The best way of fulfilling these conditions would pro- 
bably be to have two Lancashire boilers, 7 ft. in diameter 
by 27 ft. long, with internal flues 2 ft. 8 in. in diameter, 
and grates 3 ft. 6 in. long, set low in the furnaces, espe- 
cially at the back ends, in order to reduce the mean width 
to about 2 ft. 5 in. In order to facilitate these kind of cal- 
culations I have drawn up the following Table IV. for 
pressure of 40 Ib., 100 lb., and 160 lb., giving the values 
of S, m, T, t, and W o (T,—T)—700 (=the heat available 
for evaporation) on the assumption that : 


Fig. 2. 
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Heat available in the furnace... 12,750 ~ 
Loss by radiation, &c. ... se 700 
Valueof Wo ... es acs 
Temperature of air .. 60 deg. 

These figures being taken as representing fair average 

values of the different quantities, such as an engineer 

might fairly adopt as a basis for calculation, when with- 
out information as to the actual values. 


TaBLe IV. 
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And from the figures I have plotted the three curves, 
Figs. 2, 3, 4; the abscisse being the values of 8, and the 


ordinates the corresponding values of T, and of Wo} 
700. 


= ss . 

The use of these curves will be easily understood from 
one or two examples. 

1. What extent of heating surface is required to obtain 
8 lb. of steam per hour per pe of coal at 100 lb. pres- 
sure from feed water at 150 deg. ? 

Each pound of steam will absorb 1217 —150 = 1067 
thermal units; therefore 8lb. of steam will absorb 
8 x 1067 =8536 thermal units. The value of Wo (T,-T) 
—700 is therefore 8536. Take diagram, Fig. 3, set off 
8536 on the scale at the right side, through 8536 draw 
a horizontal line, and from the point where this horizontal 
line cuts the curve, W ¢ (Ty —T) — 700 drop a perpendicular 
to the base line of the diagram. This perpendicular will 
cut the base line at the point S=1.3. Therefore 1.3 square 
feet of heating surface must be provided for each pound of 
coal burnt. 


2. What will be the temperature of the gases leaving | 


the flues in the last case ? 

Through the point where the perpendicular from 
S=1.3 cuts the curve T, draw a horizontal line cutting 
the scale at the left of the diagram. The point where the 
horizontal cuts the scale will be the temperature required, 
in this case about 825. 

3. A boiler is working at 40lb. pressure. It is short 
and hard fired, having only one square foot of heating 
surface per pound of coal burnt es oa The feed is at 
§ _ How much water will be evaporated per pound 
of coal? 

Taking Fig. 2, we see that when S=1 the heat avail- 
able for evaporation, W o (T,—T)—700, is 7750 thermal 
units. To evaporate 1lb. water from 60deg. of steam 
of 40 lb. pressure requires 1201 -60=1141 thermal units. 
Therefore the water evaporated per pound coal will be 
7750 + 1141=6.78 Ib. 








4. What would be gained in evaporation by doubling 


Fig. 3. 
Steam pressure ~ 100 Ibs. per sq.in 
b= 338° 
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the heating surface or increasing it to 2 square feet per 
pound of coal burnt? 

The ordinate from the point S=2 cuts the curve Wo 
(T, —T)—700, at the height 9700 measured on the right- 
hand scale. Each pound of coal would therefore transmit 
9700 units to the water instead of 7750 as in the last case, 
and the evaporation per pound of coal would be increased 


| from 6.78 lb. to 9700 +1141=8.5 Ib. 


These examples I hope have made the meaning of the 
diagrams quite clear and their application easy, so easy 
that some, I fear, may be tempted to use the curves with- 
out ascertaining by a study of the paper the hypothesis 
on which they have been constructed, and thus to apply 
them to cases where these hypotheses do not exist, instead 
of using the general formule 2 and 3 with proper values 
for the easlieien If anyone feel tempted so to do, I warn 
him that he will do it at his peril, for he will be handling 
edged tools without sufficient knowledge of their pro- 
perties and uses to keep his fingers out of mischief. 
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Ihave now done my best for the engineer, and will 
‘conclude my paper with a few practical hints to boiler- 

owners. 

1. Get your boilers designed for the work they have to 
| do, and not made 7 ft. 6 in. by 30 ft. or 8 ft. by 28 ft. as 
' the case may be, because it is the fashion to have boilers 
| of these particular dimensions. 
| 2. Do not stick to 6 ft. grates if a shorter length is re- 
| quired to burn the coal at the rate of from 16 lb. to 21 lb. 
| per hour. 
| 3. Reduce your draught as much as the nature. of the 
/coal and the smoke inspector will permit. Try an 
| reduce it till the fire is hot enough to melt a piece of steel 
| boiler plate. 

4. Buy your coal dry and keep itdry. Weigh the ashes 
which come out of the furnaces as well as the coal that 
| goes into them. 
| 5. Be most careful to stop up air leaks in the brick- 
| work and between the brickwork and the boiler. 

6. Establish a gasometer for collecting gases from the 
flues and analyse them for carbonic acid, and try to 

et 10 or 11 per cent. of that gas in the samples by cutting 

own the draught. The apparatus and its manipulation 

| are of the simplest character, and the information gained 

will be of great practical utility, and will often lead to 
| considerable economy. 











Frencu Exurpition at Earu’s Court.—The French 
Committee has decided that the forthcoming exhibition 
| shall be held at Earl’s Court on the premises built for the 
| American Exhibition. Great efforts are being made to 
| complete the arrangements and the decoration has been 
laced in the handsof MM. Courtois Suffit and Jambon. 
| The railways have promised the free return to France of 
| all unsold goods. The exhibits are divided into twelve 
groups: (1) Vegetable products, tissues, and garments ; 
(2) agricultural and alimentary products; (3) wines and 
other beverages; (4) minerals, machines, implements, 
electricity, railways, and architecture ; (5) drugs, che- 
'micals, perfumes, and medicine ; (6) printing and paper ; 
|(7) furniture and decoration; (8) jewellery, bronzes, clock- 
work, mosaic, glass, and crystal; (9) articles de Paris, 
toys ; (10) maritime products, naval architecture, fishing, 
hunting ; (11) music ; (12) fine arts. 





CompetitIvVE TRIALS OF AUTOMATIC BRAKES. —The 
House of Assembly of South Australia has decided to 
hold competitive trials of automatic continuous brakes 
with the view of determining which type is best suited 
for adoption on the lines of the colony. The representa- 
tives of the Westinghouse and vacuum brake companies 
have signified their approval and acceptance of the condi- 
tions of trial, which are being advertised in our own 
columns and in those of other papers. The Board, which 
is charged with the trials, is also in communication with 
the representatives of the Lawrence vacuum railway 
automatic brake, and of Timmis and Forbes’ electric 
railway brake. The trials are to be at the expense of the 
competitors, each of whom will be expected to equip a 
train of fifty vehicles, which will be provided for him. 
Persons desiring to join the competition, which will pro- 
bably take place in September, must signify their inten- 
tion in writing before April 30, to the secretary to the 
Brakes Board, House of Assembly, Adelaide, Australia, 





yet tans ey eee 
























rots ee 


i ipsa 





































AprIL 18, 1890. ] 


ENGINEERING. 


495 __ 








‘*ENGINEERING” ILLUSTRATED PATENT 
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Compritep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883. 

The number of views given in the ification Drawings is stated 
in each case after the price; w none are mentioned, the 
Specification is not illustrated. 

Where Inventions are communicated from abroad, the Names, 
&e., of the Communicators are given in italics. 

Copies of Specifications may be obtained at 38, Cursitor-street, 
Chancery-Lane, E.C., eit personally, or letter, ing 
amount A ps and postage, addressed to H. ER LACK, Esq. 

The date of the advertisement of the “pt ofa yplet = 

cification is, in each case, given after the abstract, unless the 

‘atent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS, &c. 


4237. W. Schmidt, Halberstadt, Germany, Motors 
Driven by Mixed Steam and Air, [6d. 2 Figs.) March 
11, 1889.—Water is heated in the low-pressure boiler A by means 
of the fire in the firebox D, and is thence pumped by the pump 2 
into the evaporating boiler v, where it enters through the cover d, 
and is separated into small particles by passing through the sieve 
e. Here the hot water is bye gece by coming in contact with a 
current of air driven into the evaporating boiler v from the air 





| Fig.2. 

















chamber m of the cylinder, through the pipe h. The fine particles 
of hot water are partially vaporised, whereby the remaining water 
gets cooler. This cool water sinks to the bottom of the boiler, 
whence it passes through an outlet pipe controlled by a float 
arrangement, again into the low-pressure boiler A. The mixture 
of air and steam produced in the high-pressure boiler v, is 
through the superheater f 1, where it is dried, and then into the 
uaae, where it is used on the power side k of the same. (Ac- 
cepted March 5, 1890). 


6694, A.G. Brookes, London. Surface Condenser 
for High-Pressure es, (6d. 1 Fig.) April 20, 1889. 
—The improved surface condenser comprises a chamber A dipping 
into a receiver or intercepter B, a cooling pipe S arranged within 
the chamber, in such a manner that the cold water issuing from 





the top part falls back upon the outer surface of the chamber A 
and thence into the intercepter B, and one or more valves arranged 
in the chamber A, from which valves the air is shut off by the 
water contained in the vessel B, and by which the condensation 
water and air are discharged from the chamber. (Accepted 
February 19, 1890). 


6828. C. F, Dixon, Dar n, Durham, and W.N. 
Dack, Patricroft, Lanc. Steam Boilers, [8d. 4 Figs.) 
April 24, 1889.—In the Babcock and Wilcox boiler a pipe is con- 
nected at one end to the steam or separating vessel at the top of 
the boiler, and at the other end to the upper end of the chamber 
in which the lower ends of the inclined tubes are fixed. Accord- 
ing to the present invention this pipe f is connected to a vessel g 

laced at the bottom of the boiler, and in communication with the 
ower end of the chamber c, whereby the lower inclined tubes a 
are fed first, and perfect circulation of the water is ensured. The 








feed-water pipe o is connected to the pipe f, and a scum trough k 
is fixed at the water level in the steam and water drum d, and 
within the larger pipe f is placed a smaller pipe min communica- 
tion with the scum trough. This inner pipe m terminates above 
the vessel g at the bottom of the boiler, so that the flow of water 
circulating through the larger pipe f will draw down through the 





inner pipe m the scum collected by the trough k, and carry it to 

the vessel g at the bottom of the boiler. This vessel g acts as a 

mud drum, and is provided with a blow-off cock, and, when impure 

3 1600) used, it is filled with filtering material. (Accepted March 
» . 


GAS ENGINES. 


3972. J. Roots, London. Gas Engines. [6¢. 1 Fig.) 
March 6, 1889.—A is the cylinder, B the piston, and P the red-hot 
tube igniter of ordinary arrangement. A small charge having been 
drawn in to start the engine and being compressed into the hot tube 
P, the explosion occurs, and the piston B makes its working out- 
stroke until the exhaust port R in the cylinder A is uncovered ; 
when the products pass through the port R; the exhaust valve S is 
opened by the pressure of the exhaust and the excess pro- 
ducts flow out. e valve is then closed by the spring S! and the 

iston B continues its outstroke, during which time the products 
in the length of tubing forming the chamber T are cooling, and in 
contracting cause more products to flow from the cylinder into T, 
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thus assisting the lowering of the pressure in the cylinder below 
the atmospheric pressure caused by the continued outstroke of the 
piston B. A fresh charge of gas and air then enters by the slop- 
ing admission port E and admission valve E! from the bell chamber 
F, which is open to the air and to the gas pipe G. This charge by 
the heat of the cylinder A and the coming in contact with the 
cylinder cover and walls by the slope of the port expands, displac- 
ing more of the exhaust through the port R. e piston now 
commences its instroke, forcing exhaust products through the 
port R until the piston covers the port R, when compression com- 
mences, and at the end of the instroke at the highest compression, 
— occurs. The cycle then commences again. (Accepted 
arch 5, 1890). 


RAILWAY PERMANENT WAY. 


7212, E. M. Cooke, Brooklyn, N.Y., U.S.A. Rail 
Joints. [6d. 7 Figs.) April 30, 1889.—A shoe A comprises 
the base-plate Al, the arched portions A? forming the walls of 
wedge recesses, and the fish-plates A‘, such plates A‘ fitting 
against the opposite sides of the webs of the meeting rails B, and 
having bolt-holes as shown. The pressure on the rails is borne 
wholly upon the base Al of the shoe. The under surface of the 
arched portion A3 is equally distant from the base of the rail B. 
The wedge D is in two portions d, d!, the former, d, constituting a 








base bearing, and the latter, d!, tbe driving section. The upper 
face of section d and the lower face of section d! are taper, and 
the opposite sides of the section are parallel, the section d resting 
flat against the top of the rail base, and the section d! resting flat 
against the under face of the arched portion A®, so that as the 
portion d! is moved longitudinally on d within the space between 
the rail base and arch A®, the parts are wedged into place. The 
portions d! are driven in in reverse directions on opposite sides 
of the rails, and their ends are bent down to prevent them from 
moving back. (Accepted March 5, 1890). 


18,447. R. Hudson, Gildersome, Yorks. Combined 
Sleepers and Chairs for ways. (8d. 15 Figs.) No- 
vember 19, 1889.—a is a part of one end of a sleeper for carrying 
a double-headed rail b. The inner jaw c of achair is cast on the 
sleeper, and the outer jaw cl is cast in one with a circular plate d 
of metal for bearing upon the ballast. The casting forming the 
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jaw cl and plate d is formed witha hole through which the end of 
the sleeper can pass. The outer jaw is caused to move endwise 
on the sleeper and grip the rail by means of a cotter ¢ that passes 
through a groove in the sleeper and through holes in the outer jaw. 
d\ are ribs to strengthen the plate d. The other end of the sleeper 
is provided with a similar chair. (Accepted March 5, 1890). 


FURNACES. 


7659. J. Quaglio, Berlin. Process and Furnace 
for the Preparation of Crude Glass. (8d. 3 Fiys.) 
May 7, 1889.—a, al and b, bl are two air and gas flue pipes 
arranged on both sides of the cistern, and through which the 
gases circulate alternately as in the ordinary regenerative system, 
and are consumed in the space myneneN | the arch, which con- 
tains centrally a collecting basin provided with inclined melting 
trays ¢, cl raised at the sides, and with projecting ribs or flanges 


J, f1 between the collecting pan and the melting trays. Over the 
arch of the melting furnace is a gallery g, on which the melting 
pots are placed. he arch itself is provided above the melting 
trays e, el with openings furnished with flues h leading to the 
bottom of the gallery, and serving for the reception of a melting 
pot closed by a lid. In these melting pots, consisting of refractory 
material, the vitreous mixture or material is placed and melted 
down continuously under the action of a pointed flame generated 
from water gas or natural gas by a tuyere? arranged at the bottom, 
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and actuated by a blast. For running off the material from the 
melting pot to the flue there is arranged a water pocket, which, 
when in operation, is filled up with molten glassy mass, and pre- 
vents the products of combustion, which are in contact with the 
pointed flame and are led away near the mouth of the tuyere, 
from entering the space in the melting furnace, and also prevents 
at the same time the unmelted particles of glassy material upon 
the surface of the melted vitreous mass which is running off from 
being carried away. (Accepted March 5, 1890). 


8342. Dr. G. Oldberg, Dessau, Germany. Rotating 
Furnaces, (8d. 5 Figs.) May 20, 1889.—A is the receptacle 
constituting the furnace proper, —— of a cylindrical iron 
shell and a fireproof lining. The centre line of the receptacle 
forms an angle with the axis of rotation 3, 4, so that when the 
receptacle revolves, the melted substances contained therein flow 
alternately from one end of the same tothe other. The receptacle 
is mounted in two round discs a, whose centres coincide with the 
axis 3, 4, and it rests with these discs on the rollers 7, journalled 
in bearings that are fixed to the bedplate pl. To one of the discs 


a is secured a toothed ring b gearing with a pinion c, which can be 
The 


rotated by means of a wormwheel s, worm w, and shaft m. 
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ends of the receptacle A form tubular necks j and h, con- 
centric to the axis 3, 4, and registering with the respective 
stationary flue portions or chambersk, 1. The chamber k commu- 
nicates by a channel d with a regenerator D, and by a channel ¢ 
with a regenerator E, while the chamber J is in like communica- 
tion by the channels dl, e! with the regenerators D!, El. Com- 
bustible gas and air may thus be admitted into the furnace from 
either end, after having been heated in the regenerators through 
which admission takes place, whilst the gases produced by the 
combustion pass from the opposite end of the furnace through 
—e in connection therewith. (Accepted March 5, 


ELECTRICAL APPARATUS. 


693. S. C. C. Currie, Philadelphia, Pa., U.S.A. 
Electric Motors. (8d. 12 Figs.) ae 14, 1890.—The 
present improvements have for object constant and uniform 
torsion and an equal distribution of forces at all periods of revolu- 
tion, and to avoid dead points. To this end multiple field-poles 
are employed and the changes of polarity in the poles of the arma- 
ture are caused to pass from + to neutral and then to —, and vice 
versa. Fig. lillustrates a motor having sixteen commutator bars 
1-16, sixteen armature poles }, and four series of windings. The 
machine comprises two field-magnets of three poles each arranged 
on opposite sides of a cylindrical armature. On one side the centre 





field-magnet is of + sign, and the two outside ones —, and on the 
opposite side the central pole is —, and the outside ones +, thus 
opposite poles are of like polarity. The armature is of a cylindrical 
toothed type. h set of field-magnets consists of one coil A, 
wound upon the central core and two exterior poles a. Fig. 2 
illustrates a motor having eight commutator bars and two sets of 
winding, each winding being connected with alternate barsin the 
commutator. The armature has eight poles, and each pole is 
wound with a coil of each winding ; adjoining coils in each wind- 
ing being wound in a reverse sense ; and on each pole the coils of 
the second winding are wound reversely to those of the first. (Ae- 
cepted February 19, 1890). 


1106. H. H. by my ee New York, U.S.A. Con- 
duits for Electric ductors. [6d. 2 Figs.) January 





21, 1890.—This invention relates toa method of distributing elec- 
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trical energy, by utilising the space between the head, shank, and 
base of traction rail rails. The improvement consists in the 
combination of the traction rail A, with an independent detach- 








able cover C, supported by and fastened to the rail, and the 
electrical wires E within the cover. (Accepted March 5, 1890). 


TREATING MATERIALS. 


16,608. W. Jackson, Aberdeen. Apparatus for 
Subjecting Substances to the Action of Air. [11d. 
3 Figs.) October 21, 1889.—This invention relates to apparatus 
which is more especially intended for use in withering or wilting 
tea leaves, but is also applicable to drying coffee, grain, and other 
produce. The improved apparatus consists of a circular rotating 
chamber A with an open periphery in combination with a travel- 
ling endless band B which closes the otherwise open periphery of 
the rotating chamber A for the greater part of its extent. A fan 




















H serves to force or draw heated air into the chamber A. The 
leaf or other material is fed into the chamber A as it rotates, and 
the endless band B moves round with it carrying the leaf along so 
that itis elevated in the rotating chamber by means of ledges or 
lifters a2, and is then showered down again on to the band B until 
the withering or drying is effected, whereupon the leaf may be 
discharged by moving the chamber and band round in the opposite 
direction. The band B is suitably guided by discs E and is actuated 
by means of spocket wheels D. (Accepted March 5, 1890). 


19,622. D. Dennes and T. K. Rose, London. Appa- 
ratus for Extracting Precious Metals from their 
Ores. [8d. 3 Figs.) December 6, 1889.—The ore is first partially 
reduced in a crushing machine A and then further reduced in a 
Cornish roller mill .B, whence it passes into a muffle furnace C 
where it is blownagainst a jet of water gas supplied from the holder 
8. Air entering from the blower d supplies the requisite oxygen for 
combustion to generate intense heat which effects the decomposi- 
tion of the sulphides contained in the ore. The oxidised powderedore 
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passes into a lead-lined rotating chlorinating vessel D, whence the 
chlorinated material is forced by means of compressed air through 
a filter E, where chloride of gold is extracted. The liquid is con- 
ducted by a pipe 30 to the clarifying vessel G, whence it is forced 
up by compressed air through a pipe 48 into a lead-lined tank H, 
where any mud or grit is deposited. Thence the solution of 
chloride of gold passes by a pipe 50 into one or more of gold pre- 
cipitating filter presses I, containing an insoluble sulphide of 
iron or copper. (Accepted March 5, 1890). 


MISCELLANEOUS. 


2462. J. Ball, London. Horse Shoes. (6d. 1 Fig.) 
February 12, 1889.—The invention relates to the use of blocks 
of india-rubber let into the shoe for the purpose of preventing 
horses from slipping. A is the shoe, B the india-rubber blocks 





formed with a dovetail to engage the dovetail slot C, in which the 
india-rubber may be secured by the cement now used for attaching 





india-ru bber tyres to velocipede wheels. (Accepted February 19, 
1890). 


6896. J. Gillies, Glasgow. Apparatus for Use in 
Steaming and Seasoning Curing Casks. [8d. 4 Fiys.] 
April 25, 1889.—This invention has mainly for object to provide 
for the employment of steam of considerable pressure in order to 
render the steaming process applicable for sweetening or curing 
beer casks which have become sour or foul. To that end the 
cask B to be operated on is immersed in water or other fluid in a 
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closed cylinder or other vessel A, and whilst the cask is charged 
internally with steam under pressure through a tube H the same 
steam pressure is applied to the surface of the fluid immediately 
surrounding the cask B, so that the internal and external pres- 
sures may be equalised and the tendency to blow out the ends of 
the casks which is incident to the steaming operation as ordinarily 
practised is obviated. (Accepted March 5, 1890). 


7262. O. Imray, London. (R. Mannesmann, Remscheid, 
Germany.) An Improved Manufacture of Flywheels. 
{1ld. 6 Figs.) May 1, 1889.—According to the present invention 
wire is, or metal bands are, wound on to the wheel with such an 
initial tension strain that all parts of the supporting wheel frame 
are subjected to compression thereby, and that such compres- 
sive action shall be maintained by the wire coiling even at the 
highest possible counteracting strain to which the flywheel rim 
can be subjected by centrifugal action at very high speed. By 
this means all joints in the framing calculated to withstand ten- 
sional strain are dispensed with, and cast iron can be used with- 
out risk in the construction of such flywheel. The boss B of the 
wheel is made of an iron casting of large diameter, and to this 


Fig. 2. 








boss are fixed two sheet-iron circular cheeks D, between which are 
fixed radial struts F of sheet metal bent to a Y shape, the two 
ends a, a being made to butt against the periphery of the boss 
B, while the apex b of each serves as the support for the wire coils 
G to be wound thereon. The sides of the struts F are secured by 
angle irons to the side cheeks D. Other supports f may be pro- 
vided for the wire coiling between the struts by means of strong 
transverse bolts with distance pieces passing across from the one 
side cheek D to the other, so as to bring the wire coiling G 
approximately to a circular form, and after winding a certain 
number of layers of wire upon these ame other transverse 
supports f1 may be fixed to the cheeks D for carrying one or more 
further layers of wire coilings G. (Accepted March 5, 1889). 


8845. N. Proctor, A. Middleton, C. E. Fraser, and 
H, Carter, Leeds. Machines for the Manufac- 
ture of Bricks and gon gee (6d. 2 Figs.) May 28, 
1889.—Over the horizontal feeding cylinder A which ~~ the 
material to the moulds is provided a hopper B ; at the bottom of 
the et B is a rotating drum C mounted in bearings D. 
Through the drum C and at right angles with its axis an opening 
E is provided, in which is fitted, so as to slide freely, a metal piece 
Fof a depth depending on the quantity of material fed into the 
machine. As the drum C moves round, the metal piece F slides 





down to the bottom side of the hole E, leaving the uppermost 
part of the hole open for the reception of mnatortal with which it 





is immediately filled. As the drum revolves, the material is forced 
out by the falling metal piece F into the interior of the horizontal 
cylinder in the exact quantity required. The filling and empty- 
ing being thus continued alternately, a regular and exact feed is 


$s 
obtained thereby. The required rotary motion is given to the 
drum C from some convenient moving part of the machine. 
(Accepted March 5, 1890). 


19,449. G. Hargreaves. J. P., Scranton, and E. W. 
Porter, Detroit, Mich., U.S.A. Manufacture of Gas. 
[Sd. 2 Figs.] December 3, 1889.—Gasoline supplied by a pipe B 
to the storage tank A, is forced by the pressure of compressed air 
supplied through a pipe N from an air compressor G, through a 











pipe E into a carburetter J, where it meets and carburets air 
supplied through a pipe F from the aircompressorG. The carbu- 
retted air or gas then passes by a pipe R into a purifier S, whence 
a pipe V leads to a condenser (not shown), and whence the purified 
gas flows through a pipe W into a gasholder. (Accepted March 
5, 1890). 


361. W. P. Thompson, London. (G. H. Henshaw, 
Brooklyn, N.Y., U.S.A.) Devices for Controlling the Shift- 
ing Action of Moving Water on Land. [8d. 5 Figs.] 
January 8, 1890.—A, A! are the opposite banks of a river, and B, B! 
two natural channels to be preserved and deepened. To effect 
this, submarine barriers D formed of a rigidly constructed base E, 
and a flexible permeable fence F, attached to and rising from the 
base, are anchored upon the bottom, along opposite sides of each 
of the channels B, B!, about inline with the direction of the current, 
the height of the barriers being made about one-third the depth 
of the water where they are anchored. Each barrier D is formed 
of alongitudinal body composed of a number of independent 
sections D! and of series of wings D2 projecting outward from the 




























body and inclined with the current, each wing D2, as well as the 
down stream and section of the body, vanishing in height towards 
its outer end according to the desired slope of the sides or the 
channel bottom. The base of each body section D! and wing 
section D2 is formed of longitudinal wooden stringers H, rigidly 
connected by wooden crossbeams I, and along the top and bottom 
of the latter are strung inner and outer pairs respectively of stout 
wires J, Jl, with which are securely entwined willows interlaced 
diayonally at their upper parts so as to form a permeable and flexible 
network fence F lengthwise of the base. The bases of the several 
sections are joined together by flexible ties L, so that the base E 
of the whole barrier can conform to the general shape of the 
bottom. The barriers D are anchored on the bottom by placing 
slabs of clay upon the base. (Accepted March 5, 1890). 





UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the cffices of ENGINKERING, 35 and 36, Bedford- 
street, Strand. 








A Larcr Goons Van.—-A large mine at Denver in the 
western part of the United States needed a very strong 
and long wire cable which was made in the eastern part 
of the country near to the Atlantic coast. The cable 
weighed 30 tons, and was therefore beyond the carrying 
capacity of the standard American freight car, which is 
allowed to take a load of only 40,000 Ib. A car was built 
for the purpose of carrying this cable, and was rated at 
a load of 100,000 lb. Its dimensions were: Length, 28 ft.; 
width, 8 ft. 8in. There are eight longitudinal sills each 
5 in. by 11 in., reaching to transverse sills 9 in. by 9 in. at 
each end, and the whole floored over with oak plank 2 in. 
in thickness. The van is carried on two six-wheeled 





trucks, 
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THE MANCHESTER SHIP CANAL. 

Tuat great engineering work, which is to convert 
the inland city of Manchester into a port accessible 
to ocean-going vessels, has already occupied a con- 
siderable share of our columns. So far back as the 
year 1883 we published a series of articles in which 
were given the probable characteristics of the then 
proposed scheme. This was before the Parlia- 
mentary business, which cost such a vast sum to 
carry through, had been disposed of. Since then 
we have kept our readers fairly informed of the 
progress of the undertaking and the work actually 
done* under the direction of Mr. Leader Williams, 
the chief engineer. We have also from time to 
time illustrated and described various parts of the 
plant and machinery used on the work. 

For the facilities which have been afforded us for 
gathering the information we have laid before our 
readers, we have to thank Mr. Leader Williams, 
and also the members of his staff, who have taken so 
much trouble at very busy times in giving us infor- 
mation. We also have to thank the engineers of 
the contractors’ staff for their ready courtesy in 
supplying us with details of the work. 

We now propose giving a description—founded on 
information obtained during a visit of some duration 
which we recently paid to the work—of the most 
interesting parts of the work carried out since our 
last articles appeared, but before entering into 
details we will say a few words of general explana- 
tion, as many of the features have been altered 
since we last wrote. 

Tracing the course of the work upon the plans, 
we find the canal, from its lower end at Eastham up 
to Runcorn, skirting along the shore of the estuary 
of the Mersey ; sometimes, where points intervene, 
cutting through the solid land, and again, when 
inlets or bays are met, being formed partly by walls 
built up, and partly by excavation. In the latter 
case a certain part of the estuary has been en- 
croached upon so that the incoming tidal water has 
had less space to fill, and, therefore, it is claimed, 
the scour on the ebb over the bar of the Mersey 
will be less efficient. This, of course, is the old 
objection which proved fatal to the proposal to 
bring the canal down the middle of the estuary, 
and it has, we believe, led to further trouble. How 
far the very small space occupied by the new works 
of the canal can effect the vast flow of water of the 
Mersey we will not pause to inquire; and, indeed, 
the matter has been sufficiently argued before duly 
authorised tribunals ; but we must confess that on 
first blush the objections raised appear exaggerated. 

However this may be, openings have been made 
in the walls of the canal so that there is a communi- 
cation between the canal and the estuary in order 
that the tide may flow in and out. In this way the 
canal will be semi-tidal up to the Latchford Locks, 
21 miles from Eastham, for all tides having a rise 
of over 14 ft. above the level of Old Dock Sill, 
Liverpool, will flow into the canal through the 
openings mentioned. The highest spring tides 
have, we believe, a height of about 22 ft. over 
Old Dock Sill, and thus there will be a maximum 
average rise of tide in the lower part of the canal, 
of 8ft. Tides under 14 ft. would have no effect. 
It may be further noted that the present plan is to 
bring the canal almost altogether inland, for the 
part that will run into the estuary forms but a 
small part of the whole. In this way the piece 
between Eastham and Latchford will add greatly 
to the tidal space and will more than compensate 
for the narrow strips cut off the shallow margin of 
the estuary ; very different from the large deep water 
area taken by Liverpool to work docks. 

It may be added that the ordinary breadth of the 
canal at the bottom is 120 ft. and the standard 
depth is 26 ft. The slopes of the canal, where ex- 
cavated in soft material, are pitched with rock from 
the cutting. Where the natural rock is met it is 
excavated to a batter of 1 in 6. 

The canal is 35 miles long, and the total rise from 


Eastham to Manchester is 71 ft. 6in. The rise at 
the various locks is as follows - we 
t. in. 
Eastham tidal 
Latchford 16 6 
Trlam... 16 0 





* See ENGINEERING, vol. xxxiv., pages 590, 628; 

.XXXxV., pages 73, 114, 227, 241, 263, 388, 590; 

vol. xxxvi., page 591; vol. xxxvil., pages 60, 93, 199, 363 ; 

vol. xxxviii., pages 131, 191; vol. xhi,, pages 63, 622; 

vol. xliii., page 115; vol. xliv., pages 177, 241, 300, 374; 

vol. xlv., pages 569, 596, 647; vol. xlvi., pages 65, 238, 
273, 325, 610, 626. 








ft. in. 
Barton ea 15 0 
Manchester ... 13 0 
Total 60 6 


The canal will be approached from the estuary 
by the Eastham channel. This has a considerable 
depth at low water, but will want some dredging to 
allow large steamers to approach. It is; however, 
one of the principal channels, and is, moreover, of 
a permanent nature, not fluctuating like so many 
other channels in the estuary. Messrs. Simons, of 
Renfrew, are constructing a hopper dredger to 
carry 850 tons at 9 knots. The cost of this vessel 
is about 25,0007. Outside the locks the canal 
approach will have a slope pitched with stone from 
the cutting. 

Upon passing through the Eastham Locks we find 
the canal is considerably broadened to allow room 
for ships to lay by whilst waiting. Between East- 
ham and Runcorn the canal skirts the estuary ; and 
the various small streams which flow into the 
estuary, and which the canal would block off, have 
to be carried by means of syphons under the canal. 
These syphons are composed of iron. All the water 
for supplying the canal is taken from above Run- 
corn, but there are no storage arrangements, as the 
waters of the Mersey, Irwell, and other rivers will 
all flow down the canal to Latchford. About three 
miles from Eastham the canal crosses Ellesmere 
Port Bay. This is the terminus of the Shropshire 
Union Canal. As the Ship Canal will close off 
from the estuary the mouth of the other canal, all 
craft will have to pass down the Ship Canal to 
Eastham. The great difficulty will be that the 
traftic between the Shropshire Union Canal and 
the estuary must not be closed during construction, 
and this has afforded a difficult problem for the 
engineers to solve. 

From Eastham to Ellesmere the scenery is of a 
picturesque nature, consisting of cliffs well clothed 
with trees; but the canal works are not doing 
much to perpetuate these rural charms, either 
here or elsewhere along the route. At a dis- 
tance of ten miles from Eastham the canal crosses 
the principal feeder of the estuary, viz., the River 
Weaver, and the embankment forming the wall of 
the canal has to be carried across the mouth of the 
Weaver, and the traflic has to be kept open. This 
forms a second engineering feat of some difficulty 
and importance. The bed of the river is clay and 
river sand. At Ellesmere Point there is also clay 
and river sand, but with rock under. In order not 
to encroach more than necessary on the space of 
the estuary, extensive piling and sheeting is being 
carried on. At the time of our visit these opera- 
tions were in full swing and appeared to attract a 
good deal of attention on the part of the authorities. 
A water jet was being used to aid the driving 
powers of the monkey, and this seemed to cause a 
certain amount of trouble in its direction, for occa- 
sionally it devoted its energies to most undesirable 
ends. 

In the estuary of the Weaver the Ship Canal 
Company have constructed a lock to connect the 
Weaver with the Weston Canal, and higher up the 
canal there will also be a lock through the outer em- 
bankment at Weston Point, which is the dock termi- 
nation of the Weston Canal. This lock will give the 
Weaver Navigation access to the estuary ; or vessels 
may go down the Ship Canal to Ellesmere Point and 
Eastham. It will be seen, therefore, that vessels 
bound for the Weaver can either come through the 
locks at Eastham and up the Ship Canal, or can 
come up the Mersey to Weston Point and through 
the locks in the embankment. In the latter case 
on getting through the locks they will be able to go 
right into the already existing Weston Docks, as 
there is the same water level there as in the canal, 
therefore gates will be unnecessary. These docks 
communicate with the Weston Canal. 

From what has been said some idea of the initial 
difficulties Mr. Leader Williams has to overcome will 
be gathered. It may be said that great advantages 
will follow for the Weaver Navigation, in con- 
sequence of the Ship Canal works. Thus if the 
water in the estuary has ebbed out when a vessel 
arrives at the mouth of the Weaver, she will be 
able to get down the Ship Canal to Eastham ; 
or she might, by taking the same course, escape the 
last of afoul tide. It must be remembered also 
that with regard to draught of water the Weaver 
craft will be benefitted also, for the difficulty in 
getting heavier draught vessels up to Northwich, 
and other places on the Weaver, was not because 





there was not water enough in the Weaver itself, 
but that water was lacking in the estuary ; that is to 
say, there was better water in the little Cheshire 
stream than in the big and important estuary of the 
Mersey. This point has been well brought out by 
Mr. Lionel B. Wells, of Manchester, who was, for 
many years, resident engineer to the Weaver Navi- 
gation, succeeding Mr. Leader Williams in that 
post, and under whose guidance many of the works 
of that important piece of inland navigation were 
constructed. 

The Canal Company, by their Act, are bound to 
pass all the water from the Weaver direct into the 
estuary without passing it down the canal. For 
this purpose tidal openings 600 ft. long are to be 
constructed in the canal embankment. There are 
also 300 ft. of sluice-way capable of lifting 15 ft. 
The sluices to be used in case of heavy floods to 
which the Weaver is subject,* and to pass off tidal 
water. These sluices are ten in number, each 
30 ft. wide, constructed under Mr. Stoney’s patent, 
similar to those working so successfully at Belleek 
and other places in Ireland. 

From the Weaver up to Runcorn is a distance of 
about three miles, and here three main canals have 
their termination in the docks there constructed. 
The canals are the Weston Canal, in connection 
with the Weaver Navigation, the Bridgewater Canal, 
now the property of the Ship Canal Company, and 
the Runcorn and Latchford, or Old Quay Canal, 
which is also owned by the Ship Canal Company. 
The last named is now blocked up for a distance of 
about eight miles from its termination, owing to the 
fact that the Ship Canal occupies its site. When 
the Ship Canal is opened the remaining portions of 
it will serve as feeders for the trade of the smaller 
canal, and will be joined by a lock outside Warring- 
ton. The outer bank of the Ship Canal will inclose 
all these three smaller canals and their dock termi- 
nations. They will have their exits into the estuary 
by locks in the embankment, or the traftic may be 
taken down the Ship Canal to Eastham if necessary. 

The canal next passes under the Runcorn Bridge, 
so well-known as a feature in the journey to Liver- 
pool. This bridge will have a clear headway of 
75 ft. above ordinary high-water level, and this 
determines the height to be allowed under bridges 
throughout the canal. 

After passing Runcorn the canal strikes inland, 
crossing and recrossing the windings of the Mersey 
and Irwell, and sometimes occupying the river bed 
altogether. All the way up to Warburton, which 
is about 11 miles from Runcorn or 25 miles from 
Eastham, the River Mersey is kept open and flows 
down to the estuary. At present it is being diverted 
into a new channel at three places, where it now 
crosses the line the canal willtake. At Warburton 
the water level of the river and of the canal will 
be the same, and it is here the canal and the river 
may be said to join. There are locks in the 
Mersey at Warrington, and to this point the river 
is tidal. 

From Warburton the canal will take the place of 
the old natural river, the original winding course 
being filled in by spoil. 

(Zo be continued.) 





MODERN FRENCH ARTILLERY. 
No. XVI. 
Gun Factory oF THE Forces ET CHANTIERS DE LA 
MEDITERRANEE. 

THERE are but few large private gun factories in 
France: in which heavy ordnance is manufactured 
on an extensive scale, and the principal is the 
establishment belonging to the Compagnie des 
Forges et Chantiers de la Méditerranée, started 
at Havre less than ten years ago. Its transactions 
are already on an important scale, especially with 
foreign Governments, and its productions have 
acquired a reputation sufficiently high to justify 
the opinion that it will, before long, become a 
serious competitor of private makers in this 
country and elsewhere; for this reason any in- 
formation connected with these works possesses 
a particular interest, especially taken in connection 
with the magnificent display made by the company 
in the palace of the Minister of War at the Paris 
Exhibition last year, and which attracted more 
attention than any other exhibit of the kindy’ In 
future articles we propose to describe the works of 
this company, and in considerable detail to con- 
sider the different classes of ordnance manufactured 

* A description of the Weaver Navigation will be found 
on pages 244 and 564 of our thirty-eighth volume. 
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by it. For the present we shall confine ourselves 


to a consideration of the general features in the | 


design of the heavy guns made by the com- 
pany, because their practice constitutes an im- 
portant chapter in the history of modern French 
artillery. 

It is clalmed for these guns, which are all manu- 
factured on the Canet system, that they offer ample 
guarantee for excellence of material, perfection of 
workmanship, and efficiency in service. Every 
detail connected with them—and many of them 
rege a considerable originality in design—has 

en worked out by M. Canet, the director of the 
establishment, who, after having received a special 
and admirable training in this country, has shown 
that he has learned how to profit from the valuable 
experience he obtained here. A fundamental 
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jacket extends for the whole length of the tube, to 
which it consequently gives a largely increased 
longitudinal resistance, this precaution being espe- 
cially necessary to resist the great strains to which, 
in the future, guns will be exposed, by the use of 
the new slow-burning, smokeless powders, which 
will probably come into general use. 

It should be mentioned, however, on this point 
that in France, at least, ‘considerable uncertainty 
exists on the subject of smokeless powders, and it 
is evident that prolonged experience only can 
determine whether the new explosives will remain 
undeteriorated for any considerable period. 

Figs. 180 to 185 give a good general idea of the 
typical forms of construction upon the Canet, Wool- 
wich, De Bange, Armstrong, Krupp, and French 
Navy systems. In this diagram the great com- 


Tig. 180. Canet 34 Ym (13.39 in) 
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Fig. 181. Woolwich 12 tn. 
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principle controlling his designs is that of giving 
great longitudinal as well as transverse strength to 
his guns, in order that they may be able to resist 
without injury, not only the extremely high 
working pressures due to the service charges, but 
also to abnormal strains which from time to time, 
and from various causes, are developed in the 
bores of heavy guns. All the various parts of | 
which these guns are formed are, as far as possible, | 
symmetrical in shape and varying gradually and 
uniformly in thickness, in order that they may 
be well adapted tu withstand the various trying 
operations of forging, tempering, and annealing. 
The general characteristics of the design are as 
follows: The inner tube that extends from end to 
end of the gun is relatively of considerable thick- 
ness ; this is strengthened by two long sleeves or 
jackets shrunk upon the tube and gripping each 
other at the joint; they are connected together at | 
this point by the trunnion ring, which butts against | 
a shoulder of the rear jacket, and is screwed on) 
the front one. These jackets are shrunk upon 
the inner tube as tightly as is consistent with the, 
nature of the material used, the object being | 
to produce a gun body as nearly as possible as 
strong as if it were made one piece. Over the 
jacket are then shrunk one or several tiers of 
Senet steel rings, varying in number and _thick- 
ness with the calibre of the gun. All the various 


parts are cylindrical, in order to secure perfection 
of workmanship and uniformity in shrinkage. 
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jectiles fired from them, and that this advantage is 
not gained at the cost of excessive strain upon the 
gun, but that it is due to the particular form of 
rifling adopted ; to the method of utilising the ex- 
pansion of the powder gases ; and to the special 
characteristics of the respective guns. In advancing 
the claims of his system, M. Canet points out that 
it has been urged against comparatively light pro- 
jectiles that they lose their initial velocity very 
rapidly, and he admits that this allegation is well 
founded when it has reference to shell, which are 
too light for the calibres from which they are fired. 

But between the shorter Canet projectiles and the 
heavier ones made by Krupp, the difference is 
scarcely appreciable at the range of 2000 metres ; 
that is to say, for the distance which it is assumed 
will be about the average range for future naval 

















YUM 





WI, STOATL ABLES 
GEEZ 





Fig. 182. de Bange 34 Ym. (13.39 in.) 



















_ 183. Armstrong 16.25 in. H0 Tons. 
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_ Fig. 184. Krupp 409m 19 Tons (15-75in) 
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DIAGRAMS SHOWING CONSTRUCTION OF VARIOUS STANDARD TYPES OF GUNS, 


parative length and simplicity of construction of | engagements, and the striking power is practically 


the Canet 12-in. gun will be seen at a glance. 
Another feature in the Canet guns is the system 
of breechclosing. This we have already referred 
to, and shall consider in detail later on ; but in the 
mean time we may say that the block is made 
with a modification of the interrupted thread, is | 
provided with a special arrangement of obturator | 
of the De Bange type, and has various devices 
for firing, as well as safety appliances, most 
of which present considerable originality. In 
many of the patterns the method of working the | 
breech-block is reduced to the simple operation of. 


turning a hand lever always in the same direction, 


a system the prototype of which exists in this 
country, and which certainly presents striking 
advantages over the rather complicated gear which 


| is employed in the standard naval artillery of | 


France. It is claimed for the Canet guns that they 
impart specially high initial velocities to the pro- 


the same for both classes of projectiles. But the 
shorter shell has this advantage over the longer 


jand heavier one, that it is more effective in “its 


destructive action against armour plates ; it pene- 


| trates with more certainty and is less exposed to 


‘the danger of breaking up under the shock of 
impact. “One of the principal advantages obtained 
by giving projectiles a very high velocity is that it 
secures for them a correspondingly flat trajectory, 
and consequently increases the chances of their 
being more effective by extending the dangerous 
zone to a considerable degree. It is urged that 
with the Canet guns firing at 1000 metres’ range, 
the dangerous zone is 33 per cent. greater than 
it is with a Krupp gun of the same calibre 
and the same length of bore. For example, if 
with a Krupp gun it is possible to strike the object 
aimed at, in spite of an error of 300 metres in 
judging the distance, with a Canet gun the target 
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TaBLE VI.—General Particulars of Guns of Various 
Calibres made on the Canet System by the Société des 
Forges et Chantiers dela Méditerranée at Havre. 


(From the Aide-Mémoire de VOfficier de Marine, 1890.) 
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that it should be thoroughly controlled by simple, 
compact, and easily managed appliances. Pro- 
bably no manufacturers have done so much to 
develop the design and construction of mount- 
ings for heavy guns as the great Elswick firm, 
especially since they combined with themselves 
the practice and experience of Mr. Vavasseur. 
It will be seen in future articles that, no less in 
mountings than in the construction of ordnance, 
M. Canet has shown a bo'dness and originality of 
design, which, while possessing many things in 
common with the Armstrong-Vavasseur practice, 
has such important and distinct points of departure, 
as to make a detailed comparison of the highest 
interest. 

A valuable criticism on the Krupp system of 
heavy gun carriages made by a French writer may 
be referred to here. He points out that the effi- 
ciency and rapidity in serving a gun depends to a 
large extent on the arrangemens of the frame and 
the various appliances attachel to the carriage. 
Rapidity of fire is in effect one of the essential con- 
ditions of modern artillery, one of the principal 
purposes of which is to do the greatest possible 
amount of damage in the shortest time, before an 
enemy can carry out the same tactics. It is objected 
that the naval carriages made by Krupp are large 
and heavy, while the manipulation is difficult. 
At the same time the carriage properly so called is 
very high, and from its sostlieadiies of design, 
excessive strain is thrown upon the parts after each 
discharge ; the brakes are placed very low down 
and the valves are closed by springs, that do 
not always work regularly. Almost precisely 


similar objections are urged against the De Bange 





system of carriage, which is so designed that 
many of the most important parts have tensile 
and bending strains thrown upon them, instead 
of being exposed wholly to compression. It is 
claimed that these defects are avoided in the 
new types of carriage made at the Forges et 
Chantiers Works at Havre, and which, as we 
have said before, have many points in common 
with the Vavasseur system with important modifica- 
tions. Thus the turning valve in the latter is 
replaced by an arrangement in the brake cylinder 
(to be described hereafter), which always exerts a 
constant resistance, resulting in an important ad- 
vantage—it is claimed—on account of its relieving 
the carriage of considerable strain. Returning the 
gun to firing position can be effected with a varying 
speed, which is entirely under control, the move- 
ment being regulated by an hydraulic apparatus 
and pump, which has the advantage of always keep- 
ing the brake cylinders filled, when required, and 
which can be done with two or three strokes of the 
piston. The arrangement is also such that the gun 
is held absolutely secure upon its carriage in heavy 
weather. The training gear for elevating large 
naval guns is not worked by a handwheel mounted 
on a shaft, which is exposed to various risks, 
but by means of a simple device connected with a 
hydraulic cylinder, and by which the operations 
ean be very easily performed without handwheels. 
The introduction of a live roller ring beneath the 
firing platform is made to obtain a better distribu- 
tion of pressure upon the baseplate and to facilitate 
the horizontal training of the gun; each of the 
rollers can be taken out for cleaning or renewal 
with very little trouble. The distance between 
the axis of the trunnions and that of the brake 
cylinders is reduced as much as possible in order 
to lessen the strains caused by recoil, while, the 
carriage being a low one, the stability is consider- 
able. Ammunition is brought to guns mounted in 
turrets by means of acentral tube, which is movable 
with the carriage ; this arrangement possesses the 
advantage of enabling the men serving the gun to 
load at any time and in every position, and even 
when the gun is being trained. 

In concluding this preliminary reference to the 
type of guns and carriages constructed by the 
Forges et Chantiers de la Méditerranée, it might 
be mentioned that these works are the only ones 
in France possessing a Polygon in which the trials 
of guns and carriages can be conducted at all angles 
of elevation. This Polygon, which is established 
as a trial ground for the society and for the French 
marine, at Hoc, near Havre, possesses a very fine 
collection of testing apparatus of all kinds, as well 
as cranes and travelling bridges for handling weights 
up to 90 tons ; it is connected to the gun factory, 
as well as to Havre, by lines of railway, and it is 
here that important and interesting trials are being 
constantly carried out. 








THE ELECTRIC LIGHTING OF THE 
EDINBURGH EXHIBITION. 

WHEN it is remembered that the Edinburgh 
Exhibition was originally suggested by electricians, 
to mark progress in the development of the science, 
and that, notwithstanding its subsequently ex- 
tended scope, electricity still forms the distinctive 
feature, it will very naturally be assumed that the 
arrangements for lighting will be complete and 
exemplary. It is almost unnecessary to say that 
the application of electricity to the purposes of 
illumination will be exhibited in its many distinc- 
tive phases. Many of the stalls will be separately 
lighted, and probably every type of motor will be 
requisitioned to provide the power for dynamos. It 
is yet too early to deal with such separate installa- 
tions or with the arrangements for lighting railway 
stations and outbuildings with anything like com- 
pleteness and accuracy. Theyare not yetinevidence, 
or completely fixed upon, and looking to the 
jealousies which exist in such a case it is at least 
prudent not to refer to any particular separate 
illumination at the present time. 

We therefore desire to deal with the general in- 
stallation for lighting up the courts and grounds 
which have had preliminary trials, leaving the 
lesser installations to be dealt with later. The 
complete arrangements, it may be said, have 
been carried out by the Electrical and Light- 
ing Committee, and have been personally superin- 
tended by the convener of that committee, Mr. 
A. R. Bennett, electrical manager of the National 





Telephone Company in Edinburgh, who was one of 
the originators of the Exhibition and has taken a 
deep interest in the undertaking from its incep- 
tion, having done good practical service in carrying 
it to its present state. 

The engines used to provide the necessary motive 
power for the dynamos have been supplied, with 
one or two exceptions, by Messrs. Robey and Co., 
Lincoln. Messrs. Alley and McLellan have supplied 
one of their well-known Westinghouse engines, and 
several gas engines and other motors are to be used. 
The lighting of the Concert Hall and reception rooms 
has been carried out by Messrs. King, Brown, and 
Co., of the Rosebank Electric Works, Edinburgh, 
while the Brush Electrical Engineering Company, 
Limited, have fitted up the necessary Bg for 
lighting the main buildings, Machinery Hall, loco- 
motive annexe, eastern annexe, Art Galleries, and 
the general illumination of the grounds. The Brush 
Company seem now almost to have a monopoly of 
this kind of lighting for exhibitions, their plant 
being excellently well adapted for it, since it 
enables many lamps to be arranged in series on 
one circuit, and is free from complications and 
delicate appliances requiring constant adjustment. 

The principal engine by Messrs. Robey is a 80 
horse-power, nominal, compound horizontal fixed 
engine, fitted with Richardson and Rowland’s 
patent automatic expansion gear. The cylinders, 
which are both steam-jacketted, are respectively 
18} in. and 30 in. in diameter, with a stroke of 
40 in. Each cylinder has trip valve gear and the cut- 
off on the high-pressure cylinder is capable of being 
varied from nil to three-fourths of the stroke, whilst 
the cut-off on the low-pressure cylinder is variable 
by hand when the engine is running. The engives 
work up to 65 revolutions, and the power is trans- 
mitted from a flywheel 15 ft. in diameter by 1} in. 
ropes. The working steam pressure is 100 lb. to 
the square inch, and the engines indicate 400 horse- 
power maximum. Both high and low-pressure 
cylinders have independent steam inlet and exhaust 
valves. The former consist of double-beat Cornish 
equilibrium valves fitted to each end of the cylinder 
so as to get a short steam passage, which enables 
the initial pressure at all times to be nearly as great 
as that in the boiler. Those on the high-pressure 
cylinder are under the direct control of the 
governor. The exhaust valves consist of a special 
arrangement of Corliss slide valve, which gives a 
quick wide opening to the exhaust with a very small 
travel. They are placed on the underside of the 
cylinders, to facilitate the efficient draining of 
the interior, and to enable the piston to work with 
the least possible amount of clearance. They are 
worked by eccentrics upon the horizontal shaft 
driving the admission valve gear. The bearings 
are made in three adjustable parts of Babbit’s 
metal, with lubricators for continuous running. 
There is a receiver, through which the steam passes 
from high-pressure to low-pressure, and this receiver 
is superheated by a current of high-pressure steam 
from the boiler circulating through a coil of piping 
placed inside of it. The receiver is lagged with 
wood and sheet iron. The Messrs. Robey, it may 
be added, are sole makers of engines fitted with 
this gear, and they are made both single and 
coupled, high-pressure and condensing. It is 
claimed for the latter type that it does not use 
more than 15 lb. of steam per horse-power per 
hour. This engine drives six Brush arc dynamos, 
each with thirty-five lights. 

The next engine in point of size is of a some- 
what different type, having a short stroke, with a 
higher speed. It is a 65 horse-power nominal 
horizontal fixed engine. The cylinders are 15 in. 
and 26 in. in diameter, steam jacketted. The 
stroke is 28 in. The high-pressure cylinder has 
Richardson and Rowland’s patent automatic trip 
expansion gear, with Corliss slide exhaust ; the 
low-pressure cylinder an ordinary rectangular slide 
having a variable travel. The revolutions made 
are 86 per minute. The flywheel is 12 ft. in dia- 
meter, and the rope by which power is transmitted 
1? in. thick. The working pressure is 100 lb., and 
the maximum indicated horse-power 320. The 
engine bedplate is of exceedingly massive con- 
struction. The crankshaft is made of forged 
steel, with throws cut out of the solid and accu- 
rately balanced and carried on three extra long 
bearings cast upon the engine bed. The bearings 
are lined with Babbit’s metal, each made adjust- 
able in three directions. The flywheel overhangs 
by the side of the engine bed, between it and 
an outbearing carrying the end of the crank- 
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shaft. The engine supplies the motive power for 
driving six Brush are dynamos, each thirty-five 
lights. 

Of the smaller engines the principal is a 25 horse- 
power nominal compound ‘ Robey” horizontal 
fixed engine of the well-known Robey type with 
automatic valve gear of the slot-link die and radius- 
rod type, controlled by a Richardson patent spring 
governor, the cut-off valve of the high-pressure 
cylinder forming an automatic expansion gear, by 
which the cut-off can be regulated from one-eighth 
to five-eighths of the stroke with only slight varia- 
tions in speed. The cylinders are 9$ in. and 
16} in. in diameter respectively, and the revolu- 
tions made are 143 per minute. The crankshaft 
of this engine is also fitted with an outer bearing. 
The engine drives one of King, Brown, and Co.’s 
350-light incandescent dynamos. 

The other engines include many of the well- 
known design. There is a pair of coupled high- 
pressure vertical engines, with cylinders 9} in. in 
diameter, by 12 in. stroke. Each engine is fitted 
with valve gear similar to that in the case of the 
engine just described. The flywheel is keyed upon 
the crankshaft centrally between the two engines 
and makes 155 revolutions per minute. This engine 
drives a Brush 35-light are dynamo. 

A high-speed compound engine to run up to 
300 revolutions per minute has the advantage of 
being able to drive the dynamo direct or from fly- 
wheels. The cylinders are 5} in. and 9in. in 
diameter respectively, and the stroke 6in. The 
moving parts are of steel, the piston and rod being 
in one piece. The crank is also of steel and 
runs in very long bearings of gun-metal. Gene- 
rally the number of parts has been minimised as 
much as possible. The whole of the working 
parts are inclosed within the baseplates surround- 
ing the crank, completely protecting it not only 
from dust and grit, but also preventing the 
splash of any oil. The working parts are lubri- 
cated from the inside, a licker fixed under the large 
end of the connecting-rod taking up a portion of 
the oil at each revolution, and not only lubricating 
the crank-pin, but throwing the oil upon the con- 
necting-rod slipper and piston-rod. There is thus 
a continuous circulation of oil from the well under- 
neath the crank through the piston-rod slide and 
back again through a channel provided for it to the 
well, the oil being used again and again without 
waste. <A piston valve is fitted to the high-pressure 
cylinder. This engine drives a 15-light Brush 
dynamo. 

There is another high-speed engine—this time of 
the single-cylinder vertical type—working to 285 
revolutions per minute. The cylinder is 10} in. in 
diameter with a piston stroke of 10 in. Compact- 
ness is one of the merits of this engine. It has 
been designed for generating electricity for light- 
ing ships and mills where great power is required 
and little space can be afforded. It can work under 
high steam pressure and at various speeds. All the 
wearing parts have large surfaces and there is 
careful lubricating arrangements. It works a 15- 
light Brush are dynamo. These engines are in the 
dynamo court in the centre of the Machinery 
Hall. 

Messrs. Alley and McLellan’s engine is in con- 
nection with Messrs. King, Brown, and Co.’s in- 
stallation. It will develop 100 brake horse-power 
with steam at a pressure of 120 Ib. 

In the installation of the Brush Company there 
are in all 365 arc lamps all in working order now, 
and of these 285 are used for interior illumination. 
The lamps, which are of the well-known circular 
Brush type, are of 2000 candle-power each, taking 
10 ampéres, 50 volts, and they are fitted with 
slightly obscured globes. They are arranged in 
three sections in the buildings, and these sections 
are subdivided again into three circuits in each sec- 
tion. Alternate lamps are on different circuits, so 
that no part of the buildings will be without light, 
in the event ofa failure in any circuit. The general 
illumination of the grounds is by 82 arc lamps of 
similar candle power, about the half of which are 
arranged in groups of three each, carried on 15 iron 
masts 60 ft. high. These masts stand without 
stays, and have the electrical conductors and gear 
for lowering the lamps placed inside the masts. The 
remainder of the lamps in the grounds are supported 
on light wrought-iron gibbets, arranged in pairs, 
and 25 ft. high. 

The current for the whole of these lamps is sup- 
plied from Brush dynamos, of which there are 
13 No. 8, capable of each supplying 35 lights, 





and two No. 7, capable of each supplying 15 lights. 
There are therefore in all 15 dynamos, but only 12 
of these will be in regular use, the other three 
being held in reserve. The dynamos are arranged 
in groups of six, and are operated by the separate 
engines already described. Three Brush dynamos 
are driven without countershafting. The belting 
was supplied by the Lancashire Patent Belting and 
Hose Company, of Manchester. 

The conductors from the lamps and dynamos are 
brought to a simply arranged switchboard, so that 
any lamp circuit can be instantly disconnected from 
one dynamo and replaced on another. For this 
purpose the dynamo conductors are carried to pairs 
of contact hooks on the switchboard and the lamp 
circuit flexibles joined to pairs of stirrups placed 
over the pairs of hooks, thus completing the circuit. 
The current is indicated by one of Raworth’s 
current indicators in each circuit. Each dynamo 
is fitted with one of the Brush-Geipel automatic 
regulators. 

The Concert Hall is lighted by Messrs. King, 
Brown, and Co., Edinburgh, by means of high 
candle-power incandescent lamps, the size used 
being 200 candle-power, while the reception rooms 
have lamps of 50 candle-power arranged in them. 
The lamps in the Concert Hall have opal glass shades 
of conical shape and are suspended from the roof 
girders of the hallat a convenient height. As they 
are numerous the effect is brilliant. Each lamp 
is provided with a separate fusible cut-out accord- 
ing to fire insurance regulations, but as the root of 
the branch, in the ordinary way of wiring, would 
have been in a very inaccessible position on the 
girder, the fuzes have been arranged together at 
convenient positions on the walls, and from these 
points separate wires run to each lamp. 

The lighting is in four circuits, no two adjacent 
spans being in the same circuit, and each circuit is 
supplied from a separate dynamo. A spare dynamo 
is constantly kept in readiness, and by means of a 
convenient arrangement of switch handles, this 
spare machine can at once be substituted for any 
of the others. Each main circuit is protected by 
a very sensitive magnetic cut-out. These may be 
adapted to cut off at any circuit, and are so arranged 
that a very small increase of magnetic pull over the 
normal, by attracting a small armature, releases a 
detent and allows a small copper bridge to be 
sprung out of two mercury cups, from one to other 
of which the current had been conducted. Four 
of the dynamos will be driven by Messrs. Alley 
and McLellan’s engine, and the fifth by Robey’s 
engine. 

It may be stated that there are to be two search 
lights, one by Messrs. Latimer Clark, Muirhead, 
and Co., on the roof of the Machinery Hall, the 
other by Mr. Ronald A. Scott, London, in the 
eastern minaret of the grand entrance. 








HEAVY CRANKSHAFT LATHE. 

On pages 499, 502, and 503, we illustrate a 48-in. 
heavy crankshaft lathe, constructed by Messrs. George 
Richards and Co., Limited, Broadheath, Manchester. 
The bed is 35 ft. long, 3 ft. 6 in. wide, and 2 ft. 
deep, and weighs about 154 tons. The fast headstock 
is capable p twenty-four different speeds, while 
two sets of pulleys on the countershaft enables these 
speeds to be doubled. This headstock is shown in 
Figs. 1, 2, 3, 4, and 5, of which Fig. 4 is a hori- 
zontal section through the main spindle, and Fig. 5 a 
vertical section through the cone pulley shaft. There 
are four steps on the cone pulley. This pulley is loose 
on its spindle, but can be connected in the usual way 
to the wheel 19 fast on the shaft. Fixed to the other 
end of the cone pulley are two pinions 20 and 21, which 
gear, one at a time, with the wheels 22, 23 on the back 
shaft D. These wheels can be slidden along the shaft 
to bring either into gear, The backshaft itself is 
moved to and from the cone pulley shaft C by eccen- 
trics in the usual way. ‘The pinion 23 on the back 
shaft gears into the wheel 19 on the cone pulley shaft. 
The faceplate can be driven in two different ways. 
For slow speeds a pinion at the end of the cone pulley 
shaft gears into teeth around the faceplate (Fig. 3). 
This pinion, which is 8 in. in diameter, can be moved 
in and out of a by a handwheel. For fast speeds 
the main spindle A is driven direct by the wheel 18, 
which can be clamped toa plate fast on the spindle. 
When the back gear drives on to the spindle the wheel 
19 becomes an intermediate wheel. The spindle is of 
steel, with bearings 10 in. in diameter and 12 in. long. 
There are five thrust collars on the rear bearing, while 
the forward bearing is plain. 

The carriages, of which there are two, are shown in 
Figs. 6, 7, and 8. They are each moved by two racks 
and pinions, one set at each side of the bed to prevent 





cross-strains. The pinions at the two sides are con- 
nected by gear and the shaft AU, Fig. 7, page 503. 
This shaft is driven at the right-hand end by the feed 
gears in the front apron, while at the left-hand it 
drives through a train to the pinion 81 (Fig. 8). In 
this train is the equalising wheel 79, which is so 
arranged by means of set screws and lugs that equal 
strain can be put on each rack. Thisshaft also drives 
through the wheels 82 to 86 the two cross-screws AS, 
AT. Wheel 83 is carried on swing plate, and change 
wheels can be introduced to vary the speeds of the 
cross-screws, and to give the rest such a motion as to 
produce any desired taper in the work. 

For ordinary surfacing work these screws are driven 
from the front or main feed train. Upon the feed rod 
B is a sleeve 61 carrying a bevel pinion at each end. 
By means of the handwheel and screw W either of 
the pinions can be put in gear with the wheel 62, a 
pointer (Fig. 9) showing when the engagement is com- 
plete. The motion is transmitted through the wheels 
63, 64, 65, 66, 67, to the central wheel 68. Two 
pinions on swinging brackets (Fig. 11) enable this 
wheel to be put in gear with the pinions on the ends 
of the cross-screws as desired, two small eccentrics 
with crank handles (Fig. 12) enabling each pinion to 
be instantly withdrawn when required. From the 
wheel 68 motion is transmitted to the rack pinion 
through the wheels 70 and71l. The hand gear acts 
through the wheels 73, 74. The saddles are 6 ft. in 
length. The footstock spindle is of steel, 6 in. in dia- 
meter, and the total weight of the lathe is about 
26 tons. All the wheels are machine cut. 








INDUSTRIAL NOTES. 

THERE appears to be little abatement in the per- 
turbations in the labour market. As soon as one 
dispute is settled others arise to take its place. The 
most satisfactory thing in connection with these dis- 
putes is the pacific tone of the disputants in almost 
every case. Reviewing the number of disputes during 
the last month, the labour correspondent to the Board 
of Trade states that no fewer than 88 strikes were 
recorded, some of which were of rather large dimen- 
sions. Of the total number, nine were in connection 
with the shipbuilding trades, two in the engineering 
trades, six in the several branches of the iron and steel 
foundries, or a total of 17 in connection with the iron 
and steel industries. Besides these there were seven 
in the coal trade, and 13 among dock labourers, all of 
which to some extent affected the engineering and 
cognate industries. Altogether the total number of 
workers affected in all trades was enormous. The 
total societies reporting was 22 skilled trades, with an 
aggregate membership of 220,224, of which number 
3712 were returned as out of work, being an increase 
of 531 over the previous report. But a large propor- 
tion of these were doubtless idle in consequence of the 
strikes in the various branches of industry. The pro- 
portion out of work was 1.7 per cent., or an increase of 
0.3 per cent. on the preceding return. The building 
trades show an improvement, mainly due to the open 
weather, and the usual spring repairing jobs in con- 
nection with dwelling houses. In the engineering 
trades the increase of members out of work was mainly 
due to the strikes on the north-east coast, at Grantham, 
and at Bolton. A very large proportion of the trades 
report that the conditions of employment are ‘ very 
good,” next that they are ‘‘ good,” a few only ‘‘ mode- 
rate.” 





The April report of the boilermakers and iron ship- 
builders shows no falling off in the state of trade in 
so far as the branches connected with shipbuilding are 
concerned, All the district reports say that all the 
members are well employed, and that good marine 
boiler hands are wanted. Speaking with reference to 
‘* the check in new orders for ships,” the report says : 
‘< Besides the Government contracts, there is a sufli- 
ciency of work in hand for the merchant navy to 
occupy shipbuilders for many months to come. There 
are many reasons for believing that by the time these 
ships are finished, others will be ready to take their 

lace.” The high price of materials is stated to be ‘‘the 
ee to fresh orders,” but this ‘‘ cannot last long, as a fall 
is already beginning to appear.” The report also calls 
attention to the large number of vessels built for foreig- 
ners, no fewer than forty-six vessels having been trans- 
ferred from the registers of the United Kingdom to 
foreigners during the last month. It further remarks as 
to casualties to shipping that the increase is to be found 
in first-class ships, rather than among the smaller craft. 
Strength and steam power have not been able to resist 
the perils of the ocean trade. The secretary of the 
Clyde Employers’ Association writes, ‘‘ that the waste 
of time and irregularities of the workmen have in- 
creased very much since the last advance was given to 
them.” The Union Committee reply: ‘‘ We regret 
that the abominable vice of intemperance still con- 
tinues to work dreadful havoc amongst some of our mer. 
Is it not an intolerable scandal that there should be 
found in our midst so many slaves of intemperance 
who habitually sacrifice to brutal excess in drinking 
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not only their reason, but their character, the honour | were 800 non-union men, mostly helpers and labourers, | tendency of prices for all descriptions of raw materials 

of the society, their substance, health, life, and the | the Council granted 20/. and asked for the further! is having the effect of checking orders; but this 

interests of their employers? To drunkenness we | sum of 300. This amount was voted by a majority of | surely cannot be, although it might well be the case as 

may refer as the baneful cause of almost all the | 11,287 of the total members who voted. The strike | to orders for such raw materials. Hitherto the cry ; 

crime by which the country is disgraced, and much of | was settled last week by concessions made by the firm, | has been that the high price of materials was checking ‘ 

the poverty from which it suffers ; it has wrecked more | and all the menrestarted work. The original demand | orders for manufactured articles ; now that they are fall- 

happy homes than ever fell beneath the crowbar in the | was for 2s. per week advance ; the compromise ulti- | ing in price, new orders should be comingin. Buta truer 

worst days of eviction; it has filled more graves and | mately agreed to was for 1s. per week immediate | sign of the falling off in orders was to be found in the 

made more widows and orphans than famine; it has | advance, and with further arrangements as to the | fact that deliveries were checked, even where sales had 

broken more hearts, blighted more hopes, and rent | future. Several of the leading townsmen, ministers, | been effected, showing that there is some slackness 

asunder family ties more ruthlessly than anything else | and laymen interested themselves in the matter, and | anticipated in the near future. The only dispute of 

we can mention. Against an evil so widespread, and | made useful efforts towards a settlement. One of|any consequence has been the Bolton ironfounders’ 

so pernicious, we ask the assistance of our temperate | the contentions of the men was that Grantham wages | strike for an advance of 2s, per week. 

members.” After this excellent sermon the Council were below the normal rate for the class of work 

says: ‘* The fine of 5s. per day must be enforced | affected. With respect to the prices for pig and for finished 

against all who wilfully neglect their work.” We iron there is but little lana. The downward course : 

give the above nearly in full as an example of the) Throughout Lancashire, in all branches of the engi- | of Scotch warrants has been arrested to some extent, 

influence of the better class of trade unions. |neering trades, all classes of workers are well em-|and prices have rather tended upwards. But there is 
The boilermakers and iron shipbuilders took a vote | ployed with the orders on hand, though there is still| a tone of depression in the markets; very little rapid 

of the society as to a grant of 300/. in aid of the strike | the complaint that there are fewer new orders coming | business is done, all buyers being principally concerned 

atGrantham. The society had but few men employed | forward to replace those that may be running out. |in only getting such supplies as they really need. 

at Messrs. Hornsby’s works at Grantham, but as there | Singularly enough some complain that the downward | There is a talk of lessening the output of iron and 
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result of the last ascertainment of prices of No. 3 
Cleveland pig iron for the last three months made 
under the sliding scale arrangement between the 
masters and the men, has shown that the ascertained 
price per ton was 2/. 12s. 0.20d., as against 
2. 4s. 11.043d. per ton at the end of the previous 
three months. The blast furnacemen have been there- 
fore awarded an advance of 9 per cent. above the pre- 
ceding advance, which was 16 per cent., making a 
total of 25 per cent. above the standard, as fixed by 
the arrangement made in September, 1888. No dis- 
pute of any consequence exists in the district at 
present, but there was a prospect of the Gimkle 
miners coming out on the 19th instant when the 
notices given on April 3 expired. The matter was, 
however, referred to arbitration, both the masters and 
the men withdrawing their notices. Mr. C. Heslop, 
the manager of the Upleatham and Lingdale mines 
agreed to act as umpire and thus settle the matters in 
dispute. The miners of this district will hold their 
annual demonstration at Saltburn on June 11; the 
so. io is always one of interest in the neighbour- 
hood. 





In the Sheffield and Rotherham district there are two 
strikes of some magnitude. One of these is the potters’ 
strike, the men engaged in which are weak in unionism, 
but are supported by the other trades. The industry is 
very busy just now, and orders have to be refused and 
sent to other districts, so that the men are encouraged 
to hold out with the hope of a speedy settlement. The 
stove-grate trades of the entire district are now in- 
volved in a big struggle. It was thought at first that 
the strike would be restricted in extent and of short 
duration, especially as some employers had expressed 
willingness to grant the terms, but it has lasted for 
some weeks, and has been fought with determination, 
though on strictly peaceable lines. The iron market is 
not active, as the anticipated reductions in prices at 
the quarterly meeting did not take place. The larger 
works are kept fully employed, and there does not 
seem to be any slackening of trade. Indeed some of 
the workmen appear to be under the impression that 
the ‘‘ markets” are kept in an unsteady condition in 
order to ward off movements for higher wages. The 
test will be when furnaces are damped down for lack 
of orders. 

A very curious circumstance occurred at Wolver- 
hampton a few days since, as reported in the press. 
About 100 ironworkers assembled at the town hall 
with the view of seeing the mayor or the chief constable 
of the borough, They alleged that the depression in the 
iron trade was so great that they had been thrown out 
of work, and they asked to be found employment, 
adding that their wives and children were almost 
starving, having no food or coals in their houses. Some 
had only worked five turns in ten weeks. The reports 
from Staffordshire have been that ironworkers could 
not be found to do the work, hands being wanted on 
all sides. Which statement is true? 

Reports from North and South Staffordshire do not 
corroborate the tale of the ‘‘ ironworkers” at Wolver- 
hampton above referred to. Some are complaining 
that whatever stagnation may eventuate out of the 
partially unsettled state of the iron market is due to 
speculators, and that upon them will rest the respon- 
sibility of any serious decline in the iron trade. 





The ship joiners’ strike in the London district is now 
confined to two firms, Messrs. Yarrow and Co. having 
agreed to the terms of the men, namely, 7s. per day, 
of nine hours. With respect to this strike some 
curious statements are made by the branch secretary 
of boilermakers and iron shipbuilders at Chatham. 
He states that men got leave of absence from the 
Government yard at Chatham, and went to work at 
one of the firms on strike for 7s. 6d. per day if they 
suited ; if they did not suit they returned to Chatham. 
These facts, he alleges, were brought to the knowledge 
of the Admiral Superintendent, and a stop was put to 
the practice. The London district officers of the 
Boilermakers and Iron Shipbuilders’ Union have 
notified to their members, who are shareholders in 
Messrs. Samuda Brothers and Co., that though share- 
holders, they are members of the union, and will have 
to comply with the rules of the soziety, any violation 
of which will be severely and promptly dealt with. 
As offers of extra wages have not tempted ship joiners 
or shipwrights from other ports to accept employment 
on the banks of the Thames, it is thought that the 
strike will recult in a victory for the men. 





The shipbuilding industry in the Tees district is said 
to bein this ‘‘fortunate position that trade still continues 
ood, with abundance of employment for all members 
in shipyards, boiler shops, and bridge shops,” with 
one exception, at Stockton. The Teesside Engine and 
Bridge Works Company have conceded an advance of 
1s. per week all round, with proportionate increase to 
all piece hands. On the Tyne trade is good, but a few 
rivetters are idle. Repairing shops are in full work 
from end to end ; in the boiler shops night shifts have 





to be resorted to in some cases. The piece hands are 
only working from fifty to fifty-one hours per week, 
and are earning full wages—the employers note this 
fact. On the Clyde there is full employment for all 
hands prospectively for the remainder of the year, but 
no new orders are coming in. The men are beginning 
to count the weeks ere the work might be slackening 
off in all departinents. In the Mersey district trade 
is brisk all round, in all parts of it. In the Lincoln- 
shire district trade is reported to be very prosperous, 
but the wages are low compared with other districts. 
In South Wales trade is still maintaining a healthy 
and vigorous activity, few, if any, men being out of 
employment, and then only for a short time. In some 
of the districts the delegates report that the men are 
keeping better time than they had been, the rules as 
to lost time being enforced in all cases. 





The Arsenal labourers are seeking an advance in 
wages to a minimum of 25s. per week through the 
Parliamentary action of their representative in Parlia- 
ment, alendl eaten, M.P. he hon. and gallant 
gentleman has promised to present their petition, and 
to call attention to their demands, and to move for 
the appointment of a select committee to take evidence 
and report thereon to the House, both as to outside 
wages and the payments by Government to unskilled 
labourers, 





In the mining districts attention is centred for 
awhile upon the demand of the Durham miners for a 
further 15 per cent. advance in wages. At a meeting 
of the mineowners and the men’s representatives the 
matter was discussed, the former stating that they 
could not give the advance. An adjournment of the 
question was agreed to, so that the owners should 
ascertain the prices during the last three months. 
The question of pits being idle was also discussed, as 
being in violation of the agreement. This matter was 
deferred to the next meeting, a sub-committee being 
— to consider the matter and report. 

n South Staffordshire the Coal Trade Wages Board 
gave an advance of 10 per cent. on the current rates, 
some being averse to more than 5 per cent., lest it 
should interfere with their loyalty to the National 
Federation. It was, however, explained that belonging 
to the Wages Board did not interfere with the Fede- 
ration, as the former only dealt with matters of rates 
of wages. 

The wages dispute which occurred a short time 
since, and which was settled y 3 a compromise of 5 per 
cent. advance at once, and a further 5 per cent. later 
on, seems to have been satisfactorily carried out in 
most cases ; but it appears that at some collieries the 
advance is not given to the browmen, or banksmen. 
The conference at Nottingham decided that it is to 
apply to all—both above as well as underground. In 
a fe 


w places there has been a little friction, but no| ¢ 


serious hitch. 

In Scotland there is a —. off in the coal trade, 
aud so the Fife miners have agreed to drop their agita- 
tion for a further advance for the present. To the 
great disgust of their delegate, the Vifeshire miners 
have decided not to go for a labour representative for 
Parliament, being quite content with the way in which 
their interests are looked after. 





The London Trades Council has been quite unable 
to resist being brought into the agitation for an eight 
hours’ day, the movement having forced their hands. 
The day set apart for great metropolitan demonstra- 
tion is Sunday, May 4. The Council represents over 
40,000 trade unionists in London, and is a truly repre- 
sentative body. There is another body at work on 
the same subject, called the National Federation of 
Labour Union, who invite the London workmen to a 
demonstration on May 1, to inaugurate a new Par- 
liament af Labour. The latter is a demonstration for 
‘*the solidarity and federation of the workers of all 
countries.”” The movement by the London Trades 
Council is the most serious, for it represents the full 
strength of the more sober-minded trade unions of the 
metropolis. The object is an expression of opinion 
in favour of an eight hours’ day—-not the method of ob- 
taining it. But the latter is sure to be a prominent 
subject in the speeches. There is a great deal of 
anxiety to become delegates to the committee of the 
demonstration ; one lady seeks to be a representative 
of the gas stokers. But the Trades Council admit 
none as delegates but bona fide workers at the trade, 
and inquiries have been instituted in order to find out 
whether certain ‘‘deputed persons” are or are not 
bona fide workers at the trade which they seek to re- 
present. Politicians are not to be invited, labour 
alone taking part in the demonstration. The com- 
mittee have had interviews with the First Commis- 
sioner of Works, as to the removal of obstacles to 
free ingress and egress to and from the park, and with 
the Chief Commissioner of Police as to traffic regula- 
tions. There can be little doubt but that the demon- 
stration will be an imposing one if the weather keeps 
fine. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—The market was decidedly 
firmer last Thursday forenoon on receipt of more favour- 
able outside reports. A few timid ‘ bears” began to 
purchase, and prices recovered to the extent of 7d. per 
mon Scotch iron. At the close there were buyers at 
46s. 64d. per ton cash for Scotch and 46s. 3d. for Cleve- 
land. The price of hematite iron advanced to 55s. 1d. per 
ton on reports of further restrictions in the production in 
Cumberland. Weak ‘“‘ bears” were influenced by the 
rumour. Scotch warrants were steady in the after- 
noon and changed hands at 46s. 84d. per ton, but at the 
close they were quoted at 46s. 64d. per ton, or 6d. 
higher than at the close on the — day. Cleve- 
land iron, at 46s. 6d., was 6d. higher, and hematite iron 
was quoted at 55s. bd., or 1s. 5d. per ton higher. There 
was a somewhat depressed tone in the market on Friday, 
as the report gained currency that the Cumberland iron- 
masters had resolved to blow out only two furnaces, and 
not ten, as reported on Thursday. The result of the 
changed condition of things was that there was a fall in 
prices all round, especially that of hematite iron, which 
dropped 1s. 34d. per ton. Scotch iron receded in price 94d., 
Cleveland iron 9d. on the day, which was 3d. more than 
Thursday’s advance. The settlement prices at the close 
were—Scotch and Cleveland iron, each 45s, 9d. per ton ; 
hematite iron, 54s. 14d. per ton. The tone of the market 
on Monday was also depressed, notwithstanding the fact 
that the stocks showed a large reduction, coupled with a 
considerable increase of the shipments. Scotch iron 
went back in price 10d. per ton, closing at 44s, 11d. cash., 
being the lowest quotation for a period of nine months. 
The price of Scotch iron was only 4s. 1d. per ton above 
last year’s lowest, while it had fallen 21s. 4d. below the 
highest price paid in January of the present year. 
Cloned iron declined in price 104d. per ton, to 
44s. 104d., making the drop 21s. 3d. per ton since 
January, the current price, however, being still 11s. 6d. 
above the lowest quotation in January, 1889. The 
price of hematite iron receded 1s. to 53s. 14d., showing a 
decline of 28s. 104d. since January, and only 9s. 14d. 
above the lowest quotation touched in January, 1888. 
The pig-iron warrant market was again flat at the open- 
ing yesterday forenoon, and the tendency was towards 
lower prices ; but asomewhat better feeling was manifested 
towards the close, and at noon the prices were about the 
same as on the preceding day. There was a slight —7 
in the afternoon, and Scotch warrants closed at 45s. 23d. 
per ton cash, an improvement of 34d. on the closing price 
of Tuesday. Cleveland iron closed at 45s. 14d., or 3d. per 
ton up, and hematite iron at 53s. 74d., or 6d. up. At 
the opening of the forenoon market to-day Scotch war- 
rants showed a certain degree of firmness, but at once 
ave way on pressure of sales, the closing price of 
Scotch warrants being 44s. 94d. per ton, or 54d. down ; 
and the price of Cleveland was 44d. down, and that of 
hematite iron 5d. down. The closing settlement prices 
in the afternoon were—Scotch iron, 44s. 104d. per ton ; 
Cleveland, 44s. 9d.; hematite iron, 53s. 44d. per ton. The 
following are a few of the prices for No. 1 brand of 
makers’ iron: Gartsherrie, 65s. r ton; Langloan, 
Coltness, Calder, and Glengarnock, 69s. ; Shotts, 68s. ; 
arron, 73s. 6d. shipped at Grangemouth. Last week’s 
shipments of pig iron from all Scotch ports amounted to 
10,583 tons, ascompared with 8393 tons in the correspond- 
ing week of last year. They included 250 tons for the 
United States, 115 tons for Canada, 230 tons for 
Italy, 1705 tons for Germany, 855 tons for Holland, 
147 tons for Belgium, 250 tons for Spain and Portugal, 
smaller quantities for other countries, and 6626 tons coast- 
wise. The number of blast furnaces in actual operation 
is now 87, against 82 at this time last year. One making 
ordinary Scotch iron was put out at Carnbroe Iron Works 
during the week. The stock of pig iron in Messrs. Connal 
and Co.’s public warrant stores stood at 795,905 tons last 
night, as compared with 807,584 tons yesterday week, 
thus showing for the week a decrease amounting to 11,679 
tons. 


Financial Trouble in the Scotch Pig-Iron Trade.—A local 
engineering paper had the following in its issue of yester- 
day: ‘It would have been surprising if the great depres- 
sion in the pig-iron market had not been productive of 
financial trouble. About the middle of January Scotch 

ig iron sold as high as 66s. 3d. cash, while to-day it was 
- oli at 44s. 10d.—a drop of 21s. 5d. per ton in the course 
of three months. The severe depression of the last few 
days has, we learn, been largely due to the difficulties of 
speculators, and two serious failures are reported to-day. 
In both cases the proper business of the firms interested is 
coals and not iron, but they are alleged to have been 
speculating largely in pig-iron warrants, and the market 
having gone steadily against them, they have been obliged 
to suspend payment. So far it is not very clear how and 
to what extent the brokers who have been acting for 
these speculators are involved. The liabilities of one of the 
coalmasters are said to be very large—100,000/. is spoken 
of—but as yet definite particulars are not available.” 
The subject is again referred to this afternoon. It seems 
that one of the speculators had been dealing through a 
number of separate brokers, four of whom are responsible 
to the other members of the iron ring for between 5000/. 
and 6000/. in the shape of differences—one of the brokers 
having lost 2600/. deve h his client. The dealings in 
this case were very large, but money — to have been 
won as well as lost, so that the state of the account is not 
expected to be quite as large as was reported yesterday. 
The operator is said to have had 20,000/. in clear cash 
when he exchanged the coal trade for speculation in pig- 
iron warrants, all of which he is said to have lost, 
and the sum put upon his further liability to-day 
is about 10,000/., although some persons think that 
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amount is an understatement of the actual fact. In the 
case of the other failure referred to, two Glasgow brokers 
are reported to be responsible to the extent of about 
2500/7. each for unmet differences; and the outside lia- 
bilities are not yet mentioned. aera 


Foreign and Colonial Shipments of Machinery, &c., from 
the Clyde.—The shipments of machinery, &c., from the 
Clyde to foreign and colonial ports reported last week 
included the following: Locomotive engines, valued at 
11,170/., for Madras and Bilbao; mining, sugar mill, 
spinning, and other machinery, of the value of 10,700/., 
chiefly for Bilbao, Lisbon, New York, Natal, Oporto, 
Colombo, Madras, Demerara, Bombay, and Boston ; 
sewing machine parts, valued at 9214/., chiefly for Bor- 
deaux, Valencia, Lisbon, Bilbao, Bombay, New York 
and Madras ; blooms, billets, plates, bars, sleepers, and 
other steel goods, of the value of 24,730/., chiefly for Nor- 
m)nton (Queensland), Adelaide, New York, Boston, 
Bilbao, Huelva, and Halifax; pipes and other castings, 
plates, sheets, bars, tubes, sleepers, and miscellaneous 
iron goods, valued at 46,350/. 

The Malleable Iron Trade.—In the malleable iron trade 
prices are again reported to be very depressed. Some 
merchants report that they can purchase common bars in 
the neighbourhood at 6/. a ton, but there does not seem 
to have been actual business done at less than 6J. 15s. 
less 5 per cent., and the quotation, in a disorganised 
market, may therefore be put at 6/. 10s. to6/. 15. Makers 
are getting slack in a number of cases, and they have not 
succeeded in obtaining forward orders to any material 
extent. Some good orders are said to have arrived in 
London by the last Sydney mail; but the agents there 
are represented as still inclined to await the course of the 
market before placing the work in question. The quota- 
tion for unbranded iron is 5/. 17s. 6d. net. The higher 
grades of bars have not been done under 7/. 15s., less 5 per 
cent., even for shipment. English hoops are quoted for 
delivery here at 8/. 10s., less 24 per cent., the price of 
Scotch hoops being given at 8/. 15s. to 9/., less 5 per cent. 
A great deal, almost everything indeed, is believed to 
depend upon the future course of the warrant market. 
Should it show an improvement of a substantial nature, 
the general opinion appears to be that a considerable 
amount of fresh work would at once be available. 


The Steel Trade.—The position of the Scotch steel trade 
is gradually getting more and more depressed from week 
to week; indeed, there is scarcely any new work on 
offer, and some of the makers are now in a position to 

ive early delivery at greatly reduced prices. Ship-plates 
oa been quoted during the past week at 7/. 10s. per ton, 
boiler plates at 8/. 10s., angle bars at 7/., and other bars 
at 71. 15s. per ton—all less 5 per cent. for delivery in the 
Glasgow district. These and even lower rates are being 
quoted for new orders, but there is still a large amount 
of steel being delivered at prices ruling some months ago, 
when the ‘‘ boom’ was on. 


Meeting of Gas Managers in Glasgow.—Last Thursday 
a meeting of Scotch gas managers was held in Glasgow, 
which was presided over by Mr. William Mackenzie, of 
the Dunfermline Gas Works. The address which he sub- 
mitted from the chair led to an interesting discussion in 
which the high price of coals was prominently dealt with, 
and the probability of having to resort to the use of 
lower-priced coals and a lower illuminating power in the 
gas, or to increase the price of the gas, so as to be able to 
continue to use the same *. —~ of coal. Mr. Henr 
Aitken, of Falkirk, Mr. J. M‘Crae, Dundee, Mr. J. M‘Gil- 
christ, Dumbarton, Mr. Milne, Edinburgh, and other gen- 
tlemen took part in the discussion, An adjournment was 
made so that a visit might be paid to Govan Iron Works in 
order to inspect a most extensive and complete plant for 
the recovery of theammonia from the blast ne 
The visitors were shown over the works by Mr. Millen, 
manager, and were greatly interested in what they saw 
and heard. In the evening the annual dinner was held, 
and that was made the occasion for making a presentation 
to Mr. David Terrace, who, after being about nine years 
at the Dawsholm Gas Works, has left for a similar post 
at Middlesbrough. 





NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
The Strike in the Halifax Iron Trade.—Several firms, 
including one or two important ones, have conceded the 
men’s demand for an advance of 2s. a week at once and 
the points as to overtime, and the men have gone in at 
those works; the bulk of the men, however, are still out. 
Ata prolonged meeting the masters stated that trade was 
decidedly falling off, and it would be a Be ye nner shortly 
as to whether or no the offers they had already made 
would not have to be withdrawn. The men are equally 
firm in the determination to stand out, and have issued a 

circular asking for help from other parts of the country. 


The Coal Trade.—The tone of the trade generally is 
scarcely so as it has been. There is a quietude and 
uncertainty about the condition of affairs, which is not 
without its effects. The demand for steam coal continues 
large and prices are very steady, the opinion obtaining 
that there will probably be a marked advance on future 
contracts. A good tonnage is now being forwarded to 
Hull and Grimsby, and probably by the end of the month 
the tonnage of last year will again have been reached. 
The railway companies maintain a steady demand, but 
there is naturally less pressure for qualities. The 
demand for engine fuel of all qualities 13 well maintained, 
and prices continue high, so that the very lowest quali- 
ties of fuel are producing good figures. Screened slack 
has been offered at only 1s. a ton less than house coal. 


Electric Lighting in Leeds.— At a meeting of the Leeds 





Town Council in the month of October last, the subject 
of providing electricity as an illuminant for the people of 
the borough who were wishful to have it, was by resolu- 
tion shelved for six months, and the committee who had 
the matter in hand for some years without having ar- 
rived at — practical result were instructed in the mean- 
time to obtain information regarding improvements 
which might from time to time be made. The period of 
six months having elapsed the Electric Lighting Committee 
have met at the Town Hall. Nothing, however, has been 
done except the appointment of a sub-committee to 
obtain the information asked for by the council. 


Trade.—In all the manufactured iron and steel trades 
there is a decided falling off of inquiries, and were it not 
for contracts on hand the workmen would have to be put 
on short time. The trade outlook at present is not bright, 
and it is evident that increased prices have checked sales 
The houses engaged on Government orders for armour 
plates, ordnance, &c., are the best employed. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
very numerous attendance on ’Change, but the market 
opened very quiet and inquiries were ex ingly few. 

or early delivery of No. 3g.m.b., Cleveland pig iron 
45s. 6d. was paid, and several merchants asked more than 
this figure, but buyers were difficult to find. Afterwards, 
however, there was some improvement and inquiries were 
considerably more numerous. At the close of the market 
the feeling was very much better, although prices did 
not advance. A fair business was recorded in No. 3 at 
45s. 6d. Middlesbrough warrants opened flat at 44s. 10d. 
cash buyers, but as the day wore on they improved and the 
closing figure was 45s. 14d., buyers cash, and a month with 
sellers asking 3d. more. The hematite pig iron trade is 
quiet, sellers ask about 65s. per ton for makers’ east coast 
brands, but as west coast warrants can be purchased at a 
considerably cheaper rate no business is being done in 
makers’ iron. Shipments continue pretty heavy. It is 
believed by many people interested in the iron trade that 
prices will not further recede and that we shall soon see 
a material improvement in quotations. To-day the market 
opened quiet, but in the afternoon sellers would not 
accept less than 45s. 9d. for early delivery of No. 3 g.m.b. 
Cleveland pig iron, and most of them asked 46s. for this 
quality. Not very much business however was done. 
Middlesbrough warrants were somewhat irregular. Open- 
ing at 45s. 14d. they soon bounded up to 46s. and closed 
at 45s. 9d. cash buyers, with sellers asking 14d. to 3d. 
more. 


Manufactured Iron and Steel.—In the finished iron 
trade there is very little doing. No new orders of any 
moment are coming to hand, and prices are again easier. 
Common bars are quoted 6/. 7s. 6d., ship-plates 6. 5s., 
and ship angles 6/. 2s. 6d., all less the customary discount 
for cash. Rather less than the above quotations would 
be accepted. All the steelmaking establishments are 
still pretty well occupied, but unless some new contracts 
are secured ere long some of the producers will be unable 
to continue running full time. Heavy rails have been 
reduced to 5/. 7s. 6d., and ship-plates to 7/. 5s, 


The Coal and Coke Trade.—The demand for all classes 
of fuel continues good, but quotations are not so high as 
they have recently been. 


Mining Prospects in Cleveland.—The mining villages of 
Cleveland are at the present time presenting a lively 
appearance by reason of the increased number of hands 
that are being employed in the different mines. Messrs. 
Downie and Co., of Middlesbrough, have been busy for 
some months past in getting the Magra Park mine into 
working order, and we understand that by the end of 
May there is every likelihood that a start will be effected. 
Several hundred men will no doubt be employed. We 
believe that the negotiations that have been pending 
between the Weardale Iron Company and Messrs. B 
Samuelson and Co. have colla “) and there is every 
reason to believe that Messrs. Samuelson have given up 
all idea of taking over the Weardale Company’s mines, 
. the latter are proceeding with the work of dismantling 
them. 

The Stocks of Pig Iron.—We understand that the blast 
furnacemen throughout England and Scotland have 
agreed that the time has now arrived when stocks of pig 
iron, which are so large and have proved detrimental to 
trade and to the advance of men’s wages, should be ma- 
terially reduced. The men have for some time past been 
seriously considering the question of doing away toa 
great extent with the stocks, especially in Scotland, where 
notwithstanding the recent reductions they are still 
enormous. It has been decided by the men to approach 
the ironmasters and ascertain what they are prepared to 
do in the matter, and if the employers do not agree to do 
something towards decreasing the stocks very greatly, 
the men are determined to take affairs into their own 
hands and proceed at an early date to effectually reduce 
the stores. They are confident that the National Asso- 
ciation of Blast Furnacemen is quite strong enough to 
succeed in so large an undertaking. 





NOTES FROM THE SOUTH-WEST. 
Cardif.—The steam coal trade has been dull, and 
rices have shown, if anything, a downward tendency. 
ousehold coal has also been weaker. No. 3 Rhondda 
has been quoted at 14s. to 14s. 3d. per ton. There 
has been no great amount of business passing in patent 
fuel. Coke has been dull at a decline of about 1s. per 
ton. The demand for iron ore has been less active, 





but quotations have experienced no material change. 
Comparatively few new orders have come to hand in the 
manufactured iron and steel trades. 


Abercarn.—Work has been resumed at the Abercarn 
Tin-Plate Works to the extent of five mills and half a 
dozen furnaces. To apportion the work between the 
whole of the employés, a turn of six hours has been 
arranged for each set of men. 


Barry Dock.—The quantity of coal and coke ship at 
Barry Dock in the week ending Saturday was as follows : 
Coal, 72,701 tons; coke, 1763 tons; total, 74,464 tons. 
The shipments were made on board 32 steamers and 13 
sailing vessels. The other exports of the week consisted 
of 350 tons of pig iron, while 400 tons of ir n ore were 
imported. 


Llanelly.—For some months past the proprietors of the 
Great Mountain collieries have been urging the Llanelly 
Harbour Commissioners to so improve the shipping 
accommodation at the Carmarthenshire Dock that the 
Se bulk of their coal might be shipped at Llanelly. The 

— Mawr Railway has its terminus on the quay of 
the Carmarthenshire Dock, and Messrs. Waddell are large 
shareholders in the railway. So far, however, the con- 
venience for shipping at the dock has been so inadequate 
that Messrs. Waddell have been obliged to ship by far the 
greater portion of their coal at Swansea. he colliery 
om pnt have recently leased additional lands in the 
coal valley, and the yield of coal will no doubt be largely 
increased. 


Gas at Cardif.—On Monday a sub-committee of the 
Cardiff Town Council appointed to consider the question 
of the proposed purchase by the council of the Cardiff Gas 
Works presented a report recommending the purchase of 
the works for 505,000/. The net profit realised by the 
Cardiff Gas Company in 1887 was 12,590/.; in 1888, 
14,296/.; and in 1889, 16,9027. In 1876 the ag sold 
203,359,600 cubic feet of gas. In 1886 the sale had risen 
to 402,695,760 cubic feet ; in 1887 the quantity sold was 
400,315,000 cubic feet ; in 1888, 438,307,700 cubic feet ; 
and in 1889, 453,413,100 cubic feet. 





Risks IN CONNECTION WITH Evarorators.—In con- 
nection with the use of evaporators for making up feed 
with fresh instead of salt water for boilers, there is a risk 
which we believe is not provided for in existing apparatus. 
When the evaporator delivers the steam formed in it 
into one of the receivers, then as soon as the heat- 
ing surfaces of the evaporator become coated with 
scale, and the conductivity is thereby impaired, the 
surfaces do not perform the necessary evaporation, 
and under these conditions the evaporator gradually 
fills with sea water. This latter, on overflowing, 
goes up into the receiver, and is likely to cause any 
of the usual complications due to the presence of 
water in the cylinders. Again, supposing that the eva- 
porator is so connected that the vapour goes to the con- 
denser, under like circumstances—that is, the heating 
efficiency being impaired—after the evaporator is full of 
salt water it will overflow into the steam space of the 
main condenser, and if no other result accrues, the boilers 
will receive much salt—the very purpose the evaporator is 
put in to avoid. Ifthe means of regulating the feed to the 
evaporator and maintaining the water level therein is not 
reliable, and so designed that any inflow of water extra 
to the supply requisite for evaporation will beautomatically 
ejected, the same results may arise from want of attention 
on the part of the attendant whose duty it is to regulate 
the supply of water to the apparatus. It is worth the 
while of manufacturers, and also of the Board of Trade, 
whose efforts at the present time are being rigorously 
directed to making the evaporator a machine safe to be 
placed in the engine-room, not to overlook this very 
simple, though important, detail. 





** CoLp-SHort ” AND “* Rep-SHort.”—These words are 
so expressive that their etymology would seem at first sight 
to be entirely free from difficulty, but such is not the case. 
The earliest form of ‘‘ cold-short” occurs in Philemon 
Holland’s translation of Pliny’s ‘‘ Natural History ” 
(1601), where it appears as ‘‘ colsar.” Vernatt and Whit- 
more, in their patent for the manufacture of iron granted 
in 1637, speak of “ colshire ” and “‘ coleshire ” iron, whilst 
Dud Dudley, in his famous tract ‘“‘ Metallum Martis” 
(1665), calls it ‘‘ coldshare” iron. A still further variation 
aon in the “ Philosophical Transactions ” for 1693, in 
the course of a curious paper, written in 1674, giving an 
account of the hematite ores of Lancashire, where the 
writer speaks of ‘‘coldshire” and ‘‘ redshire” iron. 
Andrew Yarranton, in his ‘‘ England’s Improvement by 
Land and Sea” (1677), uses the word ‘‘coldshore,” and 
in Moxon’s “ Mechanick Exercises,” published in the 
same year, red-short iron is described as ‘‘ red-sear.” The 
earliest known instance of “‘cold-short ” and ‘‘ red-short ” 
is in a rare folio tract of 4 pp. bearing the title “* Beware 
of Bubbles,’ which, though undated, must, from internal 
evidence, have been issued in 1730. It forms one of a 
number of broadsides circulated about that time referring 
toa patent for the manufacture of iron taken out by 
Francis Wood, the well-known manufacturer of ‘‘ Wood’s 
halfpence,” so unmercifully satirised by Swift in the 
‘* Drapier Letters.” The words “ cold-short” and “ red- 
short” are at the present moment occupying the attention 
of the editor of the ‘‘ New English Dictionary on His- 
torical Principles,” now in course of publication by the 
Clarendon Press, and if any of our readers are able to 
throw light upon the a of “‘cold-short” and 
** red-short” their suggestions will be gladly welcomed by 
the editor, Dr. Murray, Banbury-road, Oxford. 
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WE give this week a two-page engraving, with other verised ground are hauled up this incline by an endless 
views on the present and opposite pages, of the express | chain driven by intermediate gear from the same 
passenger locomotive which was exhibited by the, engine which drives the rest of the machinery. 
South-Eastern Railway Company at the Paris Exhibi- | Arriving on the level bank, these trucks run along the 
tion last year. This engine was constructed at the | tramway P and are tipped into the inclined screen A, 
pam works, Ashford, from the designs of Mr. | through which the fine ground passes into the feeding 
James Stirling, the locomot've superintendent of the | hopper of the dry elevator B, whilst any lumps or | 
line, and its details include many special features, | stones too large to pass the screen are returned along | 
We propose, however, to postpone a full description | the tramway Q for further exposure on the depositing | 
of the engine until the appearance of further illustra-| floor. The fine ground lifted by the dry elevator is 
tions, which we shall give in an early issue. equally distributed between the two revolving screens 
U U, which are slightly inclined, so that any lumps 
too coarse to pass the mesh pass out at the ends of the 
screens, and are similarly returned to the depositing 
floor along the tramway S. The screens are generally 
formed of stout square steel wire, woven into a mesh 
with ? in. es This is in Bultfontein Mine, where 





DIAMOND WASHING PLANT. 

SomME time ago* we gave a very complete account of 
the South African diamond mines and their machinery. 
We now supplement this by views of the latest wash- ‘ ‘ : ; 
ing machinery erected by Messrs. Whitmore and Bin- | the average size of diamonds is smaller than in the other 
yon, of Wickham Market, Suffolk, for the three prin- | mines. In Kimberley and De Beer’s mines the mesh is 
cipal mines, the Bultfontein, De Beers, and Kimberley. | generally 1 in. square. A spray of clean water is kept 

On pages 510 and 515 we show plan and elevation of | Playing on the outside of the revolving screens, and a 
the diamond washing plant at Bultfontein Mine, and | certain quantity is also fed intothe hoppersof the screens 
by aid of Fig. 1 shall be able to explain to our readers | Where it meets the dry ground from the elevator, so 
the mode of treatment to eliminate the precious gems |that what passes the mesh of the screens is in the 
from the ‘‘ blue ground,” or diamondiferous soil. form of a puddle and is ready for treatment in the 

The whole machinery is erected on a high bank of | rotary machines E E into which it directly runs. 
tailings, levelled for the purpose and connected by an | These machines are each 14 ft. in diameter, being | 
inclined tramway with the depositing floors below, on | formed like mortar mills with an inner and an outer | 
which the blue ground brought from the mine is | tim, the latter about 18 in. high, the former about 9 in. | 
caused to pulverise. The trucks containing the pul- | In the centre of the machine is a stout we shaft | 

ae. aes —_____________________ | resting on footstep bearing, and to this shaft by suit- | 

* See vol. xli., pages 391, 469, 529, 544, 585; vol. xlii., | 
pages 29, 75, 165, 439, 502; vol. xliv., pages 219, 245. | 








tending so as almost to touch the outer rim of the 


able attachments are secured eight radial arms ex- | from the elevation, 


machine. Each radial arm carries five or six vertical 
steel tines which are set to be within about 4in. of 
the bottom of the machine. The inlet for the puddle 
is by an inclined shoot from the apron under the screen 
discharging through the outer rim of the machine, 
whilst the outlet is over a weir cut in the inner 
rim. Since the effect of the revolving knives is to 
throw everything towards the outer rim, it follows 
that all the heavier particles tend in that direction, 
whilst only the light refuse passes over the central weir. 
The speed of the machines is about nine revolutions per 
minute. As it occasionally happens through careless 
feeding, or other causes, that diamonds are carried 
over the central weir, the second pair of machines, or 
safety pans F F, which are an exact duplicate of the 
pans E §, receive all the tailings from the latter, and 
treat them over again before they pass through the 
overflow of the safety pans to the wet elevators W W, 
which deliver them on to the spoil bank. At the top 
of each of these elevators are inclined screens which 
separate the coarse mud from the muddy water, the 
latter being returned down the shoots V V to the 
feeding hopper of the revolving screens, where it mixes 
with the clean water, and forms a puddle of proper 
consistency, a matter of the greatest importance, as if 
the water is too clean light stones accumulate in the 
machines, raising the level of the deposit therein, 
whilst if the water is too muddy heavy stones may 
flow away in it, and in either case diamonds are liable 
to be carried over the weir. 

The general arrangement of the gear can be seen 
ig. 2. All the various parts of 
the machinery are driven by common cable chains 
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from the countershaft H H (see Fig. 1), whilst the 
latter is driven by belt from the crankshaft of a 
30 nominal horse-power Fowler compound fixed con- 
densing engine. 

Fig. 3, page 510, shows a large diamond washing 
plant erected at the Kimberley Mine. 

The machinery is fixed on a high bank of tailings, 
levelled for the purpose, the trucks being hauled up 
from the depositing floors by mechanical chain haulage 
driven by an independent steam engine fixed at the 
bottom of the incline. The endless chain over a double 
line of rails is carried by the trucks themselves, the 
full trucks coming up the incline on one line, whilst 
the empty trucks go down the other line. 

The washing 
chines placed all in line and driven by lay shafts and 
bevel gearing from the main countershaft which runs 
behind the whole length of the machines. Immediately 
over this main shatt are placed the six revolving 
screens similarly driven by vertical shafts and bevel 
gear from the same shaft. 

To each two machines and screens there is one dry 
elevator and one wet elevator, the former lifting the 
dry ground tipped direct into its bottom hopper, from 
the trucks and delivering it into a top hopper where 
it is equally divided between two revolving screens, 
and by them fed into the rotary machines; whilst the 
wet elevators each lift the tailings from two machines. 
These six elevators are all driven by detachable chains 
from the main countershaft and the elevator buckets 
are all carried on similar chains. 

A special feature of this plant is the mechanical 
conveyor which takes all the lumps and stones that 
have not passed the mesh of the six revolving screens 
and delivers these lumps into a single box at one end 
of the conveyor, whence they are returned to the 
depositing floors for subsequent treatment. 


— consists of six steel rotary ma- | 


| vessel, 





| Fig. 4 shows a large diamond washing plant erected 
at the De Beers Mine. 

The machinery stands on the level of the depositing 
floor and has a large pit sunk for the removal of the 
| tailings, which is effected in a different manner from 
that just described. There are also no dry elevators 
in this plant, but a high wrought-iron standard and 
a feeding platform are erected in the centre of the 
machinery, the trucks being hauled up to that level 
by endless wire ropes resting on the trucks themselves. 
Two inclined enbankments form the roadway for the 
trucks from the depositing floor to the level of the 
feeding platform. 

The machinery consists of four rotary machines, each 
14 ft. in diameter, grouped round the standard in a 
large quadrangle, with one large revolving screen to 
each pair of machines, The tailings from the four 
machines pass into two safety pans (being precisely 
similar machines placed at a lower level) and thence 
_ into a revolving mud screen, which separates the muddy 
| water from the coarse tailings, the former being lifted 
| back to the feeding hopper at the top of the standard 
| by the elevator shown in the illustration, whilst the 
| coarse tailings are carried to waste by large Sous 
| tubs on an aérial tram worked by a separate hauling 
|engine. The whole of the rest of the machinery, 
including the mechanical haulage, is driven by a 
/25 nominal horse-power Fowler compound surface- 
| condensing engine, geared direct to the main counter- 
shaft, from which ait the machines are driven by bevel 
gearing and shafting. 


THE ACCIDENT TO 
PARIS. 
| To THE Epitor or ENGINEERING. ; 
Srr,—With reference to the recent accident to this 

will you kindly permit me to call attention to the 
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desirability of having an auxiliary hydraulic propeller or 
turbine fitted to all large vesselsto act as a fast reserve 
propeller in case of the breakdown of the main engines or 
screw propellers, and also to act as a most powerful 
pump in case of collisions, &c.? 

In January, 1876, the late Admiral J. C. Wilson read a 
paper for me on a “‘ Proposed New Combination of Pro- 
pellers” at the Royal United Service Institution, treating 
on the centrifugal pump : Ist, as a reserve propeller ; 2nd 
as a most powerful bilge pump; 3rd, as a most powerful 
fire engine. 

Calculations showed that with a very low efficiency a 
centrifugal pump worked by a steam engine of 700 indi- 
cated horse-power would alone drive H.M.S. Devastation, 
of 9300 tons displacement, at a speed of nearly seven 
knots per hour ; and that it could remove 15,000 tons of 
water per hour from the ship. And if only 400 indicated 
horse-power were employed, the speed would be nearly 
six knots per hour, a the quantity of water that could 
be pumped out of the ship would be 8500 tons per hour. 

In the paper referred to I suggested that in lieu of one 
= of engines working one centrifugal pump it may be 

esirable to use two or more sets of independent engines 
and pumps of small power, separated from each other by 
water-tight bulkheads. 

I know all the objections to the use of the hydraulic 
pee and the difficulties in the way of fitting it on 

rd ship, but it appears to me that with the fc del 
sure steam and high-speed engines of the present day the 
difficulties are very much less than p Bowed. = 

I need not, I think, point out the advantage of havin 
immense pumping power in combination with a aa 
reserve propel. ing power in our vessels of war in case of 
injury to the hull or to the main engines during action, 
but I venture to submit that this is a matter which 
deserves some attention. 

Your obedient servant, 
GEORGE QUICK. 
Fleet Engineer (Retired). 
Chipping Campden, April 22, 1890. 





To THe Eprtor or ENGINEERING. 

S1r,—Your able and well-illustrated article on the 
unparalleled accident to the machinery of the Inman 
Line steamer City of Paris, in last week’s issue, proves 
almost to demonstration that the disastrous collapse in 
the engine-room was due to the breaking of the propeller 
shaft and ye ge acceleration of speed, and increased 
momentum of the reciprocating parts of the starboard 
low-pressure engine. 

Having regard to the high nor-nal speed and momentum 
of the moving parts, it appears to me that a compara- 
tively small acceleration of speed was quite sufficient to 
account for the disaster; at all events, it seems some- 
what improbable that the ‘“‘secondary cause” you 
adduce on page 483, increased pressure in the con- 
denser and consequent increase of compression in the 
cylinder, could have had any existence. If, as may 
fairly be assumed from the large dimensions of the 
engine, the velocity of steam through the ports was just 
low enough to give good results in normal working, the 
acceleration of speed would naturally produce wire- 
drawing, and to such an extent that vn om would be 
established between the load and pressure, thereby 
rendering it highly improbable that more steam was 
actually passing into the condenser at the moment when 
rupture took place than when running at normal speed, 
as shown by several analogous cases within my know- 
ledge. But whether the collapse in the engine-room 
resulted from one or both causes, I quite agree with your 
correspondent ‘‘ Clydebank” that the best known ible 
precautions should be taken to minimise the effects in 
cases of accident, and feel certain that had the apparatus 
of Messrs. Durham and Churchill, which he describes, or 
some similar but equally efficient apparatus been fitted 
and kept working continuously, the disaster in the engine- 
room would not have happened. 

Yours faithfully, 
B. G. NIcHOL. 

St. Andrew’s Works, Newcastle-on-Tyne, 

April 22, 1890. 





‘CITY OF PARIS” AND “ ALDERSGATE.” 
To THE EpiTor oF ENGINEERING. 

Srr,—As the managing director of the Aldersgate 
Steamship Company, Limited, I think it right that the 
names of the builders of the engines and hull of the 
Aldersgate should be made public; the engines and 
boilers were built by the celebrated firm of Blair and 
Co., Limited, Stockton, and the hull by Messrs. C. S. 
Swan and Hunter, of Wallsend-on-Tyne. 

The confidence of Captain Cheshire, and his engineer 
Mr. Ainsworth, in their vessel, was shown by the promp- 
titude of their reply when the City of Paris signalled 
‘* Will you tow us?” ‘‘ Yes,” and when asked what speed 
they could tow the largest steamer afloat, Captain 
Cheshire, after consulting his engineer, answered ‘‘ Four 
knots.” This — was actually exceeded; Captain 
Watkins of the City of Paris told me the other day, ‘She 
towed us well a good four knots or over.” 

Mr. Ainsworth was appointed by the builders of the 
engines as their ‘‘ guarantee” man for six months, but 
so well did he like his vessel and the master that he de- 
clined to leave at the expiration of his term, fortunately 
for himself as it turns out. I hear from those on board 
the City of Paris that the Aldersgate was handled when 
making fast—which operation took place twice and occu- 
pied about two hours each time—in a most masterly way, 
and I look upon the skill displayed on board the Alders- 
gate as not the least important element in this memorable 
salvage of life and property. 
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"Captain Cheshire had a good ship and a good crew, and 
knew how to make the best use of both. 


Yours truly 
H. W. Ditton. 
70 and 71, Bishopsgate-street, E.C., April 18, 1890. 





WATER-TIGHT BULKHEADS. 
To THE EprTor oF ENGINEERING. . 

Srr,—Having read your valuable article in your issue 
uf the 11th inst. on water-tight bulkheads, I beg to suggest 
that for the consideration of the Committee, data be also 
obtained as to the actual effect water pressure has had on, 
say, such extreme cases as collision bulkheads when ex- 
posed to force of sea by damage to bows, for they are 
comparatively much stronger than the other bulkheads on 
account of their small surface and structural arrange- 
ments; also as to the effect of water-pressure tests on 
bulkheads of deep midship tanks and peak tanks, together 
with the result of the water-pressure tests on bulkheads of 
holds and wells of vessels carrying oil in bulk ; from these 
results considered, together with their distribution, ex- 
posed surface, depth, and details of construction, &c., it 
will be seen at a glance what extra strength over that 
given ordinary bulkheads, experience has shown to be 
necessary to meet the requirements in such cases and 
under all circumstances of loading and weather. We shall 
thus obtain at once at least a useful guide, but there will 
of course arise the usual questions of occasional as com- 

red with regular use, cost, — ae trade, &c., but 
judging from my experience of such tests as those indi- 
cated above, together with those made on the hold spaces 
or weneptaha avidiens of a small and large vessel, I am 
of opinion the merits of this part of the case will make 
itself sufficiently plain to satisfy all interests, public and 
private. I am, Sir, yours truly, 


J. L. Sinnerre. 
Southampton, April 15, 1890. 





To THE EprtTor oF ENGINEERING. 


Sirn,—With many thanks for your directing public | ] 


attention to the above question, allow me most humbly to 
suggest that when there has already been so much litiga- 
tion on mixed cargoes, and the question of demurrage 
between fifty or sixty receivers, all throwing the blame of 
detention on some one else rather than on themselves, the 
question of more subdivisions of a steamer’s hold is very 
opportune, so that all receivers, who naturally are jointly 
and severally liable for any demurrage, should no longer be 
—— to tamper with the just claims for payment 
for unnecessary detention. Buteven in addition tothis there 
bulkheads it is not possible to dispense with all the 
annoyance and Stolen and vexatious impositions, 
frauds, robberies, &c., connected with the carrying of 

ain cargoes in bags, and at the same time render all 

ritish merchant steamers unsinkable, invulnerable, and 
impregnable as armed merchant cruisers, by means of 
double diagonal longitudinal bilge bulkheads, and hatch- 
ways arranged as barbette gun batteries. 

Yours truly, 
GEORGE Fawcvs. 
6, Portici Vittorro, Emanuele, Genoa, April 18, 1890. 





THE ACCIDENT ON BOARD H.M.S. 
‘“BARRACOUTA.” 
To THE Epitor or ENGINEERING. 

S1r,—The verdict of the jury in the above case—so far 
as it points to the cause of the accident—I fear may be 
questioned or challenged by some of the experts or me fh 
interested in the result. 

There are many cases on record of a false level of water 
shown in the gauge glass through the stupid and dan- 
gerous practice of fitting handles, instead of casting them, 
on the plugs of gauge cocks, these not arranged to look 
downwards when in working order. 

One of the first cases of this sort that came under the 
writer’s notice was that of the s.s. Jeddo when carrying 
mails and passengers from Bombay to Suez, November, 
1864, when the port after boiler combustion chamber 
plates of the two after furnaces were found collapsed. 

Nine 1} in. screwed stays were drawn asunder and 
twenty sheer flues (Lamb’s patent) burnt on the top 
edges, &c. 

he evidence of the engineers and boilermaker, taken 
at Bombay, January 18, 1865, proved the accident to have 
happened on account of the upper gauge cock being 
closed, owing to the handle having n put on the 
wrong way, consequently the water in the glass was 
fo’ up higher than the level of the water in the 
boiler. 

An example was made of those in charge for neglecting 
to od both the gauge and test cocks in order to prevent 
similar accidents in future. 

Well it is just possible that a temporary shortness of 
water may have occurred through that ‘sixteenth of a 
gauge glass ” getting closed, and overheating of the plates 
and tubes—‘' buckled and discoloured ”—causing a sudden 
leakage or spray of water to mix with the incandescent 
fuel in such a proportion to favour chemical change that 
water gas was instantly produced, and the increased 
space required for its flame might account for the accident. 

There are many strange and even dangerous resources 
that engineers at sea sometimes adopt to keep up the re- 
quired revolutions on watch. When troubled with leaky 
tubes or flues, a dose of gunpowder is sometimes thrown 
over the bridges to break up the scale or to clean the 
tubes without losing steam in sweeping. A quantity of 
water thrown over the flame in the furnace has often the 
desired effect. Serious accidents might occur from these 
methods, which should never be encouraged. 


is the kindred question whether with a better system of | q 





But the idea of lengthening firebars, already long at 
6ft. 6in., to 7 ft. 10in. in order to reduce the eg 4 
tion per square foot of grate, is surely out of all reason. It 
is absurd to expect ordinary firemen to keep these long 
bars properly covered without a large amount of waste- 
ful stoking and raking eternally going on, and if this 
is the case with skilled stokers and selected fuel in 
English waters, how is it possible to expect that a 
similar result of speed and power could ever be obtained 
in a tropical climate ? 

The adoption of small boilers with long firebars and 
cramped-up heating surfaces that now obtains in so many 
new boilers of the Royal Navy, combined with the false 
security of forced draught, should be discouraged by those 
in authority until a ‘‘ remedy has been discovered for the 
latter,” for between them, as at present constructed and 
worked, they contain the very elements of their own 
destruction. 


Hull, April 14, 1890. ARTISAN, 





To THE EpiTor or ENGINEERING. 


S1r,—This patient inquiry and astute verdict has now 
terminated, and the public will now be at liberty to 
express their opinion as to the justice or injustice of the 
finding of the twelve good men and true, or, as it would 
be more correct to say, the verdict of the scientific engi- 
neers who conducted the cross-examination on behalf of 
the coroner. 

In the first place, I may say that I have had excep- 
tional opportunity of forn:ing an opinion in the matter. 

Some twelve months ago I had the honour to be 
appointed engineer to a somewhat similar vessel tu the 
Barracouta. That is to say, the boilers were of a fac- 
simile as far as the design and indicated horse-power is 
concerned, but as my boilers had to indicate the 3000 
horse-power with natural draught only, they were neces- 
sarily of somewhat larger dimensions. 

The Barracouta’s boilers were then in course of con- 
struction alongside of the boilers I mention, and I had an 
opportunity of seeing their design, and the only difference 
observed was that the tubes were a good deal less in 
diameter—I presume to secure more effective heating 
surface. 

My experience of the boilers during the six months I 
had charge of them was that better boilers were never 
placed in the hold of a ship. They were tried under the 
most severe ordeal that it was possible for the perverted 
ingenuity of a superintendent engineer to think of, such 
as filling the fore stokehold full of coal and using it as a 
bunker, firing with the aft furnaces only, and the only 
injury the boilers received from this treatment was the 
estruction of the furnace smokebox and doors owing to 
the coal taking fire; so this ingenious plan had to be 
voted a failure. 

Another plan was to blow the boilers out in part and 
run them up again with cold water, and get steam again 
in less than twelve hours. 

Also, owing to the exigence of the trade the vessel 
was engaged in, she had to steam 150 miles, visit 
five ports, take in a full cargo, and be off again in 
less than twenty-four hours. nd yet those boilers and 
engines drove the ship over 38,000 miles, from the 7th of 
April, 1889, to the 8th of October of the same year, 
exactly six calendar months, nearly an average of nine 
knots straight on end without any stoppage whatever. 
This statement can be verified by the owner himself. 
This, I think, speaks volumes for the workmanship of the 
Palmer’s Iron Shipbuilding and Engineering Company 
Limited, more especially as the boilers were constructed 
without any supervision worth mentioning. But this is 
digressing from the point I had in view. The same thing 
occurred tome as happened in the Barracouta, but from a 
totally different cause. Having occasion to stop suddenly 
at sea with a full head of steam, owing to an accident to 
the machinery, I went into the stokehold and closed the 
funnel damper rather suddenly, and before I knew what 
Iwas about, flames rushed out of ashpits. I promptly 
opened the damper and the currents immediately changed 
their course, and the flames were at once extinguished. 

But from the little I know of naval boilers I think the 
ordinary funnel damper is dispensed with, as it would be 
in the way of the armour grating, but an equivalent is 
aerate? fitted in the uptakes. Whether this was closed or 
not would be interesting to know in the case of the Barra- 
couta. There is also another cause that I have noticed on 
naval trial trips using Welsh coal, namely, ignorant stok- 
ing, i.c., having one fire burning like a piece of silver, while 
the other opposite fire was choked up with green coal, which 
was doing aothing else but pouring into the combustion 
chamber carbonic oxide gas ; and some classes of Welsh 
coal generate a tremendous amount of this article. This 
would be in due course ignited by the opposite furnace, 
and then owing to the small area of tubes find an easier 
exit into the ashpit. I think the chief engineer men- 
tioned in his evidence that he was not satisfied with the 
way in which the back bars were kept covered. And still 
there is another theory that may have caused the acci- 
dent, that is, gas may have generated in the stokehold from 
the bunkers and been ignited through the opening of the 
furnace door; such things as gas generating in the bunkers 
of Her Majesty’s ships has occu before, chiefly, I 
think, from the marvellously ingenious places that most 
of them have to stow coals in. 

I also think the finding of the jury in the case of Mr. 
Hall was very unjust, for to censure a man who holds 
the position of a fleet Neg age in Her Majesty’s Navy 
because he happened to out of the stokehold at the 
time of the accident, showed a decided want of taste on 
the part of the jury, which they evidently wanted Mr. 
Hall to share. 

A word, in conclusion, re the finding of the scientific 
experts. T have always been taught that heat caused ex- 





pansion, and I cannot for the life of me understand how 
in this case it caused contraction. 
I remain, yours respectfully, 
RETIRED ENGINE DRIVER. 
April 15, 1890. 


CABLE AND ELECTRIC STREET RAILWAYS 
IN THE UNITED STATES. 
To THE EDITOR OF ENGINEERING. 

Srr,—Whilst travelling through the principal cities and 
towns of the States—from San Francisco to New York 
—I have been much impressed with the recent numerous 
extensions and applications of cable traction and in the 
electrical propulsion of street railway cars. 

The pel og where suitably employed, still appears 
to satisfactorily hold its prestige, although it aout be 
recognised that electric traction has recently made rapid 
strides and warrants serious and impartial consideration. 

Doubtless there has been and is much precipitous 
speculation connected with such enterprises—perhaps par- 
ticularly so with regard to the last-mentioned system— 
but the rapid conceptions and applications of our in- 
genious cousins are commendable and often worthy of 
unitation. However, independent of British insular pre- 
judices and conservatisms, the Americans sometimes 
resort to drastic and unsightly measures that could 
scarcely be wisely advocated in Europe. 

I have recently travelled on and inspected man 
electrical railways in the States—mostly operated accord- 
ing to the ‘‘ overhead wire pg ”—and in most cases 
they appeared to answer well for dealing with suburban 
traffic, the cost of working and maintaining the same, 
however, appears as yet elastic and questionable. 

About 475 miles of cable tramways are now being 
operated here and many more are projected or gg built, 
e.g., at Baltimore, Brooklyn, Buffalo, Denver, Kansas, 

ilwaukee, New York, Pittsburgh, Providence, San 
Diego, San Francisco, Sioux, and Sterling, &c. Amongst 
the above-named mileage in operation the following 
systems are most important, viz.: The Chicago cable 
tramways, comprising some 50 miles of track; those of 
Cincinnati of about 40 miles; Cleveland, 30 miles; Denver, 
60 miles ; Kansas City, 75 miles ; Los Angeles, 24 miles ; 
Philadelphia, 23 miles; Pittsburgh, 20 miles; San Fran- 
cisco, 90 miles; St. Louis, 30 miles, &c. It is worthy of 
notice that the majority of the above systems are located 
in cities or towns of less than 200,000 inhabitants ; on the 
other hand it should be understood that some 30 to 40 per 
cent. ofthe populations may travel daily. Under reason- 
ably favourable circumstances, cable tramways are 
worked for about 8 to 9 cents per car-mile ; one uniform 
fare of 5 cents (24d.) being charged throughout. The expen- 
diture involved in the construction and equipment of 
cable lines, has been frequently very heavy, eg., from 
80,000 dols. to 100,000 dols. per mile of single track. The 
system, however, has proved a great success for dealing 
with heavy traffic in hilly districts, having suitable 
thoroughfares. 

The great and unique features in favour of cable trac- 
tion are that the tractive efficiency is independent of 
weight of rolling stock, and that the gravity and 
momenta of descending cars (on gradients) are utilised in 
easing the engines of their uphill burdens. When in Aus- 
tralia last summer I was much pleased with the cable 
system operated in Melbourne, and which has proved the 
leading investment of the colony. This system com- 
prises 48 miles of track, which cost about 30,000/. per mile 
to construct, At the last annual meeting, the Leasing 
and Working Company paid a dividend of over 70 per 
cent. after providing for the guaranteed interest, redemp- 
tion fund, operating and renewal expenses, &c. 

Reverting to electric traction in the States, 772 miles of 
such tramways are al y in operation, whilst a further 
870 miles are under contract for construction. Nearly all 
of the lines are worked or will be operated by the “‘ over- 
head wire” systems of Messrs. Thompson, Houston, and 
Co. or Sprague. It may be remembered by some that in 
18%5 asimilar scheme was executed by Van Depoele upon 
the Toronto road, thus forming the pioneer of the pre- 
sent extensively used systems, which have found such 
favour within the last year or so. 4 

At present the electrical tramways in operation are 

ractically according to the aérial conductor methods. 

ery little is doing with storage batteries, or even the 
underground conductor systems, which beyond being more 
—- to adapt, exhibit difficulties in obtaining 
efficient insulation. 

Of course it does not follow that European cities will 
tolerate any overhead wire systems of street traction. In 
countries, however, where such arrangements are accept- 
able, there is no question that such systems are more easy 
to construct than underground electrical roads or cable 
lines, and conversions of horse or locomotive tramways 
may be of minor consideration in such cases. 

According to recent investigations made by the 
American Street Railways Association, the cost of con- 
verting a horse line to such an electrical system would be 
about 3000 dols., whereas the conduit or underground 
method might cost about 30,000 dols. The electrical 
motors on the cars cost about 3000 dols., t.c., for the usual 
pair of 15 horse-power. 

Referring to the probable cost of operating and main- 
taining such electrical systems of traction a committee of 
the above-named association give 10 cents (5d.) per car 
mile, but in some of their examples quoted I notice these 
expenses are given at 14 and 16 cents per mile. Further, 
the Street Rarlway Journal, of the United States, in their 
March issue published the operating expenses of a New 
York electrical line at about 124 cents per car mile, and 
with taxes and interest some 16 cents. Again, as another 
extreme, the Richmond v. Electrical Street Railway 
authorities in September, 1889, came to the open conclu- 
sion “that after months of patient and energetic trial ” 
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their system was a failure and public reference was made 
to 20 armatures burning out in a single day, &c., each of 
which cost some 200 dols. It is true that some attempts 
have been made to explain and excuse this pronounced 
failure. Nevertheless, the question must still present 
itself to the careful and impartial investigator, Has econo- 
mical electrical traction yet been arrived at, or in other 
words, has it yet passed through its experimental stage? 
Yours faithfully, 
J. BUCKLAND SMITH. 
New York, U.S.A., March 26, 1890. 





THE ABT SYSTEM AND STEEP RAILWAYS. 
To THE EpItTor oF ENGINEERING. 

Sir,—In your issue of the 11th inst. you mention on 
page 454, the Lynton and Lynmouth rope incline with its 
gradient of 1 in 1for 57.14 per cent. as being the steepest 
railway in the world. _ 

I beg, therefore, to inform you that there are some 
steeper inclines in Switzerland worked upon “the Abt 
rope system” as follows : 


: . Maximum 
Incline. Built. Chenoa. 
per cent. 
At Saillon & re 1880 80 
Up the ‘‘ Biirgenstock” 1888 57.7 
(on the upper half) 


" Opened 
At San Salvatore 59 
near Lugano... {asc a son the upper half) 


Yours truly, 
CHARLES F'AIrHOLM. 
18, St. Dunstan’s Hill, E.C. April 16, 1890. 





ENGINEERS IN INDIA. 
To THE Eprtor oF ENGINEERING. 

S1r,—In a leading article in your issue of March 14, 
entitled ‘‘ Engineers in India,” there occur certain state- 
ments about the late Captain James Dundas, V.C., R.E., 
which are evidently based upon wrong information. These 
statements are to the effect that Captain Dundas, although 
an officer of much merit as a civil administrator, was so 
ignorant of his military duties that “he threw away his 
valuable life in firing a mine with an improvised blasting 
fuze of his own making.” From this fact you draw certain 
conclusions. 

2. With regard to these conclusions I do not presume 
to offer any opinion. But as ys Captain Dundas, 
there can be no doubt that you have been misinformed, 
and I feel confident that, in justice to his memory, you 
will publish, as early as possible, a true version of the case. 
The facts are as follows : 

3. The advance of the British Army to Cabul in October, 
1879, was a very hasty one, and no doubt the supply of 
ordnance stores which were brought with it were cut down 
to the lowest limit. The quality of the stores, however, 
was most inferior, and indeed the only apparatus which 
the Ordnance Department had for issue to the Royal 
Engineers for the purpose of military demolitions was 
Bickford’s ordinary time fuze, so old and so rotten as to 
be practically useless. It had probably been lying for 
years in some corner of an Indian arsenal. To fire mines 
with this fuze was an almost hopeless task. We used to 
put two or three lengths in every mine we fired, on the 
chance of one of the lot burning sufficiently far to reach 
the charge. In most cases even this was hopeless, and so, 
after vainly endeavouring to get better fuzes from the 
Ordnance Department, the Commanding Royal Engineer 
gave orders to Lieutenant Charles Nugent, R.E., to make 
up some fuze which would be reliable. Captain Dundas 
had nothing to do with the construction of these fuzes. 

4. Lieutenant Nugent was an officer of special skill in 
the handling of explosives. When the army first occupied 
Cabul, an immense quantity of native gunpowder was 
found in the Bala Hissar lying about in a most dangerous 
way. The Ordnance Department being unable to take it 
over, Lieutenant Nugent was ordered to remove and 
destroy it. This was a duty which, from certain circum- 
stances of the case, involved great risk and required much 
skill, but Lieutenant Nugent accomplished it successfully. 

5. Lieutenant Nugent made up some fuzes accordingly. 
They burned regularly and well, but were not protected 
by any covering like Bickford’s fuze, as he had no appli- 
ances for making such covering. The importance of 
having reliable fuzes may be gathered from the fact that 
in action the enemy often took refuge in the high towers 
so common in the country, from which they could most 
readily be dislodged by demolition. Failure of a fuze at 
such a time might be most disastrous. Lieutenant 
Nugent’s fuzes were first used at the destruction of an 
cutlying village, during the oy of Sherpur, about a 
week before the battle in which he and Captain Dundas 
were killed. I was detailed for duty with Lieutenant 
Nugent on this occasion. We blew upseveral mines with 
his fuzes, but they had this defect, that, although they 
burned all right in the open, the pressure of earth tamping 
frequently extinguished them. After trying various 
expedients with comparatively little success, we came to 
the conclusion that the best plan would be to make up 
some tubes which would resist the earth pressure and 
through which the fuze would pass. 

6. The enemy attacked our position in immense numbers 
on the morning of the 28rd December, but by mid-day 
his attack was so far repulsed that the general thought 
he could act on the offensive, and so sent a force to the 
counter attack. With this force was a strong body of 
engineers under Captain Dundas and Lieutenants Nugent 
and Brown-Murdoch (who was wounded). Just before 
they started I saw Lieutentant Nugent holding some tin 
tubes about a foot long and half an inch in diameter. ‘I 


think these ought to do” he said tome. They had just 
been finished, and it was no time then for experiments. 








7. What followed I did not actually see, as I was 
engaged in another part of the action. ? heard that the 
enemy had followed their usual tactics, and had occupied 
a tower which the engineers were ordered to destroy. 
Captain Dundas and Lieutenant Nugent advanced, laid 
the charges, and both lighted their fuzes. Almost 
immediately afterwards one of the mines went off and 
both officers were killed. There can be no doubt that a 
spark must have struck the inside of a tube and fallen 
down into the powder below. 

8. I saw the bodies of both my unfortunate brother 
officers afterwards. Captain Dundas was almost un- 
injured. Lieutenant Nugent had been struck on the 
back of the head, but otherwise was but little damaged. 
This proves that some little time must have elapsed 
between the bs nme of the fuzes and the explosion, for if 
the mines had exploded at once, the bodies would have 
both been blown to pieces. 

9. I should have written to you on this subject at an 
earlier date, but in accordance with the rules of Her 
—* Army I had to apply first for official permission 
to do so. 

I have the honour to be, Sir, 
Your most obedient servant, 
G. K. Scorr-MoncrieErr, Captain, Royal Engineers. 
Curragh Camp, Co. Kildare, April 12, 1890. 





ON VARIOUS THEORIES OF THE SCREW 
PROPELLER. 
To THE Epitor oF ENGINEERING. 

Sir,—It is said that learned men in the middle ages 
debated at length, and with considerable warmth, the 
question—still remaining unsettled—‘‘ How many angels 
can dance on the point of a needle?” ‘Your summary of 
Mr. Howden’s paper on ‘‘ Various Theories of the Screw 
Propeller,” pac of the discussion which followed, suggests 
that in some respects the researches of the schoolmen may 
be analogous with the attempts, now-a-days, toinvestigate 
the action of a screw propeller by a consideration of the 
motion of the particles of water upon which it acts. The 
needle in the one case and the propeller blade in the other 
are tangible facts, but the hypothetical and invisible 
motion which in both cases has been the subject of inquiry, 
appears to have eluded, so far, all attempts to deduce any 
p< ve ene or practical conclusions. 

What the motion of the particles of water may be during 
the pee e of the se ape blade amongst them, and after 
the blade has left them—whether that motion is imparted 
gradually or suddenly ; whether the resulting motion is 
axial or rotary ; whether the ‘“‘column of water” set in 
motion is complete or partial—may all be very proper and 
important subjects of inquiry, and they seem to offer 
almost unlimited opportunities for mathematical specula- 
tion and argument, but when applied to Mr. Howden’s 
20-ft. propeller the results are, to say the least, unsatis- 
factory and disappointing. 

If, however, the attention be transferred from the 
motion of the water to the propeller blade itself, and to 
the effect on the blade of its passage through the water in 
an assigned direction, then the matter at once comes 
within the region of experimental inquiry and practical 
engineering. This was the ane step taken by Dr. 
Froude in 1878, and although for several reasons the 
formula given in his paper on the ‘‘ Elementary Relation 
between Pitch, Slip, and Propulsive Efficiency,” was 
inapplicable to the consideration of actual propellers, and 
unfortunate in its application to the Iris’s propeller (in the 
appendix to that paper) yet it is reasonable to assume 
that, but for his death in 1879, he would have made 
further experimental ————- of the forces acting on 
obliquely moving blades, and that the results would have 
been long since universally applied to the analysis and 
—_ of screw propellers. 

r. Howden calculates (for the purpose of refutation) 


the thrust of his example propeller, using the We for- 
¢ 
mula, but I cannot gather from his paper that his expia- 
nation of the screw’s reaction is supplemented by any 
quantitative formula which would give the actual thrusts 
of the propeller under the three or four conditions of slip 
that he names. His illustration of the ricochet of a heavy 
round ball, moving in air, and striking the surface of the 
water is not quite on all-fours with the reaction resulting 
from the motion of a submerged blade; and if, as Mr. 
Howden submits, water really offers to a blade moving 
through it at a velocity of nearly 70 ft. per second, about 
the same resistance as a helically inclined plata of metal 
would do, then it should also offer the same kind of re- 
sistance at lower speeds ; the same reasoning should hold 
good with the vessel steaming 4 knots as at 14.8 knots. 
At such lower speeds I think I can speak with some cer- 
tainty about this ‘‘resistance” to which Mr. Howden 
refers, as I made a number of experiments, some four or 
five years ago, with blades of different breadths, moving 
through sea water at different velocities and at different 
angles of obliquity, for the purpose of measuring the 
‘** thrust reaction” and normal pressure. These experi- 
ments were described in a paper I read before the Insti- 
tution of Naval Architects in 1887, and the results were 
embodied in an empirical formula, examples being given 
of its application to the consideration of actual propellers. 
As the paper was reproduced in your columns (page 335, 
vol. xliii.) I need only add that the method I indicated 
has proved to be reliable in practice. For the purpose of 


comparison with the results deduced by the 


formula, 


I have calculated the thrust and hemmeceinees of Mr. 
Howden’s example propeller, working at 10 per cent. sli 
and at 30 per cent. slip, taking into account all friction 
and other resistances due to the proportions of blades as 


given. , . 
At 10 per cent. slip, with 60 revolutions per minute, 


the net thrust is 2.71 tons, and the net effective horse- 
power required is 1020. At 30 per cent. slip, with 60 
revolutions, the net thrust is 14.74 tons, and the net 
effective horse-power required is 2330. 

What the thrust and horse-power may be, with apparent 
slips of 10 per cent. and 30 per cent., when the propeller 
is. fitted to a vessel, will depend upon the forward speed 
of the ‘‘ wake” water in which the propeller works. Mr. 
Howden’s examples being assumed to work in water 
which is undisturbed except by the propeller, the matter 
up to this point is comparatively simple ; the introduc- 
tion of a vessel ahead of the propeller brings in many 
other points of greater complexity, all of which, however, 
appear likely to yield to experimental inquiry. 

Referring to Mr. Macfarlane Gray’s graphical illustra- 
tion showing Dr. Froude’s value of P as contrasted with 
Lord Rayleigh’s somewhat lower estimate, I cannot but 
think that some important factor has been omitted from 
both calculations. Dr. Froude’s formula 1.7 A v? sin @ 
certainly very much understates the actual normal pres- 
sure as shown by experiment. As regards the factor A 
it does not require much consideration to see (as Dr. Froude 
himself elsewhere points out) that the pressure “‘ would 
not be the same for an oblong rectangular plane as for a 
square plane of the same area,” and the unqualified appli- 
cation of sin @ does not appear to be compatible with the 
fact that the centre of pressure shifts as the angle 6 is 
altered. It would be very interesting to learn what were 
the ‘‘ available data” that suggested 1.7 as the factor p. 
I experimented, at first, with isolated blades 3 in. dee 
and 12 in. to 24 in. long, but the incongruous results| 
me to ‘‘ sandwich” the experimental sections between 
two fixed portions (as illustrated in my paper) so that the 
sections should accurately represent a unit in the area of 
a propeller blade. This alteration resulted in a greatly 
increased normal pressure on the experimental section, 
and I am inclined to think that Dr. Froude’s formula 
may have been deduced from trials made with isolated 
planes. 

I trust Mr. Howden may be able to bring his indubit- 
able talents as a practical experimenter to bear on this 
important subject ; and—neglecting the ‘‘ yield of the 
water”—to measure the reaction on the blade at higher 
velocities and ona larger scale than has hitherto been 
ee Yours, &c., 

Cork, April 22, 1890. +EO. A. CALVERT. 








COAST LIFEBOATS., 

s Ps To THE Epitor or bye gore 

IR,—A\s you propose to report and illustrate m r 
on ‘* Experiments with Lifeboat Models,” read be bag the 
Institution of Naval Architects, I hope you will t 
space for a few lines in reference to the subject of life- 
boat improvement. 

The Committee of the Lifeboat Institution firmly refuse 
my request that they should bui!d and try a boat on the 
plan I propose, though I show that it would have 160 per 
cent. greater stability, at all angles up to 90 deg., than 
a self-righting boat of similar size and net weight. 

be experiments and suggestions are an outcome of the 
terrible Southport and St. Anne’s lifeboat disaster of 
December 9, 1486, when two self-righting lifeboats failed, 
and 27 lives were lost. One boat was 34 ft. by 8 ft. 5 in., 
the other 34 ft. 7 in. by 8 ft. 4in. The Committee of the 
Lifeboat Institution held long discussions on the qualities 
of these and other lifeboats, but tried no experiments to 
compare the stability and handiness of self-righting 
versus non-righting lifeboats ; and they have since then 
built about 50 boats of only 7 ft. 6 in. beam, and of 
probably 25 per cent. less stability than those which cap- 
sized ; but with much greater power of recovery when 
capsized, 

[he time occupied by my paper, and by the remarks 
of officers of the Lifeboat Institution, left no opportunity 
for the technical criticism, which I particularly desired 
from the naval architects and other experts present. t 
should therefore be much obliged to any who will write 
in your columns, or to me, on the subject ; as I am fully 
determined to arrange for the building and practical 
testing of a boat on my plan, and therefore any help to 
that end will be most welcome. 

Yours truly, 


J. CORBETT, 
f Hon. Sec., Manchester Branch, Royal 
April 7, 1890. National Lifeboat Institution. 
(For remainder of letters see page 516]. 





Tue NortuH Sea-Battic Canat.—The work on thislarge 
undertaking is at present progressing in all its different 
sections. Of the 78 million cubic metres of earth which 
have to be dug out, about 11 million cubic metres have so far 
been removed. The works are in the most advanced state 
at Holtenau, close to Kieler Firth, and at Brunsbiittel, 
in the vicinity of the Flb. At both these places the canal 
has, near the sluices, a depth of 19 ft. The present rate 
of progress is about one million cubic metres per month. 
If the work continues to progress in this manner, a period 
of five and a half years will be still required tefore the 
canal reaches it projected depth all over. 





Krna’s Cottier, Lonpon.—DEPARTMENT OF ELEc- 
TRICAL ENGINEERS.—Through the munificence of Lady 
Siemens, an electrical engineering laboratory is being 
equip at the above aan which will be known as 
the ‘William Siemens Laboratory.” The laboratory 
will be thoroughly up to date, and through the kindness 
of Messrs. Davey, Paxman, and Co., of Colchester, the 
Council have been enabled to equip a fine boiler and 
engine-room with all the machinery required to provide 
the necessary power. Dr. John Hopkinson, ¥.R.S., 
President of the Institution of Electrical Engineers, has 





been appointed to fill the chair of electrical engineering. 
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DIAMOND WASHING MACHINERY. 
CONSTRUCTED BY MESSRS. WHITMORE AND BINYON, ENGINEERS, WICKHAM MARKET, 
(For Description, see Page 506.) 











Fic. 2. DIAMOND WASHING PLANT, BULTFONTEIN MINE. 
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NOTICES OF MEETINGS. 

THE INSTITUTION OF CiIviIL ENGINEERS. — Students’ meeting, 
Friday, April 25th, at 7.30 p.m. ‘‘Some Applications of Electricity 
in Engineering Workshops,” by Mr. C. Frewen Jenkin, B.A., Stud. 
Inst. C.E. Mr. F. W. Webb, Member of Council, in the chair.— 
Ordinary meeting, Tuesday, April 29th, at8 p.m. Resumed discus- 
sion upon the papers by Sir Frederick Bramwell, on ‘‘ Welding by 
Electricity,” and by Mr. John Robinson, on “The Barry Dock 
Works” —the latter time permitting. 

INSTITUTION OF MECHANICAL ENGINEERS.—The ordinary general 
meeting will be held on Thursday evening, May 1, and Friday 
evening, May 2, at 25, Great George-street, Westminster, at 
7.30 p.m. on each evening. The President will deliver his inaugural 
address on Thursday evening; after which the following paper 
will be read and discussed, and the discussion will be continued on 
Friday evening: Research Committee on Marine Engine Trials : 
Report upon Trials of three Steamers, Fusi Yama, Colchester, 
Tartar, by Professor Alexander B. W. Kennedy, F.R.S., chairman. 
The anniversary dinner will take place on Wednesday evening 
April 30th. 

HE JUNIOR ENGINEERING Socrety.—Saturday afternoon, 26th 
inst. Visit to the Deptford Central Station Works of the London 
Electric Supply Corporation. The party travel to Deptford 
Station, South-Eastern Railway, by train, leaving as under: 
Charing Cross, 3 p.m. ; Cannon-street, 3.10; London Bridge, 3.14. 





INSTITUTE OF MARINE ENGINEERS.—Tuesday, April 29th, at the 
Langthorne Rooms, 15 and 17, Broadway, Stratford, at 7.30 p.m. 
Paper ‘‘ On the Churchill Governor,” by Mr. J. D. Churchill. 

EOLOGISTS’ ASSOCIATION, LONDON.—Friday, May 2nd, in the 
Mathematical Theatre, at University College, Gower-street, W.C., 
when the following papers will be read: ‘‘On the Manufacture 
of Serpentine in Nature’s Laboratory,” by Major-General C. A. 
McMahon, F.G.S. ‘‘On a New Species of Capulus,” by Professor 
G. 8. Boulger, F.L.S., F.G.S. ‘‘ Note on the Occurrence of Am- 
berite (Retinite), or Fossil Gum, in a Seam of Coal at Kawa-Kawa 
Colliery, Bay of Islands, New Zealand,” by Mr. T. P. Moody. The 
chair will be taken at 8 oe 

PuysicaL Society. — May 2nd, at5p.m. 1. ‘‘ The Distribution 
of Flow in a Strained Elastic Solid,” by Chas. A. Carus Wilson. 
2. ‘*Photographs of Rapidly Moving Objects,” by C. V. Boys. 3. 
The Oscillating Electric Spark,” by C. V. Boys. 

DeatH.—On the 22nd inst., at his resid , Wilton Grange, 
Astley Bridge, near Bolton, William Inglis, C.E., aged 52 years, 
deeply lamented. 











investigate all those points of detail upon which the 
trustworthiness and successful working of a brake 
so greatly depends. At the trials near Quetta the 
brakes tested were the new type of Westinghouse 
quick-acting automatic brake, and the ordinary 
automatic vacuum, and since the experiments were 
made a heated controversy—not always conducted 
in the best taste or with the best judgment—has 
been going on in the Indian technical papers not 
only as to the relative merits of these two systems, 
but also respecting the ordinary Westinghouse auto- 
matic brake. As the writers on each side have 
certainly not hesitated to expose what they deemed 
the weak points of their opponents’ system, this 
controversy may have been of some service in mak- 
ing the Indian public conversant with what has 


aaz | been done elsewhere in the matter of continuous 
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RAILWAY BRAKES IN INDIA. 

Ir is now some twelve months since we called 
attention in this journal* to the trials of continuous 
brakes which had then recently been made on the 
Indian State Railways, and in so doing we com- 
mented briefly on the apparently unsatisfactory 
nature of these trials and on the insufficiency of 
the evidence they afforded for arriving at a decision 
as to the respective qualifications of the brakes 
tested. At the time of our so writing we were 
without any official information as to the details 
of the trials in question, and the particulars 
which had reached us through the medium of 
the Indian press appeared to show that the expe- 
riments were of so absurd a character that we 
hesitated to accept the statements as being in 
all respects strictly accurate. A few months later, 
however, we had an opportunity of examining the 
official report on these trials, and we then found, 
not only that our original information on the sub- 
ject had been correct, but also that the Director- 
General of Railways, Colonel Conway-Gordon, him- 
self stated that the experiments ‘‘ could not pretend 
‘*to be in any sense of a complete or decisive 
‘* nature,” while the committee of railway dele- 
gates present, specially abstained in their report 
from recommending the exclusive adoption of 
either of the brakes tested, but made the 
sensible suggestion that both types should be 
subjected to at least a year’s practical trial, 
and under similar conditions. In view of these 
facts we were warranted in assuming that those 
responsible for the control of our Indian railways 
would follow the common-sense course advised by 
the railway delegates, and ignoring the Quetta 
experiments, would take steps to ascertain by 
thorough trial the practical qualities of the brakes 
offered to them. Month after month, however, has 
passed without any visible signs of preparation for 
such an investigation, and this being so we deem it 
our duty to direct attention prominently to the 
matter. 

The selection of a type of continuous brake for 
general adoption on the railway system of India is 
a task of no slight importance, and it is one which 
demands not only an intimate acquaintance with all 
the requirements to be fulfilled, but also a freedom 
from prejudice and a determination to thoroughly 











* See ENGINEERING, vol. xlvii., page 260. 





brakes, but on the whole it is doubtful whether it 
has not left the average reader somewhat confused 
in his notions as to which are facts and which 
opinions, while so many side issues have been in- 
troduced, that there is assuredly a danger of certain 
points of especial importance in India being lost 
sight of. 

The Indian railway system at present comprises 
about 16,000 miles of line, while large extensions 
are authorised and others are certain tuo follow 
duringthe next fewyears. Of course in ordinary times 
the chief value of these railways is a commercial one, 
but in a country like India it would be idle to 
ignore the military importance of this railway 
system, and in all discussions respecting matters 
affecting the working of the traftic, the require- 
ments of military service should receive the fullest 
consideration. One of these requirements—and a 
most important one—is that it should be possible 
to convey troops and equipments at a good speed 
in trains of such length as to avoid undesirable 
sub-division of the forces, and any continuous 
brake selected for use in India should therefore 
be adapted for efficient use on trains of this character. 
We believe that the military authorities in India 
desire to have available trains composed of at least 
twenty - four bogie carriages and two vans, and 
taking all the circumstances into consideration, 
we see no reason for regarding this desire as 
unreasonable. Moreover, India is a country 
where the haulage of goods is done over long dis- 
tances, and experience in the United States has 
fully proved that traffic of this character can be 
most economically worked with long trains, so that 
in this instance the commercial and military inte- 
rests are identical. 

Prior to the Quetta trials the importance of work- 
ing long trains appears to have been officially re- 
cognised, and the Westinghouse Company went to 
the expense of fitting up for trial a train of the pat- 
tern we have referred to. For some reason or other, 
however, as yet unexplained, this requirement 
appears to have been suddenly ignored, and no 
attempt was made to test the vacuum brake on a 
length of train even approaching that desirable for 
military purposes. Thus while during the so-called 
long-train trials the Westinghouse brake was 
operated upon a train 1415 ft. in length and weigh- 
ing 573 tons, the vacuum brake had to deal with a 
train but 790 ft. long and weighing 341 tons. Even 
under these disadvantageous circumstances the 
Westinghouse brake, we may remark, proved vastly 
the more efficient for an emergency stop, a matter 
of no small importance. It is, we understand, 
stated, as an explanation of the difference between 
the trains used at Quetta, that the vacuum brake as 
then tried is not suitable for use on long trains, 
but that the Vacuum Brake Company do make a 
special type of brake which is suitable for such ser- 
vice. If this be so, then of course it is this special 
type of vacuum brake which should have been 
tested at Quetta, the more so as we believe that 
there are ro data available as to its performance in 
regular service elsewhere. 

The more we read respecting the Quetta trials 
the more we wonder why they were made, or—being 
made—why they have been regarded as forming 
grounds fora decision respecting the brake question 
in India. Even apart from the differences in the 
character of the rival trains tested the trials appear 
to have been of a very rude description, no 
scientific appliances being available for accurately 
measuring the speeds of the trains or for otherwise 
determining the action of the brakes. In fact, 
in a note by the engineer, Mr. F. E. Robert- 
son, to the report of the delegates he expressly 
states ‘‘that it must be remembered in pub- 
‘* lishing the results of these experiments that they 
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‘* have no value as far as accuracy is concerned.” 
This is candid, but it certainly does not diminish 
our curiosity as to the why and the wherefore of the 
Quetta trials. Twenty years ago, when the action 
of continuous brakes was very imperfectly under- 
stood, such trials as those at Quetta might have 
been condoned, but at the present day they are 
perfectly inexcusable. Thanks in a great measure 
to the mechanical science and the spirit of 
inquiry of Mr. George Westinghouse, appliances 
are now available by which the whole be- 
haviour of a brake during trial can be ascer- 
tained and recorded with minute accuracy. Thus 
not only can the speed of the train at the moment 
of application of the brake be correctly indicated, 
but the rate at which that speed is diminished during 
the stop, the distance run after the brakes are 
applied, the time of application of the brake at 
different parts of the train, and other features of 
the performance, can all be recorded for subsequent 
reference and examination in a manner which 
admits of no dispute. In dealing with such an 
apnea. question as that of brakes for Indian 
railways, it is simply a scandal that full advantage 
should not have been taken of the facilities which 
mechanical science now affords for carrying out the 
tcials in a proper way. 

Moreover, in testing rival brakes, not only should 
the competing trains be of the same character and 
weight, but uniformity should also be insisted upon 
in the leverage applied to the brake blocks, in the 
number, shape, and material of the brake blocks 
themselves, and in the amount which they stand 
clear of the wheels when the brakes are released. 
The tests should also be repeated with the blocks 
drawn back to different distances when in the re- 
leased position, so as to determine the effect of 
wear on the action of the brakes. 

In the foregoing paragraph we have spoken of 
the necessity for conducting what are usually called 
‘* brake trials” in the proper way, but we are very 


* far from assuming that such trials alone, however 


conducted, are suflicient to determine the best 
brake for use in India. No doubt an examination 
into the working of brakes in other countries—and 
particularly in the United States, where very 
similar traffic has to be dealt with—would afford 
much valuable information to those having to decide 
the question, but above all, it is desirable that the 
rival brakes should be practically tested in India 
itself as suggested by the railway delegates. The 
effect of the climate on certain materials, the pre- 
sence in some districts of excessive moisture in the 
atmosphere, the trouble from sand and dust in 
others, the fact that on some lines the brakes must 
be used at an elevation of some 5000 ft. above sea- 
level, and hence under a low barometric pressure, 
are all points of which practical experience will alone 
determine the importance. To ignore these matters 
and to make a selection of a brake without deter- 
mining their influence is only courting trouble 
and unnecessary expense hereafter. When writing 
on this matter last year we abstained from 
expressing any opinion on the merits of the rival 
brakes tested, and we shall adopt the same course 
now, not because we have not our own views on the 
subject, but because we desire the whole matter to 
be thoroughly investigated in India in a practical 
way, and we have no wish to say anything which 
can in any way be regarded as prejudging the ques- 
tion. One point, however, we would expressly 
urge. If the brake question in India is reopened 
and thoroughly dealt with, as we confidently hope 
and expect it will be, let there be no temper- 
ing of the trials to the peculiarities of the systems 
tested. Not only is it important that all the 
brakes tried should be treated alike, but let it 
be insisted that the brakes should meet all the 
requirements of the traffic, and not the latter be 
adjusted to suit the brakes. If, for instance, it is 
shown that long trains are necessayy for military 
mappeeenae we believe they are—then let the 
rakes be thoroughly tested on such trains. If, as 
is now being done in America, it is determined that 
the application of continuous brakes shall be ex- 
tended to goods stock, then let the brakes be tried 
on trains of the character best adapted for the 
economical working of the Indian traftic, and let 
their behaviour during shunting operations be 
thoroughly tested in every variety of circum- 
stances. If it is believed that certain details 
of the competing brakes will suffer from exposure 
or from standing out of use in the Indian climate, 
then let the trials be sufticiently prolonged to 
determine these points beyond question. Above 


all, let there be no favour and no jumping at con- 
clusions on insufficient evidence—and may the best 
brake win. 





THE BRITISH SECTION AT THE PARIS 
EXHIBITION. 

THE report of the Executive Council to the 
British Section at the Paris Exhibition has just been 
issued, and by most persons who take any interest 
in the subject, it will be considered a very satis- 
factory document. Considering the extremely dis- 
couraging circumstances that prevailed before the 
opening of the Exhibition, it is a matter for con- 
gratulation that this country participated in it at 
all ; that it was worthily represented was certainly 
due to the able and public spirited manner in which 
Sir Polydore de Keyser, when Lord Mayor, under- 
took the difficult and somewhat thankless work of 
forming an Executive Committee and of acting as its 
President. It was, too, very characteristic of the 
manufacturers and other industrials of Great 
Britain, to hesitate till the eleventh hour about 
exhibiting at all, and then to come in with somuch 
energy and in such numbers that the tota] space 
available was insufticient to supply the demands. 

The preliminary difficulties, uncertainties, and 
delays made the final success, that most certainly 
attended the British Section, all the more remark- 
able and satisfactory, and while it is evident that, 
under more favourable political conditions, the in- 
dustries of this country would have been, perhaps, 
more generally represented, the awards made by 
the international juries to British exhibitors remain 
as indisputable testimony to the high merit of the 
section as a whole. To no other country repre- 
sented at the Champ de Mars last year was such a 
large proportion of diplomas allotted as to Great 
Britain. The average of awards throughout the 
Exhibition was 50 per cent., while to English 
exhibitors in the Industrial Section the percentage 
rose actually to 120, and probably in no previous 
exhibition has the jury work been more conscien- 
tiously and fairly carried out. 

A very brief analysis of the report of the Execu- 
tive Council will suffice to place on record in our 
columns, the history of its self-imposed work. It 
was in February, 1888, that Sir Polydore de 
Keyser, as Lord Mayor, undertook, at the request 
of Monsieur Georges Berger, the Director-General, 
the task of organising a British Section. The first 
meeting with this object in view was held at the 
Mansion House on February 29, when a general 
committee was constituted, and an Executive 
Council elected from its members. The former 
comprised a long list of well-known names, and 
the latter was composed of about fifty gentlemen, 
the actual work being left, as is usual in such cases, 
to a small percentage of thenumber. As the Com- 
mittee was wholly without funds, the first step 
taken was to establish a guarantee fund, the amount 
of which (nearly 17,0001.) was sufficient to 
justify further action. At the same time, the 
Corporation of the City of London, the London, 
Brighton, and South Coast Railway Company, 
Messrs. Galloway, Limited, and Sir Owen Tudor 
Burne, K.C.S.I., made such donations as provided 
the means necessary for meeting immediate outlays, 
The executive staff working under Mr. H. Trueman 
Wood, afterwards Commissioner Delegate, was 
then appointed, and the Council report their 
approval of the way in which the various duties 
assigned to the different members was carried out. 
Offices were taken at Walbrook, and invitations 
were issued to manufacturers to apply for space. 
In order to provide funds for the inevitable ex- 
penses, it was decided to charge exhibitors at the 
rate of 5s. per square foot for the area allotted to 
them. This tariff was maintained except for exhi- 
bitors in the Agricultural Galleries, where the price 
was reduced to 2s. 6d. per foot, anda similar charge 
was made for wall space to photographic exhibi- 
tors ; no charge was made in the Fine Art Section. 
This rental of space formed the chief revenue 
to the Council, though various other sources of 
income arose, the total revenue having been as 
follows : 








ce. ao, 
Paid by exhibitors for space 19,401 16 6 
mt colonies ... he oe ;200 0 0 
Indian Pavilion ... as ame 3,549 8 9 
Concessions Sie Rae x 1,618 3 4 
Donations and _ contributions, 
rental for empty cases, sale of 
old material, interest, &c. ... 3,658 2 7 
Total sas ave ta 29,422 11 2 


Anxious as the French authorities were to facili- 
tate the work of the Executive Council, it was im- 
possible for them to accede to their demands for 
increased space, the total occupied at last by Great 
Britain and the colonies being 232,800 square feet. 
Of this, 8700 square feet were given up to the 
Indian Pavilion that occupied an isolated site near 
the Rue de Caire ; New Zealand had 4000 ft. ; Vic- 
toria, 16,175 ft. ; the Cape of Good Hope, about 
8000 ft. ; and Ceylon, 1300 ft. The arrangement 
of classification adopted at the Exhibition involved 
the scattering of English exhibits over the whole 
grounds, and admirable as this arrangement was for 
general effect, it had the serious inconvenience to 
foreign countries of rendering their collective 
exhibits less imposing and seriously increasing the 
cost of administration. There were altogether 1149 
British exhibitors, of whom 429 were represented 
in the Fine Arts Section. The question of a Fine 
Arts collection was one of very great difficulty to 
the Council; on the one hand it appeared of vital 
importance that British artists should be at least 
fairly represented ; on the other the funds entrusted 
to the Council by exhibitors were obviously not 
available for paying the expenses that would attend 
an art gallery. Fortunately the various sums 
derived from different concessions, and, tv a limited 
extent, public contributions, enabled the Council 
to carry out the project they at one time deemed 
impossible, and the display of pictures in the British 
section of the Palais de Beaux Arts left absolutely 
nothing to be desired. Another supplementary 
Section—that of Social Economy —had to be looked 
after by the Council. This feature of the Exhibi- 
tion was an interesting one, and many valuable 
objects were contributed by this country, some of 
them being presented afterwards to the Museum of 
Social Economy founded in Paris by M. Léon Say. 
The valuable English contributions to the Exposi- 
tion Retrospective were collected by a committee 
independent of that of the Mansion House, under 
the chairmanship of Lord Brassey. Many interest- 
ing and valuable relics were brought together, 
and formed the chief attraction in that section 
of this exhibition devoted to the means of trans- 
port. It must be admitted that the Executive 
Council made a serious mistake in undertaking the 
representation of India. The so-called Indian 
Pavilion, from which so much was anticipated 
was in fact only a bazaar; it gave the Com- 
mittee infinite trouble, brought no credit to the 
section, and involved a loss. But, this, we believe, 
was the only important error committed by the 
Council. 

We do not think, in the report we are consider- 
ing, that sufficient acknowledgment has been made 
of the services of those gentlemen who acted as 
jurors. It was a long and weary task, undertaken 
by each member entirely at his own expense, and 
without even the prospect of any feeling of grati- 
tude from the main body of exhibitors. The awards 
obtained are a sufficient proof of the way in which 
the jurors worked for the British Section, though 
it must be added that the French jurors, who of 
course formed in every case a large majority, were 
unanimously desirous of securing ample justice to 
exhibitors, quite irrespective of nationality. Had 
this not been the case it is certain that the awards 
to the British Section would have been much 
smaller. 

Some exhibitors, we believe, complain that actual 
medals will not be distributed. Such a complaint 
is wholly unreasonable, for the cost of such a dis- 
tribution would be enormous, 600 or 700 francs for 
gold and 25 francs for silver medals. But exhi- 
bitors can, if they so desire, obtain by purchase 
the medals to which they are entitled by the terms 
of their award. This arrangement appears to us an 
entirely reasonable one. 

The Council, as well as the guarantors, are to be 
congratulated that the latter will not be called 
upon ; in fact the various formal promises to pay 
have been long since cancelled. The funds avail- 
able are, however, only just sufficient to cover the 
expenses, and the official balance sheet shows at 
the present time a balance of 3311. 15s. 2d. remain- 
ing in hand. Curiously enough, of this amount 
2551. 1s. 5d. was returned unexpectedly to the 
Council bythe French authorities for excess charges. 
There will, therefore, remain more than sufticient 
to meet the future expenses connected with the 
distribution of medals (all exhibitors who had an 
award will receive a bronze medal), diplomas, &c. 
It will be of interest to note the chief items of ex- 





penditure, which are as follows : 
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£ s d. 
Decorations and fittings... .. 603313 7 
Salaries and allowances... .. 6838119 2 
Wages ... Rio ze me .. 2942 9 6 
Floorings, &c., of British Section... 2257 12 7 
Fine arts ais es ee . 8864 7 3 
Indian Pavilion Bs ui .. 9842310 2 
Building, &c., for empty cases 563 6 6 
Plant and fittings in Machinery 
Hall ... ae ‘is pat a8 967 16 0 
Despatch, maintenance of exhibits, 
Sher ' xi: ats aus _ 679 19 0 


There was a loss of 3501. on the Indian Pavilion, 
and a liability of about 23001. for the Fine Arts 
Section, the contributions having only amounted to 
15801.; but this amount was covered by sums 
received for concessions, donations for general pur- 
poses, and some other small amounts. There was 
a profit, for example, on the storage of empty 
cases, and the method adopted for dealing with 
this troublesome question reflects great credit on 
Mr. Trueman Wood, and should be imitated at 
future exhibitions. The following Table shows 
approximately the cost of managing the British 
and some other sections : 











| 
| 1 | Cost per 
Space. | Total Cost. | Square Foot. 
} 
sq.ft. | £ s. d. 
Great Britain and colonies 232,000 | 30,000 | 2 ¢ 
Belgium =... «+, '120,000 | 36,000 | 6 0 
United States “se a 113,000 | 51,000 9 0 
Switzerland .. «s as 65,000 20,000 6 2 
Austria-Hungary .. +“ 32,000 9,000 | 5 6 


The cost of administration for the British Section 
was therefore less than half of that of Austria- 
Hungary, and nearly one-fourth of the United 
States, the Commission of which was, however, 
responsible for transport. In the Paris Exhibition 
of 1878 Great Britain and her colonies occupied 
363,000 square feet, and the administration cost 
nearly 67,000/., or about 3s. 9d. per square foot. 

An economical result so satisfactory was achieved 
only at the result of considerable personal sacrifice 
on the part of those members of the Executive 
Council who devoted time and money to the proper 
administration of the numerous complicated and 
delicate affairs connected with the business of the 
section. That their labours were, on the whole, 
satisfactory is, we believe, the general opinion of 
the exhibitors, who, indeed, have for the most part 
every reason to be satisfied with the enterprise 
they showed in having participated in the success 
of the most brilliant International Exhibition the 
world has yet seen. 





GIFFORD, FOX, AND OO. v. CHARD 
UNION. 

Ir was a matter of course that Mr. Baron Hud- 
dleston and Mr. Justice Grantham should follow 
the decision of the Court of Appeal in the Tyne 
Boiler Works case, on the hearing of the Special 
Case stated by the Quarter Sessions of Somerset on 
the application of Messrs. Gifford, Fox, and Co. 
They were, as they at once pointed out, ‘‘ bound 
by authority.” Practically no attempt was made 
to ‘‘ distinguish” the case, from that decided in 
the Court of Appeal in 1886; but whether dis- 
tinguishable or not (and as to this there is some- 
thing to be said), it was the opinion of the Court 
that Lord Esher’s famous ruling as to the prin- 
ciple on which manufacturing premises should be 
rated, went far enough to render the machinery on 
Messrs. Gifford, Fox, and Co.’s premises liable, if 
not to be rated per se, to be taken into account as 
‘enhancing the rateable value of the heredita- 
ment.” But, although the case was hardly seriously 
argued, in view of the sweeping decision of a 
superior court, and although their lordships’ judg- 
ment takes us little further towards a precise 
understanding of the law, the case is useful as illus- 
trating the necessity for the Rating of Machinery 
Bill (which was read a second time by the House of 
Commons last week), and as showing that, notwith- 
standing all assertions to the contrary, the Tyne 
Boiler Works case and the Bishop Wearmouth 
case have between them altered the law. Itis clear 
on the one hand that no uniformity of principle or 
practice at present prevails in different rating 
areas and, on the other, that we have no means of 
measuring the consequences of what may be de- 
scribed as Lord Esher’s test of user as applied to 
machinery in manufactories. 

The facts of the present case may be very simply 
stated. The gross estimated rental of Messrs. 
Gifford, Fox, and Co.’s factory, workshops, and 





gasholder in Holyrood-street, Chard, was by a 
rate made in October, 1888, fixed at 1642I/., and the 
rateable value at 10971. The premises consisted of 
3000 square yards of land upon which were build- 
ings containing, inter alia, certain boilers, engines, 
and shaftings, bobbin-net, and other machines for 
weaving cotton or silk into plain bobbin-net. The 
respondents did not deny that, in arriving at the 
rateable value, six-bobbin net machines had been 
taken into consideration, as well as the boiler, 
engine, and shaftings, and it was given in evidence 
that the rateable value was made up of 2971. on the 
land, buildings, and fixed motive power, and of 
8007. on the other machinery as enhancing the 
value of the premises to that extent. The jus- 
tices, on appeal, reduced the rateable value to 
8951., being 295/. in respect of the land, and 
600/. in respect of such enhanced value. It did 
not appear whether this curious and candid 
division of the rate appears on the rate book, 
and the point is by no means unimportant. If it 
does, we confess that we are unable to see how 
the respondents can argue that they have not rated 
chattels per se. It is, as we understand it, neces- 
sary in order to uphold assessments on any footing 
that they should be made on the hereditament as a 
whole. In the Tyne Boiler Works case Lord 
Justice Lopes distinctly laid it down that chattel 
machinery was not rateable in itself. But in the 
present case the division of the rateable value 
clearly shows that this is exactly what has been 
done. Now Messrs. Gifford, Fox, and Co. showed, 
and it was so stated in the Special Case, that the 
machinery was driven by a condensing beam 
engine, with 24-in. cylinder, 5 ft. stroke, by bands 
from the main and countershafting ; that the bobbin- 
net machines stand on the floor on legs, some being 
steadied by their own weight, which is about 2 tons, 
others by means of screws through the feet, and 
others, again, by iron rods screwed to the machines 
and to the floor above. The justices found as a 
fact that, although the premises have been con- 
tinuously used for their present purpose for sixty- 
five years, there was no intention to make the 
machinery part of the soil, and that it can be 
and was taken down and removed when and as 
required, and that such removal could be 
effected without either injury to the machines or 
structural damage to the hereditament. They also 
found that all the machinery was necessary for the 
manufacture of bobbin-net lace. In the Tyne 
Boiler Works, it will be remembered, the machinery 
consisted of boilermaking plant, some of which 
stood by its own weight, while some was bolted 
down in various ways. Practically, therefore, the 
only distinction between the two cases was in the 
weight of the machinery in question, although to 
the ordinary mind there seems to be considerable 
difference between a boiler works and a lace fac- 
tory. But it will be noticed that the case helps to 
bring out more clearly than the Tyne Boiler Works 
case did the far-reaching character of Lord Esher’s 
ruling that ‘‘ things there for the purpose of making 
and which make the premises fit as premises for the 
particular purpose for which they are used are to be 
taken into account.” Ifthe test is that of use only 
there is much force in the question that Mr. Gully, 
in arguing the case for the appellants, asked ‘‘Where 
are we to stop?” Nobody, too, seemed inclined 
to say whether ‘‘sewing machines ought to be 
taken into account in getting at the rateable value 
of a sempstress’s workroom” It was, moreover, 
not without reason that Mr. Justice Grantham re- 
marked that ‘‘ it is difficult to see how the rating of 
bobbin-net machines is not a rating of chattels.” 
This brings us to the bearing of the case upon 
the Rating of Machinery Bill. It is, we believe, 
the fact that this assessment is nearly three times 
as high as it would be in Nottinghamshire. In 
one at least of the Chard cases, we believe, a manu- 
facturer who had moved from Nottingham found 
his rateable value increased in this proportion. 
There is, therefore, something more than mere in- 
convenience in the existing diversity of practice. 
Can it, moreover, in the face of these facts, be 
denied that the Tyne Boiler Works case has not 
altered the law, or, perhaps, to speak more strictly, 
the principle of assessment in many districts? We 
are aware that this has been repeatedly denied ; 
but, in view of the evidence adduced before the 
Select Committee in 1887, it is clear beyond all 
doubt, that the result of that decision was to induce 
many authorities to include chattel machinery which 
had never before been included. In some districts, as 
at Manchester, for example (where only the motive 





power has hitherto been rated), the authorities have 
judiciously waited the result of legislation before 
including all machinery and so more than doubling 
the rateable value of the cotton and other factories, 
although this was, in their view, the effect of the 
Tynemouth decision. Other witnesses who were 
examined before the Select Committee expressed 
their opinion that if the Bill did not pass all 
machinery would have to be included. And the 
case of Messrs. Gifford, Fox, and Co. fully 
bears out this view of Lord KEsher’s ruling. 
As we have said, bobbin-net machines differ in 
character from boilermaking machinery. And the 
Tynemouth case has been discussed as though the 
decision turned upon this point or upon the weight 
of the machinery in question. But the Chard case 
shows that much smaller machinery comes within the 
sweeping definition of the Master of the Rolls. The 
Bill which has been read a second time, and will, 
it may be hoped, pass into law in due course, would 
render practically the whole of the movable ma- 
chinery exempt, and so render the decision obsolete. 
But it should be borne in mind that the Bill has not 
passed yet, and all those whom it may concern, or 
in other words the industrial world at large, will 
do well to lay to heart the lessons of the cases 
which have come before the Courts. It is a fact 
that, notwithstanding the statutory exemption of 
stock-in-trade, and chattels of every description 
from being rateable, there is a growing disposition 
to support the rating of chattel machinery on the 
ground that it relieves other ratepayers. It seems, 
too, to be largely forgotten that the principles that 
led to the passing of 3 and 4 Vict., c. 89 (which 
suspended the power of assessing stock-in-trade, 
&c.) apply with still greater force to chattel machi- 
nery. It was decided soon after the passing of the 
Parochial Assessment Act, that, contrary to general 
expectation, personal property was not excluded by 
the use of the word ‘* hereditament,” and the difti- 
culty and impolicy of rating this kind of property 
was fully proved by the Poor Law Commissioners, 
and subsequently by the evidence of the late Sir 
George Lewis given before the Committee of the 
House of Lords on Parochial Assessments in 1850. 
It is timely to recall these facts at the present junc- 
ture. The debate in the House of Commons last 
week has, we hope, disposed once and for all of the 
fallacy that there is no hardship in the law as it is; 
but, should this not be so, the Chard decision will 
serve to usefully accentuate the facts. 





THE GREAT AMERICAN TORNADO 
OF MARCH 27, 1890. 


WE are accustomed to occasionally see in the 
newspapers a statement that ‘‘a tornado passed 
across” such and such a place in the United States, 
causing much damage, and sometimes killing 
several people. The tornado which occurred on 
Thursday, March 27, was, however, much more 
violent and destructive than any we have been 
accustomed to hear about, and was, in fact, one of 
the worst that has been experienced in the States. 

From information that has now come to hand it 
appears that the tornadoes were developed durin 
the passage of a great cyclone across the Unitec 
States. Sergeant E. B. Dunn, of the New York 
Signal Service, says that this cyclone originated in 
the Rocky Mountains, somewhere near Utah, on 
the morning of Wednesday, March 26, the lowest 
barometer reading being 29.60 in. at Salt Lake 
City. The cyclone greatly increased in violence 
and extent during the day, its influence reaching 
to the Gulf of Mexico in the south, and Montana 
in the north, snow falling in the north-west and 
rain in the east. The wind throughout the sur- 
rounding country increased in force and blew 
towards the storm centre from all points at the 
rate of 20 to 24 miles an hour. The cyclone con- 
tinued to move eastward, the centre, on Thursday 
the 27th, being near Leavenworth, Kansas, where 
the barometer reading was 29.28 in. The force 
of the wind for a radius of 500 miles from the 
centre averaged 36 miles an hour on the eastern 
side, and from 12 to 14 miles greater on the 
southern side, while on the western side the 
velocity was 60 miles an hour, with a severe 
‘‘blizzard” raging in Nebraska and Wyoming, 
and a ‘‘norther” prevailing in Texas. By noon 
the barometer had fallen to 29.08 in. at Sprinfield, 
Illinois. 

At 8 p.m. the area of the storm extended from 
Minnesota to the Gulf of Mexico, and from Ne- 
braska to Pennsylvania, with snow in Minnesota, 
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Nebraska, Iowa, Wisconsin, and Northern Ohio, 
while heavy rain was falling in Kansas, Illinois, 
Indiana, Ohio, and Pennsylvania, and rapidly 
extending in advance of the centre. The storm 
passed on from Illinois, crossing Indiana and Ohio, 
and at 8 a.m. on Friday, the 28th, the centre was 
over Lake Erie, rain then falling in all the States 
south of the lakes to Georgia, and along the At- 
lantic as far north as Boston, and snow falling in 
Illinois, Michigan, Northern New York, Maine, 
and Canada, while high winds prevailed in all the 
States from the Mississippi Valley east to the 
Atlantic. During the night the storm passed away 
to the north-east over northern New York and 
Maine, out to the Atlantic. 

On the afternoon of Thursday, the 27th, every 
condition appeared favourable for the most violent 
local storms. The colder and very high north-west 
winds were setting in on the rear of the storm, 
causing the temperature in Kansas and Missouri to 
drop to within 2 deg. or 3deg. of the freezing 
point. At the same time the warmer air from the 
south was being drawn north to fill the vacuum 
occasioned by the storm centre, and the tempera- 
ture as far north as Louisville standing at 66 deg. 
and a little to the south at 70 deg., made a differ- 
ence of nearly 40 deg. in temperature in the space 
of only a few miles. It was the intermingling and 
clashing of these two air currents that formed the 
local tornadoes on the southern border of the storm 
centre. 

It is reported that two tornado paths were deve- 
loped, one in Southern Illinois, the other in Ken- 
tucky. The former passed south-east into Ten- 
nessee, while the latter spent its force north-east of 
Jeffersonville. 

The tornadoes in Southern Illinois occurred be- 
tween 3 p.m. and 5p.M., while that at Louisville and 
Jeffersonville took place about 9 p.m. The path of 
the tornado which passed through Metropolis was 
300 yards wide. 

These tornadoes caused immense loss of life, 
destroyed towns, blew trains off the track, and left 
wreck and ruin in their path. Of course the tele- 
graphic information that has appeared in the Eng- 
lish newspapers is very scanty, but from this we 
learn that in 

Persons were Killed. 
Jackson County, Illinois eo 


Grand Tower Es ae 6 
Gallatin, Tennessee... ie ri 4 
Marion, Kentucky es k oe | 
Blackford a dee i sao. ae 
Dixon $4 en Sex és 8 


The greatest loss of life was at Louisville, Kentucky, 
where the tornado passed right through the town. 
It is reported that in this city at least 100 persons 
were killed. 

The much dreaded tornado cloud is thus described 
by an observer living on the north side of the Ohio : 
‘©The cloud approached through the gap in the hills 
below Louisville, through which the Ohio River 
flows. It was in the shape of a balloon, constantly 
rotating, and with an attenuated tail towards the 
earth. It emitted a constant fusillade of thunder 
and lightning, and seemed composed of a snake- 
like whirling mass of electric currents, whose light 
was sometimes suddenly extinguished for brief 
seconds, leaving a terrible darkness. The cloud 
made a fearful roar. It came through the gorge 
into the city, moved with great rapidity and with 
an awful rumbling sound, leaped across the river, 
changing the waters into white foam and disap- 
peared through Jeffersonville.” 

A lady at Rogana, Tennessee, says: ‘‘ Hearing 
the roar of the wind I stepped to the door to look 
out. Just as I opened the door I saw such a sight 
as I hope never to see again. Right in front of the 
house was a low-hanging terrible black cloud. It 
seemed to have more the appearance of a bird’s 
nest, hung from the large or open end and swing- 
ing violently about. I saw what se2med to be trees 
or parts of houses, and even animals, whirled about 
init. Iwas for a moment very much frightened 
and screamed for some one to come. I cannot 
yet remember that it seemed to come nearer, but 
the next thing I knew we were without a house, and 
the rain was pouring down on us.” 

Sergeant J. P. Finley, in his ‘‘ Report on the 
Character of Six Hundred Tornadoes” (Professional 
Papers of the Signal Service, No. VII.), gives some 
interesting information as to the distribution, 
frequency, and characteristics of tornadoes. From 
this we learn that the States in which the greatest 
number of tornadoes occurred: are Kansas, Illinois, 


and Missouri; and that tornadoes are most fre- 
quent in the afternoon between four and six o'clock, 
June being the month of greatest frequency. The 
average width of the path of destruction is 1085 ft., 
the velocity 30 miles an hour, and the length of the 
track of the tornado about 28 miles. 

The tornado cloud usually looks like a huge 
funnel, bounding like a ball, rising and falling, or 
darting from one side of its path to the other. The 
velocity of the wind within the cloud vortex has 
been variously estimated at from 70 to 800 miles an 
hour, the average being 392 miles. This great 
inrush of air draws everything into the vortex and 
produces a terrible deafening roar. 

A very fine collection of photographs of damage 
caused by several tornadoes in America was shown 
at the recent Exhibition of the Royal Meteoro- 
logical Society. These very clearly and strikingly 
illustrated the destructive character of the tor- 
nadoes, by showing, among other things, buildings 
completely shattered, bridges blown down, houses 
moved 20 ft. or 30 ft., railway trucks lifted off the 
line, a horse blown away 1000 ft. from his stable, 
and another horse impaled by a large branch of a 
tree. The most remarkable photograph, however, 
was that showing pieces of straw driven end-on 
into the bark of trees, 








NOTES. 
Tue Ratine or MAcHINERY. 

In our issue of April 18 we gave an account of 
the Bill, read a second time on April 16, ‘‘ To 
amend the law relating to the rating of machinery.” 
Now although the principle of the Bill has been 
affirmed, it is possible that its efficacy in relieving 
the manufacturer of improper burdens, may be 
greatly reduced in committee, unless the promoters 
can show a strong case. To strengthen their hands 
the National Society for the Exemption of Ma- 
chinery from Rating, of 22, Buckingham-street, 
Adelphi, London, are collecting facts showing the 
effects of the present uncertain action of the law, 
and it is most desirable that all manufacturers 
should communicate with them without delay, in- 
forming them of the rates levied upon their 
machinery, and adding any information that will be 
useful to the promoters of the Bill. 


SHIPBUILDING IN GERMANY, 

The German shipyards have been exceedingly 
busy during last year, although the orders placed for 
German account abroad are still larger. As the Ger- 
man shipbuilding establishments almost exclusively 
use German materials, their increased activity has 
of course been a great boon to the German iron 
works. The following figures show the output for 
the last two years in gross register tons : 

Built in Germany for German 1889. 1888, 
account ait oh! .. 78,813 31,176 

Built in Germany for foreign 
account aa os eee 

Built abroad for German ac- 
count ... *e ose 


2,274 —-3,687 
116,807 21,708 


197,894 56,541 
The following firms have built the largest number 
of vessels : 





Vessels. 

The Shipbuilding and Engineering Com- 

pany, Rostock Bhs as = Ss 
Vulcan, Stettin a mS os Bi 8 
ee Se i err 
The Flensburg Shipbuilding Company, 

Flensburg... bei sy tks i: é 
Blohm and Voss, Hamburg... 456 “a 9 
The Reiherstieg Shipyard, Hamburg __... 3 
J. C. Tétlenburg, Geestemiinde {3 7 


Mr. WititaM INGLIs. 

We greatly regret to announce the death of Mr. 
William Inglis, one of the partners of Messrs. 
Hicks, Hargreaves, and Co., Bolton, which took 
place on Tuesday last as the result of a cold, the 
symptoms of which'were first noticed on the Sunday 
previous, but which developed into severe inflam- 
mation of the lungs and rapidly proved fatal. Mr. 
Inglis, who was but fifty-two years of age, com- 
menced his career in Canada, being apprenticed in 
1852 to Mr. Gilbert, of the St. Lawrence Engine 
Works, Montreal, where he stayed four years, pass- 
ing through the shops and drawing office of those 
works. In 1856 he came to this country and 
entered the marine engineering works of Messrs. 
R. Napier and Sons, Glasgow, where he stayed 
two years, during which he also attended the civil 
engineering classes of the late Professor Rankine. 
In 1858 he became an assistant in the locomotive 





works of Messrs. -R. Stephenson and Oo., New- 





castle, where he stayed till 1660, when he went 
back to Canada, spending two years there in design- 
ing and erecting machinery. Coming back to Eng- 
land in 1863 he entered into practice on his own 
account as a consulting engineer in Edinburgh and 
Manchester, but in 1868 he accepted an appoint- 
ment as chief engineer at the Soho Iron Works, 
Bolton, and it is in connection with these works 
that Mr. Inglis is best known. Mr. Inglis, we may 
add, was one of the first to appreciate the advan- 
tages of the Corliss gear, and had much to do 
with its introduction into and manufacture in this 
country. In conjunction with Mr. J. F. Spencer 
he introduced the special form of Corliss gear which 
Messrs. Hicks have used for so many years and with 
such satisfactory results. Mr. Inglis was an earnest 
advocate of high piston speeds, and in fact of all the 
features which mark the most advanced practice in 
steam engineering, and it is an undoubted fact that 
the present position of mill engine construction in 
this country has been very largely influenced by his 
energy and mechanical skill. His death in the 
prime of his career is a distinct loss to the pro- 
fession. 


THE Cement INDUSTRY IN SCANDINAVIA. 

The increased activity in several branches of 
Scandinavian industry during the last few years 
also applies to the manufacture of Portland cement, 
In spite of the increased consumption the new 
cement works in Sweden, Norway, and Denmark 
have not only been able to keep pace with this 
through gradual enlargements and the erection of 
new works, but these three countries, which a few 
years ago imported the bulk of their requirements 
of cement, will, according to recently published 
statistics, have a surplus for export during the 
present year. The more important manufactories 
are, in Sweden: the Oland Cement Works, with an 
annual production of about 125,000 barrels ; the 
Skanske Cement Works, with a capacity of 110,000 
barrels per annum from their older manufactory, 
and asimilar output from their new works; and the 
Vishy Cement Works, with an annual production of 
about 50,000 barrels. The annual consumption in 
Sweden is about 200,000 barrels. In Norway 
there is a cement manufactory in the course of erec- 
tion at Christiania with a calculated production of 
70,000 barrels, which represents the present annual 
consumption. In Denmark a new cement manu- 
factory is being built at Aalborg, in Jutland, where 
a company recently has been formed with a capital of 
some 45,000/., and where the natural conditions are 
considered very favourable. The projected produc- 
tion is 125,000 barrels annually. Of other cement 
works there are those at Dania and Cimbria, with 
annual outputs of 100,000 barrels and 40,000 
barrels respectively, besides two smaller works 
producing together about 10,000 barrels per annum. 
The present consumption of cement in Denmark 
is about the same as in Sweden, viz., 200,000 
barrels annually. When the various works enume- 
rated above are in full swing a surplus for export 
of 260,000 barrels per annum may be reckoned 
upon ; in all probability there will, however, be 
a still larger quantity to dispose of, as the import 
of English and German cement is not altogether 
out of the question, although efforts are being 
made to protect the home industries by the tariff. 


SUBMARINE TELEGRAPH ENTERPRISE. 

While the traftic receipts of the Anglo-American 
Telegraph Company (Limited) for the second half 
of 1889, were 167,1091. 4s. 1ld., the working ex- 
penses in the same period, including repairs of 
cables to the extent of 17,8011. 4s. 9d., were 
58,6111. 12s. 3d. The sum of 17,8011. 4s. 9d., 
included in the working expenses of the half-year 
for repairs of cables, did not, however, quite fully 
cover the outlay made under this head, the follow 
ing further outlay having been charged against the 
renewal fund : Repairs of the Brest and St. Pierre 
cable, 14,5781. 9s. 10d.; repair and diversion of the 
St. Pierre and Duxbury cable, 32811. 4s. 3d.; and 
renewal of artificial lines, 417/. 10s. 9d. Nothing 
was charged against revenue in the second half of 
1889 in respect of the renewal fund, but interest on 
that fund produced 15,7941. 9s. 9d. After credit- 
ing the renewal fund, however, with this in- 
terest, it was reduced from 955,536l. 4s. 8d. at 
the close of June, 1889, to 953,0531. 9s. 7d. at 
the close of December, 1889. This latter total 
of 953,0531. 9s. 7d.- was made up as follows: 
Sundry securities, 923,344]. 18s. 4d.; value of 
cable, 25,492]. 9s. 2d.; and cash, 4216]. 2s. 1d. 





The Brest and St. Pierre cable was broken on 
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Fic. 1. DIAMOND WASHING PLANT, BULTFONTEIN MINE. 


November 14, at a point about 150 miles from 
St. Pierre. The Telegraph Construction and Main- 
tenance Company’s steamer Britannia, after picking 
up both ends of the cable and renewing 35 miles 
by laying in new cable, was compelled by stress of 
weather and shortness of coal, to temporarily 
abandon the work and return to port. In the 
mean time the Anglo-American Telegraph Com- 
pany’s steamer Minia had arrived at St. John’s, 
Newfoundland, and being fully equipped she at 
once proceeded to the spot at which the fault had 
occurred and successfully completed the repairs of 
the cable on December 12. The Western Union 
Telegraph Company, as lessee of the undertaking 
of the American Telegraph and Cable Company, 
has extended its main cables from Carso, Nova 
Scotia, direct to New York. This extension is 
expected to neutralise the effects of storms upon 
the land wires, which during the winter months 
have occasionally caused delay in the transmission 
of messages. As a result of this addition to the 
carrying capacity of the Western Union Company’s 
system, that company has been enabled to transfer 
to the Anglo-American Telegraph Company the use 
of two wires between North Sydney and New York, 
and the Anglo-American Company will shortly open 
an office in Broad-street, New York, and thus 
establish direct and complete telegraphic communi- 
cation between New York and London by its own 
lines. By the new arrangements which it is 
making at New York the Anglo-American Telegraph 
Company expects to be placed more in touch with 
the New York public. 


Sourn AustRALIAN RalLways. 

It appears that at the close of June, 1889—the 
latest date for which complete returns are available 
—there were 1548 miles of line in operation in South 
Australia, as compared with 1498 miles at the close 
of June, 1888. The length of line completed or in 
progress at the close of June, 1889, was 2752 miles, 
as compared with 324} miles at the close of June, 
1888. The average length of line worked in 1888-9 
was 15014 miles, as compared with 1453 miles in 
1887-8. The aggregate capital expended upon 
lines stood at the close of June, 1889, at 9,902,369/., 
as compared with 9,689,869/. at the close of June, 
1888. The average cost per mile was, accordingly, 
6448/., as compared with 64511. at the close of 
June, 1888. The gross revenue acquired in 1888-9 
was 887,065/., as compared with 883,713/. in 1887-8. 
The working expenses stood in 1888-9 at 493,3261., 
as compared with 432,2741. in 1887-8. The net 
revenue acquired in 1888-9 wasaccordingly 393,739]. , 
as compared with 451,439/. in 1887-8. The ratio 
of the working expenses to the traffic receipts 
stood in 1888-9 at 55.61 per cent., as compared 
Fic, 4. DIAMOND WASHING PLANT, DE BEERS MINE, with 48.92 per cent. in 1887-8. The ratio of the 
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net revenue to the capital expended was 4.05 per 
cent. in 1888-9, as compared with 4.80 per cent. in 
1887-8. The revenue acquired in the coaching 
department in 1888-9 was 291,766l., as compared 
with 307,369/. in 1887-8. The revenue derived 
from goodstraftic, including livestock, was 595,2991. 
in 1888-9, as compared with 576,344/. in 1887-8. 
The aggregate distance run by trains was 3,053,135 
miles in 1888-9, as compared with 2,724,804 miles 
in 1887-8. The revenue acquired per average 
mle open in 1888-9 was 591/., as compared with 
608/. in 1887-8. The working expenses per ave- 
rage mile open were 3291. in 1888-9, as compared 
with 298!. in 1887-8. The number of locomotives 
upon the lines was 186 in 1888-9, as compared with 
179 in 1887-8. The number of vehicles engaged in 
the coaching department was 286 in 1888-9, as 
compared with 284 in 1887-8. The number of 
vehicles in the goods and live stock department was 
4806 in 1888-9, as compared with 4627 in’ 1887-8. 
The revenue of the lines in 1888-9 was seriously 
affected by a deficient wheat crop. There was also 
a loss of revenue to the extent of 50001., while 
certain portions of the system were rendered 
impassable by what the Americans would term 
‘*washouts.” The working expenses were further 
increased in 1888-9 by higher prices current for 
coal, in consequence of labour difficulties. The 
additional outlay in the locomotive department 
from this cause was 12,0001. The washouts also 
increased the working expenses in 1888-9 to the 
extent of 20,0001. In the course of last year, a 
considerable reduction was made in the rates 
charged for the carriage of ores from the Barrier 
district, with the view of assisting the development 
of local mines. 


Tur JoHN CocKkERILL CoMPANY. 


This great Belgian undertaking participated to 
only a comparatively limited extent in the revival 
of industry which occurred in 1889. The company 
makes up its accounts at the close of June in each 
year, and up to June 30, 1889, it was principally 
engaged in working out old contracts taken at low 
rates, when orders were much less plentiful than 
they afterwards became. The rough profit realized 
in 1888-9 was 107,0411., as compared with 117,1101. 
in 1887-8. After making some deductions for sink- 
ing funds and adding dividends received on shares 
and obligations held in other undertakings, the 
final balance remaining for 1888-9 was 103,0001., 
reduced by interest, general expenses, &c., to 
44,5481. Of this sum 33,1501. was applied to the 
payment of a dividend of 2/. per share, and the 
canes of 11,3981. was devoted to the partial 
liquidation of losses attending a contract for mail 
steamers built for the Belgian Government. These 
losses arose from the company finding it necessary 
to make rather considerable changes in the first 
two steamers which it delivered. One of these 
steamers, after receiving certain modifications, 
attained a speed on her trial trip of 19 knots 
per hour, or 1$ knots per hour in excess of the 
speed prescribed by the contract. The Ville de 
Douvres, the second steamer which had to be 
modified, involved works which extended over a 
more considerable period. The third steamer built, 
the Flandre, at once fulfilled her contract re- 
quirements. A blast furnace of large dimensions 
recently built by the company is now producing 
120 tons of Bessemer pig per day. The aggregate 
output of the company’s blast furnaces in 1888-9 
was 11,000 tons ne that attained in 1887-8 ; the 
furnaces suffered in 1888-9 from the quality of the 
coke available. The company’s iron works yielded 
in 1888-9 about as much protit as they produced in 
1887-8 ; they were regularly employed in 1888-9, 
and their output for the year was 31,740 tons. The 
production of steel plates has been developed by 
the company upon rather an impcrtant scale, so as to 
enable it to compete with Englisk. firms upon Euro- 
pean markets. The company’s steel works were 
not carried on upon very profitable conditions 
during the second half of 1888; but the price of 
steel rails and other descriptions of steel advanced 
in the first half of 1889, and enabled the manage- 
ment to exhibit more profitable results than would 
have been otherwise attained. As regards 1889-90 
the company’s steel department has thus far been 
well employed at remunerative rates. The com- 
pany’s Martin-Siemens furnaces continue to be 
appreciated, and_have been introduced at Graz, 
Austria, Sestri, Italy, Skoda, Bohemia, Kamen- 
skoe, Russia, &c. The company has even sent out 
a staff of engineers and workmen for the construc- 





tion and starting of a steel furnace in Persia. The 
gun-metal produced by the company has been sub- 
jected to the most severe experiments at Brass- 
chaet, Beverloo, and Herstal ; and the manage- 
ment considers that the results attained were satis- 
factory, aud that they showed that Belgium can 
produce at home all the arms which it requires for 
its defence. General Pontus, the Belgian Minister 
of War, is stated to be of this opinion. The com- 
pany’s foundries have been engaged on cupolas 
required for forts on the Meuse, and employment 
is assured to them for some time in advance. The 
company’s boiler works have secured a good current 
of business, and that, too, on profitable terms. 
Three large steamers are on hand in the company’s 
shipyards for the French General Transatlantic 
Company. The working staff employed by the 
company has been carried from 8800 to 9400; the 
increase has occurred in the mechanical construc- 
tion shops and the shipyard. The amount paid in 
wages in 1888-9 was 371,377l., as compared with 
350,5601. in 1887-8. 





THE BATTLE OF THE BRAKES. 
To THE EpiToR OF ENGINEERING. 

Srr,—It would not be a bad thing for all concerned in 
the brake question if the supporters of vacuum brakes 
would show a little more fairness in their attacks against 
the Westinghouse automatic brake. The returns to the 
Board of Trade are not what they ought to be; it has 
long been known that these are drawn up in various ways 
by the different railway companies, that some of the 
failures are not reported, and that undue importance is 
given to some of the cases. But what seems to me the 
climax of absurdity is to call the bursting of a hose a 
failure when anybody a little acquainted with the prin- 
ciple of automatic brakes knows that hose bursting cannot 
cause a failure, but rather the reverse. However im- 
perfect the reports may be, still they allow in many cases 
an unprejudiced mind to judge the merits of the various 
brakes. Your correspondent, ‘‘ An Engineer,” mentions 
three cases of so-called failures of the Westinghouse 
brake. Iam not particularly fond of going over a lot of 
official documents, but on looking through the returns in 

uestion I find the following reports which I give in full. 

uly 27, 1885: After the slip had been made *‘ the main 
vipe leading from pump to reservoir broke on engine 245, 

ringing the first — of the train toa stand. The slip 
guard by the application of the brake brought the slip 
portion of the train to a stand clear of the main train.” 

The above cannot be a failure, for it shows plainly the 
capabilities of the Westinghouse brake. The rupture of 
the ony delivery pipe causes the application of the brake 
on the front —_ a good result under all circunistances. 
The guard of the slip portion by the timely application 
of the brake prevents a collision. In both cases the brake 
fulfilled its duty. 

Second case, a 1885: Here it is question of a 
Midland train and the Midland line is well known for 
the way in which they keep the Westinghouse brake in 
order. The freezing of one triple valve could not cause 
a collision had the train been fitted throughout with the 
brake. But this was not the case. The blame for this 
accident must be laid not only on the shoulders of the 
driver but also on the Midland peggy ag for running half 
equipped trains. According to the report of Major 
+ ie ao the effects of the collision were considered to 
be insufficient proof, the evidence of the guard makes it 

uite clear that the speed was too high when passing 

eeds Junction, and the speed was not reduced at the 
proper time. There was also a disregard of rule as to 
entering station at high speed, and the only carriage 
fitted with the Westinghouse brake was inthe rear. Had 
the whole train been fitted with the brake, it is clear the 
collision would after all have been avoided. 

The third case, August 5, 1885, on the North British, 
isone of neglect on the part of the railway servants. It 
is not a failure of the brake proper, since there was 
no brake to act. On the other hand, that accident 
shows nothing in favour of the automatic vacuum 
brake, for should the railway servants forget to couple 
the hoses of the latter, no brake wer would be 
available, and the consequences would be the same 
under the same circumstances. I dare say that such 
omissions with the automatic vacuum brake have already 
taken place. As soon as the continuity of any con- 
tinuous brake ceases to exist, as in the present case (in 
which the hoses between engine and train were left un- 
coupled by neglect of servants), the train must be con- 
sidered as being without brake power at all. To call 
this a failure is sheer nonsense. Yet there was air at 
60 lb. pressure in the train apparatus, and if the guard 
had had more sense he mtn have applied the brake. 
General-Major Hutchinson justly ascribes this accident 
to the neglect of the train officials, As for the frequent 
bursting of hoses this cannot be a serious objection against 
the Westinghouse brake, for with a proper selection of 
materials and proper examination this may be reduced to 
aminimum. There exists, however, a perfectly flexible 
metallic hose which has already had a great success on 
trunk railways. The owner of the patents is, I believe, M. 
le Comte de Valhermey, and from what I hear the Paris, 
Lyons, and Mediterranean Railway have decided to adopt 
it for all their passenger and express goods trains. No 
serious objection can now be made on this score against 
the use of high-pressure brakes. 

I have had a rather lengthy experience with the 
Westinghouse brake under a cold climate, where winters 





are usually more intense than we ever get them in this 
country. Yet I never found that this brake was affected 
in any way by frost. In the coldest nights I have ever 
seen in my life the brake worked first-rate. I can, there- 
fore, hardly credit the so-called failures through frost, of 
which your correspondent speaks. They are probably 
trifling incidents of frost having had for consequence 
automatic applications of the brake, such as burst drip 
cups, but not failures. 

t is unfortunately but too true that the vacuum auto- 
matic brake does not enjoy the reputation of reliableness 
of which its supporters boasted so much. The evidence 
given by Driver Rumney at the inquiry into the Carlisle 
accident proves beyond doubt that this brake is liable to 
fail, and that ice formed in the pipe was the cause of 
accident, whatever theory Colonel Rich may bring for- 
ward. The fact that so many pints of water only were 
found in the brake apparatus of the engine or tender some 
time after the collision had taken place would not prove 
that there was not ice in the pipes at the time of acci- 
dent, rather the contrary ; the creation and maintenance of 
a vacuum will cause the formation or deposition of ice in 
the wells of the apparatus, if the temperature of the sur- 
roundings is not sufficiently high to counteract it. 

This is not the only case in which ice formed in the 
ipes caused a failure of the automatic vacuum brake, no 
ewer than four cases of this nature are reported by the 

London and North-Western Railway Company alone 
between December, 1886, and January, 1889. I do not 
speak of the numerous delays caused by the formation of 
ice, as this would carry me too far. It may be said with 
fairness that this brake question is far from being settled, 
and unless the Government rigidly enforces the applica- 
tion of the law on this matter, nothing will be done by 
the refractory companies to adopt the brake which really 
fulfils all the conditions laid down by the Board of Trade 
some thirteen years ago, Yours truly, 

April 14, 1890. E. GosErt. 





To THE EpiToR OF ENGINEERING. 

-Srr,—It appears to me that ‘‘ An Engineer,” Belfast, is 
lg | to prejudice the public against that valuable brake 
the Westinghouse automatic. The returns he quotes are 
only given in part to mislead the public, so I hope you 
will let me quote them fully. The first case which he 
quotes we will examine. Great Eastern Railway, July 
27, 1885. After the slip had been made the main air pipe 
leading from pump to reservoir broke on engine, No. 245, 
bringing the front portion of the train to a stand; the 
slip guard, by the application of the brake, brought the 
slip portion of the train to a stand clear of main. We 
see that the breaking of the pipe only affected the main 
portion, for does not the return show that the brake acted 
upon the rear as it was applied by the slip guard. 

North British Railway passenger train, Airdrie to Col- 
lege (engine No. 75), collided with mineral train near 
al Station ; brake failed to act through hose pipe 
between engine (No. 15) not having been coupled. Neglect of 
servants, Major-General Hutchinson severely blames the 
fireman and driver, one for not nae | the pipes, and 
the other for not testing the train. he driver could 
easily have turned the tap on the carriage and applied the 
brake when he went to the back of the tender to see 
what was amiss. Also by the negligence of the guard, 
who kept himself shut up in his van and _ never 
heard the brake whistles which were repeatedly given 
before the junction was reached; had he kept a 
proper look out he would have seen that the junction 
was being overrun and could have applied the Westing- 
house brake (the air pressure in the brake cylinders being 
about 60 lb., and could have stopped the train in ample 
time to have prevented the collision. From this we see 
that there was no failure of the brake, but it was simply 
caused by the negligence of the servants. The guard 
mig) t easily have applied the brake had he kept a proper 
look-out. We will take the case of the Leeds accident. 
‘*Major Marindin reports that as engine and tender 
(No. 102), brake van, cae composite, ordinary com- 
posite, and rear brake van, was entering Le-ds station at 
2.16.a.m., it came into collision with the buffer stops. 
The speed of the train was six to eight miles an hour. 
The evidence of the guard of the train makes it quite 
clear that the speed of the train was too high. The brake 
blocks on the tender wheels were fully applied by the 
fireman’s hand brake nearly 100 yards before the driver 
tried to apply them by means of the Westinghouse brake. 
The statement of the driver is simply not creditable, for 
he says that his light train running at only eight miles an 
hour at Leeds Junction with steam off was still running 
ateight miles an hour close to the end of the platform 
over 400 yards further on, although the guard’s brake had 
been for some time fully applied, and that the speed was 
only reduced to six or eight miles an hour when 100 yards 
farther along the platform, although the tender brake 
had been fully applied, which is, of course, absurd.” 
There is no doubt that the triple valve was frozen, but a 
correspondent writing to the Railway Review points out 
that the engine and tender were fitted with the Westing- 
house brake, Westinghouse vehicles in the rear, and 
vehicles fitted with the vacuum next the tender. ‘‘ Why,” 
says this correspondent, ‘“‘were not the Westinghouse 
vehicles put next the tender, then the driver could have 
seupes allright?” But, Sir, what can you expect on the 
Midland? Perhaps the public gene do not know 
that this line is asworn enemy to the Westinghouse brake 
and never neglects to bring it into disrepute. They only 
report a small handful of delays to the non-leak off 
vacuum for 1888 ; either the non-leak off brake must give 
extraordinary results on about 2000 odd carriages to which 
it is fitted, or else the returns are not made out correctly. 
Turning again to the accident, the report makes it quite 
clear that the speed was too high. The following delays 
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in 1888 occurred on the Lancashire and Yorkshire through 
frost. 
February 14.— 4 minutes at Darwen, brake on engine 
890 being frozen. : 
»,  14.—14 minutes at Moss Side, vacuum piston 
on engine 864 sticking, caused by frost. 
ms 24.—10 minutes, through frost. 


” 24.— 5 ” ” 
” 24.— 7 ” ” 
” a 4 ” ” 

25.—11 me re 


March 14.--7 ?° z 
3, 22,—25 i owing to piston sticking, 
rolling rubber ring working over piston. 
The following cases occurred on the London and South- 
Western for half-year ending June 30, 1888 : 
January 3.—23 minutes, piston fast in cylinder. 

»s 6-4 ,, 
» 29-12 ,, 
February 12.—16 __,, 
a 13.—10 “a 
ee 14.— 4 8 
‘ 17.—19 pe 


’ ” 
diaphragm frozen. 
piston fast. 
ice in pipe. 

», dummy. 
ball valve frozen. 
ice in vacuum cylinder. 


” 22.— 7 ” ” ” 
” 22.— 2 ” ” ” 
29 22.— 9 ” 3 2 P ” 
March1.— 3 __,, ay fast in vacuum cylin- 
er. 
» 2-3 4,4, ice in vacuum pipe. 
s MS 4s water in vacuum cylinder. 
» 19.—20  ,, water in cylinder. 
9» 22-9 4, piston fast in vacuum cylin- 


der. 
piston fast in vacuum cylin- 
er. 
Perhaps he will enlighten us on the cases quoted. I 
have added up some delays under case 3 for the six 
months ending June 30, 1888, and append them below : 


April 1.— 3 Pe 


Minutes Miles 

Delay. Run. 
North-Eastern... ies .. 952 4,888,213 
Great Northern (England) ... 559 1,320,292 
Lancashire and Yorkshire ... 203 4,121,512 
London and South-Western... 354 2,996,520 


The conversion of the simple to automatic on the Great 

Northern (England) seems to give anything but good 
results from the delays above. The men simply hate it, 
and if they could, would willingly go back to their old 
brake (the simple vacuum) again. our excellent con- 
—- The Engineer, the the following amusing 
paragrap in its issue of October 29, 1886. It says: 
‘ Another peculiarity in vacuum brakes appears to be 
their tendency to absorb a good deal besides air, and to 
gorge themselves with cotton waste, sponge, cloth, and 
other indigestible delicacies.” Speaking of burst pipes, 
will ‘‘An Engineer,” Belfast, kindly account for the 
following delays : 

July 17, 1886.—7.15 train from Liverpool, slightly 
delayed at Rugby, owing to the vacuum pipe bursting. 

October 20, 1886.—8.2 train, Liverpool to Newton 
Bridge, slightly delayed owing to vacuum pipe bursting 
on engine. 

November 6, 1886.—8.25, Chester to Liverpool, delayed 
at Chester owing to vacuum pipe on milk truck bursting. 

December 20, —4,30, Carlisle to Whitehaven, 
delayed at Carlisle owing to vacuum pipe on engine 
bursting. 

December 24, 1886.—6.45 train from Euston, delayed at 
Rugby owing to vacuum pipe on van No. 71 bursting. 

May 2, 1887.—4.45 train, Oxford to Bletchley, had a 
late start owing to the vacuum pipe on Great Western 
Company’s horse-box bursting. 

August 2, 1887.—6.15 train, Melton to Northampton, 
overshot the platform at Lamport owing to the vacuum 
Pe, on engine bursting. 

here is the stored-up power in the vacuum brake after 

the engine is detached? How would the vacuum auto- 

matic brake have behaved like the Westinghouse in the 

North Wootton accident in 1884, where the engine was 

unfitted ? 

this saved the four carriages from destruction. 
gising for space taken up, : 

I remain, yours faithfully, 
CoMPRESSED AIR. 


r 


There was 75 lb. of airin the reservoirs, and 
Apolo- 





GALVESTON.— Vigorous efforts are being made to induce 
Congress to appropriate a sufficient amount to deepen the 
channel at Galveston, Texas, or at some other point on 
the Texas coast. 





Tue Institute oF Navat ARCHITECTS: ERRATUM.— 
In our report of the discussion on Mr. Howden’s paper 
on the Screw Propeller (page 470 ante) we incorrectly 
reported the remarks of Mr. Macfarlane Gray. These 
should have heen: Mr. Gray put aside the idea of a pro- 
peller and substituted in its place the cow-catcher of an 
American locomotive. He imagined a long row of big 
stones placed on the track. These would be deflected to 
the side by the cow-catcher, and flung away some distance 
with considerable velocity. But according to Mr. How- 
den’s theory all these stones would be found laid along 
the side of the metals, on the line to which the side of the 
cow-catcher extended. In his reply, Mr. Howden objected 
that stones were hard, and not Tike water which would 
yield. Mr. Gray here interposed, ‘Substitute a row of 
rabbits instead of the stones,” his meaning being that any 
soft object would be flung off the same as a hard one. 
This was misunderstood by us. 





MISCELLANEA. 

THE preparatory work for the canal to Berlin is in full 
swing in the district about Stettin, under the superin- 
tendence of Herr Scheck. Tempora mutantur, and what 
was looked upon twenty years ago as sheer insanity is 
re the sanction and support of the Govern- 
ment. 

The gross receipts of the 23 principal railways in the 
United Kingdom, for the week ending ‘April 13, 
amounted, on 16,159} miles, to 1,330,727/., and for the 
pay sn mci: period of 1889, on 16,031 miles, to 1,234,043/., 
an increase of 128} miles, or 0.8 per cent., and an increase 
of 96,684/., or 7.8 per cent., the Easter week traffic being 
included in the returns as against an ordinary week. 


At a recent meeting of the Society of Chemical In- 
dustry Mr. Boverton Redwod read a paper on ‘‘ The 
Petroleum Fields of India,” from which it appears that 
the most abundant supply of oil is obtained from the 
wells at Khatan, in a Maeding where five wells have 
been drilled, each of which is capable of yielding upwards 
of 50,000 barrels per annum. 


The United Asbestos Company, Limited, whose chief 
offices are at Dock House, Billiter-street, E.C., have 
recently opened an additional branch house at Provident- 
buildings, Clare-street, Bristol. The company’s business 
is extending, and they have now branch houses in 
Glasgow, ewcastle-on-Tyne, Manchester, Liverpool, 
Cardiff, Bristol, Paris, and St. Petersburg. 


The longest railway system in the world is that of the 
Riana and West Point Terminal Companies, of the 
United States, which controls the lines of four different 
companies, aggregating 8103 miles. The next longest 
system is that of the Union Pacific, which controls 7776 
miles of line. The Pennsylvania Railroad comes third 
with about 7600 miles, closely followed by the Atchison, 
Topeka, and Santa Fé line, with 7500 miles. 


The Baltic Canal, on which work was commenced 
about three years ago, will, it is said, be opened for traffic 
in 1893. When completed it will be 61 miles long, and 
will be capable of accommodating the largest war vessels. 
With this object there will be but one fixed bridge across, 
all the rest being swing-spans. The fixed bridge will be at 
Griinenthal, a is pe a span of 820.3 metres, with a 
clear headway of 138 ft. 


The Russian papers state that the preliminary surveys 
for the new line of railway from Samarcand to Tashkend 
have at last been sanctioned, and the necessar goer 
funds placed at the disposal of the Minister of ays and 
Communications. The proposed route is not the direct 
one, but a line through the cultivated districts of the 
Khodjent sub-division, in order to approach the pro- 
jected railway system in Ferghana and the oil basin of 
Turkestan. 


In connection with the Thornycroft water-tube boiler 
it is interesting to note that glass-gauge tubes have been 
found unsuitable for the high pressure (250 lb. per square 
inch), which has been adopted with some of the most 
recent of these boilers. Up to 200 lb. per square inch no 
difficulty is found in using glass, but the addition of 
another 50 lb. seems to overtax this material. The diffi- 
culty has been got over hy using tale, as Mr. Perkins had 
previously done with his high-pressure steam generator. 


Aluminium bronze is coming into more general use in 
Germany, and as an instance it may be mentioned that 
aluminium bronze from the Neuhaus Works is being used 
for propellers for all the naphtha boats that are being 
built at the establishment of Reken Wyss, and Co. It 
is also being used for propellers elsewhere, for bearings 
boat fittings, &c. It consists of 90 per cent. copper and 
10 per cent. aluminium, looks almost like gold, and has 
the same weight as iron. 


We have received a communication from Messrs. The 
Laing, Wharton, and Down Construction Syndicate, 
Limited, of 82a, New Bond-street, stating that the first 
town lighted by electricity in England was not Chelmsford 
but Weybridge, where the installation was started on 
March 1, 1890. They also state that nearly the whole of 
the town of Waterford has been lighted by them for 
nearly three years, and the principal streets of Taunton 
for a still longer period. This company employ the 
Thomson-Houston system. 


Herr Burghardt, of Berlin, has recently patented an 
electrolytic method of reducing zinc and tin from their 
ores. These ores are first freed from sulphur, antimony, 
and arsenic by roasting, and the minerals are transformed 
into oxides, which dissolve easily in a bath of molten 
potash in the following way. The roasted ore in a state of 

wder is mixed with powdered charcoal. Reduction 
immediately takes place, an alkaline salt resulting. After 
cooling this salt is dissolved in boiling water, and the 
solution electrolised with electrodes of the same metal as 
that to be reduced. 


In 1880 the Prussian State Mining Department com- 
menced a borehole at Schladebach, near Kétsschau, 
which has since been sunk toa depth of 5734 ft. The 
hole is 11.2 in. at the top, but its diameter was decreased 
in steps as the work progressed, until it finally became 
but 1}in. Most of the work was done by a diamond 
drill. The depth attained exceeds by nearly 1000 ft. that 
of the Sennewitz borehole, the deepest previously 
attained, and has allowed some valuable observations to 
be made upon the rate of increase of temperature with 
the depth. This was found to be remarkably uniform 
the temperature rising 1 deg. Fahr. for each 67.3 ft., an 
the maximum temperature at the bottom of bore was 
138.9 deg. Fahr. 


Mr. Albion T. Snell has given the following rules for 





roughly computing the output of two pole dynamos and 
motors : 
Let 1 = length of armature in inches, 
d = diameter a Me 
r = revolutions per minute. 
Then for two pole dynamos : 


Drum armature: Jd? r .015=output in watts. 
Cylinder armature: / d?r .01 = pa pe 
For two pole motors : 
Drum armature : / d? r .000015=output in B.H.P. 
Cylinder armature: Jd? 7 .00001 = output in B.H.P. 
The results thus obtained are, Mr. Snell states, a fair 
pe any moni to the safe average output of these ma- 
chines in continuous running. 


At the last meeting of the Mason College Engineering 
Society, Birmingham, Professor R. H. Smith in the 
chair, Mr. J. Wright read a paper on the use of cast and 
wrought iron for pipes, and the relative advantages of the 
two materials, as affected by the various practical con- 
siderations of original cost, strength, and cost of trans- 
port. Mr. R. Peirce followed by reading a paper on the 
use of steel for making pipe mains, and described the 
various processes of making rivetted and welded pipes 
from steel plates, and forming the collars and sockets on 
the pipes. Mr. T. Arnall then read a paper on the joints 
used for various kinds of work, and the testing of the 
ay at the works of the manufacturer and after they are 
aid in the trenches. The three papers were taken as 
one, and the reading of them was followed by a lengthy 
discussion. 


The United Steamship Company of Copenhagen held 
its annual meeting the other day, when a considerable 
amount of interesting information was given. The gross 
receipts for freights, &c., were 13,923,044 kr., and the 
profits on commission, &c., were 234,284 kr.; altogether 
the gross receipts exceeded those of the previous year by 
1,296,875 kr. Expenses had, however, almost without 
exception, likewise increased. On the aggregate expenses 
being deducted from the total receipts, net profits were 
found to amount to 2,952,044 kr. The regular deductions 
for writings off, &c., having been provided for the sur- 

lus amounted to 1,170,976kr., of which the share- 
olders obtain a dividend of 10 per cent. or 800,000 kr.; 
200,000 kr. were added to the pension fund and the 
balance carried forward. At the end of the year the 
company possessed 100 steamers of 60,085 gross tons, 
41,613 registered tons, and the engines represented an 
aggregate of 10,555 horse-power. The traffic with London 
had suffered a good deal through the dock strikes, not 
only at the time, but also afterwards. 


Speaking on Tuesday last before the Select Committee 
of the House of Commons on the proposed central London 
railway, Mr. Greathead, the engineer, said that there 
would be two tunnels 11 ft. in width. There would be more 
accommodation in height and width than in the under- 
ground railways. The carriages would be entered from 
the ends, as in the tramcars, and they would weigh about 
one-half that of a Metropolitan carriage—that is 80 tons, 
as against 165 tons. There would be nine stations at in- 
tervals of about half a mile, and two termini, and the total 
capital and borrowing powers would be about 3,250,000/. 


sterling. There was not the slightest fear of vibration or 
noise above ground, the average depth from the surface 
being 50 ft. There would be no blowholes, as in the 


metropolitan railways, where steam was used, and the 
locomotive engines would be entirely driven by electri- 
city. Dr. Hopkinson, the electrical engineer, said that 
the cost of generating power and locomotive engines and 
ether plant would be about 275,000/. It is expected that 
the inquiry will go on for about a fortnight, nearly the 
whole of the Parliamentary Bar being engaged. 


A meeting of the Institute of Marine Engineers was 
held in the Langthorne Rooms, Stratford, on Tuesday, 
April 15, when a paper by Mr. Thomas, superintendent en- 
gineer of the London and India Docks Company, was read 
giving a description of the method used to remove the 
old wall at the new entrance of the Royal Albert Docks. 
The basin, which it was found necessary to enlarge, 
was surrounded on all sides by walls 38 ft. deep, 20 ft, 
wide at the bottom, and 5 ft. at the top, made of con- 
crete, composed of six parts gravel and one part Portland 
cement. ‘Ihe ground was made up to the level of these 
walls and quays and warehouses formed thereon. To 
effect a junction with the old and new work it was neces- 
sary to remove the wall at the north-east corner of the 
basin for a distance of 520 ft long. This was done b 
drifting holes for blasting to the number of 4571 throug 
the wall; these were charged with ee and dynamite, 
the quantities used being 19001b. of rock powder, 1050 1b. 
of compressed powder cartridges, and 105 lb. of gelatine 
dynamite carefully placed in the holes in charges of from 
bey to 6 lb. according to the units of work each charge 

ad to perform. Seventy-five electric currents in parallel 
each having twenty fuzes in series, were connected to 
two main wires, connected to a Siemens alternator, with 
which the blast was finally fired. After this had been 
discussed a paper on “* The Influence of the Weather on 
Paddle Engines,” by Mr. G. W. Buckwell, member, was 
then read by the honorary secretary, after which the 
honorary secretary announced that the next paper would 
be read by Mr. J. D. Churchill on the ‘‘ Churchill Marine 
Engine Governor,” on April 29, and on May 13 a paper 
On “‘ The Corrosion of Iron and Steel” would be read ~~ 
Mr. D. Phillips, and on May 27, probably the closin 

per of the first half of the session, a paper by Mr. D. G. 
aay on his system of ‘‘ Ventilation Applied to every 
Department of a nog sg 7 On the alternate Tuesdays 
Mr. Macfarlane Gray has kindly agreed to give a series 
of papers on electricity. 
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* | boats, obtaining models carefully built to scale,* testing | Though crude experiments with lifeboat models were 

EXPERIMENTS WITH LIFEBOAT MODELS. these models in sea waves and breakers of proportionate | tried by the South Shields Committee in 1785, and by 
By Mr. J. Corsert. size, and also testing them in still water with appliances | the Northumberland Prize Committee in 1851, I believe 

THIS paper forms part of one submitted to the Com- | for recording their ———. Though such study of the | no methodical or scientific experiments have ever been 
mittee of the Lifeboat Institution in May, 1889. The | subject a ly compensate for my lack of actual | made with either lifeboats or their models ; and while 
Committee honoured me by accepting some of my sugges- experience of lifeboat work, still I hope it may excuse my | curves of stability, and almost every conceivable test and 





tions, and by requesting their naval architect, Mr. G. L. | presuming to speak here on so very debatable a theme. — | calculation have been made for warships, merchant 
Watson, to embody any he approved in a design for a| I owe thanks to the chief inspector and other officers | steamers, and racing yachts, I show now, probably, the 
large sailing lifeboat, not self-righting. F of the Royal National Lifeboat Institution for supplying first curves of stability ever ascertained for lifeboats,* 

ut my investigations and experiments were chiefly | me with drawings and much of the information on whic The types of boats experimented upon include : 



























































Fig. 1. NORFOLK LIFE BOAT, 1885. | Fig. 2. TUBULAR LIFE BOAT, 1877. 
40 feet Length. le-3 Beam /6 Oars. 45 Feet Length 10-3 Beam. /6 Oars. 
Stern. Bow Curve of Stability. Midship i Bow —— Gurve of Stability Midship 
| rey | | — 
140 1§0 | ) : . 90 140 150 Ee 
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40 feet Length. 10 Beam. 2 Oars. 33 feet Length —8- Beam. 10 Oars. 
Stern, 7 i Bow. Curve oF Stability.  Midghi Stern, | Bow. Curve of Stability. Mid; 
/ ag pe bag | oe a oe 5618 £345 y 
























30 60 390 














120 150 180 —* 9 30 60 90 120 150 K 








56- sq. Ft. Exposed Area. = 12:4 Fodt Tons. 25:2 sq. FE Exposed Area. 4-4 : 
14-8 Mid. Sec. — ss = 27 Ft. Rtg. Arm! 10.» Mid Sea = 83 ft. Rtg.Arm. 


a CEE | 


> —— qa 1993 Sq.ft. 9 
Plan Outline. 

































































- EFS 
° 
a] 



























‘Oraht 
2:7 Feet Sectional Areas 
Water Space ome 


Buoyancy ~2 












1-9 feet. ; 
Tons—P, Cent Cent - Sectional Areas. « 


Water Space Tons = P. Cent 
el SO 
pice chiet san 20:5=50 ain 6-1 = 35 

Load Disp > vais Load Disp 33-2 
Total Bulk 41-= 100 Total Bulk 17-3= 100 
































2924 B 














1. The Norfolk sailing lifeboat, the oldest type now in 


directed to the improvement of the small self-righting | this pee is founded. I have also to thank several firms | 
common use. 


rowing lifeboats ; and to this end I earnestly request the | who build lifeboats, and many experienced lifeboat cox- : 
opinion of members of the Institution of Naval Archi-! swains, for practical information on many points. 2. The tubular lifeboat, first built in 1852, but consider- 
tects on my a in this paper. | My object in these experiments, and in the accom- ably modified since then. ae 
During more than twenty years past I have taken every | panying investigation and comparison of the dimensions | 3. The large self-righting sailing lifeboat, as built in 
opportunity of gathering information about lifeboats| and qualities of lifeboats used by the Royal National | 1887, a modification of the ordinary lifeboat. 
from those most conversant with their qualities and | Lifeboat Institution, is to call attention tothe remarkable | _—_— 2 
duties, but since the Southport disaster, three years ago, | diversity, and even opposition, in some of these qualities, | _* Professor Osborne Reynolds read a paper at the Man- 
most of my available leisure time has been occupied in| and possibly to deduce some valuable data which may | chester Lite and Philosophical Society, on December 
reading lifeboat records, collecting drawings of existing | beneficially influence the design of future lifeboats. 14, 1886, “‘On Methods of Investigating the Qualities of 
: = : | pence econ | Lifeboats,” with special reference to the non-righting of 
* Paper read before the Institution of Naval Archi- Rm, My models were made by Mr. C. Bathurst, Tewkes- | the Southport lifeboat the week before, in which he advo- 
tects. | bury ; very accurately and well built to my drawings. _| cated experiments with models, 
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These three types, being all 40 ft. or more in length, 


are represented at one-sixteenth scale by my drawings 
and models. 

4. The self-righting lifeboat, as built in 1862, adapted 
for either rowing or sailing ; this being the first approved 
type evolved from the experimental self-righting boats 
introduced in 1851, and the only type of which drawings 
and specifications were published by the Institution. 

5. The self-righting lifeboat, as built in 1887, being the 
modern development of the above lifeboat, and the type 


whole space beneath the deck is filled in by detached air | dered the boat almost intolerably uncomfortable for the 
cases, except where occupied by loose water ballast. | crew, each boat recently built has a nearly close floor and 
There are no seat thwarts, and when oars are used the | close sides, protecting the crew, but giving an excessive 
men stand to them. The loose water ballast is in open capacity for retaining water breaking on board, and ren- 
central spaces; water also lodges among the timbers in | dering the boat much more subject to capsizing by the 
the space between the air cases and the outer skin of the | blow of a sea. They have also a very singular oe dubious 
boat. There are open tubes through the bottom, to dis- | arrangement of hinged floor planks on each side, which 
charge any water coming on board. The load displace- lift and admit water in bulk from below; and as this 
ment of this boat is about 16.6 tons, and its total bulk to | 


water has only small openings and relief valves to esca; 
, the gunwale is about 42 tons, ; that t > 


| by, it follows, naturally, that the boat is sometimes water- 








Fig.5. ROWING S.R.LIFE BOAT, 1887. 





Fig.6. SIDE DECKED LIFE BOAT, 1830. 























34 Feet Length. 7-5 Beam 10 Oars 34 feet Length. 8-8 Beam. /0 Oars 
Stern | Bow Curve of Stability Midship Stern. Bow. Curve of Stability Midship. 
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‘ of which the greatest number have been built in recent 
ears. 

. 6. The side-decked lifeboat, a novel design for a rowing 

and sailing lifeboat ; presently described in detail. 

These last three, 33 ft. and 34 ft. long, are represented 
at one-twelfth scale, so as to be about the same size as 
those of one-sixteenth scale. 

Before comparing the boats now in use, it will be con- 
venient to briefly describe the chief points of each : 

Fig. 1.—The Norfolk sailing lifeboat is broad and 
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shallow, with huge fenders projecting from its sides. The | 
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Fig. 2.—The tubular lifeboat, as built in 1877, though 
like the Norfolk lifeboat in its broad, shallow, raft-like 
form, is utterly unlike it in other respects. Its stability 
depends entirely on the two tubes forming its main struc- 
ture, and it carries absolutely no ballast. It is thus, in 
proportion to its size, the lightest type of lifeboat in use. 
As originally designed by Mr. Richardson, it had a deck 
of open battens, and open spaces between the tubes and 
the top sides, so that no water could remain on deck, and 
a sea could pass across it or through it without much lia- 
bility to capsizing. But as this very open structure ren- 


logged for considerable periods. These boats are found 
remarkably well adapted for towing. I think this good 
quality is given by the numerous iron bolts and frames 
which connect their tubes, dragging heavily through the 
water, and acting as a powerful drogue, making the boat 
hang steadily on to the towing hawser, On the other 
hand, this constant drag greatly hinders the boat’s sailing 
or rowing, and there isa constant liability to catch wreck- 

e or seaweed on the exposed frames beneath the boat. 
The load displacement of this New Brighton boat is 8 tons, 
and its total bulk 35.5 tons. The old tubular boat at Rhyl 
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has a load displacement of only about 44 tons. The 
tubular lifeboat supplied to New Brighton in 1888 is in 
most points ausihelle superior to these older boats, but as 
yet has not been used on service. 

Fig. 3.—The large sailing self-righting lifeboat is an ex- 

treme example of the ollvabiinn type. Its high-end 
air cases add greatly to the end area of the boat, seriously 
hindering progress to windward. At the same time they 
give an excessive height of side exposed to the blow of a 
sea. The ballast consists almost entirely of the iron keel 
and the iron drop-keel and casing. There are some closed 
water-ballast tanks intended for use if the drop-keel is 
lost. It is fitted with thwarts and swivel rowlocks for 
twelve oars, and also the usual rudder and steering ores. 
It is self-righting, either empty, or with crew and gear on 
board. The boat is remarkably light loaded, its Gomer 
displacement being about 9.8 tons, and its total bulk 
41 tons. 
Fig. 4.—The self-righting lifeboat of 1862, for rowing or 
sailing, is so shallow in draught and comparatively broad 
in beam, as to be only just self-righting without crew or 
gear. It has thwarts and swivel rowlocks, &c., for ten 
oars. The fine lines and fair breadth of beam adapt it 
well for sailing ; but the draught is so limited as to pre- 
vent holding well to windward, especially in broken 
water. The ballast consists of an iron keel, and also 
some cork or light wood under the floor, near the centre 
of the boat. The load displacement is about 5.3 tons, and 
the total bulk about 17.3 tons. 

Fig. 5.—The self-righting lifeboat of 1887, for rowing or 
sailing, is a modification of the last one, especially de- 
signed to give self-righting power, even under difficult 
circumstances. The beam is reduced, and the lines much 
fuller at bow and stern. The draught is increased 4 in., 
thereby giving increased power to the heavy iron keel. 
Many details of the upper structure of the boat are 
lightened to aid in lowermg the centre of gravity. The 
end air cases are considerably enlarged, partly by 
lengthening the boat a foot, no f by reducing the space 
for the crew by 8 in. in length. Water-ballast tanks are 
provided under the floor, holding 7 ewt. All these altera- 
tions from the old type tend to give increased self-righting 
power ; and some of them tend to increase the power of 
sailing to windward. The narrower beam reduces the 
sail-carrying power. On the other hand, the side air 
cases are 7 enlarged, tending to give more stability 
when immersed, but to reduce the self-righting power 
when completely capsized. The boat is self-righting, 
either empty, or with crew and gear. The load displace- 
ment is, like the older boat, about 5.3 tons, and the total 
bulk 17.5 tons. Some of these boats have been fitted 
with drop-keels, giving them good weatherly qualities, so 
that they decidedly excel the other boats when close 
hauled, though not when running free. These boats 
pitch and roll less than the older type, partly owing to 
their shape, but probably chiefly to their weights being 
less concentrated, by omitting the cork ballast, adding 
copper air cases below the deck, and enlarging the end air 
cases. 

Form of Side and Gunwale.—-This is an important item, 
and the height of side perhaps even more important, for 
though the capsizing power of a wave attacks the lifeboat 
both below and above its water line, it is usually the blow 
of a sea on the upper part of the side that does most 
injury. It is therefore paw edt to keep the sides as low 
as a. 

There is an urgent reason in favour of low sides, that 
they are less distant in height above the centre of gravity 
of the boat ; for when a boat is violently struck on the 
broadside, and is thrown twenty yards or more sideways 
by the blow, the chief resistance which the boat offers to 
the rushing sea is simply its weight, its inertia; so it 
follows that when such an overpowering blow is received 
by a low-sided boat with but little keel, the boat may not 
be capsized but only driven sideways ; while the same sea 
striking the high sides or ends of a self-righting boat, 
would find a high area to receive the blow, ne a low 
centre of gravity to resist it, and consequently the boat 
would roll over instead of merely driving along sideways. 

But the blow of the sea broadside on, when it can- 
not be avoided or reduced, may readily be evaded or 
rendered comparatively harmless, by means of sloping or 
‘*tumble-home” sides to the boat. The blow of a sea is 
received by the boat square to the surface on which it 
strikes, and in proportion to the area of exposed surface ; 
just as wind pressure is received square to the surface of 
a sail, and in proportion to the sail area. Therefore a 
wave blow on the “ tumble-home ” part of the boat’s side 
actually tends to heel the boat to wimdward, and thus to 
reduce the capsizing power of the blow. An_ incidental 
gain by ‘ tumble-home” sides is the reduced space for 
water coming aboard ; and another gain for rowing life- 
boats is that the narrower gunwales over a broad hull rise 
and fall less when rolling, and therefore rolling causes 
less inconvenience to the rowers: 

Relative Form of Bow and Stern.—In most lifeboats 
they are almost identical in form, and it seems to have 
been the practice many years ago to sometimes row 
the boat stern first ier than risk turning about in 
rough water. But a sailing lifeboat cannot practically be 
sailed stern first, and a rowing lifeboat is so seldom backed 
that the relative duties of the two ends may be properly 
considered separately. Discussing first the requirements 
for sailing or rowing to windward against a heavy sea, 
this being the most difficult duty of a lifeboat. 

The bow must needs be comparatively fine in form to 
reduce the shock of each wave or of a running sea. It 
must have a considerable surplus of buoyancy so as to rise 
to each wave, but must not have such an excess of buoyancy 
or of horizontal area as would rise it high above the wave, 
thereby losing way and giving the wave a chance of turn- 
ing the boat end over end. The bow should be decked 
over for some length, so as to permit of running into a 





wave and rising through it without taking much water on 
boa: 


The stern has altogether different duties when the boat 
is going to windward. Any reasonably fair form will 
enable the water to close in the boat’s wake without undue 
drag. Full quarters would so extend the water plane area 
as to offer a valuable resistance to depression when the 
bow is rising to a wave, thereby maintaining headway, 
and preventing the boat rising on end; and this can be 
etfected with comparatively little surplus buoyancy at the 
stern. The rudder power would be increased by com- 

ratively fine lower lines below the full quarters. Sta- 

ility for sailing, or to resist capsizing, would be greatly 
increased by thus continuing the breadth further aft ; and 
in every way itappears that for going to windward a fine 
and moderately high bow and a 0 and es amend 
low stern and fairly deep keel and rudder would best give 
the qualities required. 

For running free the very same qualities are required, 
with the additional consideration that the bow must_not 
have too lofty a side, since the blow of a seaon one side of 
the bow has been one of the causes of capsizing. If the 

unwale amidships can be kept low, or made of a tumble- 

ome form, it will further help to reduce the blow of a sea. 

In running before the sea, and especially in landing 
through heavy breakers, somewhat opposite conditions are 
met with, but none which would render it desirable to 
take such a lifeboat in stern foremost. 

The great desiderata here are that the bow end shall 
have ample buoyancy to prevent its burying when a wave 
overruns the stern ; and that the stern shall have a deep 
grip of the water, and comparatively low sides, to pre- 
vent its being turned aside by the blow of a sea on one 
quarter, the most frequent cause of broaching to and cap- 
sizing. Being overtaken and pooped by a following sea, 
the direst peril of an open boat running through breakers, 
is comparatively harmless to a lifeboat whose buoyancy 
depends on air cases ; and therefore a low stern with some- 
what deep keel and a high bow with considerable surplus 
of buoyancy, will best meet the requirements. 

Thus whether rowing or sailing to windward, running 
free, or running before the sea, a fine bow with consider- 
able surplus of buoyancy and a broad stern with but a 
moderate surplus of buoyancy seem safest and best for 
lifeboat work. 

Curves of Sectional Arcas.—These diagrams, and espe- 
cially those of each boat’s bulk above water, indicate well 
the comparative merits of the several forms for forcing 
their way through breakers and high wind, which I have 
also endeavoured to ascertain by the towing experiments 
presently described. The curves indicate one of the many 
detriments involved in the self-righting system; all the 
self-righting boats having curves, or, I should say, angular 
lines of sectional areas above water, seriously detrimental 
to boats specially intended for making good headway 
through rough water. The proportions of immersed and 
emersed buoyancy, and the comparative bulks in each 
end, and in the middle, where lateral stability is mainly 
obtained, can well be studied on these diagrams. 

Proportions of Weight to End Area.—The total end 
area of a boat in comparison with its weight, is aJmost a 
criterion of its power of facing rough water, since impetus 
is essential to holding the Ber way when meeting a 
sea. In the huge-ended sailing self-righting boat, there 
is only 310 lb. of total weight per square foot of end area; 
and in the 1887 rowing boats 333 Ib. per foot of end area ; 
while the Norfolk boat has 546 Ib. per foot of end area. 
These boats being all of shapely form are fairly comparable, 
but the tubular has such blunt shapeless ends that it 
would need an excessive weight to hold way against a 
sea. It has 418 lb. per foot of end area, and is, in fact, 
not so good in this respect as the self-righting boats. It 
is beyond controversy that the Norfolk boat has an im- 
mense advantage over all these other types of lifeboat in 
this “agony of holding its way through a sea; and this 
mainly in consequence of its heavy weight per square foot 
of end area. The side-decked model represents 443 Ib. 
per foot of end area, or one-third more than the self-right- 
ing boats of similar size. 

Towing Resistance against Head Wind and Sea.—This 
quality was ascertained by towing the models to wind- 
ward against breezes of 15 to 25 miles an hour in an 
exposed reservoir. My purpose is to compare each boat’s 
fitness for rowing or sailing to windward against high 
wind and sea.* 

My experiments tend to prove that, when going to 
windward, just as much resistance is caused by the above 
water surfaces, which meet the flying spray and broken 
water, as that caused by the immersed parts, which are 
in less disturbed water. And also that fineness of form, 
and absence of flat or blunt ends, either above or below 
water, tends to easy progress to windward. Thus the 
towing resistances in the line R of the Table on page 521, 
are almost exactly in the ratios of the total end outline 
areas in line J, after allowing for the addition of the 
crews ; except for the blunt tubular boat. And of the 
three large lifeboats, the tubular shows the greatest tow- 
ing resistance, though of the smallest displacement, owing 
to its large, blunt, exposed ends. The self-righting boat 
has only slightly less resistance than the tubular, though 
of very light displacement and fair form; its high end air 
cases offering so much resisting surface. The Norfolk 


* The models were towed in pairs, attached to each 
end of a line passed through a pulley on the end of a fish- 
ing-rod. The boats’ sterns were attached to the ends of 
another line on which a score of 1-in. wooden balls were 
spaced. These formed a self-balancing counterpoise by 
which the increased resistance of the rearmost boat could 
be observed accurately. The actual pull was measured 
by a 1 oz. weight at the end of the tow line of the standard 
boat, working through the pulley on end of rod. Check 
experiments were also made in various ways. 





boat, with heavy displacement, shows rather less towing 
resistance than the light self-righting boat, owing to its 
ett so little exposed surface above water. The three 
small lifeboats show the same indications, the side-decked 
lifeboat carrying 1.4 ton more load than the other two, 
with no increase in towing resistance, owing to its reduce 
surface and less angular form above water, proving that 
a boat with more than double the stability of the ordinary 
lifeboat need not be any harder to row. 

Curves of Stability.—The curves of stability of these 
varied lifeboats at load draught, on diagram Fig. 7, form 
the most suggestive data for comparisons, an sibly 
for future improvements, of any I am able to coe 

Each diagram is marked with the “length of righting 
arm” in feet, and with the greatest stability in foot-tons. 
These figures give criteria of each boat’s sailing power, 
but I have endeavoured to further indicate the sailing 

wer by figures in line U of the Table on page 521, 
ounded on the towing experiments ; these figures being 
the quotients of the foot-tons of stability divided by the 
towing resistances. Of course, the actual beating power 
of a boat depends not only on its sail-carrying power in 
proportion to its towing resistance, but also on its lateral 
area to resist leeway. Any of these boats could be equally 
= provided in this respect by means of keels or drop- 

eels, 

The remarkably full curve of stability of the tubular 
boat shows the greatest righting moment at 30 deg., and 
of the large amount of 22.5 foot-tons. 

The Norfolk boat, celebrated above all for its sailing 
qualities, has its greatest stability at 32 deg., and of the 
high amount of 22.1 foot-tons.t 

he large sailing self-righting boat has an alarming 
deficiency of stability, showing a maximum of only 12.4 
foot-tons at 35 deg., or only about half the stability of 
either the tubular or the Norfolk boat. 

The self-righting rowing lifeboat of 1862 has the inade- 
quate stability of 4.4 foot-tons at 27 deg. The modified 
boat of 1887 has only 3.5 foot-tons at 36 deg. 

The side-decked lifeboat has 9.1 foot-tons at 33 deg. ; 
pro _——— the greatest stability of any of the 
models, 

It is not only at moderate angles that the self-righting 
boats, as compared with the non-righting boats, show 
lack of stability, the average stability of each boat up to 
90 deg. being as follows: 


No. Foot-Tons 
Z up to 90 deg. 
1. Norfolk sailing lifeboat, average... 13.7 
2. Tubular... as aes an: ais 10.4 
3. Sailing self-righting ... ‘ ae 6.8 
4. Rowing se 1862 a a 2.5 
ae +s. SBOE ce eee 2.0 
6. Proposed side-decked lifeboat... ve 5.4 


These figures certainly show so serious a lack of stability 
in all the ge ee | boats as to fairly warrant their 
nickname of ‘ roly-poly boats ;” in fact, more than 60 per 
cent. of the available stability is sacrificed to obtain the 
self-righting power. 

Self-Righting v. Non-Righting.—My experiments and 
comparisons lead to criticism of many varied elements in 
these boats, but it is impossible to overlook the fact that 
the most important debatable element is that of self- 
righting when completely overturned. So far as_ this 
valuable quality can be provided without too much detri- 
ment to other more important qualities, it is of very 
great value, since capsizing is the most serious risk to 
which a lifeboat is exposed. But a boat of shallow 
draught can only be made self-righting by limiting its 
beam, and hence its stability at all working angles of 
heeling ; in order that the ‘‘ shoulder stability” shall not, 
when capsized, annul the righting tendency of the eentre 
of gravity. 

he ofticers of the Lifeboat Institution have recently 
effected a great increase in this quality of their boats, by 
the enlargement of the end air cases, greater rise of floor 
amidship, the addition of 2 in. depth of keel, and the 
reduced beam in the lifeboat of 1887, as compared with 
that of 1862. This increased righting power is well shown 
by comparison of the curves of stability of these two 
boats, the modern boat self-righting, whether empty or 
loaded, while the old boat is only just self-righting when 
empty, and loses stability at 120 deg. when loaded. But 
this increased righting power when capsized is obtained 
by sacrificing one-fifth of the stability when not capsized; 
and it is quite evident that the common statement, that 
the features which give the self-righting power also in- 
crease the stability of a lifeboat, is utterly erroneous and 
misleading. It appears certain that the frequent disastrous 
capsizes of the small rowing lifeboats might be almost 
always prevented by given them considerably more 
stability; for of the larger self-righting boats, ranging from 
37 ft. by 9 ft. > 46 ft. by 11 ft., only one has capsized 
on service, the Thorpness boat, 37 ft. by 9 ft. 4 in., row- 
ing twelve oars. I estimate the displacement of this 

* The curves were ascertained in a tank of salt water. 
The model was fixed in a light wood ring, marked with 
degrees from the water line on each side. Two cords 
pass round a groove in the ring; one of them was attached 
to the side of the tank, level with the submerged side of the 
ring ; the other was carried from the top of the ring hori- 
zontally, over a pulley at the opposite side, and down to 
the scale on which weights were used. The crew and 
gear were represented wood and lead, accurately 
placed. The lee spaces were full of water, so only the 
effective buoyancy was utilised. 

+ Mr. G. ?. Wotson's Southport sailing lifeboat, 42 ft. 
in length, 13 ft. beam, and about 19 tons load displace- 
ment, with low-water ballast tanks, enlarged air cases, 
and other improvements on the old Norfolk type, has the 








immense stability of 45 foot-tons. 
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DIMENSIONS AND PartTiIcuLaRS OF LIFEBOATS. 
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| No.4. No.5. | No 
— : No. 1. No. 2 | No.3.  Self-righting Self-righting. Proposed 
Description of Lifeboat. Norfolk Tubular, Self-righting) Rowing | Rowing — Side-decked 
Sailing. P Sailing. and Sailing, and Sailing, Rowing 
| 862. | 1887. and Sailing. 
A. Length in feet anddecimals .. 40.0 45.0 40.0 33.0 34.0 34.0 
B. Beam ” ” 12.3 10.3 ; 10.0 8.0 ia 2 |; 8&8 
C. Draught ,, ne 2.9 1.9 | 2.7 1.9 | 2&3 2.2 
p. cent, p. cent p. cent. p. cent. p. cent.! p. cent 
D. Load displacement ta oe ‘a -- tons| 16.6=40 8.0=22 | 9.8=24 5.3=30 | 5.3=30 6.7=35 
E. Effective buoyancy above load waterline .. ,, 12.8 30 11.0 31 | 20.5 60 6.1 36 | 66 38 | 67 35 
F. Water space .. ae” age eat ce. aa 16.5 47 10.7 26 5.9 34 | 5.6 32 5.7 30 
G. Total bulk in tons .. 42.0 100 35.5 100 | 41.0 100 17.3 100 | 17.5 100 | 19.1 100 
H. Midshipsection .. # a -. 8q. ft.| 25.2 8.3 14.8 | 10.0 9.5 | 1.7 
I. End outline above load water line ‘ «| 428 34.6 56.0 25.2 26.2 22.2 
J. Total end outline area 63.0 42.9 70.8 35.2 35.7 33.9 
K. Lateral immersed area .. Pr 107.7 66.3 92.4 54.6 59.2 62.2 
L. Lateral area above load water line 109.4 154.0 170.4 90.9 94.8 78.3 
M. Total lateral area .. oe a <e as «| Shack 220.3 262.8 145.5 154.0 14€.5 
N. Water plane area .. 306.0 258.0 242.0 | 173.6 160.7 | 197.0 
O. Plan outline area .. Se a ‘<a 438.4 449.0 328.4 | 199.3 199.7 | 226.5 
P. Weight per square foot, ditto in pounds 85.0 40.0 37.0 | 60.0 60,0 66.0 
Q. Ditto, total end area in pounds.. ‘“ ‘i --| 546.0 418,0 $10.0 337.0 333.0 | 443.0 
R. Towing resistance .. c tons, decimals 21 2. -22 12 ll ll 
§. Greatest stability .. ee a foot-tons| 22.1 22.5 12.4 4.4 3.5 9.1 
T. Average stability up to 90 deg... F ee Pel te © 10.4 6.8 2.5 2.0 5.4 
U. Comparative beating power S+R ee Fe --| 105.0 94.0 56.0 37.0 32.0 83.0 











boat at about 8 tons, and its stability at about 8 foot- 
tons. 

It is possible by heavy ballasting, and by a modification 
of the usual proportions of the boat, without any increase 
of draught, or of weight when on shore, to provide a life- 
boat with fully two-fold greater stability, and with three- 
fold more resistance to capsizing by a sea, than a self- 
righting boat has; and I respectfully submit that this 
greater stability, with better rowing and sailing qualities, 
would amply compensate for the absence of the self- 
righting quality. 

The Side-Decked Lifeboat.—I venture to bring under 
your notice, by a model and drawings, an attempt to 
embody in one design many of the good features of the 
five existing types of boat already described. Further 
consideration and experiment would certainly modify this 
design in many points, but even in its present crude form 
it suffices to show the possibility of a considerable depar- 
ture from any accepted form of lifeboat, with apparently 
some decided improvements, and with no detrimental 
features more noticeable than those existing in types of 
boat which are proved to be tolerably go This boat 
is 34 ft. length over all, and 8 ft. 9 in. beam, rowing ten 
oars ; its most peculiar feature is side decks, or tumble- 
home sides, whichever they may be called, at about 
45 deg. angle from the patton 3 to the low fenders. These, 
ieaviket with the deep sides of the hull, give a lateral 
stability at load draught 160 per cent. greater than the 
approved rowing self-righting boat. The sloping sides 
give little hold to a sea striking the broadside. The row- 
locks, placed on a gunwale of 7 ft. 6in. beam, like an 
ordinary lifeboat, will heel much less than rowlocks at 
the full breadth of the boat. 

The low but unusually long bow air case is intended to 
give an easy lift in entering a wave ; while the full stern 
steadies the boat, and prevents the bow from hammerin 
unduly over short waves, or rising on end against a hig 
breaker. 

The narrowed bow end of the working space tends to 
keep out water when heeling over. The slight coamings 
at bow and stern and on the gunwales, are shaped to give 
a good hand grip. The end outline area is rather less 
than that of the self-righting boat, though the total bulk 
is 1.6 tons more. The displacement is 1.4 tons more than 
that of the self-righting boat, and this would be utilised 
for water ballast, so as to increase the stability and 
momentum of the boat without adding to its weight when 
on shore. By thus adding 1.4 tons of ballast to the bulk, 
it great water-plane and plan-outline areas are more 
heavily weighted per square foot than the rowing self- 
righting boat. 

The lateral outline area is one-tenth less than the self- 
righting boat, and having much less vertical side, the boat 
would be able, by this and its — together, to resist 
much more of a wave blow than would capsize the self- 
righting boat. The weight per square foot of end area, 
being one-third more than that of the self-righting boat, 
would give great impetus for a a breaker or sea. 
Its towing resistance is the same as the self-righting boat, 
and as its sail-carrying power is 160 fa cent. greater, its 
comparative power of sailing to windward is 160 per cent. 
greater than the ae boat. The horizontal square 
tube or casing within the bow air case, and the opening 
in the second thwart, provide for easy stowing the masts 
below the thwarts, a so leaving working room for longer 
oars. The large recess in the boat’s floor and the ball 
valves and canvas curtain insure a rapid discharge of er 

‘water coming on board. A drop-keel of short lengt! 
would be fitted, but even without this valuable appli- 
ance the boat would be well able to beat to windward, 
from having a deeper keel and lower end air cases than 
usual, 

By omitting two of the usual three battens over the 
side air cases, these cases are raised 2in. without raising 
the seat height ; and the thwarts are also raised to the 
rowers’ seat height, omitting the usual raised seats. The 
side air cases above deck are of 104 cubic feet, or just 
double the bulk of those in the ordinary lifeboats, includ- 





ing in this cube the cork filling up to the side decks and 
gunwales, 

Though this model was made too late for comparison 
with the others in my experiments in sea waves and in 
sailing on the sea, I have sailed it on sufficiently rough 
water in a reservoir, in company with the other models, 
and find that it is remarkably free both from pitching and 
rolling ; that it does not take much water aboard, and dis- 
charges such water readily ; and that it sails faster and 
closer to the wind than the other models, all being tried 
without drop keels. The above Table of dimensions and 

ualities of the five ordinary types of lifeboats, and of 
this design, will aid comparison. 

Scheme for Experiments with Lifeboat Canoes.—More 
practical experiments than are possible with these tiny 
models are most urgently needed to solve many of the 
difficult problems of lifeboat construction. Experiments 
with full-sized lifeboats have been very reasonably 
objected to on several grounds: First, their great ex- 
pense ; second, the serious risk to the crews, since such 
experiments, to be of real service, must be in rough 
weather; third, the difficulty of meeting with rough 
weather when so desired. On the other hand, any experi- 
ments with small models without crews fail utterly to 
truly represent real lifeboat work, since no towing and 
guiding by the experimenter can really represent the 

‘ood seamanship of the coxwain and crew of a real life- 
t, on which, as much as on the boat’s qualities, the 
safety of all must depend. 

I suggest a medium course that offers really excellent 
facilities for every form of experiment required. Use 
lifeboat models of the size of ordinary canoes; let 
each be managed by a skilled canoeist (and many ex- 
perienced lifeboatmen are now also canoeists); let wind 
and sea be chosen of forces in proportion to the smallness 
of the models; we have then the following advantages : 
(1) the smallest and therefore least expensive models 
that can be manned at all; (2) the slightest risk to the 
smallest crews, since only moderate waves would be 
encountered ; (3) the frequent er for experi- 
ments, as suitable waves and winds are often available. 
The true proportions for such canoe models may be com- 
puted on the basis of one man in the model representing 
a crew of, for instance, thirteen men in an ordinary life- 
boat ; his power in paddling being about one-twentieth 
of the power of ten men rowing. The quicker strokes 
and more rapid manceuvring of the canoeist would be 
about in proportion to the shorter dimensions and quicker 
action of his boat. Even sailing and towing experiments 
could be carried out thoroughly satisfactorily. 

By this plan an ordinary oe lifeboat, 34 ft. 
long and 7 ft. 6 in. wide, would represented by a 
model 14 ft. 54 in. long, 3 ft. 2} in. wide, weighing, 
empty, 4.9 cwt.* I have ascertained that the cost of 
such a model, substantially built and voy Mw He 
would not exceed 351. ; so half a dozen could be provided, 
representing each of the lifeboats I_ show here, for about 
2001. ; and another 100/. would suffice to remunerate the 
crews. Thus, at half the cost of a single lifeboat, and at 
a merely nominal risk to life, a series of experiments 
could be conducted which might result in improvements 
in future lifeboats of incalculable value. 

I have undertaken this work only after long considera- 
tion, and with much diffidence, owing to my lack of prac- 
tical experience; but having spent much time and 
thought on it, having carried out experiments which 
seem capable of leading to useful results in the hands of 
experts, and having seen that more practical and reliable 
experiments may easily and inexpensively be carried out, 
I most respectfully submit this paper, in hopes that it 
may tend in some slight degree to solve the long-standing 
problem of what is the best form of lifeboat for coast 
service. 





* These figures, and others used in this paper, are com- 
puted on the following proportions to the scales of length : 
speeds as the square roots of lengths; areas as the squares ; 
cubes or weights as the cubes. 





BOILER EXPLOSIONS AT CROSBY 
AND HALIFAX. 

A FORMAL investigation by the Board of Trade was held 
on Friday, April 11, respecting the boiler explosion which 
occurred on Monday, March 17, at the ropery of Messrs. 
Levi and Thomas Usher, Crosby, near Liverpool. The 
Commissioners engaged in the investigation were Mr. 
Howard Smith, barrister-at-law, and Mr. Wm. C. Lang, 


consultin engineer. Mr. Gough conducted the case for 
the Board of ‘Trade. Messrs. Usher were not represented 
by counsel. 


The boiler was of the single-flued or Cornish type, mea- 
suring 9 ft. 9 in. in length, 4 ft. 10 in. in diameter in the 
shell, and 2 ft. 4 in. in the furnace tube, the plates 
throughout having been originally gin. thick. The working 
pressure was between 40 lb. and 50 1b. on the square inch. 
Failure occurred at the back end of the shell, where rest- 
ing on the brickwork seating, at which part the plates 
were considerably reduced by external corrosion. The 
boiler was thrown from its seat and four persons injured, 
including a boy, the son of one of the owners. 

ir. Gough, in opening the proceedings, detailed the 
general circumstances attending the explosion, and stated 
that the boiler, with an engine of 8 horse-power, was pur- 
chased second-hand for 20/. from a broker in Liverpool 
some ten or twelve years ago by Mr. Usher, father of the 
a of the works. No information could now 

obtained as to the date of make nor as to the broker's 
name. 

Mr. Levi Usher, one of the owners, examined by Mr. 
Gough, deposed that he and his brother had carried on 
business as ropemakers at Crosby for the last eighteen 
months. His father conducted the works for thirty years 
previously. The boiler was bought second-hand ten or 
twelve years since, and after purchase it lay on the ground 
six or seven years uncovered and exposed to the weather. 
It was fixed and set to work about four years ago. Noone 
examined it at the time it was bought nor since. The 
idea of examination had never occurred to them. The 
usual working pressure was 30 1b. to 40 lb., but it had 
been as high as 601b. The safety valve blew off at 45 Ib. 
to 50 lb., but when they required extra pressure, which 
was only occasionally, an additional weight was put on 
the end of the lever. The last time this was done was a 
week before the explosion. The boiler was worked on 
an average only three days a week, and about two years 
after his father’s death, it lay idle for six months. At 
Christmas last one of the plates at the bottom of the shell 
near the blow-out tap leaked, and a patch was put on by 
a boilermaker. The plate was worn through, but he had 
not the least idea that any other plates were thin. He 
did not tell the boilermaker who made the repairs to 
examine the boiler. The explosion occurred about eight 
o’clock on the morning of March 17. He had stopped the 
engine to attend to the packing of the pump. The safety 
valve was blowing off and the gauge registered 451b. He 
was about to start the engine when the boiler burst. He 
could not say whether the seating was kept dry. 

By Mr. Smith: He believed the cause of the explosion 
was thinning of the plates by external corrosion. At 
Christmas he saw that the plate at the front, which was 
subsequently repaired, was thin, but did not examine the 
plates elsewhere, as he had no idea there was anythin 
wrong. There was always a leakage at the front, an 
therefore he had the patch applied. The boiler was not 
insured. Neither he nor his brother understood much 
about boilers, and he regretted that it did not strike him 
that the other plates might be thin. The reason he did 
not have the boiler examined when he took hold of the 
works was that he was upset by his father’s death, and 
had no one to advise him. 

Mr. Thomas Usher, the other partner in the firm, 
examined by Mr. Gough, said he did not know how old 
the boiler was. His father, who had no mechanical know- 
ledge, but who always tried to get a good bargain, bought 
it. For some time it lay exposed to the weather, and 
when it rained, the ground would be damp, but it never 
occurred to him that this wculd cause corrosion. No 
examination had ever been made of the boiler so far as 
he knew. At Christmas he saw water coming through 
the corroded plate at the front, but did not suspect that 
the plates towards the back would be thin. He could 
not say how long he expected the boiler would work. 
It was not insured, for he was under the impression that 
the Government inspector came round to examine. 

Mr. Commissioner Smith: Did you ever see a Govern- 
ment inspector examining a boiler? Government in- 
yectors have no power whatever to examine land boilers. 

id you consider the boiler safe as long as it was not leak- 
ing, or was the leakage a test of safety ? 

Witness, in reply, said he was a ropemaker, and not an 
engineer, and did not understand boilers. So long as he 
— get steam up and the boiler did not leak he thought 
it safe. 

Mr. Gough here reminded Mr. Usher that he was the 
owner of the boiler, and therefore responsible. Why did 
he not have the boiler insured ? 

Witness replied that his father did not have it insured, 
and he personally never thought about it. He and his 
brother were only beginners, and had no means. They 
had borrowed money to pay the other members of the 
family for the works. It would certainly have been better 
to have had the boiler examined. He was not present 
when the explosion occurred. He had seen the gauge 
previously at 25 lb. His own boy was seriously hurt and 
was still in the hospital. 

Mr: Hutton Winstanley, boilermaker, Bootle, deposed 
to having been among boilers and engines for thirty or 
forty years. He often examined boilers, and charged 
10s. or 11s. for an examination. He did not examine the 
exploded boiler, not having been instructed to do so, but 
he repaired it by a patch last Christmas at the front 
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end, near the blow-out tap, where the plate was only 
yi in. thick. He did not sound the plates in any other 
part, as he was not employed to inspect the boiler, nor 
did it occur to him that there was any more corrosion 
than that at the front. He told Messrs. Usher that the 
plate near the blow-out tap was thin, but did not suggest 
that any other part would be wasted. The corrosion at 
the part he repaired would probably be caused by damp 
ashes, and the other portions of the boiler would not 
therefore be suspected of being damp. He had known 
boilers last seventeen years without being corroded. He 
did not think the boiler was safe to work at 60 lb., but if 
he had tested it to 60 1b., and it proved right, he would 
not have hesitated to work it at 50 Ib. 

Two workmen in the employ of Messrs. Usher gave 
evidence to the effect that shortly before the explosion 
steam was blowing off at the safety valve, and that there 
was no extra weight on the lever at the time. 

Mr. Seaton, Board of Trade engineer-surveyor, Liver- 
pool, who made the preliminary investigation, produce: 
a photograph and sketch of the boiler and two pieces of 
the corroded plate. The whole of the last plate at the 
back end, with about half of the adjoining plate attached 
to it, was torn off bodily in one piece and shot some 
distance. There was evidence of external corrosion 
along the right-hand side of the boiler where resting on 
the brickwork seating, but the worst part was at the 
primary rent, where the plate was as thin as brown 
paper. The boiler was not safe to work at any pressure. 

fad he seen the corroded plate at the front where re- 
paired last Christmas, it would have strongly suggested 
that the remaining plates would also be corroded, though 
he was almost sure Mr. Winstanley could not have seen 
the plates, part of which he produced, because they would 
be covered by the brickwork. The corrosion was mainly 
external, 

In reply to Mr. Lang, witness said it was surprising 
the boiler stood any pressure at all. 

By Mr. Gough: The setting was demolished, so he 
could not say whether it was damp, nor could he say 
whether there was a spring of water near to cause damp- 
ness, 

At the close of the examination of witnesses, Mr. 
Gough submitted the following questions to the Com- 
missioners, 

Whether any proper examination of the boiler was 
made by the Messrs. Usher before it was set to work by 
them about four years since, and if not, whether they 
were justified in working the boiler without such an 
examination % 

Whether the Messrs. Usher, both or either of them, 
possess the requisite knowledge to enable them to deter- 
mine the condition of the boiler from time to time. If 
not, was the boiler periodically examined by a competent 
person, and did the Messrs. Usher take any measures to 
ascertain that the boiler was being worked under safe 
conditions ? 

Was any proper examination made of the boiler when 
it was repaired +4 Mr. Winstanley in January last, and 
were Messrs. Usher justified in neglecting to have it 
examined at this time? 

Whether, having regard to the uncertainty as to the 
age of the boiler, to the fact that it had been lying on the 
ground exposed to the weather for six or seven years, and 
to the fact that it had subsequently been standing idle 
for six months, Messrs. Usher were justified in working 
the boiler without taking any measures to ascertain its 
condition ? 

What was the cause of the explosion ? 

Whether blame attaches to Mr. Levi Usher, and to 
Mr. Thomas Usher, both or either of those gentlemen ? 

Before answering the questions submitted by Mr. 
Gough, Mr. Smith inquired of Messrs. Usher what they 
had to say with regard to the question of blame attaching 
to them for the explosion ? 

Mr. Levi Usher replied that the explosion was an 
accident, and had been a sad blow to his brother and him- 
self, 
The Commissioner : It should not be called an accident. 
The term ‘ accident ” in connection with boiler explosions 
could not be admitted. The explosion was due to a pre- 
ventable cause, 

Mr. Thomas Usher said he was quite ignorant with 
respect to boilers. That was his defence. 

In delivering judgment Mr. Commissioner Smith said 
the facts lay in a small compass, and there was no diffi- 
culty in coming toaconclusion. He traced the history of 
the boiler from the time of its purchase by the late Mr. 
Usher up to the day of the explosion, and said it was 
important to observe that the primary rupture occurred 
at the part where the boiler lay on the ground for six or 
seven years, exposed to the weather. The plates, as 
ell | out by Mr. Woodthorpe, were wasted till they 
were as thin as brown paper. It was impossible for the 
boiler to resist any ordinary pressure, and it should not 
have been worked at all. It was not examined before 
being set to work, nor had it been examined since, so 
that Messrs. Usher practically worked in the dark con- 
cerning its capabilities. The boiler had been repaired 
about Christmas last, by Winstanley, who told the owners 
that the plate near the blow-out tap, at which part he 
applied a patch, was thin, and this should have put them 
on their guard. Messrs. Levi and Thomas Usher were 
both very much to blame and had shown gross negligence 
and carelessness in leaving the boiler on the ground ex- 
posed for so long a time to the weather, and in not havin 
a proper examination made before fixing it or since it ha 
been worked. The Court understood that Messrs. Ushers’ 
defence was that they thought all was going on right, 
and that they had no practical knowledge of boilers. If, 
however, people chose to have boilers on their premises 
for the purposes of their trade, and did not understand 
them, it was important that they should employ practical 





men to examine those boilers, and not, for the sake of 
saving a few shillings, neglect that duty. It was lament- 
able to think of what might have happened. What had 
happened was sufficiently serious, and the Commissioners 
expressed the hope that persons in the position of Messrs. 
Usher, who had not practical skill, would have their 
boilers examined by competent men. The Court con- 
ee both the owners very much to blame for the ex- 
plosion. 

Mr. Gough applied for costs against Messrs. Usher. 

The Commissioner inquired of Messrs. Usher what they 
had to say with regard to paying costs. 

Mr. Levi Usher replied that they had no money. They 
were struggling on, and only got a bare living, their in- 
come being limited to 2/. per week each. e had a 
family of thirteen, and his brother of seven, and had had 
a great deal of trouble. 

"he Commissioner inquired of Mr. Gough his opinion 
as to the Court making an order for costs which it would 


d | be difficult to obtain. 


Mr. Gough said he felt the difficulty, but people who 
worked boilers ought to take the necessary precautions. 
The explosion might have killed several persons. The 
costs of the investigation were heavy, and the public 
would expect that some severe notice should be taken of 
such a case. He would suggest that the Court should 
order payment of costs, and leave Messrs. Usher to peti- 
tion the Board of Trade. 

Mr. Smith said he had carefully listened to the state- 
ments made in defence, but must make an order for costs. 
As he had already pointed out, Messrs. Usher had been 
zuilty of gross negligence. He thought the Board of 

‘rade would not be exacting in recovering the costs 
awarded, and that reasonable time would be given for 
payment. The costs that Messrs. Usher would have to 
pay would be a considerable sum to them, but explosions 
rom negligence continued to occur from time to time 
and if no inconvenience was felt by those who cause 

them, the formal investigations would not have the effect 
desired. He ordered Mr. Levi Usher and Mr. Thomas 
Usher to each pay 15/. towards the costs of the inquiry, 
making 30/. in all, which would be about a fourth of the 
total expense. Application to the President of the Board 
of Trade for a remission of part of the amount, or time 
for pean would no doubt receive consideration. 

The inquiry then terminated. 


On Saturday, April 12th, a formal investigation was 
held at the Town Hall, Halifax, with regard to the boiler 
explosion which occurred on Saturday, March 8th, at a 
small mechanic’s shop, in Range Bank, Halifax, owned 
by Messrs. Crowther and Sharp. Mr. Howard Smith 
and Mr. Lang were the Commissioners, and Mr. Gough 
represented the Board of Trade. 

‘he boiler was a verysmall one, of the flat-ended, exter- 
nally fired class. It measured 3 ft. 9 in. in length by 1 ft. 
10in. in diameter. The plates originally meet in. in the 
shell, 4 in. in the front end, and barely 2 in, in the back. 
It was only worked about once a week, by two young 
mechanics who used it as a sort of hobby, for the purpose 
of turning a couple of lathes. The pressure was stated to 
have been 65 lb., but proved on calculation to be as much 
as 851b. The back end plate was blown out and the 
boiler shot forward, killing a young man, as well as 
scalding some children playing near. The cause of the 
explosion was external corrosion, the back end plate at 
the point of rupture being wasted almost completely 


away. 

Richard H. J. Crowther, a youth about 18 years of age, 
one of the owners, deposed that he was an engineer’s appren- 
tice, but had had no experience with boilers. Along with 
another young man named Sharp, he purchased the boiler, 
with a small engine, in June last, for 30s. No examination 
was made of it at the time, but the man they bought it from 
told them it had been tested with a hammer, and that it 
had worked at 60 lb., and would do so again with safety, 
so they thought it good. He made no calculations as to its 
strength; he could not. The boiler was built in bricks 
and kept in an outhouse, being used in spare time, say 
about once a week, for amateur work and for driving two 
lathes. The weight on the safety valve was set to blow, 
according to his calculation, at 65 lb., and by the gauge it 
did so. edid not think this pressure excessive, as the 

lates appeared thick enough. The explosion occurred on 
arch 8th, anda young man who voluntarily fired up for 
him, was killed. His father and several children were 
injured, and damage amounting to about 40/. was done to 
property. They had never had the boiler examined or 
tested in any way. It did not occur to him that 30s. was 
a very small price to pay for the boiler. 

By Mr. Howard Smith: He was being educated as an 
engineer and had served four years. He had had no in- 
struction as to working boilers. 

By Mr. Lang: The pressure at the time of the explo- 
sion was 78 lb., but they were not in the habit of workin; 
at that. He thought the safety valve was defective, an 
the firedoor being open and the engine stopped, that this 
caused the pressure to rise. He could not get to the end 
of the boiler to sound it as it was set in bricks, 

Mr. Lang: You were very much to blame for carrying 
more than 60 Ib. 

By Mr. —- : He made calculations as to the length 
of the lever and as to the pressure, but did not know how 
he made them. They came out at 65 Ib. He did not 
think he made a mistake of 20 lb., and that the result of 
this calculation should have been 85 Ib. 

By Mr. Smith: He had read a book about boilers, and 
was taking lessons in steam and applied mechanics, but 
had not studied boilers. He had heard the valve blow at 
65 lb. by the gauge. 

Ernest Sharp, joint owner of the boiler with the pre- 
vious witness, said he was twenty-one years old, and just 
out of his time as engineer’s apprentice. He had had no 





experience with boilers, and never examined the exploded 
one. He had cleaned it once or twice, but never noticed 
any corrosive pitting. He had seen the valve blow at 
65 lb., and ed a not known the gauge to rise above that 
point. At three or four o’clock on the afternoon of the 


= he saw the gauge, and it then registered 60 lb. 
y Mr. Smith : He thought the boiler, though an old 
one, would be safe at 60 lb., as the shell plates had been 
3 in, thick. 

By Mr. Lang: He did not think they were running 
_ great risk in working at 65 1b. He thought all was 
safe. 


B Mr. Gough: He did not know of any similar boilers 
used for similar purposes in the district, or whether they 
were insured or examined. 

John William Stead said he was a roller coverer, and 
sold the boiler to Crowther and Sharp. He purchased it 
with a small vertical engine and some steam pipes from a 
man named Burroughes, but did not remember when 
He paid 2/. 5s. for the lot. He did not pay in money, 
but gave a silver watch, which was valued at 2l., and 5s, 
for it, making 2/. 5s. in all. He only used it about three 
times, and at 60 lb. pressure. He kept the boiler twelve 
months, and then sold it at a loss, as the engine was not 
strong enough to drive his lathe. When he bought the 
boiler Burroughes tested it by striking it with a hammer. 
He struck the shell and end plates all over, and looked as 
if he struck hard. As Burroughes told him he had 
worked at 60 lb., and that it was safe, he thought himself 
justified in working at that point. 

Jesse Burroughes, a machine and toolmaker, said he had 
fired one or two boilers, but had had no practical experi- 
ence with them. He purchased the exploded boiler three 
years ago at Northouram, near Halifax, but from whom 
hedid not know. He was having a walk one Sunday 
morning and saw it in a yard. He paid 28s. for it. 

here was a safety valve and lever, and also a water 
a aay a pressure gauge, but no engine. He bought 
the boiler because he had a fancy for it, as he wanted it 
to drive a lathe which he had made. The man he bought 
it from looked like a farmer ; he had tried to find him, 
but could not, and had heard he was dead. The man 
told him it was made of }-in. plates. He did not inquire 
what pressure it had Pde He bought it first and 
examined it afterwards. 

Mr. Gough : If it had been a tin boiler would you have 
bought it? Do you often buy things like that without 
examination ? 

Witness: He thought the boiler all right. The reason 
he stopped working it was that it burnt too much coal, 
and he had not “brass” enough to keep it going. He 
told Stead that he had had it at 601b., but did not tell 
him it was good for that pressure. He hammered it with 
an 8-lb. or 10-lb. hammer, especially at the part which 
burst, hitting it extra hard at that part. 

By Mr. Smith: He thought it a good bargain to get a 
boiler for 23s, 

By Mr. Lang: He thought if he took the hammer in 
both hands and struck hard, and the plates seemed sound, 
that the boiler should stand the pressure. 

J —— Crowther, grocer, father of one of the owners 
of the boiler, said he had consulted some friends of his, 
who were boilermakers, as to the pressure, and they said 
the boiler was safe enough at 60 1b.; indeed, one said he 
would sit on it at 801b. He told his son and Sharp to 
keep it at 60 1b., and warned them to be careful. Just 
before the explosion he saw that the pressure was 78 lb., 
and shouted out, ‘‘ Boys, your steam is very high, get 
your engine going.” In reply he heard a chorus of voices 
saying that ~ were just going to start. He did not 
hear the valve blowing, but so far as he knew it was free, 
and there was no extra weight on the lever. He was 
frightened when he saw the gauge at 78lb. Two minutes 
after he called out the explosion occurred, and he was 
struck by the boiler.’ 

Mr. W. H. Woodthorpe, Board of Trade engineer- 
surveyor, said he had examined the boiler after the ex- 
plosion, and found that the back end plate had been torn 
away from the shell. He produced the plate for the in- 
Faia of the Commissioners. It was practically worn 

own to nothing by external corrosion. The bottom of 
the shell also was as thin as the end plate. He thought 
the boiler was originally intended for a greenhouse and 
for a very low pressure. Without corrosion and when 
new, it might have been safe at 301b., but at the time 
of the explosion it was not safe at any pressure. The 
load on the safety valve by calculation was 851b. He 
saw the pressure gauge, but it was too much damaged 
to be checked. The bursting pressure originally would 
be 150 Ib., and it was working at three times the pressure 
it would have been safe at when new. 

This closed the evidence, and on behalf of the Board 
of Trade Mr. Gough submitted the following questions 
to the consideration of the Commissioners : 

1. Whether the boiler was properly examined after it 
came into the ion of Burroughes ? 

2. Whether J. W. Stead informed Crowther and Sharp 
that the boiler was fit to be worked ata pressure of 60 lb., 
and if so, was he justified in doing so? 

3. Whether Crowther and Sharp were justified in 
neglecting to have the boiler properly examined before 
working it, and whether they were justified in loading 
the safety valve to a pressure of 85 lb. per square inch ? 

4, Whether Crowther and Sharp lol ow experience in 
the management of boilers ? 

5. Whether Crowther and Sharp were justified in work- 
ing the boiler at.a presssure of 65 lb., and whether they 
were justified in permitting steam to accumulate until 
the pressure amounted to 78 lb. per square inch? 

6. What was the cause of the explosion and loss of life? 

7. Whether blame attaches to Richard H. J. Crowther, 
Ernest Sharp, and John W. Stead, all, or either of them ? 

Mr. Gough said it would appear, from verbal informa: 











ApRIL 25, 1890. | 


ENGINEERING. 


523 








tion obtained by Mr. Woodthorpe, that many small 
boilers were used in Halifax and the surrounding districts 
for similar purposes, and he would therefore request the 
Commissioners to express an opinion as to the serious 
consequences likely to ensue from the practice of working 
boilers without frequent examination by competent 
persons. 

Mr. Commissioner Smith in giving judgment said the 
facts of this explosion were very simple, and _ there 
was no difficulty in coming to a conclusion. He glanced 
over the life of the boiler as shown by the evidence, 
pointing out how often it had changed hands, and the low 
price eo? for it. He condemned as unreliable the 
method of testing adopted by the witness Burroughes, 
who said he struck the boiler hard with a heavy hammer 
which he held in both hands. He should, the Commis- 
sioner said, have tested it with a light hammer with one 
hand, and kept his thumb on the plate at the time. The 
calculations made by Crowther with regard to the pres- 
sure were wrong, and there was little doubt that the 
valve was really weighted to 85 lb. The cause of the ex- 
plosion was the decayed state of the boiler, the back end 
plate being so reduced by external corrosion that it was 
not able to stand any pressure at all. No inspection of 
the boiler had ever been made, and although when new 
it would only be safe, as Mr. Woodthorpe had stated, at 
30 lb., yet when old and worn out it was working at 
nearly three times that pressure. 

The Court was asked whether Crowther, Sharp, and 
Stead were to blame. They certainly were all to eam 
The boiler was bought by Stead at a ridiculously low 
figure, viz., for a watch and 5s., but ‘he did not test it or 
take any steps to see whether it was safe. The same 
remarks applied to Crowther and Sharp, who bought it 
for 30s. Atsuch a price they ought to have had a grave 
suspicion with — toit, but they did nothing to ascer- 
tain its safety. Though told by Stead that it had worked 
at 60 Ib., they set the valve to blow as they thought at 
65 lb., but had made an error of 201b. in their calculation 
so that it was really set to blow at 85lb. They should 
have had some competent person to make a careful ex- 
amination, and should have seen to the proper loading of 
the safety valve. 

The Commissioners were told that in Halifax and dis- 
trict, boilers were used by mechanics to drive lathes on 
Saturday afternoons. This was very praiseworthy, and 
leisure hours could not be better spent than in mecha- 
nical pursuits. But if boilers were picked up on a rub- 
bish heap the Commissioners feared that more explosions 
would be the result. People must be told that whether 
for amusement or profit they must not work boilers at the 
risk of the lives of those near. In the case under con- 
sideration one young man had been killed, and several 
children seriously injured. He trusted these remarks 
would have some effect, and that persons who used boilers 
would see that the plates were in good condition, that 
the pressure was a safe one to work at, and that the safety 
valve was free. 

The Commissioner closed by re 
considered Crowther, Sharp, an 
blame for this explosion. 

Mr. Gough applied for costs against Crowther, Sharp, 
and Stead. 

In reply, Mr. Smith said that they had decided not to 
make an order for costs, because the boiler was emplo 
mainly for the purpose of amusement and instruction, 
and not for trade. It was a case in which a penalty or 
punishment would have been useful to the three young 
men concerned, if he had the power to inflict it, but he ha 
not that power. A fine or imprisonment would have 
taught a very salutary lesson for neglecting to have the 
boiler properly examined. To the public generally the 
owners would no doubt be liable, but looking to the fact 
that they did not employ workpeople, that they erred 
through negligence and ignorance, perhaps culpable 
ignorance, and that the boiler was used for pastime and 
not for mere profit, the Commissioners felt that they 
would not be justified in ordering payment of costs. He 
would impress upon such boiler owners that if an explo- 
sion occurred they would be liable to be indicted for man- 
slaughter, and perhaps sent to penal servitude. The jury 
he believed had returned a verdict of ‘‘ Accidental death.” 
That was fortunate for Crowther and Sharp. If the case 
had gone for trial it would have been hard for them, as 
the judge would have felt bound to tell the jury that there 
had been negligence on their part. 

The inquiry then terminated. 

In contrast to the remarks made by the Commissioner 
with regard to the owners being liable for manslaughter, 
it may be mentioned that at the coroner’s inquest, held 
the day previous to the formal investigation, the coroner 
said ‘he might take it that the jury were of opinion that 
the young man who was killed by this explosion had 
come to his death by misadventure. He did not see 
that any blame attached to any one; it was purely 
an unfortunate and unforeseen catastrophe.” In ac- 
cordance with this view, the jury returned the following 
verdict : 

‘That the deceased died from injuries received by the 
accidental explosion of a steam boiler. That the said 
boiler exploded by the safety valve not properly acting, 
and also from the corroded condition of the boiler. The 
jurors are unanimously of opinion that no blame attaches 
to Richard H. J. Crowther, Ernest Sharp, and John 
- William Stead, or any of them.” 

The jury added to their verdict an expression of opinion 
that ‘the periodical inspection by practical men of all 
steam boilers, used for any mechanical purpose, ought to 
be made compulsory.” 

It will be seen that the conclusion arrived at by the 
coroner and his jury with regard to the liability and 
negligence of the owners by no means coincides with that 
expressed by the Commissioner in his summing up. 


ating that the Court 
Stead very much to 





ELECTRIC WELDING AND STAMPING. 


At the nineteenth ordinary meeting of the session of 
the Institution of Civil Engineers, held on Tuesday, 
April 15, Sir John Coode, K.C.M.G., President, in the 
chair, the paper read was on ‘‘The Application of Elec- 
tricity to —_s ce i and other Cognate Pur- 
= > by Sir Frederic ramwell, Bart., D.C.L., 

‘.R.S., Past President Inst. C.E. 

Although large structures of wrought iron and of mild 
steel commonly had their parts united by bolting or by 
rivetting, and although much ingenuity had been ex- 
pended in so arranging and proportioning rivetted joints 
as to obtain, in the joint, the greatest percentage of the 
strength of the material, nevertheless cases occurred in 
all structures where the union of these metals by welding 
became almost a necessity, or if not a necessity, a matter 
of convenience and economy. Wrought-iron, in addition 
toits many other merits, had the merit of being, par excel- 
lence, the weldable metal; mild steel also possessed this 
merit, but nevertheless there was always a feeling of 
doubt about a weld, although welds were of necessity 
largely trusted. No better illustration of this could be 
= than that of a common chain, each one of its mani- 

old links having a separate weld. In the early days of 
making suspension bridges, the links, unless the wasteful 
process of cutting — portion of the bar was 
resorted to, were made by forming the eyes separate from 
the bar, and by welding them on. To obviate these diffi- 
culties, as long ago as 1845, Mr. Howard, of the firm of 
Howard and Ravenhill, of the King and Queen Iron 
Works, Rotherhithe, devised a plan which, while avoiding 
the necessity of welding on the eyes, avoided also the 
waste of material before alluded to. Within the last few 
years a plan of ‘‘upsetting” the ends of the bars by mecha- 
nical means, so as to = ain the requisite material for 
the formation of the eye, had been introduced in the 
United States. Although imperfection in a weld might 
arise from insufficient heat, or indeed from an excess of 
heat, or from the application of inadequate power to 
bring the heated surfaces together, probably by far the 
greater proportion of defective welds arose from the pre- 
sence of some foreign body between the surfaces to be 
welded, or, as it was expressively called, “dirt” of some 
kind or another. Attempts had been made to obviate 
these difficulties by — oying gaseous or liquid fuels, 
and, in rare cases, by the removal of the oxide of the 
metal from the surfaces by turning or planing. Allusion 
might be permitted to the welds that were successively 
employed for the welding of railway tyres in the days 
prior to the present system of making these tyres by con- 
tinuous rolling, and in the hoop form. These comprised 
an ordinary scarf weld, bird-mouth welds in both direc- 
tions, single-wedge welds, and double-wedge welds. In 
all these cases hammering was employed; but for car- 
riage tyres, at all events, the butt weld was used. In 
the early days of wrought-iron ordnance, where it was 
desirable to have in one piece a wrought-iron tube, 
so long in relation to its diameter that 1t would have 
been difficult to have welded it up as a single coil, it 
was made by welding two coils together, each of about 
half the length of the desired tube. It need hardly be 
said that every one of the modes of heating employed 
involved that the heat should proceed from the outside 
inwards. There were also the chances of inadequate 
heat ; of an excess of heat; and, as had already heen 
stated, of the presence of “‘ dirt ” in the weld. Moreover, 
there was the difficulty of ascertaining to what state the 
heat had attained ; commonly in small welds the pieces 
were withdrawn from the fire, with the consequent risk of 
picking up “dirt” during reintroduction. Among the 
desiderata for heating for welding purposes, the mode 
adopted should admit of uniform heating throughout the 
sectional area to be welded ; it should admit of absolute 
regulation of the heat; it should be free from the possi- 
bility of introducing either particles of fuel or 
between the welding surfaces, and it should admit also of 
complete inspection during the time the heating was 
oing on. All these desiderata were afforded by electrical 
eating. As regarded the power of an electric current in 
passing through substances to develop heat, the most 
familiar instance was probably that of the carbon filament 
of an incandescent lamp, now so largely used in theatres, 
in clubs, and in private houses. It was common know- 
ledge that electrical energy was compounded of electro- 
motive force or potential, or preferentially ‘‘ pressure,” 
multiplied into the amount of the current, or the pressure 
multiplied into the quantity. Whenever this electrical 
energy had to pass through a conductor the resistance of 
that conductor to its passage destroyed a certain portion 
of the electrical energy, which energy so destroyed reap- 
peared in the form of heat, and must appear in the very 
conductor which had been the cause of the destruction 
of the electrical energy. Therefore the amount of heat 
— must be that which was the thermal equiva- 
ent of the electrical energy destroyed. What the tem- 
perature would be, and in most cases it was the tempera- 
ture reached by the conductor, as the result of the 
passage of a given quantity of current, which was 
of importance, depended not only upon the heat-units 
produced, but upon other considerations. Although elec- 
tric energy was represented by the multiplication of the 
yressure into the current, it would be Somme that the 
Looting effect of any given current was independent of 
the pressure, and that the heat produced was in propor- 
tion to the current employed. As regarded the es nal 
effect of any given current upon different materials, if 
there were an absolutely perfect conductor, which offered 
no resistance to the passage of an electric current, no 
amount of electrical energy could heat it, because no 
extent of conductor could destroy any part of that elec- 
trical energy. On the other hand, in the case of a material 
absolutely impermeable to an electric current, it need 





hardly be said that no heating could result, as no current 
could pass. Fortunately the materials commonly welded, 
iron and steel, held a very happy position as con- 
ductors in the scale of centile for the purposes of being 
electrically heated. The electrical resistance of metals 
increased, however, with an increase in their tempera- 
ture. This question of the increase of resistance due to 
increase of temperature had been investigated by Dr. 
Hopkinson, and the results obtained had been published 
in the Philosophical Transactions for the year 1889. This 
increase of resistance to the passage of the current, as the 
temperature increased, was of great utility in electrical 
welding. Consider the two ends of bars to be welded, 
mere ordinary rough surfaces, the first contact was made 
upon numerous points, through these the current passed, 
and they became rapidly heated, and offered more resist- 
ance. As endway pressure was applied, the surfaces in 
contact became of larger and larger area until all were 
heated up uniformly. The greater current sought those 
parts which, although in contact, were at a lower tempera- 
ture, and this went on until contact and uniform tempera- 
ture were obtained. Having regard to the fact that the 
rticular form of electrical energy needed for imparting 
eat was that of large current and low pressure, it would be 
seen that there was very — difficulty, amounting almost 
to a commercial impossibility, of transmitting destaleal 
energy in such a form over any but very short distances, for 
unless the conductors were of enormous size they themselves 
would be injuriously heated by the passage of the current ; 
and, moreover, the pressure required to drive these large 
currents through any considerable length of conductor 
would be so large a percentage of the working pressure as 
to add very greatly to the power required. For these 
reasons it was desirable that the electrical energy should 
only take the form of large current and low pressure in 
the very neighbourhood of the welding machine itself. 
In all probability the great use of electric welding ma- 
chines would be for uniting pieces of special and difficult 
form, and for dealing with refractory metals, refractory 
in the sense that they did not lend themselves to suc- 
cessful welding by any of the ordinary processes. Metals 
which had been dealt with in such machines comprised : 


Steel: Every variety seemed to be weldable. 

Iron: Cast, wrought, malleable, case-hardened, ferro- 
aluminium. 

Copper : Cast, rolled, drawn. 

Brass : Cast, rolled, drawn. 

Delta metal : Muntz metal. 


Aluminium Tin Cobalt. 
Silver Lead Manganese. 
Gold Zinc Bismuth. 
Platinum Nickel Tridium. 


Bronze: Aluminium, phosphor, silicon, &c, 
Gun-metal. 

Bronze to iron. 

German silver to iron. 

German silver to brass. 

Copper to brass. 


_ At the Crewe Works, Mr. Webb had one of these weld- 
ing machines in use. He had it at work at present shut- 
ting on eyes to screwed rods of some { in. diameter; the 
weld was made close up to the screw, which was in no 
way injured in the process. It had also been employed 
to weld ends to tubes, to weld together the parts et twiat 
drills which had been broken, and to weld best steel for 
tools on to commoner materials. It was obvious that a 
machine that gave the power of heating any material 
with an absolutely controllable heat, and that enabled 
that heat to be inspected and to be communicated without 
the advent of impurities, must have many uses in the 
arts, in preparing pieces for brazing, for stamping, and 
in a variety of other ways; in fact, there could be no 
doubt that the existence of such a machine would itself 
give rise to a large number of new uses. 


Gold to platinum 
Tron to steel 
Brass to iron 
Copper to iron 





THE PHYSICAL SOCIETY. 

ArT the meeting of the Physical Society, held on April 
18, 1890, Professor W. E. Ayrton, F.R.S., President, in 
the chair, Mr. W. B. Croft was elected a member of the 
Society. 

Professor Riicker described the results of ‘‘ Some Recent 
Magnetic Work,” undertaken by himself and Professor 
Thorpe in connection with their Magnetic Survey of the 
United Kingdom. 

In a paper read before the Royal Society last year they 
have shown that the United Kingdom can be divided 
into seven or eight distinct districts, in each of which a 
source of disturbance seems to exist. The probable cause 
of these disturbances the authors believe to be the pre- 
sence of “magnetic rocks.” If this be true an intimate 
connection should exist between the magnetic elements 
of a district and its geological structure. If a magnetic 
mass be supposed to exist below the surface, then one 
would expect the vertical force to be greatest above that 
mass, whilst the horizontal disturbances would tend 
towards the mass and would differ in direction on its 
opposite sides. With a view to testing more fully than 
heretofore the magnetic constitution of the districts 
above referred to, the work (the results of which Professor 
Riicker now described) was undertaken. 

Two test districts were selected, in which numerous 
observations were taken; one of these is situated on the 
west coast of Scotland, and the other embraces parts of 
Lincolnshire and Yorkshire. The first of these districts 
was chosen for two reasons: First, because it is very dis- 
turbed, and owing to the vast masses of basalt would be 
a specially difficult one ; and, secondly, because it is near 
the borders of their survey, and is thus particularly open 
to suspicion that the calculated values of the elements may 
be inaccurate 

By the aid of magnetic maps, Professor Riicker showed 
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that a centre of disturbance exists to the west of Iona and 
south of Barra. Both the vertical force and the hori- 
zontal disturbances indicate the same position, and hence 
favour the hypothesis. : 

In the Lincolnshire and Yorkshire district, extending 
from the Washto Appleby, there isa region in which the 
horizontal disturbances along the east side tend towards 
the west, whilst along the west side they are on the whole 
directed easterly. his points to a ridge of magnetic 
material along the middle of the region, and from nume- 
rous observations the approximate position of the ridge 
line has been determined over a length of 150 miles. In 
Lincolnshire the ridge follows closely the line of Wolds, 
whilst at the Kettlewell end it is directed towards the 
Cumberland lake district. Places of maximum vertical 
force occur near Market Weighton and Harrogate. 

The observers were directed to Market Weighton by 
Professor Judd as being situated where the liassic stiata 
thins out. Harrogate stands on the summit of an anti- 
clinal. The fact that such places of maximum vertical 
force exist where according to hypothesis they would be 
expected tends to confirm the supposition, and thus to 
demonstrate that a very close connection exists between 
the magnetic elements and the geological structure of a 
country. This is further confirmed by the observation 
that in Lincolnshire the line of disturbance follows closely 
the line of the Wolds, and that from Market Weighton it 
yasses across the plain of York to the millstone grit and 
imestone, which are the oldest rocks in the neighbour- 
hood. 

Mr. Whipple said he had listened with very great 
jleasure to the most interesting details and results given 
Professor Riicker. Never to his knowledge had a 
magnetic survey been conducted with such minuteness 
and accuracy. The older surveys related chiefly to de- 
clination, whilst the determinations of intensity were 
made in a very primitive way. He looked forward with 
great interest for other important results which he felt 
sure would follow from the admirable survey of Professors 
Riicker and Thorpe. A most cordial vote of thanks 
was accorded to Professor Riicker for his most interesting 
and valuable communication. 

Mr. T. H. Blakesley, hon. secretary, read a paper on 

**4 Theory of Permanent Magnetism,” by M. Osmond. 
The author stated that iron exists in two distinct physical 
states, one soft, or ‘“‘airon,” and the other hard, or 
“8 iron.” The § variety is non-magnetic and is formed 
during heating, hardening, or by electrolysis, whilst the 
soft or a modification is produced by long annealing. 

In a piece of steel the author considers the 8 molecules 
to form a rigid framework in which the a molecules be- 
come interlocked under the influence of magnetising force, 
and on the degree of interlocking the permanent mag- 
netism depends. By a graphical method it is shown that 
the permanent magnetism should be a maximum_when 
the two varieties are present in equal quantities. If the 
proportions of carbon and maganese in the steel are con- 
siderable then nearly all the iron is of the 8 variety, and 
the steel is nearly non-magnetic. 

In hardening a piece of ordinary steel the surface 
layers being cooled most rapidly, contain more f mole- 
cules than the interior; hence for a certain degree of 
hardness (when the layers have more a molecules than 8 
ones), a laminated magnet will be a better permanent 
magnet than a solid one, but for a much greater degree 
of hardness the reverse may be the case. 

Mr. Swinburne asked if the theory would account for 
the increase of induction which occurs when the circuit of 
a permanent magnet is closed ; most theories founded on 
the orientation of particles by the rip aati § force 
seemed defective in this respect. Some time ago he had 
suggested that the permeability of iron should be tested 
by first magnetising it one way, and then at right angles 
to the first direction, recently he had been informed that 
no increase of permeability was observed when the experi- 
ment was performed. ; 

Professor Perry said he had subjected iron to magne- 
tisation in one direction and found the permeability for 
small forces in a direction at right angles much smaller 
than he had anticipated; the first magnetising force 
was — constant when the small perpendicular one was 
appliec 

fr. Swinburne thought that for such small perpendi- 
cular forces the permeability should be nearly infinite. 
He also said there seemed « sort of angular hysteresis in 
iron, for if a loose running armature was turned slowly 
round by hand, it would come back 2 deg. or 3 deg. when 
left free. 

The President remarked that as far as he could see M. 
Osmond’s theory does not account for the great influence 
which a small percentage of tungsten has on the magnetic 
property of steel, and all theories which failed in this 
particular must necessarily be imperfect. : 

Mr. Blakesley pointed out that the ordinary hysteresis 
curves showed that a small superimposed magnetising 
force, in a direction different frcm the primary one, pro- 
duced only + small change in the induction and hence 
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would give a small permeability. For example. the incre- 
ment H H' causes an increase R P in the induction, whilst 
an equal decrement H' H produced only a change P 5. 





LAUNCHES AND TRIAL TRIPS. 


A STEAMER was launched from the yard of Messrs. A. 
Hall and Co., Aberdeen, on Saturday, April 5, which has 
been built to the order of the Companhia de Navigacao de 
Pernambuco for passenger and cargo trade on the coast 
of Brazil. This vessel, which is named Jaboatao, is of 
the following dimensions: 200 ft. long, 29 ft. broad, 
11 ft. Gin. to main deck, and 18ft. to shade deck, the 
gross tonnage being 750. Engines of the tri-compound 
type are being constructed to indicate 800 horse-power. 
— at 160 lb. pressure will be supplied from two steel 

ilers. 


On Saturday, April 5, the s.s. Duchess of Fife was 
launched by Messrs. Hall, Russell, and Co., Aberdeen, 
for the Aberdeen Lime Company. This vessel is in 
length 198 ft. over all, 28 ft. Gin. beam, and 15 ft. deep, 
the gross tonnage being 700 tons. 





A schooner for the Allan Line was launched on April 3 
from the yard at Port-Glasgow of Messrs. Blackwood an 
Gordon. The vessel, which is named Chicharra, is of 
the following dimensions: Length, 108 ft.; breadth, 
27 ft. 6 in.; depth, 10 ft. 3in.; and her deadweight 
carrying capacity is 370 tons. : 

Earle’s Shipbuilding and Engineering Company, Hull, 
launched on the 10th inst. two steam trawling vessels, 
100 ft. long, by 20 ft. 6in. beam, by 10 ft. 9 in. depth of 
hold, built for the Grimsby Steam Fishing Company, 
Limited. The machinery consists of a set of tri-com- 
pound three-crank engines, with cylinders 12? in., 20 in., 
and 32 in. in diameter by 22 in. stroke, supplied with 
steam from a large size steel boiler designed to work at 
150 lb. pressure. The vessels were named respectively 
Gallic and Hellenic. 


The s.s. Shaftesbury, which has been built by Messrs. 
Craig, Taylor, and Co., of Stockton, for Mr. William R. 
Rea, Belfast, was taken on her trial trip on Monday, 
April 7, with very satisfactory results to all concerned. 
The principal dimensions are: Length, 270 ft. ; breadth, 
37 ft.; and depth moulded, 19 ft. 8in. Her engines have 
been built by Messrs. Westgarth, English, and Co., of 
Middlesbrough, and have cylinders 20in., 33 in., and 
54 in., by 36 in. stroke, supplied with steam by two steel 
boilers working at 160 lb. pressure. The power indicated 
on trial was 1023 indicated horse-power. 





The new steamer Neptun was launched on Saturday, 
March 29, from the Joh. C. Techlenborg’s shipyard at 
Bremerhaven. She is built for account of the Bergen 
Steamship Company, Bergen, Norway, and will no doubt 
be the best fitted out of all Norwegian tourist steamers. 
She is 210ft. long and 30 ft. broad, and will be lighted 
throughout by electricity. The calculated speed is 
15 knots, and the size is 600 tons deadweight. The new 
steamer will be ready for the commencement of this 
year’s tourist season, and will, as far as possible, be fitted 
with Norwegian manufacture. 


Messrs. John Fullerton and Co., Paisley, launched on 
Wednesday, 9th inst., a steel screw steamer of 400 tons 
gross register, named the Prince, and built by them to 
the order of Messrs. J. and J. Hay, Glasgow. The pro- 
pars machinery, which is of the triple-expansion type, 

as been supplied by Mes-rs. Muir and Houston, of the 
Harbour Engine Works, Glasgow. The cylinders are 
13 in., 214 in., and 34 in. in diameter respectively, and 
the stroke is 27 in. The condensing surface is 650 square 
feet. Steam is generated in one boiler, 12 ft. in diameter 
and 9 ft. 6 in. long, having three furnaces, each 3 ft. 1 in. 
in diameter, with a total grate area of 45 square feet, 
whilst the heating surface of the boiler is 977 square feet. 
The indicated horse-power is expected to be 450, and with 
this a speed of 11 knots an hour will be attained. 


Messrs. Russell and Co. launched from their east-end 
yard at Port-Glasgow, on Thursday, 10th inst., a three- 
masted sailing ship named Dumbarton Rock, built by 
them to the order of Messrs. James Cornfoot and Co., 
Glasgow. The vessel is of the following dimensions ; 
Length, 260 ft. ; breadth, 38 ft.; depth, 23 ft.; and the 
net register tonnage is 1700 tons, while the deadweight 
carrying capacity is 2800 tons. 





A steel auxiliary steam yacht of 636 tons measurement 
—probably one of the largest, if, indeed, it is not the 
largest, auxiliary steam yacht yet built—was launched 
the other day by Messrs. John Reid and Co., Port-Glas- 
zow. The craft, which is named White Heather, has 
een built to the order of Mr. R. Cecil Leigh, who intends 
using her for ocean cruising. The vessel is rigged as a 
barque, and has triple-expansion engines. The funnels 
are made on the a principle, and she has a patent 
feathering propeller. The fittings of the vessel include 
an electric lighting plant. 





The new screw steamer County Down has had success- 
ful speed trials on the Firth of Clyde. The vessel was 
built by Workman, Clark, and Co., Belfast, and fitted 
with engines by Messrs. William Kingand Co., Limited, 
Glasgow. The dimensions of the vessels are: Length, 
286 ft. ; breadth, 29 ft. ; depth, 21 ft. The engines are 
on the triple-expansion principle, and have cylinders of 
19 in., 32 in., and 52 in. in diameter respectively, with a 
stroke of 42in. The condensing surface is 1766 square 
feet. Steam is generated in one boiler 13 ft. in diameter 
and 17 ft. 6 in. long, the grate area being 108 square feet 
and the heating surface 2993 square feet. On the trial 
which took place on April 7, with steam at a pressure of 
160 lb. to the square inch and the engines working to 





86 revolutions per minute, the power developed was 1110 
indicated horse-power, and the mean speed attained was 
10 knots an hour. 


On Saturday, the 5th, there was launched from the 
Middlesbrough Yard of R. Cra gs and Sons a steel screw 
steamer, built to the order of the s.s. Ingleby Company, 
Limited, particulars of which are as follows: Length, 
270 ft.; breadth, 36 ft. 6 in.; depth moulded, 19 ft. er 
engines will be titted by Messrs. Westgarth, English, and 
Co., of the same port, and have cylinders 20 in., 33 in., 
and 54in. in diameter, by 36 in. stroke, and steam is 
supplied from two extra large steel boilers. As she left 
the ways she was christened the Ingleby. 








Messrs. Russell and Co. launched “from their Kingston 
yard, Port-Glasgow, on Wednesday, 9th inst., a four- 
masted steel barque, built to the order of Messrs. J. R. 
Dickson and Co., Glasgow. The barque, which is named 
Garnethill, is 278 ft. long, 42 ft. broad, and 24 ft. 3 in. 
deep, her net register tonnage being 2200 tons, while her 


d | deadweight carrying capacity is 3600 tons. 


Messrs. Robert Duncan and Co., Port-Glasgow, launched 
on Thursday, 17th inst., a steel twin-screw steamer named 
Apa, built by them to the order of the Paraguayan 
Development Company, and intended for service on the 
River Plate. The dimensions of the vessel are as follows: 
Length, 160 ft. ; breadth, 33 ft.; and depth, 9 ft. ; the 
register tonnage being 600 tons. The propelling machi- 
nery is to be supplied by Messrs. Rankin and Blackmore, 
Greenock. It is to consist of Rankin’s patent disconnect- 
ing twin-screw engines, with cylinders 9 in., 18 in., and 
32 in. in diameter respectively, with a stroke of 22 in. 





A new screw steamer named Bute No. 2 was launched 
on Thursday, 17th inst., from the yard at Bowling, on 
the Clyde, where she was built by Messrs. Scott and Co., 
for Messrs. Hill and Co., Glasgow. The steamer is of 
the following dimensions: Length, 116 ft.; breadth, 
22 ft.; depth, 9ft. The vessel will be fitted with com- 
pound surface-condensing engines having cylinders 12in. 
and 23 in. in diameter respectively, with a piston stroke 
of 18in., constructed by Mr. William Kemp, Govan. 





The new screw steamer Vauban, of Bordeaux, under- 
went speed trials on the Clyde preparatory to sailing on 
her maiden voyage to Africa last week, and attained satis- 
factory results, alike as regards speed and consumption of 
coal. The steamer, which is 1600 tons register, was built 
to the order of Messrs. Maurel and H. Prom, of Bordeaux, 
by Messrs. William Hamilton and Co., Port-Glasgow, 
and the propelling machinery was supplied by Messrs. 
Blackwood and Gordon, also of Port-Glasgow. The 
cylinders are 19in., 30in., and 49in. in diameter respec- 
tively, with a stroke of 3ft. Steam is generated in one 
boiler 15 ft. in diameter and 10 ft. Gin. long, with a heat- 
ing surface of 2250 square feet. On trial the engines 
worked to 1077 indicated horse-power, and the speed was 
114 knots, the ship being fully laden. 





CaTaALocuEs.—Messrs. Allen, Harrison, and Co., of Cam- 
bridge-street Works, Manchester, have sent us a catalogue 
of engine and boiler mountings, oe work, &c. It 
contains 78 pages of illustrated particulars of a very large 
number of fittings for engineers and brewers. The cata- 
logue of Messrs, Drake and Gorham, of Prince’s Mansions, 
Victoria-street, London, is devoted mainly to Captain 
Cardew’s voltmeters, and to switch appliances to be used 
in conjunction with battery installations. It is well illus- 
trated, and contains particulars of many ingenious and 
useful apparatus. 





Roya AGRICULTURAL Society OF ENGLAND.—In con- 
nection with the meeting of the above Society, to be held 
at Doncaster next year, a first prize of 100/., a second 
prize of 50/., and a third prize of 26J. are offered for the 

st combined portable thrashing and finishing machine, 
worked by steam and adapted to the preparation of corn 
for market. The width of the machine is not to exceed 
4 ft. 8 in. inside the frame, and the drum must not be 
more than 4 ft. 6 in. long. The awards will be made on 
the results of a series of competitive trials, full particu- 
lars of which can be obtained from the secretary of the 
Society, 12, Hanover-square, London, W. No firm will 
be allowed to enter for the competition at a later date 
than Friday, August 1, next. 





GUNBOATS FOR THE ZAMBESI.—The British Government 
has recently intrusted Messrs. Yarrow and Co., of Poplar, 
with the construction of two steel shallowdraught steamers 
to serve as gunboats, of special design, for the navigation 
of the Zambesi and Shiré. These boats merit attention 
owing to the novelty of their construction. They are of 
the stern-wheel type, 90 ft. in length by 16 ft. beam, and 
having a draught of from 18 in. to 2 ft., and are of about 
the same tonnage as the passenger steamers plying be- 
tween London Bridge and Chelsea. They will be shipped 
in pieces and put together at their destination. The 
most remarkable feature of Messrs. Yarrow’s contract is 
that they have undertaken to put them together at the 
mouth of the river, and to have them ready for steaming 
within 24 hours after arrival without going ashore or 
having any recourse to the land on either side of the river. 
At the same works there are being built side by side with 
the —— boats six boats for the Portuguese Govern- 
ment, also for service in the same district. These were 
contracted for immediately after the recent expedition 
A the Zambesi, in three steamers also built by Messrs. 

arrow, of which Major Serpa Pinto was in command. 
The Portuguese will therefore before long have a small 
fleet, consisting of nine gunboats, on the Zambesi, 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Comritzep sy W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883, 

The number of views given in the ification Drawings is stated 
tn each case after the price ; a none are mentioned, the 
Specification is not illustrated. 

Where Inventions are communicated from abroad, the Names, 
&c., of the Communicators are given in italics. 

— of Specifications may be obtained at 38, Cursitor-street, 

hancery-Lane, E.C., either personally, or by letter, enclosing 
amount A / Ftp and postage, addressed to H. READER LACK, Esq. 

The date of the advertisement of the pt of a@ complete spe- 
cification ts, in each case, given after the abstract, unless the 

‘atent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a complete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS. 

5627. H. Tomkins and T. Sudron and Co., Stockton- 
on-Tees, Durham. Steam Boilers. [8/. 2 Figs.) 
April 2, 1889.—Cross-tubes a, b, c, extend the full distance across 
the boiler and are rivetted to the shell on either side, the boiler 
shell being thus reduced in strength only by the loss of sectional 
area due to the openings through the shell into the cross-tubes. 
The loss of strength thus incurred is made up in part by the 
flanges of the tubes, and if necessary by compensating plates ex- 
tending round the holes cut out. The boiler is provided with 
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three tiers of cross-tubes a, b, and c, through which the hot gases 
or products of combustion pass in sinuous or reversed currents 
from the combustion chamber d to the smokebox b; f and g are 
communicating chambers from one tier of cross-tubes to the next 
tier above, so that where three tiers of cross-tubes are used the 
hot gases pass from the combustion chamber d through the tubes a 
into the chamber /, and from the chamber /f in the opposite direc- 
tion through the tubes b into the chamber g, whence they pass 
through tubes c into the smokebox e. (Accepted March 12, 1890). 


7937. H. Igel, Newcastle-on-Tyne. A Recipro- 
cating Rotary Engine. (8d. 8 Figs.) May 13, 1889.—The 
improved rotary engine consists of one or more cylinders C, with 
pistons fastened on the centre of the piston-rod R which pro- 
trudes through both covers and terminates in rollers B. Near the 
extremities of the piston-rod in large engines are fixed cross- 
heads working in guides attached to the cylinder. The ends of 
the piston-rod work against the surfaces or in grooves of con- 
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tinuous cams fixed to or formed in a disc or circuler plate A, Al}, 
and are placed in a circle round the cylinder C, and concentric to 
the shaft S. These cams are always odd in number, so that 
during the time the piston is in motion, while one end of the 
piston-rod descends the incline of one cam, the other end ascends 
the incline of the oppositecam. By this means the cylinder C or 
the cam supporting plate A A! is driven forward and caused to 
revolve round its axis to which the driving shaft is connected. 
(Accepted March 12, 1890). 


8472. J.T. A. Mallet, Paris. Locomotive Engines, 
[Sd. 7 Figs.) May 21, 1889.—This invention relates to a com- 





























und locomotive engine having the high and low-pressure cy- 
inders placed tandemwise one in front of the other in the centre 


line of the engine, their pistons being coupled to cranks at 90 deg. 
to each other. The low-pressure cylinder L P is coupled to the 
central crank on the axle b of the second pair of wheels by means of 
the connecting-rod a, while the high-pressure cylinder H P is 
coupled by means of a crosshead ¢ and side connecting-rods d, d to 
outside crank-pins on the leading axle. The driving crank-pins of 
the leading axle carry return cranks, and the couplings at opposite 
sides of the engine deviate in opposite directions to the extent of 
45 deg. from the position of the driving cranks. By this arrange- 
ment the strokes of the two pistons are alternated as though they 
‘conn direct cranks at 90 deg. to eachother. (Accepted March 12, 
1348. L. Steinmuller and C, Steinmuller, Gummers- 
Germany. Steam Generators. (Sd. 25 Figs.] 
January 25, 1890.—The annexed figures illustrate a marine 
boiler. A number of inclined boiler tubes ¢ are secured 
with their ends in the walls of the front and back water chambers 
A, Al in the usual manner, and are bounded or inclosed at the 
sides and partly above by rows of water tubes ¢1 fixed close to 
one another and likewise terminating in the water chambers. 
The front and back water chambers A, Al are connected 
by one or more steam and water reservoirs, or upper 
toilers C, which are partially exposed to the heating gases. 
Above the uppermost row of tubes a number of metal plates q are 
fixed with intervals between them to allow of the distribution of 
the heating gases over the whole length of tubes. The water cir- 














culates in an upward direction through the boiler tubes ¢ and t! 
through the front water chamber A into the upper boiler C and 
through this into the back water chamber Al and back into the 
boiler tubes ¢, t!. In Fig. 2 the current of steam and water is con- 
ducted into the upper boilers C through one or more risivg tubes 
b tothe lower parts of which inside C below the water level one 
or more tubes R are attached leading back to the back water 
space Al, To the upper part above the water level in the steam 
chamber one or more tubes D are attached leading back and open- 
ing into the steam space. The separation of the mixture of steam 
and water begins in the rising tube b, the water flowing back 
towards the water space Al, and the dry steam passing off through 
apipeH. (Accepted March 5, 1890). 
AXLE BEARINGS, &c. 

1622, E. de Jordan, Wojnitz, Austria. Wheel 
Naves. [6d. 2 Figs.] January 30, 1890.—A ring f of wedge- 
like section composed of several parts is arranged in the journal- 
box e, and rests against the bevelled edges of bearings b, c¢, 
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screwed on to the journal of the axle, whilst in the interior of 
the nave and around the nut- like bearings J, c, a sufficiently large 
space is obtained for receiving » considerable quantity of lubri- 
cant. (Accepted March 5, 1890). 

16,818. W.W. Hull, Northampton. Axles of Road 
Vehicles and their Bea: (6d. 1 Fig.) October 24, 
1889.—D is a tube surrounding the axle A! and with the boxes 
which it is intended to connect and adjust let into the hub of the 
wheel. The inner extremities of these boxes are tapped at b to 
receive the screwed ends of the tube D, The outer extremity of 
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one box is also tapped to engage with the correspondingly screwed 
end of the cop E. The collar F is adjustable on the screwed end 
of the axle A! and is grooved so as to provide a race for bearing 
balls C and is kept in position by a washer Gand nut H. The 
cap E incloses and secures the adjustable parts, and by means of 
the tube D the whole of the bearings can be adjusted without 
aemoving the wheel. (Accepted March 5, 1890). 
GAS ENGINES. 

6682. W. D. Priestman and S. Priestman, Hull. 

Motor Engines Operated by the Combustion of 


Hydrocarbon Vapour, (8d. 2 Figs.) April 18, 1889.— 
Instead of employing an air-pump actuated by hand for creating 





sufficient pressure in the petroleum and compressed air reservoir 
to operate the vapour-burning lamp (used for heating the vapour 
chamber) before the engine is started, a storage vessel A is em- 
ployed which is supplied by the pipe @ with compressed air from 
the reservoir, into which by means of a subsidiary pump worked 
by the engine, air is forced directly through the pipea. Whena 
quantity of compressed air has been stored sufficient to maintain 
the vapour-burning lamp in operation long enough to heat the 
vapour chamber to the required extent for enabling the engine to 
be started, the communication through the pipe a between the 


























reservoir and the air vessel A, or through the pipe a between the 
ag and the air vessel A, as the case may be, is cut off by a cock. 

‘o heat the vapour chamber whilst the air-pump, normally used 
for creating and maintaining the pressure in the petroleum reser- 
voir, is out of action, it is merely necessary by turning the cock x! 
to open the communication through the pipe a! between the vessel 
A and the oil reservoir appertaining to the vapour-burning lamp, 
when an independent lamp reservoir is employed. (Accepted 
March 12, 1890). 


1493. W.C. Rossney, Hyde Park, and W.G. Cutter, 
Cambridge, Mass., U.S.A. Regulators for Gas 
es. (8d. 3 Figs] January 28, 1890.—The improved regu- 

lator is designed to obviate back pressure in the gas main caused 
by the explosion in the engine, and as a substitute for the rubber 
bags ordinarily used for this purpose. In the pom apparatus 
the gas enters from the supply pipe B past the normally open 


gravity valve ¢ underneath the bell or float K, and thence passes 
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through a coned opening y into the exit pipe C supplying the 
engine. w is a by-pass for feeding the pilot light of the engine. 
Excess back pressure resulting from the explosion in the engine 
acting through the pire C causes the bell K to rise, and by means 
of a coned surface m and tappet v, to close the valve ¢ upon its seat 
on the pipe B. Thus the back pressure from the engine can have no 
effect upon lights supplied from the main pipes. (Accepted 
March 5, 1890). 
SEPARATING MATERIALS. 

3846. W.P. Thom m, London, (//, Kriimer, Schorn- 
dorf, Germany.) Dust Collecting Apparatus. (8d. 12 Figs.) 
March 5, 1889.—The improved dust collecting apparatus acts also 
as a ventilator, and consists essentially of an air supply channel B, 
to the outlet of which is attached afunnel-shaped casing A, within 
which a fan F is caused to rotate. This fan draws up the dust- 
laden air and carries it round in a rotary direction. Since air and 
dust are of different specific gravities, the particles of dust, being 


Fig. 2. 








of greater specific gravity, are separated from the lighter particles 
of air in consequence of centrifugal force. The dust collects on the 
inner wall of the casing A of the ventilator, and then passes through 
openings O into depositing chambers R, while the purified air is 
carried on its course through the passage formed between the cy- 
linder A! and the supply channel B. C and Eare cylindrical sieves 
designed to facilitate the operation. (Accepted March 12, 1890). 


7087. J. Hill, Stoke-on-Trent. Filter Presses, (8. 
10 Figs.) April 29, 1889.—The filtering sections each consisting of 
two similar reversible frames A B carried on trunnions movable 
along guides, and furnished with porous slabs d, the clay or solid 
matter frames G fitting alternately between each section, and 
constructed so as to joint thereto, and furnished with inlets for 

















the slurry or other semi-fluid. The porous slabs have their faces 
so grooved or channelled that when placed together or reversed 
the channels will cross each other. The clay frames and porous 
slabs are pressed together by means of a right and left-handed screw 





p? actuating a pair of toggle levers p. (Accepted March 12, 1890), 
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6181. W. F. Briggs and W. T. West, Lincoln. 
Rotary Screens with Adjustable Meshes for Screen- 
ing Grain, Seeds, and the like. [8d. 9 Figs.) April 11, 
1889.—The rotary screen is adjustable and self-cleaning, and con- 
sists of a drum of fixed mesh formed with flat wire c? and a number 
of sections f, whose mesh is also formed with flat wire f 2, and which 
are fitted externally to the drum, so that they are capable of a 
slight lateral movement on the drum itself. The drum rotates 





with the central spindle b, and is also capable of sliding on it for a 
short distance, which movement is controlled by a screw e3, This 
constitutes the adjustment. The sections fare controlled by a roller 
J4 travelling in a cam groove hl, so that the mesh is enlarged in the 
area of any section, when that section is at the highest point in the 
rotation of the screen. This constitutes the self-cleaning arrange- 
ment by releasing any object that has become fixed in the meshes. 
(Accepted March 12, 1890). 

H. W. Berkefield, Celle,Germany. Devices 


7609. 
for Cleansing and Scouring Filters and the like. (8d. 
1 Fig.) May 7, 1889.—A cleansing and scouring device for filters 




















with cylindrical filtering bodies, comprising a spindle h carrying a 
flushing valve v and brushes or other scouring device K, wherevy 
the outside of the filtering body } is cleansed and the filter casing 
flushed and washed out. (Accepted March 12, 1890). 


7634. J. Armour, Edinburgh, and H. Armour, 
East Breich, Linlithgow. Retorts for Distilling 























Shale or other Oil-Yielding Minerals. (8d. 9 Figs.| 


May 7,°1889.—The improveutents consist in the combined con- 
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struction of retorts and heating fiues. The retorts B are of con- 
siderable length and entirely of firebrick or similar refractory 
material. The flues D!, D‘, for each set of four or other convenient 
number of retorts B, extend to the tops of the retorts and consist 
of at least four horizontal flues one above the other, each com- 
municating with the next above by ports F arranged to cause the 
heating gases to completely traverse each horizontal flue in turn. 
(Accepted March 12, 1890). 


TREATING MATERIALS. 


671. A.M.Clark, London. (LZ. Foerster, New York, U.S.A.) 
Cutting Stone. [6d. 2 Figs.) January 14, 1890.—The im- 
provement consists mainly in feeding the stone to the reciprocat- 




















ing tool G in the direction of the cutting stroke of the tool, so as 
to leave a dressed surface on the stone in front of the tool, whereby 
rier or chipping of the stone is obviated. (Accepted February 
19, 1890). 


1345. M. P. Boss, San Francisco, Cal., U.S.A. Stamp 
Batteries. [8d. 2 Figs.] January 25, 1890.—In the improved 
stamp battery the side castings b of the iron frame B are bolted to 
the bedplate A with an intervening cushion W of wood; the 
mortar C is also bolted to the bedplate with an intervening cushion 
w of wood ; thus the jar of the rT" in the mortar is communi- 
cated to the frame indirectly through the bedplate and is thereby 























materially reduced. D is the camshaft with cams d for operatin 
the tappets e1 of the stems e of the stamps E. An improv 
arrangement of accelerating springs H is employed for throwing 
down the stamps to deliver their blow before the tappets are again 
caught by the cams. The stamps can be hung up by means of 


fingers M. (Accepted March 5, 1890). 
ELECTRICAL APPARATUS. 
7275. §S. Z. de Ferranti, London. Arc Lamps. 


{Sd. 10 Figs.] May 1, 1889.—The slides H, I carry the carbons 
J, and the uppermost slide H is made heavier than the slide I, and 
tends to revolve the chain in a direction to bring the slides 
together. The holder in which the uppermost carbon is held is 
insulated from the slide H, and is coupled by a flexible insulated 
conductor to an insulated conductor K! coming from the terminal 
K. Another conductor coming from the other terminal L is 
wound in and out amongst the iron pole-pieces M, so, when a 
current is passed through the conductor to magnetise them alter- 
nately north and south, the conductor is then coupled to the 
coils C, and from them to the upper end of the rod B on which 
slide I slides. A disc E has ratchet teeth formed around its 














periphery, and a pawl N carried by one arm on a lever O engages 
with the teeth when the arm is drawn into its downward position 
by the spring O!. The other arm of the lever is coupled by a link 
O to the movable iron core P of the solenoid C. When too little 
current is passing through the solenoid, the core drops, and the 
paw! N is carried upwards. Its inclined lower end then comes 
against a fixed pin R, and the pawl is thereby disengaged from the 
teeth on the disc, and the carbons then begin to move together. 
When by the bringing together of the carbons more current is 
allowed to ~~. and the core is consequently drawn upwards into 
the solenoid, the paw! is carried downwards away from the pin R 
and again engages with the ratchet teeth on the disc, and if too 


much current is passing, it turns the disc in a direction to sepa- 
rate the carbons. So long as the pawl is engaged, the dist 
between the carbons is controlled by the position of the solenoid 
core. As the iron pole-pieces of the electro-magnet M are mag- 
netised alternately north and south, and their extremities are in 
close contiguity with one side of the iron disc E, a series of closed 
magnetic circuits are created which securely hold the disc from 
rotating so long as current passes, but momentarily releases it at 
each alternation in the current. (Accepted March 12, 1890). 


1495. H. H. Lake, London. (G. 4. Johnson, Boston, 
Mass., U.S.A.) Storage Batteries or Accumulators. 
(6d. 7 Figs.) January 28, 1890.—This invention relates to an 
improved construction of plates and cells for electric storage 
batteries or accumulators. The improved plate is a composite 
plate formed of two corrugated half-plates, with the cavities of 
the corrugations facing each other and forming small rod-like 
cavities within the body of the composite plate. The plates are 


Fig.1. 




















perforated with numerous small holes, and inclose in the cavities 
the sensitive matter necessary to electric action. The plates are 
united at their edges, and provided with suitable attachments to 
the poles of the battery. The improved cell consists in the com- 
bination with each other of a series of composite plates B, C pro- 
vided with rod-like cavities inclosing the sensitive matter within 
the body of each composite plate and provided with insulating 
separating strips F, and inclosing vessel A. (Accepted March 5, 
1890). 


MISCELLANEOUS. 
20,744. G. Reimann. Berlin. Bunsen Burners. 
8d. 4 Figs.) December 24, 1889.—The lower tapering and 


laterally perforated part b of the burner tube a which is capable 


of rotation in a foot-piece or holder d, serves as a cock for 
simultaneously regulating the supply of gas and air. The gas 





flows from a supply passage in the foot-piece or holder through 
a tapered recess cl and a lateral opening c bored with an upward 
inclination, directly into the interior of the burner tube, whilst 
the air is supplied through other openings h below the gas open- 
ing. (Accepted March 5, 1890). 


686. J.C. Mewburn, London. (4. 4. Low, Brooklyn, 
N.Y., U.S.A.) Gripping and Turning Instruments. 
(8d. 8 Figs.] January 14, 1890.—The levers A and B cross each 
other at the pivot or fulcrum C, so that the gripping jaws a and b 
approach or recede from each other simultaneously with the draw- 
ing together or separation of the levers A and B. A spring E 
attached to the inner side of one lever and bearing against the 
inner side of the opposite lever tends constantly to separate the 
levers A and B, and consequently the gripping jaws a and bin 
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like proportion. The action of the spring E is limited and con- 
trolled by the bearing of the inner end f of the actuating screw 
F against the inclined surface a? of the diagonally projecting 
spur or abutment a! forming part of the lever A, from the inner 
side of which it projects diagonally across the longitudinal axis of 
the actuating screw F. The forcible impingement of the end f of 
the screw F against the bearing surface a? of the abutment al 
causes the levers A and B, and the jaws a and J, to close more or 
less rapidly according to the pitch or inclination given to the 
said inclined bearing surface a*. (Accepted March 5, 1890). 


UNITED STATES P. AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the Unitei States, may be 
consulted, gratis, at the cffices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. 








TRONMAKING IN ALABAMA.—The production of pig has 
made astonishing strides in Alabama in the last ten years. 
In 1880, the output was 77,190 tons ; in 1881, 98,081 tons ; 
in 1882, 112,765 tons; in 1888, 172,465 tons; in 1884, 
189,664 tons ; in 1885, 227,435 tons ; in 1886, 283,859 tons ; 
in 1887, 292,762 tons; in 1888, 449,492 tons ; and in 1889, 
791,426 tons. It will be seen that there has been an un- 





checked advance during the whole decade, 








May 2, 1890.] 


ENGINEERING. 


527 











NOTE ON FEED-WATER HEATERS. 
By James H. Correrttt, F.R.S. 


Ir is commonly assumed by writers on the theory 
of the steam engine that the maximum efticiency 
possible in any heat engine, as given by the well- 
known formula 
T, - Ty 

P, ’ 


can only be reached by means of a Carnot cycle. 
If any other cycle is used it is tacitly assumed that 
the efticiency has a certain smaller value, which is 
perfectly definite, depending on the nature of the 
cycle. For the cycle of an ordinary steam engine 
the maximum amount of work which can be done 
by a pound of steam is given by a well-known for- 
mula, which need not here be quoted, while the 
expenditure of heat per pound is taken as the total 
heat of evaporation. Yet this tacit assumption is 
clearly not true for air engines, since the theoretical 
efticiency of a Stirling or Ericsson engine is that 
proper to a Carnot cycle, though the actual cycle in 
these machines is entirely different. The reason is 
that in the air engines in question a regenerator is 
employed, that is to say, a thermodynamic accumu- 
lator which alternately stores and re-stores the heat 
required for change of temperature. The heat 
necessary for each step of the rise of temperature 
is borrowed from the regenerator and repaid at the 
corresponding step of the fall, so that no heat is 
drawn for this purpose from the source. 

It is the purpose of this note to show that a feed- 
water heater may be so designed as to play the part 
of a regenerator and to point out that this is the 
cause of the saving due to certain feed-water heaters 
employed in practice. 

For suppose the feed water as drawn from the 
hot-well by an ordinary feed pump to pass into the 
boiler by a supply pipe in which a number of grat- 
ings are placed as in the regenerator of an air 
engine. These gratings, however, are now to be 
supposed tubular, and each of them is connected by 
its own pipe with the cylinder, so that steam may 
be admitted at pleasure by a suitable valve. This 
valve will be supposed so constructed that steam 
enters only at one particular pressure, and the 
pressures in the several gratings are so adjusted as 
to increase gradually up to the pressure in the 
boiler. To each —— corresponds a certain 
temperature, and therefore the temperatures of the 
gratings will gradually increase from the tempera- 
ture of the Leveel to the temperature of the 
boiler. Each grating has, moreover, a small orifice 
at its lowest point, so as to allow the drainage of 
the gratings due to the steam condensed in them to 
escape and mingle with the original feed water. 
The effect of these arrangements will evidently be 
that the feed water passing through the supply 
pipe will have its temperature raised as it passes 
through each grating in succession, and together 
with the drainage of the gratings will ultimately 
enter the boiler at the temperature of the boiler. 
The heat expended in the boiler per pound of steam 
will now be the latent heat of evaporation only. 

A feed-water heater thus constructed would be 
theoretically perfect, and the engine which possessed 
it would, if otherwise perfect, have an efficiency 
given by the simple formula which applies directly 
to a Carnot cycle. For such an engine receives no 
heat from the source of heat except at the tem- 
perature of the boiler, while every step of the 
process is strictly reversible. The tubular gratings 
serve exactly the same purpose as the regenerator 
of a Stirling air engine, the only difference being 
that the processes of storing and re-storing heat go 
on continuously instead of taking place alternately. 
The heat supplied by each grating to the feed 
water is re-stored at exactly the same temperature 
by steam which condenses there. It is not intended 
in this note to give algebraical formule, or it might 
be shown by a direct investigation that the efficiency 
of the engine is really the same as if the cycle had 
been that of Carnot. Thus we learn that the “loss 
by misapplication of heat to the feed water” in a 
steam engine can be avoided not only by the ideal 
pumps described in theoretical treatises which have 
never been used in practice, but also by a properly 

‘designed feed-water heater, which increases the 
efficiency of the engine exactly as a regenerator 
increases the efficiency of a Stirling air engine. 
Instead of the gratings we may suppose the supply 
pipe jacketted in divisions, each division being 
supplied with steam and drained as before. 

Let us now consider the feed-water heater intro- 


Maximum efficiency = 





duced by Mr. Weir, which is supplied with steam 
from the low-pressure reservoir of a triple-expan- 
sion engine. If the steam, instead of being taken 
from the reservoir, were taken from the boiler, the 
feed water might he raised to the temperature of 
the boiler, but the loss of work which might have 
been done by the condensed steam would exactly 
compensate for the saving of heat, so that the 
process on the whole would be neither a gain nor 
a loss. If, on the other hand, the steam were 
taken at release from the low-pressure cylinder, 
the feed would only be raised to the temperature 
of release, but the saving of heat would be an 
unmixed gain. It is therefore easily understood 
that if the steam be taken from the low-pressure 
reservoir, that is after it has done two-thirds of its 
work, there must be on the whole a gain. For 
example, suppose 10 per cent. of the whole expen- 
diture of heat to be saved by raising the tem- 
perature of the whole amount of feed water up to 
the temperature of the reservoir. Making an 
allowance for the amount of suspended moisture 
which the steam will contain, it may be estimated 
that about 12 per cent. of the whole amount of 
steam used will be drawn from the reservoir. The 
work which would have been done by this steam in 
the low-pressure cylinder may be taken as one- 
third of the whole, that is as 4 per cent. of the 
whole power of the engine. Thus the efficiency is 
increased in the ratio .96/.9, or about 7 per. cent. 

Though this reasoning seems clear, yet so long 
as the nature of the saving thus obtained is not 
understood, doubts may be felt whether the saving 
is a real one, especially as the exact amount cannot 
be calculated in the absence of experiment. It 
might be supposed that there is a compensation in 
diminished action of the steam which is not used 
in the feed-water heater. On comparison, how- 
ever, with the theoretically perfect heater pre- 
viously described, the nature of the saving becomes 
clear, for the process is evidently equivalent to the 
employment of a regenerator with a single grating 
by means of which the efficiency of the cycle is 
increased, approaching more closely to that of a 
theoretically perfect heat engine. Of course the 
whole gain due to a theoretically perfect heater will 
not be realised, but a considerable fraction, probably 
not less than one-half, may be obtained. If the 
engine be supposed in other respects perfect, an exact 
calculation may be made of the gain : in an actual 
engine it would be necessary to know the weight of 
steam used by the feed-water heater, and even then 
exact comparison is difficult because the subtraction 
of steam from the low-pressure reservoir virtually 
alters the proportions of the cylinders. The theo- 
retical maximum may be found from the formula 
for the loss by ‘‘ misapplication of heat to the feed 
water,” which is given in treatises on the theory of 
the steam engine. With the high pressures used 
in recent practice it may reach 12 per cent. or even 
more. 

Finally, it may be of interest to remark that 
though a steam engine, just as much as an air 
engine, may be so constructed as to. be a theo- 
retically perfect heat engine working between given 
limits of temperature, yet such an engine would 
of necessity have an imperfect boiler. For a neces- 
sary part of a theoretically perfect boiler is a feed- 
water heater constructed like a Siemens ‘‘ inter- 
changer,” which shall gradually heat the feed water 
while the hot gases are cooled from the tempera- 
ture of the boiler to that of theatmosphere. That 
is to say, the amount of heat which it is possible 
to turn into work when the heat is derived from 
the products of combustion of fuel, is always less 
than it would be if the heat were supplied from an 
indefinite source at the boiler temperature, but the 
loss may be made (theoretically) to fall on the 
engine or the boiler, or may be shared between 
the two. A number of different arrangements may 
therefore be imagined, each of which has the same 
right to be described as ‘‘ perfect,” and the standard 
of perfection must consequently always be to a great 
extent conventional, depending more or less on the 
arrangement which may be most convenient or 
may be made most nearly perfect in practice. 





M. BERGER ON THE CHICAGO 
EXHIBITION. 
By H. Trueman Woop. 
THERE is certainly nobody better qualified to 
advise the promoters of the coming Exhibition at 
Chicago than the principal director and organiser 





of the past Exhibition at Paris, and the suggestions 
which M. Berger has made to that end in the April 
number of the Century Magazine will be read with 
attention by all interested in exhibitions, past and 
future. 

As, while endorsing many of M. Berger's ideas, 
there are some which I think are certainly open to 
criticism, I venture to ask the opportunity of com- 
menting in the pages of ENGINEERING, the journal 
par excellence of exhibitions, on some of his pro- 
posals. My friends in Chicago will absolve me of 
any desire to offer them unasked advice, since the 
subject is one of importance, not alone in reference 
to the next great international exhibition (I hope 
we are not to be obliged to call it a “‘ fair”’), but in 
connection with the future organisation of exhibi- 
tions ‘ene. No time can be better for the 
general discussion of the matter than immediately 
after the conclusion of so successful an experiment 
as that in Paris. 

To begin with, M. Berger will hardly expect us 
to admit his preamble, or to allow that in the Paris 
Exhibition of 1889 the idea has culminated, and 
that nothing equal is possible. The propusition is 
excusable, and so far justifiable that it cannot well 
be disproved, before it is, in the nature of things, 
forgotten, but it may be left without contradiction 
for courtesy’s sake. Let us each hold our own 
opinion. Personally I prefer to regard the Paris 
Exhibition as a grand lesson, teaching us how we 
may do better over here when we can make up our 
slow-moving minds to try, and showing us a few 
points to avoid, as well as, be it admitted in all 
honesty, many that we shall do well in not attempt- 
ing to rival. : 

There is no city in the world, old or new, so 
attractive to visitors as Paris, none so hospitable, 
none so ready to receive strangers within her gates, 
and, for due consideration, to entreat them well ; 
none, therefore, so fitted for a ‘‘ World’s Fair” of 
amusement and entertainment, none to which 
foreigners from all the world (but chiefly from 
America and England) will so readily flock. 

No exhibition in London would draw the same 
crowds. It seems to me absolutely unreasonable 
to expect that one in Chicago could ; but with that 
exception, and that exception alone, there is cer- 
tainly no reason why an exhibition in London or in 
Chicago should not & as much, in certain qualities, 
superior to Paris, as Paris, in certain qualities, was 
superior to her predecessors. 

ow, in my opinion, one of the great wants of 
the Paris Exhibition was open space. The limited 
available area, and the way that area was divided, 
were the great difficulties in the way of those two 
able administrators, MM. Berger and Alphand. 
The manner in which they overcame those diflicul- 
ties was the great proof of their ability. Two 
separate plots of ground, connected by a long road- 
way, with a third cut off by a broad river and two 
roads, do not, as a whole, form the best possible site 
for an exhibition. Could buildings such as those 
of 189 be arranged round a large quadrangle of 
arden-ground, larger than that of the Champ de 
ars, with a surrounding space of park or garden 
in which separate pavilions and annexes could be 
erected, that would be my ideal arrangement for 
an exhibition, and with the abundant spaces of 
Chicago it might well be realised there. The mean 
surroundings of the Paris Exhibition, their close- 
ness to the buildings, and the want of an impressive 
entrance, sadly damaged the general effect, espe- 
cially the external effect. As to the buildings 
themselves, nothing better need be desired than 
the grand Palais des Beaux Arts and Arts Libéraux, 
with their convenient covered arcades, in which 
crowds found room for passage in either wet or 
sultry weather. The ample galleries in which the 
industrial products were shown were well suited 
to their Lg og and well constructed. The great 
Machinery Hall would perhaps have been better 
applied to some other purpose than the exhibition 
of machinery, and was certainly for practical pur- 
poses needlessly lofty, but its effect was magnificent, 
and it also must be regarded as an example to be 
followed. The arrangement of restaurants on the 
ground floor of the buildings surrounding the 
gardens, was admirable, and should be imitated 
in future. 

The various buildings in the Esplanade des In- 
valides were too numerous and too crowded, con- 
sequently they lost much of their effect. Yet 
how could this be helped? The fact is an exhibi- 
tion on the scale of that of last year should have 
for itself the area of a fair-sized town, and should 
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CONSTRUCTED BY MESSRS. 


be laid out as the American founder can lay out a 
futures city, independently of surrounding owners 
and inhabitants. 


M. Berger lays stress on making buildings of a_ 


permanent character. This is very nice, if it can 
be done, but it is a costly method of setting to 
work, and I believe the very heavy outlay is not 
justitied by the return. If indeed the buildings as 
they stand can afterwards be utilised, and if their 
future application is not allowed to affect their 
arrangement, it may be an economy to build per- 
manently, but 1 cannot see much force in M. 
Berger’s contention that an architect who puts up 
merely temporary buildings will ‘‘lessen greatly 
the chance of making afterwards remunerative 
sales of the building materials or of organic parts of 
his structures.” 

It is a difficult question how far concession is to 
be made to the popular desire for mere amusement. 
If the concessions do not go a long way the Exhibi- 
tion, however valuable and complete, will be a popular 
and a financial failure. ‘‘ The Exhibition must be 
full of gaiety and liveliness, yet it must avoid any- 
thing that might impress upon it a trivial character 
—anything that savours of the circus or variety 
show.” How far Eastern dances, ‘‘ vanishing 
ladies,” and cafés chantants come under this defini- 
tion, I am not concerned to decide, but I cannot 


believe the French Exhibition would have been any | 


the less successful if the amusements had been of a 
little higher tone, and the executive supervision a 
shade more severe. Over here we were contented 
with music, and the evenings at South Kensington 
were popular enough. But amusements the crowds 
must have. It is preposterous to suppose people 
will crowd to an exhibition without it. Let it at 
least be as good as it can be made, something 
better than is provided by the average local music 
hall. Perhaps the inventive genius of America 
may provide us with an alternative to the South 
Kensington illuminated fountains, the greatest 
recent novelty for the entertainment of crowds, 


LOCOMOTIVE BOILER. 


(For Description, see Page 531.) 
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It is very satisfactory to see that his experience ' 
has converted M. Berger toa true view of the value 
of exhibition awards. In the early days of the. 
Paris Exhibition I tried hard to convince him of 
the objections to them. He silenced me with the 
remark that he did not think any of my colleagues, 
the other foreign commissioners, would agree with 
me. I dare say he was right. To suggest to our 
own exhibitors that they should agree to put the 
British Section hors concowrs seemed too strong a 
measure, and, when awards were made in other 
sections, not desirable in their own interests, but I 
am sure I should have been supported by a large 
majority of our exhibitors in any proposal to abolish 
medals altogether. 

M. Berger's opinion on this head ought to, and 
must, carry great weight. If 1 may be permitted 
to indorse it, I do so most heartily. 

In the same section of his article he suggests that 
‘*the formation of national sections should be aban- 
doned.” This idea, I fear, though good theoreti- 
cally, is in practice but a counsel of perfection. 
Foreign exhibitors must have somebody to look 
after them, to represent them, to fight their battles. 
It was at first proposed to work the French Exhibi- 
tion on this plan, arranging all exhibits by subject- 
matter, and disregarding nationalities entirely, but 
the notion was abandoned at a very early stage. 
As it was, the subdivision of the British space into 
five different sections, located in widely separated 

varts of the grounds, added enormously to our 

bours, and greatly increased our expenditure. 
Worse than this, it placed us at a disadvantage with 
other nations, and especially with France. Nobody 
really appreciated how considerable were the con- 
tributions of Great Britain, because nobody, except 
the executive, really knew where all the scattered 
contributions were to be found. On the other hand, 
it is fair to say that the only ‘‘ international” sec- 
tion, that devoted to railways, was well organised, 
and I believe our exhibitors were as well treated as 
their native competitors. That the alteration would 
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be full of difficulties is certain. It does not seem 
to me as sure that if it could be carried out it would 
be wholly advantageous. Visitors like to see the 
various foreign sections, Russian, Spanish, Dutch, 
Norwegian, &c. Each represents more or less a bit 
of its own country transplanted to the middle of a 
foreign land. The foreign visitors love to look at 
their own country’s productions, to see their own 
folk, to hear their own tongue. On the other hand 
natives equally take pleasure in seeing the examples 
which foreign countries have sent over to their own 
country. These popular advantages would scarcely 
be compensated by the more scientific value of col- 
lections of similar articles from different parts of 
the world, and the opportunity given to experts 
of close and careful comparison of adjacent pro- 
ducts. 

That no rent should be charged for space is cer- 
tain, but I hold that there is not much difference in 
levying a rate on exhibitors for flooring, decora- 
tions, blinds, and maintenance, as was done in 
Paris, and in charging a rent for space. It is well 
known that our British Committee was obliged to 
raise funds by charging exhibitors a rate or rental 
assessed on the amount of space occupied, and in 
very many cases I know that the amount thus 
charged did not greatly differ from the amount 
charged to French exhibitors, even making allow- 
ance for those instances in which the show cases 
were provided by the French departmental com- 
mittees. 

I know of no other way in which, when no 
Government grant is made, the expenses of a foreign 
section can be met, but I think a foreign section 
has a right to expect that they will be spared all 
expenses of construction, and that they should find 
the courts allotted them absolutely complete and 
ready for occupation. Had this been the case in 
Paris we could safely have reduced the charge made 
to exhibitors. In any future section, worked on 
this principle, I would recommend a sliding seale 
of charges, calculated on the amount of space 
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such as the French Ingenieurs Civils, the English 
Society of Electricians, &c. I believe that the most 
ractical way of carrying into effect the ideas put 
orward by M. Berger is by inviting the chief 
societies and institutions of the country, scientific, 
rofessional, artistic, to hold each a meeting at the 
Exhibition, affording them all possible facilities, 
and providing them with the means of inviting emi- 
nent foreigners. The success of the visit to Paris 
of the American engineers is a case in point. 
Congresses do not attract the general public. A 
more popular feature would be illustrated lectures, 
such as those given at the Colonial and Indian Exhi- 
bition. 

One of the greatest needs of exhibitions now-a- 
days is condensation. They are too big. They 
want cutting down. I would try and encourage 
collective exhibits; exhibits illustrating the pro- 
ductions of a town or a district, or the condition of 
a special trade. Is it too much to hope that at the 
next great Exhibition, Sheffield might be repre- 
sented by a carefully selected collection of her best 
cutlery, Manchester by the finest possible samples 
of cotton goods, Birmingham by a series of her 
manufactures? Or why should we not have a 
joint exhibit from the English cotton trade, another 
from British ironmakers, and so on ? It is not only 
the individual exhibitor who reaps benefit in a 
foreign exhibition, it is the trade he represents. I 
must allow that such an arrangement would much 
increase the difficulties of organisation, already 
quite sufficient, but that is no reason why an effort 
should not be made. 

With regard to the special question of the likeli- 
hood of large numbers of foreign exhibitors going 
to Chicago, M. Berger’s views are encouraging. He 
hears many of his compatriots expressing their 
intention of taking part in the Exhibition, and, as 
he says, ‘‘ What people are —— France they 
will soon be saying everywhere.” Even asa general 
proposition this statement has some truth in it. As 
a particular instance I believe it is correct. No 
better augury for the success of an American 
exhibition need be desired than the promise of a 
good French Section, especially, may I be per- 
mitted to add, if that section is so fortunate as to 
have M. Berger at the head of it. As to our own 
countrymen, of course they will grumble and say 
they will not go. Then they will all come in at the 
last moment, find there is no room, and—grumble 
again. 

I have no fear as to there being a good British 
contingent at Chicago, but I do earnestly hope that 
we may have a Commission under Government 
authority, and, though this is not so absolutely 
svnatial, endowed with a moderate Government 
grant. The country ought at all events to give 
enough to allow of all the contributions of the 
industrial exhibitors, direct and indirect, being 
expended to their advantage alone. 
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Tue Gun Factory OF THE ForGEs ET CHANTIERS 
Works DE LA MEDITERRANEE—continued. 


Tue steel employed in the manufacture of guns 
in France is subjected to very severe tests, the 
general character of which will be appreciated by a 
description of the system in use at the Havre 
works of the Compagnie des Forges et Chantiers de 
la Méditerranée. The only metal employed is 
steel of a mild quality ; cast, forged, annealed after 
boring, reheated after annealing, tempered after- 
wards in oil, and annealed after tempering. The 
weight of the forged pieces must not te greater as 
a maximum than 60 per cent. of the cast ingots 
from which they are produced, and the waste metal 
at the head must not i less than 28 per cent., while 
that at the bottom of the forging should be 4 per 
cent. asa minimum. The ratio of the mean sec- 
tion of the finished, to the maximum section of the 
rough forging, is three for those parts with a dia- 
meter greater than 900 millimetres, and four for 

rts of smaller diameter. The core left by the 
poring tool in drilling the tube, is subjected toa 
series of severe tests ; discs are cut from each end 
of the forging perpendicular to the axis of the bore 
at a distance of 80 millimetres from the end, for 
pieces not larger than 14 centimetres in thickness, 
and 35 centimetres for pieces of less thickness. 
From these, bars are cut for testing, of specified 
sizes. Tests are made before and after tempering, 
and the bars are not treated in any way after they 





are cut out of the discs. The following are the 
general conditions of testing for tubes, jackets, and 
rings : 

1. Tests for tensile strength. (Before temper- 
ing and after annealing. These results are obtained 
for general information only). 

_ The bars are circular and of the following dimen- 
sions : 


Diameter No, 1... 


9 
” 99 Goon 


Length Par: Bom 
se eee 


13.8 mm, 
(.543 in.) 


mm. 
(2.68 in.) 
Maximum resistance to rupture 55 kilos. per sq. mm. 
34.92 tons per sq. in.) 
- limit of elasticity ... Aa kilos. 
(17.14 tons per sq. in.) 
extension at rupture ... 18 per cent. 
2. After errs pry 
Minimum limit of elasticity for tubes 32 kilos. 
(20.32 tons per sq. in.) 
», resistance to rupture for 
Ses a4 : 60 kilos. 


tubes ... sae aa 
(38.09 tons per sq. in.) 
Minimum extension after rupture for 
tubes ... ie ae ae ... 14 per cent. 
Minimum limit of elasticity for rings 38 kilos. 
(24.13 tons per sq. in.) 
a resistance to rupture for 
en 62 kilos. 


rings aes ay 
’ (39.36 tons per sq. in.) 
Minimum limit of elasticity for rings 12 per cent 

The resistance to rupture after tempering ought to be 
at least 3 tons greater than that no serve | before tem- 
pering. 

3. Falling weight tests. For these tests the bars 
are of a square section, 30 and 20 millimetres 
(1.18 in. and .79 in.) on a side. Their lengths are 
200 and 150 millimetres (7.87 in. and 5.90 in.). 


Tests before Tempering Tubes and Rings. 





| 
| 


No. 2. 


39.6 Ib. 
43.31 in. 


4.72 ,, 


No. 1. | No. 2. | No. 1. | 


..| 18 kilos. | 18 kilos, | 39.6 Ib. 
--| 2.75 m, | 1.10 m. (108.27 in. 


6.29 ,, 





Weight of tup 
Height of fall.. 
Distance between | 

bearings. ..| 160 mm, | 120 mm. 
Projection of bear- | 
| 


ings .. ar air eee. ee 
Weight of anvil -. 350 kilos. 350 kilos. | 
, | 


Number of blows 

These tests are of very considerable importance, 
as they approximate more closely than any other 
kind to the conditions of actual firing. They re- 
present very nearly the standard French Govern- 
ment tests which have, however, been raised 
slightly this year. 

Gun steel recently made in France at the great 
factories in the basin of the Loire, at Firminy, St. 
Etienne, &c., has given the following average 
results, which explains the reason of the French 
Government for raising the standard of quality in 
their specifications. 


Resistance to rupture 


| 
1.97 5 | 
| 





69 kilos. per sq. mm. 
(43.81 or en sq. in.) 
40 kilos. per sq. mm. 
(25.40 tons per sq. in.) 
Extension “a9 16 per cent 

It is steel giving these results that is employed 
in the Canet guns now being manufactured at 
Havre for the Chilian Government. 

The test discs, from which the bars are cut, are 
taken from each end of the forged ingots from which 
the tube and jackets are made. The rings are all 
tried separately, but the test discs are taken from 
one end only ; the trunnions are tested by bars cut 
from a disc taken off the end of one of the trun- 
nions. At least six bars are cut from each disc, of 
these three are tested for tensile strength and three 
by the falling weight ; at least one-half of the bars 
must resist the tests as specified above to which 
they are subjected. All tests are carried out in the 
presence of the person responsible for the quality 
of the material, and generally before the agent 
appointed by the purchaser. In addition to this, 
a second series of test-bars is prepared from the 
same ingot and is sent for independent testing 
either to an approved laboratory or to Havre to be 
tested in the aves of the Forges et Chantiers. 
This mode of proceeding is invariably followed, and 
it is only after the confirmation of the results from 
the various reports that the ingots are accepted and 
passed on to the factory. As has been already said, 
the discs are cut, for testing purposes, in a direc- 
tion perpendicular to the axis of the ingot; the 
bars are cut from the discs parallel to one of its 
diameters. With discs more than 14 centimetres 


Limit of elasticity ... 





in thickness, the bars are distributed as follows: 
Two for the falling test and tensile tests and one 
for the tensile test, on the pieces cut nearest the 
centre ; two for tension and one for falling test on 
the pieces nearest the exterior ; one for tension and 
one for falling test cut from the intermediate parts 
of the discs. In the discs which have a thickness 
of 14 centimetres and less, the bars are, as far as 
possible, cut tangential to the medium circumfer- 
ence. Each disc is marked with full information 
as to the part of the ingot from which it was cut, 
as well as any other information that may serve as 
a guide for future reference. 

he inspection during construction is as follows: 
The tubes, rings, jackets, and other parts compos- 
ing the gun having successfully passed the tests for 
quality of material described above, the different 
processes of manufacture are proceeded with, and a 
number of successive inspections take place. When 
the tube has been turned, the exterior dimensions 
are carefully gauged as well as the internal dia- 
meters of the rings and jackets; these latter are 
of course measured carefully beforehand as a guide 
for the exact turning of the tube ; when the final 
gauging is performed, information is obtained as to 
the relative dimensions of the several parts, and 
whether the various diameters are such as to insure 
the degree of shrinkage which is required. The 
position of the shoulder turned on the tube is 
exactly measured and recorded, as well as the 
locking grooves and projections at the ends of the 
jackets, the screw thread on the front part of the 
jacket and on the trunnion ring. After the hoops 
are shrunk on, the bore of the tube is accurately 
gauged in order to ascertain if the proper amount 
of shrinkage has been obtained. 

In the inspection before the firing test, all the 
guns after completion are thoroughly and carefully 
inspected. The bore is examined by means of a 
star gauge, in the head of which are secured the 
movable points that are used to measure the rifling. 
Four series of diameters are taken and recorded, 
two of them measured between opposite lands, and 
the others between opposite grooves. The dimen- 
sions of the powder chamber are also carefully mea- 
sured by means of the star gauge ; diameters are 
taken at right angles to each other in pairs, 
and at intervals of 300 millimetres (11.81 in.). 
The mean of all the meastrements taken gives 
the diameter of the powder chamber. The length 
of the chamber is measured with a standard 
gauge which carries at one end a disc at right 
angles to its axis and of the diameter of the 
chamber. For testing the lengths and exterior 
diameters, the outside diameters of the gun are 
measured by means of calipers; the diameters of 
the cylindrical and conical portions of the exterior 
are recorded, the lengths of the reinforcing rings 
and jackets, and the diameter of the trunnions. 
The outer lengths are measured by means of 
standard gauges of iron which are carefully ad- 
justed for each calibre. The total length of the 
reinforcing hoops is measured, as well as the dis- 
tance between the centre of the trunnions and the 
back of the gun. At the same time careful inspec- 
tion is made of the joints between the rings and 
jackets, in order to make sure that the connections 
are all perfect, and that there are no openings 
between one ring and the adjacent one. The 
internal dimensions are afterwards all measured by 
means of standard gauges; these measurements 
include the total length of the piece, the depth of 
the breech-block seating, the dimensions of the 
screwed portion of the breech, the space occupied 
by the obturator, & 

For the inspection of the breech mechanism, the 
diameter and thickness of the mushroom head of 
the obturator are measured and recorded, as well as 
the dimensions of its stem, and this latter has to 
be examined to ascertain if it is exactly central ; 
the central position of the vent with regard to the 
breech screw is also checked. The inspector 
measures the diameter and thickness of the 
obturator, as well as the distance between the 
bearing face and the back of the gun ; the length 
of the screwed portion of the breech-block is 
measured by means of standard gauges, and a care- 
ful inspection is made of the various parts of the 
obturator in reference to their positions in the 
breech-block. The depth and diameter of the recess 
for the fuze, as well as the length and diameter of 
the vent, are very carefully measured. 

In the inspection of firing apparatus all the 
different parts, which together constitute the firing 
mechanism of the gun, are examined separately in 
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order to ascertain if the material is of the proper 
quality, finished according to specification, and 
absolutely in working order. The more important 
pieces, such as the safety bolt, firing hammer, 
&c., are examined with special care in order to 
be sure that the pieces are of the exact dimen- 
sions, and that they have been tempered to an 
equal degree of hardness throughout. The pin 
on which the hammer is mounted is very care- 
fully examined to satisfy the inspector that the 
steel is of sufficient elasticity and without flaws. 
When the bolt and firing we, Mr sl have been put 
together and mounted in place on the breech-block, 
they are repeatedly tested to ascertain if they work 
perfectly ; the point of the hammer must strike 
exactly in the centre of the percussion tube, the 
force of the springs is carefully examined, and the 
hammer after having struck must rebound imme- 
diately. When the mechanism is tested for con- 
tinuous firing with a lanyard and the dog lowered by 
hand, the safety catch must completely pass out of 
sight and leave the hammer free to strike the fuze. 
In other respects the inspector must satisfy himself 
that every piece of the mechanism works properly 
and in accordance with the specification ; when the 
bolt is in place on the gun its mode of action, and 
especially the releasing of the hammer, must be 
carefully looked after. The operation of the triple 
safety apparatus has to be examined, and in no case 
must the hammer be able to fall until the safety 
apparatus permits it to do so, and it is immediately 
over the fuze. The mechanism by which the breech 
of the gun is opened and closed, and the breech- 
block removed. from, or returned, to its seat, is 
thoroughly inspected, the various parts examined 
separately, and then, being mounted in position, 
they are tested for efficiency in working. 

All these tests are carried out in the presence of 
the inspector employed by the purchaser of the 
gun. 

If the gun has successfully passed through the 
severe inspection of which we have just given an 
outline, it is removed to the Polygon or firing 
ground, where it is tested by a number of rounds 
fired under the following conditions. 

One round with half powder charges firing a shell. 

Three rounds with ordinary powder charges and 
common shell. 

ee rounds with battering charges and heaviest 
shell. 

Two rounds with battering charges plus 5 per 
cent. and heavy shell. 

These tests serve at the same time to prove the gun 
and the carriage on which it ismounted. Before the 
first round is fired, the distance of the projectile 
from the back of the gun is measured. During the 
test the pressures developed in the bore of the gun 
are measured by means of crusher gauges; the 
initial velocity given to the projectile with a service 
charge is measured by means of the Le Boulengé- 
Bréger chronograph. The rate and extent of the 
recoil are accurately gauged, the former by means 
of the Sebert velocimeter. The weight of the pro- 
jectiles, that of the charge, its density, and the 
class of powder used, are all carefully recorded. 
When the firing test has been completed the bands 
around the projectiles are carefully examined. 

After the firing test has been completed, a similar 
series of measurements are taken to those which 
were made previously, the bore being carefully 
washed out before the application of the star and 
other gauges ; if any deterioration appears to have 
taken place, gutta-percha impressions are made. 
This inspection includes a series of measure- 
ments of the powder chamber, the screw threads 
of the breech-block and its seat, and a careful 
examination of the obturator with the view of 
ascertaining if there has been any escape of gas ; 
this part of the inspection is especially directed to 
the obturator rings in order to know whether they 
have sufficient elasticity to act perfectly. The 
manner in which the breech mechanism is operated 
also forms a part of this examination. The ex- 
ternal inspection includes accurate measurements 
for ascertaining the extension of the tube, the ex- 
pansion of the reinforcing rings, and the distance 
between the back of the breech and the trunnion 
rings. It is almost needless to say that the bore 
must show no signs of important deterioration ; in 
addition to the star gauge, this part of the inspec- 
tion is carried out by means of a speculum. Tables 
VII. and VIII. give an idea of the form of the 
firing tests and the results obtained, the calibres 
referred to in these tables being the 5.90 in. and 
the 5.45 in. 








TaBLe VII.—Tests of a 5.90-in. of 36 Calibres. 











Calibre .. os aa as a aa 5.90 in. 
Total length of gun .. - 17 ft. 8.60 in. 
Weight of gun.. 20 ea # ‘ea 4.2 tons 
a projectile .. a a os 881b. 
or a) p he ee |e © 
ere | ni 8) | OB lie BS Radee 
56 2% >, 2 2a 3 oS ws 2a £8 
agaci2efias 83 = pseibes 3.05 
es tod) ae | SO 2D a S@ SO CLEA 
£2 35 5£  =2 ee s 226 285 Es fse 
7A eo) So EF am P=} gro geog me 
i ES Pea Be Sees a a | — 
Ib. | ft. Ib. per| foot-  foot- | foot- | in 
| | Sq. in. | tons. | tons. | tons. 
1 | 32} .803 | 1906 | 29,096 2216 9. | 528 9.76 
2 | 40 | .988 | 2056 | 34,185 | 2579 | 64.5 | 614 | 10.90 
3 | 42 | .993 | 2158 | 37,370 | 2846 | 67.6 | 676, 11.64 
4 42) .993 | 2165 | 38,900 | 2840 67.6 676, 11.64 
5 | 42 | .993 | 2158 | 38,758 | 2840 67.6 | 676 11.64 
6 | 42 | .993 | 2158 | 38,615 | 2840 | 67.6 | 676 | 11.64 








TaBLe VIII.—Tests for the Reception of 24-centimetre 
Guns (9.45 in.) 36 Calibres. 























Calibre .. ee a 9.45 in. 

Total length of gun .. “a ae 28 ft. 4.17 in. 

Weight of gun ?- ce a - 19 tons 

pe projectile .. 24 me -- __- 865 Ib. 
3 Py s | x) 3 & |$seg 
3 218i «le z 5 |g |S25q 
sig ialzie |B (|& |.eoe3 
~ - > | » 

= | Ae g | > | 2a 35 aM = (2 Es 2 é 
3\;8/2/4/] 83 | SP | BE) RS |SELS 
I 0 S iS 2% ao PO | fs tee 
5| 3 s | 3 25 | 3S | €s| #B ees 
2| & a | 2 ¥ ~ ae) a> jane 

| Ib. | ft. | Ib. per foot- | foot in 

| sq. In. tons. | tons 
1 132 | 0.732 | 1722 | 19,000 7,499 | 56.81) 394.6} 16.73 
2 154 | 0.855 | 1925 | 27,251 9,389 60.96 4942) 19.49 
3 176 | 0.977 | 2027 | 24,250 | 10,407 59.1 547.8; 21.03 
4 187 | 1.0388 | 2125 | 36,900 | 11,440 | 61.1 | 602.1| 2249 
5 187 | 1.038 | 2110 | 36,700 | 11,266 | 60.3 | 593 22.25 
6 198 | 1.123 | 2240 | 39,040 | 13,599 63.6 | 663.3; 24.25 
7 198 | 1.123 | 2214 | 27,193 | 12,413 | 62.7 | 653.3; 23.86 
8 187 | 1.038 | 2158 | 35,913 | 11,823 | 63.2 | 622.3} 23.08 
{ 





These tests, it should be mentioned, do not give 
the latest results obtained at Havre ; they refer to 
the proof of some Canet guns built by the Forges 
et Chantiers Company to the order of the Creusét 
Works, where they were required for the purpose 
of testing armour plates. 





LARGE LOCOMOTIVE BOILER. 

On February 21 we published a letter (see page 205 
ante) referring to some large steel locomotive boilers, 
made by Messrs. Hick, Hargreaves, and Co., Soho 
Iron Works, Bolton, and we now give on page 528 an 
engraving prepared from a photograph of one of the 
boilers in question. This boiler has a firebox 8 ft. 6 in. 
by 8 ft., and the diameter of the barrel is7 ft. 6 in. 
The total heating surface is 2400 square feet, the 
working pressure being 160 lb. per square inch. There 
are 409 tubes, each 2} in. in diameter. Each boiler 
supplies steam for 1600 indicated horse-power. 


PLATE-BENDING ROLLS. 

In a description of Messrs, Harland and Wolff’s 
Shipyard and Engine Works, which appeared on 
page 103 of our forty-sixth volume, reference was made 
toa set of plate-bending rolls of unusual size which 
had been made by Messrs. T. Shanks and Sons, of 
Johnstone. The illustration which we give this week 
on page 529 shows a similar set of rolls which have 
been made by the same firm. The following is a 
general description of the machine : 

The driving is by pulleys. The length between 
standards is 32ft. 2in. The top roller is 30in. in 
diameter, and is made of forged steel. It is raised 
and lowered by power, a set of three clutch mitre 
wheels being arranged at each end for this pur- 
pose. The workman has control from either end of 
the machine, and can lift or lower both ends simul- 
taneously, or each end independently of the other. 
The lifting screws are of large diameter with steel 
nuts, and are fixed to the carrying blocks in a double 
joint, so that the journals of the roller, whether one 
end is angled or not, always maintain a true bearing 
in the blocks. The wormwheels actuating these screws 
are of large diameter, and the worms are fitted at each 
side with anti-friction washers. The under rollers are 
of forged steel 17 in. in diameter, and are supported 
at two places in their length by a set of three friction 
rollers. These friction rollers are carried in massive 
box frames bolted to the longitudinal girders which 
join the end standards together, thereby increasing 
the rigidity of the machine, and forming suitable 
carriers for the bearings of the undershaft. 

The two end frames of the machine are bound to- 
gether by deep girders, one on each side at the bottom, 
and by the cross-shaft in the centre at the top, this 
shaft acting as a stay. The driving motion has a 
large reduction by double gear so as to give ample 
belt velocity for doing the heavy work often required 
to be done. Lighter plates can be bent on the single 
gear. The driving pulleys are three in number for 
crossed and open belts, so that the one belt is thrown 














entirely clear of the driving pulley before the other 
begins to move on to it, there being double belt bars, 
actuated Ly a lever with double-cam motion. 

This machine has been constructed to bend ship 
plates up to 32 ft. long by 1} in. thick ; and two have 
been supplied to one of the largest shipbuilding firms 
in this country. 





TRIPLE-EXPANSION MARINE ENGINES. 

THE illustration forming our two-page plate this 
week represents a set of triple-expansion engines as 
fitted by Messrs. Thomas Richardson and Sons, of 
Hartlepool, to the s.s. Glenartney, for Messrs. Me- 
Gregor, Gow, and Co.’s Glen Line, to the s.s. Culgoa 
for the Australian Line of Mr. W. Lund, of London, 
and to the s.s. Storm King and Norse King, owned 
by Messrs. W. Ross and Co., of London. 

The sizes of the cylinders are 28 in., 44in., and 
72 in. in diameter by 4 ft. stroke, and the working 
pressure is 160 1b. per squareinch. The engines are of 
massive and substantial construction throughout. The 
soleplate is of box form cast in three pieces. The 
main bearings are six in number and are lined with 
Stone’s white metal. 

The crankshaft is of the built type, and is in three 
duplicate and reversible pieces. The shaft and crank- 
pins are forged from Siemens-Martin ingot steel, and 
the crank cheeks are of scrap iron. These built shafts 
as made by Messrs. Richardson have proved most 
reliable. Of the 600 built shafts which they have now 
supplied not a single failure has been reported. 

he cylinders are separate castings, bolted together, 


the high-pressure cylinder being fitted with a piston- 


valve, and the intermediate pressure and low-pressure 
cylinders with ordinary slide valves and loose faces. 
The valve gear is of the ordinary link motion type, all 
the valves being placed directly over the crankshaft. 

The reversing links are double bars, and have all the 
necessary pins for the eccentric rods and drag links 
forged on. The link block is adjustable in every way, 
and is fitted with phosphor-bronze bushes. The eccen- 
tric-rods and straps are of wrought iron, the straps 
being lined with white metal or phosphor-bronze. The 
reversing shaft is placed at the back of the engine. 
The steam reversing gear is of the all-round type, and 
is driven by the little engine which may be seen on 
the middle front column. The reversing gear is thus 
under the eye of the engineer who is working the 
engines, and is of the most reliable type. 

he pistons are of the double or box form, and are 
strongly ribbed. The high-pressure is fitted with 
Maclaine’s patent rings and springs, and the inter- 
mediate and low-pressure with Rletien’s improved 
pan rings. The piston-rods are of ingot steel, and 
ave a crosshead secured to the bottom end by a taper 
and nut in the ordinary manner. The connecting-rods 
have double gun-metal bearings at the top and Stone’s 
white metal at the bottom son The guide shoes are 
double, and lined with white metal, and the guide 
faces are cast separate and bolted to the columns, the 
space between the columns and the faces being arranged 
for the circulation of water. 

As will be seen from the engravings, the high-pres- 
sure piston valve and the intermediate pressure slide 
valve are placed between these two cylinders ; by this 
arrangement the length of the engines over the cylinder 
covers is much shortened. 

The feed-pump valves employed are a specialty, 
being made of stamped Delta metal and very light. 
The Tift is also reduced toa minimum by the double 
opening employed, and itis found that the feed pumps 
work well with water at a high teniperature. In two 
of the steamers to which these engines have been fitted 
the feed water is heated by means of steam generated 
in a Morison’s evaporator, and is afterwards pumped, 
by means of the feed pumps, into the boilers at a high 
temperature. Under these conditions the pumps are 
found to work well. A large direct-acting ballast 
donkey and a duplex feed donkey are also provided. 

The thrustshaft is placed next to the crankshaft ; 
the thrust block being of the horseshoe type and 
adjustable for wear by means of longitudinal Muntz 
metal screws which pass through the whole of the 
shoes, The tunnel shafting is of wrought iron, and 
the tunnel blocks are lined with Stone’s white metal. 
The propeller is a four-bladed screw of the Griffith 
pattern, the blades being adjustable upon a large boss. 

Two double-ended boilers, 14 ft. 6 in. in diameter by 
15 ft. 9 in. long, provide the necessary steam. These 
engines indicate upon the measured mile 2700 indi- 
cated horse-power, and can average 2100 over a voyage 
to Australia. 

Evaporators, feed-heaters, and all the latest im- 
provements tending to maintain the efficiency of the 
machinery have been fitted to these steamers. 





EXPRESS LOCOMOTIVE ; SOUTH-EASTERN 
RAILWAY. 

Wiru our last issue we published a two-page en- 

aving of the express locomotive for the South- 

‘astern Railway, which was exhibited last year at 

Paris, while on pages 506 and 507 we gave further 
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FIVE-TON OVERHEAD TRAVELLING CRANE. 
CONSTRUCTED AT THE CHANTIER NAVAL DE LA CAMPINE, HERENTHALS, BELGIUM. 


! (3406. A) 


views showing end elevations and transverse sections. 
This week we complete this series of illustrations by 
other engravings on pages 536, 537, and 540, these 
showing respectively the tender, the details of the 
bogie, and the details of the steam reversing gear. 
On page 537 also we give in Figs. 28 to 32 a series of 
indicator diagrams taken from the engine under 
various conditions. 

As we stated last week, the engine was constructed 
at the works of the South-Eastern Railway Company, 
at Ashford, from the designs of Mr. James Stirling, 
the locomotive superintendent, and it is of a type 
which for some time past has done excellent service 
with heavy and fast trains. Engines of this class are 
employed to work the Continental express and mail 
trains between London and Dover and London and 
Folkestone, as well as the fast trains between London 
and Hastings. These trains are composed of fifteen to 
twenty —or sometimes as many as twenty-five— 
vehicles, the stock being of a heavy type, and the total 
weight of trains, exclusive of engine and tender, being 
from 180 to 300 tons. These trains are taken at high 
a while some parts of the road, particularly on 
the line to Hastings, are very heavy. 

Referring to our engravings it will be seen that the 
engine is eight-wheeled, it having two pairs of coupled 
drivers and a four-wheeled bogie at the leading end. 
The cylinders, which are inside, are 19 in. in diameter | 
with 26 in. stroke, while the coupled wheels are 7 ft. | 
in diameter, so that the engine can exert a tractive 
p 19° x 26 


¢ 


effort o = 111.7 1b. for each pound of effective 


pressure per square inch on the pistons. The weight 
on the two pairs of coupled wheels is 28 tons 2 ewt., so 
that this tractive effort can be well utilised, while, 
moreover, the driving wheels are fitted with Gresham’s 

steam jet sanding apparatus. 

The eng which is shown in detail by Figs. 9 to 12 | 
on page 537, is of quite a novel design and gives a very 
easy movement. Referring to the views just named it 
will be seen that the bogie centre, which is fixed to the | 
underside of the smokebox, is free to move laterally on | 
the main casting of the bogie frame, while it carries a | 
pin which is coupled by a stout link to another pin 
14 in, in front of it, this latter pin passing through the | 
bogie frame casting as shown in Figs. 9 and 10. Two} 
other diagonal links fitted with india-rubber cushion | 
springs also connect the rear pin with the bogie cast- | 
ing as shown in Fig. 10. The amount of side play | 
permitted is } in. on each side of the centre line, and 
the motion given by this arrangement is, as we have | 
said, very easy and free from shock, 

The engine is fitted with link motion of the ordinary | 
type, and is provided with the steam reversing gear 
which Mr. James Stirling has so long used successfully. | 
Mr. Stirling introduced this gear when occupying the 
position of locomotive superintendent on the Glasgow 
and South-Western Railway, and we illustrated the 
earlier arrangement employed as long ago as Septem- 
ber 1, 1875 (see pages 201 and 204 of our twentieth 
volume). At that time Mr. 5tirling employed a hori- 
zontal steam cylinder on the footplate, but on the 
engine we now illustrate this has been replaced by a 
vertical cylinder yrs 6 arranged so that its rod acts 
direct on an arm at the end of the weigh-bar. The | 
arrangement of the apparatus is shown by Figs. 13 and | 
14 on page 540, while Figs. 15 to 27 on the same page 
show the chief details. 

Referring to the illustrations just mentioned, it will 
be seen that the apparatus consists of a vertical steam 
cylinder 7 in. in diameter, the piston of which is fixed 
on a rod, which also carries a second piston 5 in. in 
diameter working in a water cylinder as shown. The 
lower end of the eens is coupled direct by a link 
to an arm on the weigh-bar. To operate the gear | 








(For Description, see Page 534.) 



























































two handles are a at namely, a reversing handle | to the other. From Figs. 13, 14, and 15 it will be seen 
which determines the direction of motion, and another | that the reversing handle operates a small slide valve 
handle which controls both the steam supply and the | on the side of the steam cylinder ; this valve, which, 
amount of the opening through which the water is | with its casing, is shown in detail in Figs. 16 to 21, 


allowed to pass from one end of the cataract cylinder determining whether the steam is admitted to the 
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SCHUNBACH’S HYDRAULIC RIVETTER. 





(Fer Description, see next Page.) 


Vi GUD. WS: 
' ® ‘ “ 














upper or lower end of the reversing cylinder. The | 
steam and water cock handle, on the other hand, is 
coupled to two cocks, of which one, shown in detail by 
Figs. 22, 23, and 24, regulates the supply of steam to 
the steam cylinder, while the other, shown in detail by 
Figs. 25, 26, and 27, is fixed on the water cylinder and 
controls the flow from one end to the other. Both the 
cocks named are, it will be seen, screw valves, and the 
details are very neatly worked out. 

Considering the ease and certainly with which this 
steam reversing gear is worked, and the great relief it 
affords to the men, particularly in these days of high 
pressures, it is surprising that it has not been generally 
adopted. An indicator, we may mention—worked by | 
rods from the weigh-bar arm as seen in Fig. 14—' 
shows the driver the positions of the gear at any 
moment, 

The boiler is of steel, with copper firebox and brass | 
tubes. It is, as will be seen, without a dome, Mr. 
Stirling having long regarded domes as_ useless 
encumbrances. The steam is collected by a pipe 
extending the full length of the barrel, this pipe being 
perforated on the top with 260 holes 4 in. in diameter 
placed at 2 in. pitch. Mr. Stirling gets excellent re- 
sults with this arrangement, and the engines so fitted 
are much liked by the drivers. The feed is admitted 
to the boiler at the smokebox end, the clack boxes | 
being placed on the smokebox tubeplate as shown in 
the longitudinal section on our two-page plate last | 
week. ‘The firebox crown is stayed directly to the | 
shell as shown in the view just mentioned and also in 
Fig. 5 on page 507. 
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The tender is six-wheeled and its general design 
will be readily understood from Figs. 6, 7, and 8 on 
page 536, without further description. Both engine 
and tender are fitted with the automatic vacuum 
brake, the brake on the engine acting on all the coupled 
wheels. 

In conclusion we append a list of the chief dimen- 
sions of the engine and tender under notice : 


Cylinders : 
Diameter 
Stroke .. asi 
Centre tocentre... eas sea 
Internal diameter of steam pipes 
Centre to centre of valve spindles 
Length of steam ports aes 
Width 


” 


Slide Valves, Phosphor-Bronze : 
Travel in full gear ... 
Lead ” 

Outside lap .. 


Connecting-Rods : 
Length centre tocentre ... 
Diameter of pin in crosshead 
Length si ke 
Coupling-Rods : 
Length, centre to centre ... 
‘. of = 
Diameter of pins 
Frame Plates, Steel: 
Distance apart 
Thickness 


SCOPSCSNNHS 


exhaust ports 


ooo 


coon 


on 
Ty 


y 
DKK 2 
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Serre! 
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Bogie : 

Distance between frame plates (steel) ... 

Thickness of plates ... ee see sia 

Diameter of wheels with tyres 3in. thick 

Centre to centre of axle bearings... a 

Length of bearings ... eae aa 

Diameter of axles at bearings 

wheel seats... 

Pe “ centre 

Centres of bearing springs... ” nom 

Number of plates in ditto (one plate 4 in. 
thick, seven % in. thick by 3 in. broad) 


” ” 





ft. in. 
Camber loaded 0 1% 
Coupled Wheels : 
Diameter with tyres 3 in. thick ... 7 0 
Centre to centre of coupled wheels 8 6 
From centre of bogie to centre of driving 
wheels = eis a3 rat ae’ De® 
Crank Azle : 
Centre to centre of bearings 40 
Length of bearings ... ee 0 8 
Diameter _,, a 0 7 
is at centre ... 07 
pis », Wheel seats 0 8 
<a of crank-pins 07 
Length ,, as 0 4 


Trailing Azle: 


Centre to centre of bearings 40 
Length of bearings ... 0 8 
Diameter pe wy 0 7 
fe at wheel seats 0 8 
‘a », centre ... 07 
Bearing Springs : 
ngth centre to centre ... a ied 3 0 
Number of plates (one plate § in. and 
ten plates } in. thick by 4 in. broad) ... ‘ 11 
t. in. 
Camber loaded 0 3 
Boiler : 
Siemens-Martin steel. 
Length of barrel... sas Eve 10 44 
Diameter outside smallest plate ... 44 
Thickness of plates... - 0 0; 
a tubeplate |. 0 Of 
Firebox casing, length outside 5 9 
Width outside at bottom ... 40 
Thickness of plates ... <i He 0 0% 
Height from rail to centre... , 7 5 


Volume of water at 4 in. above crown of 
firebox ; ..- 113.78 cb. ft. 


Volume of steam with water level 4 in. 


above crown of firebox ... 4 «- 54,32,, 
Copper Firebox : ft. in. 
Length inside box (parallel) 5 08 
Width at top... das ‘ea 3 64 
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ft. in. 
Width at bottom ... + 43 as “Pelee 
Height from top of firebars to crown at 
tubeplate ... ; Sas oe ee 5 of 
Ditto at back = 5 0: 
Thickness of plates... jee 0 Ob 
ee tubeplate .... =: nbs 0 02 
Distance between crown of firebox and 
casin aah oes es ee 7 
Area ~ ee +r oe see ... 16.78 sq. ft. 
Heating surface of firebox Bes 108.5 4s 
Tubes: 
Length between tubeplates m ... 10ft. Opgin. 
Thickness... Bs ee cee “11813 W.G. 
Outside diameter... ue = ee 
Number oe cas oom ssh = 202 
Heating surface... sib sap -- O17 aq. ft. 
Total heating surface of boiler «ss OD: 5, 
Smokebou : ft. in. 
Length outside os _ bee 2 9 
Width =s,, ” — me oe 
Diameter of door _... i ae ms 3 8 
Side plates ,'; in. thick, front plate 0 0% 
Chimney (cast iron) : 
Height of top from rail... ms so SS 
Diameter inside (paralle))... Bi! 2 1 4 
Weight in Working Order : tons, ewt. 
On bogie nh bs ‘at sas a os 8 
», driving wheels ... a6 a ssh A 
» trailing ,, a i i ae ag 
Total cae = on 4 20 
TENDER. 
Capacity of tank se ss ... 2650 gals. 
Coal space, about... ae “es .. 4 tons 
Wheels : ft. in. 
Diameter with tyres 3 in. thick ... he 4 0 
Distance centre to centre ... ba i 6 0 
Acles: 
Centre to centre of bearings 6 4 
Length of bearings ... i” 0 10 
Diameter of bearings 0 5 
. at wheel seats 0 64 
» spy CONE... 0 5s 


Frame Plates, Steel : 


Distance between ss ies 56 6 7 
Thickness... 56s x8 oe sig ONDE 
Bearing Springs ; 
Length centre to centre... sd sas 3 0 
Number of plates (one plate 4 in, and 
fourteen § in. thick by 4 in. broad) ... 15 
ft. in. 
Camber loaded — eh Kes ‘-, oeae 
Weight in Working Order: tons cwt. 
Front wheels... sis ih sts si 6 
Middle ,, ... ass bes - ~ 10 1 
lt, ie - ix 5k is es 
Total ~ _ om 30 10 








FIVE-TON OVERHEAD TRAVELLING 
ANE 
WE illustrate on page 532 a five-ton overhead travel- 
ling crane, constructed at the Chantier Naval de la 
Campine at Herenthals, Belgium. This crane has been 
designed for situations where both light and heavy 
loads have to be lifted ; as, for instance, in foundries, 
where much time is often lost in hoisting light mould- 
ing boxes with slow gear. 
pon the two barrels is wound a steel rope with a 
snatch-block suspended in the bight between the two 
barrels. The smaller barrel is rotated directly by a 
chain-wheel and dependent chain. By it one man can 
lift 4401lb. The large barrel is provided with double 
purchase gear, so proportioned that two men can lift 
aton. Further, upon the shaft of the large barrel is 
a coupling, and when this is put into gear both 
barrels are coupled together by means of a pitch 
chain, and a differentia raising or lowering action 
results, by which two men are able to hoist a load of 
5 tons. When the two barrels are coupled together 
the pawl must be lifted out of the ratchet wheel of the 
small barrel. 

When a workman has to lift a small weight, he pulls 
the chain of the small barrel. If he finds the load too 
heavy he applies himself to the second chain, without 
any coupling or uncoupling being necessary. It is 
oa in ie case of very heavy !oads that any adjust- 
ment of the mechanism is requred. All the motions 
can be worked from below by handchains. 

The following are the chief dimensions of the crane : 


ft. in. 
Span ie — a ive - 8 4 
Diameter of large barrel is Bes 1 0.8 
‘ small ,, << 0 10.4 
<. steel rope <4 AS 0 .94 
Distance between barrels (centre to 
centre) ... i : 3.3 





SCHONBACH’S HYDRAULIC RIVETTER. 

Tue object of the arrangements adopted in the 
hydraulic rivetting apparatus invented by Mr. Victor 
Schénbach, of Karolinenthal, Prague, is to economise 
the use of pressure water, the two rams for compress- 


ing the plates and pang the rivets being moved up 
to their work by a small supplementary ram, and the 
spaces behind them, filling with exhaust water at the 
same time. Thus the pressure water is not turned on 
to the main rams until they are ready to commence 
their functions. Similarly these rams are withdrawn 
by a small supplementary ram, with the use of a very 
small quantity of water. 

The illustrations on page 533 show the details of 
the arrangement. ‘The rivet-heading tool A and the 
plate-closing tool B are concentric, the latter being 
outside, of course. The outer tool is mounted on a 
slide C, and the inner one on a slide D, carried within 
C. This slide is hemispherical «t the lower part and 
rectangular at the upper part, and has a deep groove 
planed in it for the reception of the slide D. (See Figs. 
land 4.) These two slides are connected to two con- 
centric rams, C bein coupled to the inner ram E, and 
D to the outer ram f. The inner ram E is likewise 
coupled to the piston G. H and J are two valves for 
‘admitting pressure water. : 

The mode of operation is as follows: Assuming the 
work to be in position, the valve H is opened, and 
pressure water is admitted to the rear of the piston G, 
exercising a pressure tending to carry the piston G 
and ram E forward. At the same time the water 
flows down the centre of the piston into the space 
behind theram E. The rams E and F are thus forced 
apart as far as the limits allowed to them, and after- 
wards act as one piece; they are then pressed forward 
by the pressure on the resultant area of the piston G 
until the closing tool touches the plate. All this time 
the valve J has been connected to exhaust, and water 
has been flowing in to fill the space behind the ram F. 
The valve J is now opened to the pressure water, H 
being also left open. The pressure water flows in 
behind F, forcing the cupping die on to the rivet to 
form the head, ‘The two tools are free to take up any 
required position, and as the inner tool advances in 
respect to the outer the water flows out of the space 
behind the ram E into the space behind the ram F, 
the cupping tool being subject to a pressure repre- 
sented by the difference of areas of the two rams. If 
the valve H be put to waste, the pressure on the 
cupping tool is greatly increased. 

Vhen both valves H and J are put to waste the two 
tools are drawn back by the constant pressure which 
is maintained in the annular area around the rod of 
the piston G. They are thus brought back into the 
position shown in Fig. 1. 

Figs. 5 to 8 show the different stages in the process 
of closing a rivet. First (Fig. 5) the plate-closing tool 
advances, then (Fig. 6) both tools together. In Fig. 7 
the rivet is being cupped, and in Fig. 8 the two tools 
are retiring. 

Figs. 9 to 14 show the same scries of operations for 
setting both rivet heads at one stroke. 

By altering the connections of E and F the two 
pistons can practically be made one when desired. 





THE BOURDON PRESSURE GAUGE. 
To THE EpitTor OF ENGINEERING. 

Sir,—Mr. J. H. Hamilton’s little theory in regard to 
the Bourdon pressure gauge, in your issue of March 7th, is 
certainly most ingenious. have frequently been called 
upon to attempt an explanation of the action of the 
Bourdon gauge, and have arrived at the same conclusions 
as Mr. looniiion by a totally different course of reason- 
ing. Having, on such occasions, put forward the follow- 
ing with considerable confidence, I shall be relieved to 
find that it is not absolutely wrong. 

Suppose an apparatus constructed as shown in Fig. 1, 
where A is a flexible strap of metal, attached as rigidly as 
possible at its ends to the blocks Band C. The space D 
is occupied by an expansible tube of, say, india-rubber, 
containing fluid pressure, offering no resistance to bend- 
ing, and having a row of small wooden blocks E attached 
to its inner curve, all fitting closely together as shown. 
It will readily be seen that the weight of the block C 
tends to coil up the apparatus. Now, if the wood blocks 
expand from any cause the apparatus will straighten out 
or uncoil itself. The same offent will be produced if the 
metal strip A were to be shortened from any cause. But an 
inward movement of the row of wooden blocks, or any part 
of it, practically amountstoalengthening, whilean outward 
movement of the strip A, or any portion of it, practically 
amounts to a shortening. That is to say, if the pressure 
in the india-rubber tube D forces apart the metal strip A 
and the row of blocks E, the apparatus would straighten 
out, and vice rersd. 

The analogy between this apparatus and a Bourdon 
gauge tube will, I think, be readily seen. The internal 
pressure tends to bring the elliptical section of the tube 
to a circular form, forcing the inner wall towards the 
centre and the outer wall away from the centre, and 
causing the tube to straighten out as in the apparatus 
above described. Of course the action of a pressure 
gauge tube is more complicated because we are bound to 
consider it as consisting of a large number of strips, such 
as A, in tension, and a large number of strips, such as E, 
in compression, all at different distances from a neutra: 
line L. It would not be difficult to arrange other such 
strips upon the apparatus, but if we did so, and wished to 
insure that the strains on the various strips should not 
interfere with each other, we should take care that the 





inward or outward movement of each strip for a very 








small change of pressure was proportional to its distance 
from the ath “tt L. Suppose, for instance, we have two 
other rows or strips of material, M and N, at twice the dis- 
tance from the neutral line L. Then clearly no interference 
would take place between the strains if we constructed 
the apparatus so that for a small change of pressure M 
and moved twice as far inwards or outwards as A 
and E. A very little consideration will show that this 
simplicity of action and consequent absence of buckling 
me theoretically be insured in a pressure gauge tube 
b making it of the rectilinear section mentioned in Mr. 

amilton’s letter. It would seem that there are other 
forms which would fulfil this condition. 

Next, consider a very short length of the — 
OP, RS, the radius of curvature of which is T R. Now 
the length of radius L T simply depends upon the dis- 
tance between © P and R S and upon their respective 
lengths. Any internal pressure which increases the 
distance between them, must necessarily increase the 








radius of curvature, L T, at that place in the same ratio 
as the distance between O P an S increases. This 
means that if there were no buckling action in a Bourdon 
gauge tube, the radius of curvature at any point would 
vary directly as the smaller diameter of the tube at that 
point. 
I once constructed a hygrometer which formed a very 
a0 illustration of the action of the Bourdon gauge. The 
orm of this instrument is indicated roughly in Fig. 2. 
It consisted of two strips of thin steel fixed 2 in. apart at 
one end, curved round and joined at the other end as 
shown. There were holes drilled through the strips and 
a horsehair was laced through them. As the moisture in 
the atmosphere lengthened the horsehair it allowed the 
strips to get a little further apart and uncoil themselves, 
The strips in this case were given an initial tendency to 
uncoil. Although this apparatus certainly indicated 
atmospheric changes, I am not able to say if it was parti- 
cularly accurate, 
Yours faithfully, 
Frank Wm. Dopp, 
194, Winchester House, Old Broad-street, London, 
March 11, 1890. 





COMPRESSED AIR TRAMCARS ; BOURDON 
GAUGES. 
To THE Epitror or ENGINEERING. 

S1r,—Two or three references have been made to the 
neglect of an allowance for leakage in my experiments on 
the very interesting Chester tramcar. I should like to 
say that the neglect was intentional. I measured the 
leakage of the engine when standing and gave the result 
in od report. But I do not think it allowable to assume, 
as Mr. D. K. Clark appears to have done, that the leakage 
is the same when the engine is running as when it is 
standing. It may be so, but I doubt it. Hence, while I 
have no doubt that the engine will work better when the 
engine leak is suppressed, I do not think it right to use 
the measured leakage with the engine standing to correct 
the observations on the running of the car, 

You have admitted a letter on the action of the 
Bourdon gauge tube suggested by a theory of its action 
c= by Mr. Worthington in a letter to Nature. Mr. 

orthington’s theory certainly seems to me erroneous, 
and I may point out that Bourdon himself in a paper 
(Proc. Inst. Civil Engineers, xi., page 14) gave a totally 
different explanation of its action. Bourdon points ovt 
that in a curved gutter-shaped plate any alteration of 
curvature in the transverse plane involves a converse 
alteration of curvature in a plane at right angles. A 
surface curved in two directions, he says, cannot have its 
curvature increased in one direction without diminishing 
it in the other direction. For flexible inextensible sur- 
faces the product of the radii of curvature in two planes 
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at right angles remains constant (Thomson and Tait, 
ss. 150), and under the very small stresses involved, the 
thin sides of a Bourdon tube must, I think, approxi- 
mately satisfy this condition. An exact theory of the 
Bourdon tube would probably be impossible, the mathe- 
matician not being able to determine whether the de- 
formations due to the direct stresses or the bending 
stresses are most important; but sometimes the prac- 
tical handling of things gives an insight which the mathe- 
matician lacks, and I think any practical engineer will, 
like Bourdon, look to the bending action as the im- 
portant one. The following does not pretend to any 
exactness as a theory, but it seems worth while to state 
it as, at any rate, more nearlyin accordance with Bourdon’s 
view than Mr. Worthington’s. 





8 

Let A be the section of a Bourdon tube, the radius of 
curvature being 7, and let B be the plan of the tube, 
supposed for simplicity nearly a complete circle, and of a 
mean radius R,. With an internal pressure r pounds per 
square inch, let 7 and R, change to 7, and R,. Then 

r, Ry=r. Ry=C . "i - (1) 

Considering astrip of the tube lin. long measured round 
the tube, the pressure on it is ph pounds, and the bend- 
ing moment at the centre 4 ph. nearly. Assuming the 
ordinary bending equation, when 7 changes to 72, the 
bending moment is 

M=EI (; _! ): 
ys 
Hence 
kph=E1 ¢ =e ): 
TY) Ty 

For a rectangular section of the tube of thickness ¢ and 
breadth unity I = ;, ¢’, and for brass E = 9,000,000. 
Hence : 

p = 6,000,000 =C ‘ ~) 
h2?\r, 1% 
and from (1) 
» = 6,000,000_8 (Ri i Rs) . (2) 
Ch? 

I know of no measurements of the distortion of a 
Bourdon tube under pressure, but a numerical example 
will tend to indicate whether the formula gives an amount 
of distortion at all likely to be true. Suppose 7; = 1 in. ; 
R, =3in.; C=3in.; ¢=0.05in.; h=0.5in. Then 

p= 1000(R, — R.). 

For a pressure of 50 Ib. per square inch R, — R, = yin. 
The movement of the free end of the tube, if nearly a 
complete circle, would be 3 in., a movement quite suffi- 
cient for gauge purposes, 

W. C. Unwin. 


Central Institution, March 24, 1890. 





RETROGRESSION IN MARINE 
ENGINEERING. 
To THE Epitor OF ENGINEERING. 

Sir,—I beg to thank you for publishing in your issue of 
March 14th my third letter on this subject, in which I 
referred to the existence of two principal causes for the 
retrogression in marine engineering, and I endeavoured 
to point out that the first cause was the absence of any 
suitable formula for giving a fairly approximate value of 
the work done in propelling vessels of different types. 

I consider the second cause to be referable to the first 
cause, inasmuch as, without being able to determine in a 
fairly approximate manner the resistance of a vessel, of 
whatever type the vessel may be, I do not see how it is 
possible that the screw propeller shall be proportioned on 
a sufficiently accurate system to insure that the amount 
of work to be done in propelling the vessel at the required 
speed shall be done, in all cases, with the minimum amount 
of power that should be necessary, and that the efficiency 
attained at the trial of the vessel shall be a maximum, 
which would be the result of good engineering. 

The responsibility for the speed performance of the 
vessel must rest with the engineer; but although the 
responsibility of the naval architect is limited to the sta- 
bility, the displacement, and the strength of the vessel, 
I do, however, think that it should have been the pro- 
vince of naval architects, before the lapse of forty years, 
to have provided for the guidance of engineers some 

ractical formula that deal be an improvement on that 

nown as the “‘ Admiralty formula” for determining the 
comparative amount of work to be done in propelling 
vessels of different types, for this might be one of their 
special studies. 

As vessels must be designed of different proportions to 
suit the special purposes for which they are built, it is the 


- province of the engineer so to proportion the screw pro- 


llers that the required speed shall be attained with the 
east expenditure of power. That this is not invariably 
done at the present day, I propose to show by the follow- 
ing Table, for which the comparative efficiency has been 
calculated with all the necessary corrections (explained in 
my third letter) and at the respective speed of each vessel, 
but it will be noted that the efficiency is very far from 
being uniformly high, as it should be, 





These results have been calculated by the following 
formula : 


Let R V=resistance of vessel. 
V*=cube of speed in knots per hour. 
I.H.P.=proportion of indicated horse-power cor- 
rected for type per unit of work, then R V x V* x I.H.P. 
=normal indicated horse-power for vessel. 
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The efficiency is found by dividing the normal indi- 
cated horse-power for a vessel by the actual indicated horse- 
power at the trial of the vessel, and then by comparing 
the efficiency realised by the example of thirty years ago, 
with the efficiency realised either by 4th Iris or by the 
cruiser, an excess or waste of power is shown in each of 
the two latter vessels of about 40 per cent. I confidently 
attribute this waste of power solely to the proportions 
that have been in 4th Iris, or will be in the cruiser 
adopted for the screw propellers. 

When the normal indicated horse-power for any vessel 
has been calculated by the above formula, and the dif- 
ference of power required by differently proportioned 
screw efile has also been separately and accurately 
calculated, then if by multiplying the normal indicated 
horse-power found for the vessel by the difference of 
power found for the screw propeller, the product—which 
is the total calculated indicated horse-power for the 
vessel—should in nearly all cases be found to agree within 
about 3 per cent. of the actual indicated horse-power 
shown at the trial of the vessel, however great or small 
the difference may be between the normal indicated horse- 
power and the actual indicated horse-power. I consider 
that the two following points will have been conclusively 


proved : 

1. That the above method of calculating the normal 
indicated horse-power for the vessel, also the difference 
of power for the screw propeller is practically correct. 

2. That the opinion I have expressed that the differ- 
ence in the efficiency of vessels prevailing at the present 
~~ is due to the proportions adopted for the screw pro- 
pellers is likewise correct. 

I omeaeny claim that in these letters, which you 
have kindly published, on the ‘‘ Retrogression in Marine 
Engineering,” I have made no exaggerated statements ; 
and I am glad to think that if through these letters the 
attention of engineers be once fully directed to the sub- 
ject, the remedy will be certain to follow sooner or 
ater. 

T am, Sir, your obedient servant, 

London, March 17, 1890. Wm. Bury. 





To THE EpItoR OF ENGINEERING. 

Srr,—Judging from Question 1 in Mr. Bury’s commu- 
nication to ENGINEERING of March 21, I should say that 
he does not understand my letter. Ihave never stated 
that the form and dimensions of the propeller have no 
effect in determining the horse-power required to propel 
a ship at a given speed, but what I do say is, that the 
design of the propeller is not responsible for all that Mr. 
Bury tries to make it. His method of reasoning is this: 
he takes the horse-power required at a low speed, multi- 


igh speed) 

plies it by (pe seer a i and says that the product is the 
horse-power required to drive the ship at the higher 
speed ; then because this wonderful result is not borne 
out by practical experience, he lays the whole of the 
blame at the door of the propeller. It doesn’t seem to 
occur to him for one moment that the fault lies in the 
V3 theory. 

I me: like to inform Mr. Bury (as he doesn’t seem to 
be aware of the fact) that the power required to tow a 
vessel at a high speed varies faster than V*. It would be 
interesting to hear how he accounts for this startling 
phenomenon, there being no propeller here to answer 
for it. 

As regards Question 2, I am not prepared to accept the 
statements that deviations of 20 or 30 per cent. below V3 
have been shown in vessels when the speed exceeded 
20 knots per hour. 

In conclusion, Sir, I would venture to advise Mr. Bury 
to read a little of the literature of the subject, especially 
the accounts of the valuable experiments of the late Mr. 
Froude as well as those of his son, which may be found 
in the pages of the ‘‘ Transactions of the Institution of 
Naval Architects.” If he does this and masters what he 
reads I don’t think that he will then be so ready to rush 
into print, accusing those in authority of wasting the 
public money, casting imputations on their professional 
ability, and making a lot of calculations which are abso- 
lutely ridiculous. Yours faithfully, 

Portsmouth, March 31, 1890. INDEX. 








CENTRIFUGAL FORCE AND THE THEORY 
OF PROPULSION. 
To THE EprtTor oF ENGINEERING. 

Srr,—-It seems to be acknowledged that a rarefaction in 
front of the blades of propellers (including a close-hauled 
sail, birds’ wings, &c.) is necessary to make these appa- 
ratus work; but what entitles Mr, Phillips to state, 


respecting the laws of variation in the resistance of the 
air, published on October 11, 1889, in ENGINEERING, 
‘that these were not a result from direct experiments ?” 
I think it is evident from the text that for higher velo- 
cities the information was derived from writers on 
artillery matters, especially from Professor Bashford. 
From my own experiments, or rather from a compromise 
between my own experiments and some excellent Norwe- 
gian experiments, I only gave the results up to about 
90 ft. per second, and added: That the resistance of a 
plane, moved normally to its plane, is only one-third of 
the resistance of the same plane, when rotated round an 
axis within its own area, and with equal speed at its point 
of effort ; this increase in resistance in the last case is 
entirely due to the influence of the centrifugal force, 
which is also the predominating factor in preventing the 
fluid from closing upon or adhering to the leeward 
side of a propeller blade. It might perhaps be more 
correct'y stated: That the inertia of the fluid opposes 
rotation, in the same ratio as centrifugal force, by in- 
creased number of revolutions, increases what conse- 
quently gives rise to a rarefaction (on the leeward side of 
a propeller blade). ing a tube communicating with 
a manometer (the axle of the propeller was hollow, and 
communicated with a manometer, while the tube in ques- 
tion opened into the hollow axle) to the leeward side of 
a blade, the rarefaction was found to be a function of the 


centrifugal force, or of m =. where m =4"1, A is the 
r 


g 
propeller area, and v, the velocity with which the fluid 
passes within the propeller, v the velocity of the pro- 
peller, for instance, at the circumference, r the radius to 
the same point , however small, v, is, in comparison with 


v, %, always varies directly with v, so the rarefaction is a 
function of 
3 
Ato a fae, 
r r 


Suppose the rarefaction indicated in the tube, revolving 
alone, to be «, and when its open end is attached to the 
leeward side of a propeller blade let it be N, then because 
N >u, the correct value is denoted by N ; attaching the 
tube to the windward side of a blade, the manometer 
nevertheless indicates a small amount of rarefaction gq, 
where of course numerically ¢ < u, so that the pressure 
on the windward side becomes about u-g, because 
the pressure on the windward side must, in fact, 
counteract the rarefaction which the centrifugal force 
creates in the tube itself (a propeller 15 in. in dia- 
meter obtains at 20 revolutions per second a rarefac- 
tion near the circumference, corresponding to a differ- 
ence of 2.6 in. of water). Centrifugal force cannot 
remove the fluid from the windward or active side, 
where the pressure decreases from the circumference 
towards the axis, thus giving the fluid a tendency to move 
opposite to or to counteract centrifugal force. 

t requires, of course, a certain velocity before the rare- 
faction arises. Suppose the amount of fluid, air, water, or 
both, resting on a surface, to be represented by the height 
H of a water column ; if, then, the surface is put in motion 


with a velocity v, the expression 5” represents also the 
¢ 


height of a water column ; hence the pressures respectively 
ontheactiveand leeward sides of the surfaceare represented 


v » v2 : 
byé (H+ 35) Ay, andé (x 5) Ay, where A is the 


area of the surface, y the weight o the cubic unit, £ a co- 
efficient ; when v 2 ./2 9 H a vacuum arises (to find v in 
the air, H must be multiplied by 770), and the force 
with which the fluid is driven towards the leeward side is 
éHAy. Ata few feet under the water surface a vacuum 
arises at a speed of about 48ft. per second, and in the 
air, just over the water surface, at about 1200ft. per 
second. When v< /2g H, the force with which the fluid 


is pressed towards the leeward side is £ (2-5) AY. 
9 


When a surface revolves, the velocity at which a vacuum 
occurs is very much smaller, on account of the centrifugal 
force, so when a propeller biade is moving at even a mode- 
rate speed in water there will always, at least at the tips, 
be a vacuum on the leeward side. As further the amount 
of fluid sent behind a propeller must be less than what is 
drawn towards it, the fundamental question for every in- 
vestigation must be how the fluid is drawn. 

In comparing the driving wheel of a locomotive used on 
solid matter, with a propeller used in a fluid, it should 
firstly be acknowledged, that a propeller in solid matter 
would be nearly as inefficient, notwithstanding the 
absence of slip, as a locomotive’s wheel in a fluid ; whereas 
the efficiency of a propeller increases with the fluidity and 
elasticity of the fluid water, as formerly explained ; cen- 
trifugal force requires, in fact, a certain speed to act, so 
it becomes the ratio between the power to drive a pro- 

ller and its thrust which is decisive; it is of little 

nefit if the resistance of the matter is great, when the 
resistance against turning the propeller proportionally is 
still greater. A locomotive’s wheel is able directly to take 
hold of matter, a propeller cannot do that, but is really 
only an auxiliary apparatus, for the continual construction 
of another apparatus—the rarefaction, the storm or cur- 
rent centre, or whatever that invisible apparatus may be 
called—to take hold of fluid matter ; the common phrase 
‘* slip,” with all the erroneous conceptions attributed to it, 
should gradually be avoided. There is another common 
word, namely, ‘‘screw,” of which Mr. Phillips is fond, 
but that word is dangerous to use in connection with Pe 
pellers, since it suggests false conceptions concerning their 
action. The action of a screw in solid matter does not 
bear the remotest connection or similarity with the action 





of a propeller in a fluid, and the mathematical screw 
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surface has curvature the wrong way and affords thus an 

exceedingly bad shape for a propeller. It was mentioned 

in a previous communication that a little two-bladed pro- 

seller of steel, diameter and average pitch 1 ft., and weigh- 

ing 0.35 1b., flies up to a height of about 200 ft., when it, 

by acertain apparatus, is given 70 revolutions per second. | 
The work performed is thus 200 x 0.35 = 70 foot-pounds, 

or 63 per cent. of the energy stored in the propeller. | 
(4 F (w,)?- 4 F (wo)? = 115 foot-pounds - 4 1b. = 111 foot- 

pounds, and 70 = ,%); 111. and 4 F (2)? represents the | 
energy when the propeller starts, while 4 F (a )?=4' 
foot-pounds is the energy left when the propeller hovers 

at the highest point. (IF, the moment of inertia of the 

propeller, was 0.0012, w the angular velocity.) The mode 

of proceeding used by Mr. Irminger, who undertook 

these experiments, might be given in another letter; 

everything of interest could be found, the upward speed 

was over 100 ft. per second, thus proving considerable 

negative slip, and on account of the erroneous concep- 

tions attributed to this word something should be said | 
about it. Consider to that intent, the sir removed from | 
the upper or leeward side of the blades, by some force or | 
other, then the propeller will start upward, quite inde- | 
vendently of whatever the revolutions are. ow it has 

sen explained that the rarefaction on the leeward sides 
of the blades is a function 


f° al 
r 


of the centrifugal force; the slip is another function of | 
the revolutions, resistance, &c., but certainly not the | 
same; so the rarefaction, produ by centrifugal force, 


lar. 


obtains a value, quite independent of the slip, being this } 


-H- 6°4 “centres - 
! 


or that or nothing at all. If the same experiments had 
<a 4'S¢ 


been undertaken in nearly inelastic water, which has no 
power of expanding, probably none or very little nega- 
tive slip would have occurred, because all the water 
dragged towards the propeller must close to the active ments undertaken to drive boats with air propellers, 
sides of the blades, to prevent a rarefaction there, but | i 
as soon as the propeller is worked behind a ship in its/ the resistance had been constant, such as with a wagon 
following currents, a considerable amount of apparent on rails, the same amount of negative slip might have 
negative slip may take place, whereas real negative occurred, without effecting the efficiency. As this 
slip probably only occurs in the air. In the experi- letter is perhaps already too long, the discussion of 
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the positive slip sometimes was 60 per cent., but if | 
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‘the areas of propellers may be postponed to another 
‘ letter. I remain, Sir, yours — 4 


» UO. VOGT, 
Holsteins, No. 31, Copenhagen, March 19, 1890. 





ON THE CORRECTED FORM OF THE 
ADMIRALTY COEFFICIENTS. 
To THE EpITor OF ENGINEERING. 

Str,—I have read with great interest Mr. Mansel’s 
letter on the above subject in your issue of March 21, in 
which he expresses the opinion that I am ‘introducing 

‘novel elements into the ancient confusion.” Recognis- 
| ing as I do, that this confusion exists, it is the desire I 
| have to prevent its continuance that induces me to advo- 
| cate the construction of an improved formula for deter- 
| mining the efficiency of steam vessels. 
| Mr. Mansel quotes Newton’s criterion: ‘‘In every 
;machine the work done is always equal to the power 
|doing it.” This of course is a self-evident truism, for 
‘where the power is developed, it must be absorbed in 
‘one direction or another; but then arises the question, 
'TIs all the work done—useful work? That this is not the 
case in all examples of screw propulsion, my remarks 
_ below on the screw propellers will sufficiently show. 

In examples of marine propulsion it is imposs' ble to cor- 
' rectly ignore the difference of the proportions either of 
the paddle wheels or the screw propellers, for it is in this 
direction that the excess power is absorbed; beyond the 
minimum power that should be required by the vessel. 

My idea of a correct formula is, that it shall include 
all the elements that will produce any variation in the 

, result sought. For the resistance of vessels the following 
‘are the elements: 
| 1. The displacement of the vessel. 
2. The proportion of the length to the beam of the vessel. 
3. The proportion of the draught to the beam of the 


vessel. 

When these elements have been properly combined in 
calculating the resistance of vessels, it will be found that for 
vessels of the different types that have been constructed— 
| having the same displacement and going at the same speed 
—the resistance or power varies from 1 to more than 4, 
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Boiler Pressure .. 145 lbs 
Steam Chest . .... 132 lbs 
Average ..... . --..62:2 lbs 
Cut-off _.......... 30% 
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For the resistance of screw propellers the following are 

the elements : 
‘1. The area of the disc. 

2. The proportion of the surface of the blades. 

3. The i of the blades. ; 

When these elements have been properly combined in 
calculating the resistance of the screw propellers, I have 
found that the resistance or power varies from 1 to 2.5. 
and the power above 1 is in excess of that which should 
be required for the vessel. 


The difference of the proportion of the effective horse- | 


power to the indicated horse-power in different types of 
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es varies from 1 to 1.25. I therefore consider this 
a factor of some importance. 


vessels, or vessels below 7 beams. This arises from the 
wave resistance, which I find begins at speeds above 11 
knots; therefore if two short vessels of the same dis- 

lacement be compared at any equal speed above 11 
Enote—ony one vessel of 6 beams and another vessel of 
5 beams—it will be found that the resistance varies in 
relation to these proportions of the vessels, although the 
8 of the vessels is the same. I therefore think it 
simpler and more correct to leave V® intact, and to add 


There is an additional element in the resistance of short 
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the necessary correction to the resistance previously found 
for the vessel, as the difference of power is clearly due to 
the increased resistance offered by each of the vessels. 

Having stated that the power required by different 
vessels—apart from the difference required by short 
| vessels at high speeds—varies from 1 tomore than 4; that 
| the power required by different screw propellers varies 
| from 1 to 2.5; that the proportion of the effective horse- 
power to the indicated horse-power varies from 1 to 1.25; 
and seeing that the ‘‘ Admiralty formula” takes no cog- 
nisance whatever of all these variations, I consider that 
in advocating that a corrected formula should be _pro- 
vided for determining the efficiency of steam vessels I am 
indicating the best means for terminating the existing 
confusion. 

There will doubtless be a difference of opinion as to the 
manner of constructing the formula, but I hope that all 
will agree on the following point: that whatever is worth 
| doing at all is worth doing as correctly as possible, although 
| a little additional trouble may be involved in the necessary 
| calculations being a little more complex. 

I am, Sir, your obedient servant, 
London, April 5, 1890. Wa. Bury. 
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| ENGLISH MACHINERY FOR EXPORT. 
To THE Eprror or ENGINEERING. 
Sir,—In reference to Mr. Furlonge’s letter of Feb- 
| ruary 7, may I, as another consulting engineer, connected 
with some of the largest local companies, ask for space 
for a few remarks? I am encouraged to ask this from the 
hope that a few notes may be of service to the numerous 
English manufacturers interested in these fields. 
r. Furlonge writes from an American point of view, 
and his strictures are, I think, too general and too sweep- 
no doubt, intended. I pros 
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ing to be of the use which he, 
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pose, with your permission, to take the various machinery 
in use here, more in detail. 

Hoisting Machincry.—The small winding engines sup- 
jlied by such firms as Marshall, Hornsby, Robey, and 

nsomes, are certainly well designed, and Mr. Furlonge 
forgets that where lives depend on the strength of the 
machinery, and ina country where skilled labour is scarce, 
and repairs difficult and costly, there is such a thing as 
paying too dearly for the light construction he sighs for, 
and for which the Americans are famous. 

There have been, certainly, a few instances of English 
firms in the early days of rtd fields, sending out these 
small winding engines (12 to 25 nominal horse-power), 
mounted ‘on heavy cast-iron bedplates instead of on light 
wrought girder framing. 

A great error has been made in many cases, for which 
not manufacturers, but consulting engineers and managers, 
are responsible, namely that of treating our comparatively 
shallow gold mines, with their maximum output of 300 tons 
per day, as coal mines. This has resulted in the importing, 
In some cases, of winding and pumping plants which will 
be worn out before they are required to work to one-third 
of their nominal power. A 20 to 25 horse-power winding 
engine is large enough for any main shaft here, and will 

for some years to come. 

Pumping Machinery.—That used for mine drainage is 
chiefly of the Cornish type, and almost universally of 
English manufacture. Our mines are by no means heavily 
watered, and an 8 in. or 9 in. pump is, in the majority 
of cases, sufficient to keep a mine dry. From present 
appearances it would seem that the water can, in most 
cases, be caught at the junction of the free milling and 
pyritous ore, and that the lower levels can be carried 
down comparatively dry. In some instances English-made 
pumps are undoubtedly of crude and antiquated design, 
and unnecessarily heavy, but those made by first-class 
firms will compare favourably with American ones. With 
all due respect, I think the conservative nature of some 
of the mine managers here is to blame for some of the need- 
lessly heavy pumps in use. 

At present many of these pumps are driven by a crank 
on the drum shaft of the winding engines, or from an 
independent shaft placed behind the drums. This plan 
is not to be recommended for permanent work, and the 
leading mines are putting down independent pumping 
engines, pny single-cylinder horizontal, of 12 to 
nominal horse-power, geared down to work the pump tee- 
bob. These are chich of English make, pet in such 
engines, I think I shall be borne out by practical men, if 
I say that weight (within reason, of course) is an advan- 
tage. 

The pumps to which Mr. Furlonge refers as part of 
‘‘plants” are those for supplying water to the stamp 
mortar boxes. It is pe true that in many cases 
orders have been given to English makers somewhat as 
follows: ‘Supply 30-stamp mill with engine and boiler 
and pump.” ‘This was in the earlier days of the Rand, 
when the site of the mill and source of water supply were 
frequently not considered prior to ordering the machinery. 
In many cases, again, plants ordered for one company 
have been, on arrival, transferred to another. In either 
case, therefore, it is evident that the gearing sent out for 
driving the pumps was often found to be unsuited to the 
position and arrangement of the machinery when located. 
The pare usually supplied have been by such firms as 
Tangye, Jayward Tyler and Co., Turner, &c., and it is 
a curious comment on Mr, Furlonge’s statement that the 
chief American-made mills at work here are being fed by 
English pumps made by one or other of the leading 
English pump manufacturers. In pumping long dis- 
tances, say one to two miles, and against heads up to 
250 ft., there are now being erected in some six or eight 
cases compound steam ram pumps, Worthington type, 
English made, which will pol compare favourably 
with Knowles or other American steam pumps. As a 
matter of fact, American pumps are scarcely represented 
here at all. 

Stamp Mills.—English mills are made by the Sandy- 
croft Company, Robey and Co., Hornsby and Sons, 
KE. R. and F. Turner, and Harvey. The Sandycroft 
mills, which are the most largely in use here of any, 
may be taken as the representative type, and the 
other mills are closely assimilated to it. As regards 
weight, the English mill, as a matter of fact, is somewhat 
lighter than the American, and I have no hesitation in 
saying that the English mill is the better-made article. 
Especially does this refer to the fittings, and in several 
cases English fittings such as cams, tappets, shoes, and 
dies, have been fitted to American-made mills, the Ameri- 
can fittings wearing badly. In two leading American 
mills here, aggregating 100 stamps, the shoes, dies, and 
cams are at the present moment, toa considerable extent, 
if not wholly, a English make. 

The great fault of English mill manufacturers is the 
poor designing power displayed in their battery arrange- 
ments, such as hoppers, grizzlies, stonebreakers, tram- 
ways, &c., necessitating much superfluous labour in work- 
ing. This, however, is probably due to want of experience, 
and the later mills show great improvement in this 
respect, owing probably to the local conditions being 
better understood. With all their experience and advan- 

es in the way of cheap timber, the earlier American 
mills erected here were little, if any, better than the 
English ones, as regards arrangements for economical 
working, while as regards wearing parts, the American 
were, and still are, infinitely behind the English. As 
regards the mortar boxes, Mr. Furlonge does not state 
where the English ones are defective. As regards actual 
work, discharging power, &c., the best form of English 
box appears quite equal to the American, and in some 
respects superior, 

Mill Enyines and Boilers.—As regards engines, ex- 
perience points to a long-stroke single-cylinder, or com- 


und coupled engine with girder framing, as well suited 
or mill driving. Compound, undertype, medium stroke 
engines, all of English make, are largely used and answer 
very well. 
he English makers are sending out a good man 

Corliss engines, and the American mill builders invari- 
ably use this type. The American engines I have seen 
are well made, and work continuously and smoothly, and 
need but few repairs. They are of somewhat lighter 
design than the English engines, and will not, I think, 
bear the test of time so well as the English ones, nor stand 
such hard work. 

I have not seen any English mill engines (with the ex- 
ception of those made by a north-country firm of note) 
with the massive cast bedplates of which Mr. Furlonge 
very fairly complains, the undertype engine being usually 
mounted on wrought girder frames. For large mills, of 
say 60 to 100 heads it is advisable to have two engines, 
each driving half the mill, and in such case I think a single 
cylinder girder frame engine gives the best results, taking 
everything into consideration. : 

As regards boilers, the English makers use chiefly the 
locomotive boiler, the Americans a cylindrical multi- 
tubular boiler, externally fired, very long, and of small 
diameter. 

Tests of local coal, recently made, go to show that the 
Transvaal coal cannot be depended upon to evaporate 
more than about 4]b. of water per 1 lb. of coal, and that a 

ood average engine will not indicate one horse-power 
rom less than 5 ib. to 6 lb. of local coal. Added to this, 
Transvaal coal has a tendency to “clinker,” which can 
only be avoided by slow combustion. _ The cylindrical 
boiler has the advantage of allowing a large grate area. 
To take an instance, American boilers of 60 to 80 actual 
horse-power, have from 20 ft. to 25 ft. grate area, the size 
of rer ei being 4 ft. 6 in. to 5 ft. in diameter, by 16 ft. 
long. This gives a rate of combustion of about 15 Ib. per 
square font grate area. In locomotive boilers large grate 
area is difficult to obtain, and trouble has in some in- 
stances ensued from expecting locomotive boilers to work 
up to three times the nominal horse-power and over. 
With the so-called ‘‘colonial fireboxes,” locomotive 
boilers with colonial coal should be rated at not over 
twice the nominal horse-power. Varying somewhat 
accordingly to the makers, this gives an average rate of 


20} combustion of from 16]b. to 20lb. per square foot of 


grate area. 

The American boiler is more easily fired (the doors of 
locomotive boilers being usually tov high above the fire- 
bars), and permits of larger grate area. It is cheaper in 
first cost, but more expensive to fix and it is lighter and 
inferior in construction to the English boiler, and is 
seldom constructed for pressures over 80 ]b., as against 
140 lb. in compound locomotive boilers. 

The American makers carry the exhaust steam off by 
a separate exhaust pipe, the chimneys being designed for 
natural draught. The boilers are made single up to 80 
actual horse-power with one chimney ; for large powers 
the boilers are set in pairs with one chimney to each pair. 
This is preferable in practice to the method adopted by 
some English makers of coupling two to four locomotive 
boilers to one chimney, into which the exhaust is turned 
with a view to obtaining the advantages of forced draught. 
This tends, owing to condensation, to fill the flues with 
water, and in practice does not give the boilers the benefit 
of forced dranght, with the result that the chimneys 
become tco small. Where more than one locomotive 
boiler is used with an engine it is better to exhaust 
separately and design the chimney for natural draught. 

As regards tramway material, pit-head gears, cages, 
rock drills, &c., having already trespassed on your space, 
I will only say that these are chiefly of English make. 
If you can find space I will send you some notes on these 
at some future date. 

Mr. Furlonge’s statement that the English ‘‘make ma- 
chinery only to sell iron,” is somewhat of a Hibernicism, 
but taking it as intended, it constitutes a charge which in 
these days of keen competition is too manifestly incorrect 
to need refutation. 

I am naturally anxious that the old country should 
have the lion’s share of the enormous trade in machinery 
now being done here, and I feel sure that if makers only 
know what is wanted here, they will supply it quite as 
well as Americans can. 

With the demand for goldmining machinery at their 
doors, the Americans have an advantage, and this has 
led to the springing up of firms who make it their sole 
business to equip mines throughout, publishing very 
elaborate catalogues, showing every article needed for 
mines, many of which they do not make, but purchase 
for clients. In this respect English firms are far behind, 
and these fields alone would warrant any firm in in- 
curring considerable expenditure in the preparation of a 
good catalogue of mining machinery and tools. 

I am, Sir, yours faithfully, 
Srpyey H. Farrar, 
Assoc. M. Inst. C.E., &c., 
Johannesburg, March 20, 1890. 





To THE Eprtor or ENGINEERING. 

Srr,—Since my letter appeared in your columns, issue 
of February 7 last (see page 139 ante), I have received 
over forty letters, from Kifferent manufacturing firms in 
England, requesting me to furnish them with particulars 
as to what we really want in the way of mining machi- 
nery. 

Now, it is simply out of the question for me to answer 
all these gentlemen, either individually or in detail; so 
with your permission; I propose to enumerate some of the 
more glaring blunders, committed by English manufac- 
turers, which have come under my own observation. 

I would, however, remark that it is far from my inten- 
tion to imply, that all machinery sent out here is affected 








by my strictures, and I leave the future avoidance of the 
errors that I propose to point out to the undoubted 
capacity of the English makers themselves. 

** Plants ” have been sent out here by makers of reputa- 
tion so carelessly packed and marked, that the cases, on 
being opened, have been found to contain parts of another 
plant, requiring extensive ‘‘ fitting,” or else perfectly 
unsuitable for the plants of which they were supposed 
to form part. Bolts are sent and marked, which by no 
possibility, could have been intended to hold down the 
parts correspondingly marked ; whilst sometimes impor- 
tant parts are entirely wanting. and have to be supplied 
here at enormous extra cost and delay. 

Many plants, batteries, head gears, hoisting and pump- 
ing engines, &c., are sent out, without ever having been 
fitted together by the maker; one iron he gear 
had scarcely one hole fair, some were half-holes, and 
others entirely blind; the teeth of the spurwheels and 
pinions have had to be chipped and filed, and in one case 
new gearing substituted ; the cost of this, with cast iron 
at 1s. per pound, can be easily imagined. Battery tim- 
bers have been sent out with all holes bored (presumably 
by template), and the parts marked for their places; but 
on erection it was found that the templates had evidently 
been sometimes turned upside down, and that generally 
the holes did not come in fair. These timbers are some- 
times cross-grained and rotten, and in one case I poked a 
wa'king-stick 2 ft. into a battery upright, before erection. 
All this could have been easily avoided, had the machi- 
nery been erected and inspected before leaving the shop. 

Self-feeders (so-called) are sent out here which won’t 
work. Let any English maker fill one of these with a 
wet mixture of road-metal, clay, and sand, and try if, 
under these conditions, it can be made to work satisfac- 
torily. The hoppers of these machines are made of plates 
three times too heavy, and their other portions are, to 
“t. the least of it, clumsy. 

he stonebreakers of some makers are utterly ineffi- 
cient, and in inverse proportion to their efficiency is their 
weight, which is far more than it should be, whilst the 
vibration caused by them must be experienced in order to 
be appreciated, and this has been the reason for their 
being entirely discarded in at least one instance. 

Instead of making steam pipes, boiler connections, air 
chambers for pumps, &c., out of heavy cast iron, why 
cannot they be made of copper, which is so easily manipu- 
lated, and taking weight into consideration, costs about 
the same ? 

I am glad to say I see wrought iron being sometimes 
sent out here for water pipes, columns, &c., though cast 
iron is still far too common as, owing to transport rates, 
cast iron costs over 40/1. per ton here on the average. 
Again, why are pump-bobs made of cast iron and wood, 
when wrought iron or steel would be so much lighter and 
better? 

Plans furnished have been often quite correct in them- 
selves, but frequently do not correspond to the plant 
with which they have been sent. They are sometimes, 
however, extremely deficient in detail, and occasionally 
the foundations thereon shown are quite impracticable. 

The plans of almost all stamp mills, forwarded by the 
makers, have shown gross ignorance of the conditions 
under which these mills will have to work, and in no case 
which has come under my notice has the maker’s plan 
been used for anything else than as a guide to the sizes of 
the different parts, and for this purpose even they are not 
sufficient. Ignorance of local conditions may be pleaded 
as an excuse for this want of completeness, but I main- 
tain that these can be easily learned from local agents ; 
and that, from America, for instance, could have been 
obtained designs of mills, working under so many varyin 
conditions, amongst which a suitable one might be select: 
as a basis. Had this been done before, much money 
now being spent in mill reconstruction could have been 


saved, 

In fine, Mr. Editor, the despatch of machinery, which 
is incomplete or faulty, either from design, ignorance, or 
carelessness on the part of those exporting it, let them be 
the makers or not, is a real grievance with us; and when 
we have to erect it, is in many cases an insult to our in- 
telligence. 

On account of the heavy transport rates obtaining here, 
and which must be paid on delivery, we have not the 
option which home consumers have of returning unsuit- 
aie goods, but have to take what is sent us and make the 
most of it; furthermore, we are often obliged, owing to 
the exigencies of the case, to accept anything in stock that 
we can possibly get along with. 

It is therefore imperative with us that we be able to 
order our machinery from men who absolutely know local 
requirements and who are desirous of meeting them. Pre- 
sent conditions press hardly upon us, and as I have stated 
above, constitute a real grievance which should be widely 
known, and which I, for one, intend to ventilate. 

Apologising for trespassing to such an extent upon your 
valuable space, I am, Sir, yours truly, 

W. H. Furionce. 

Johannesburg, S.A.R., April 2, 1890. 





THE THEORY OF THE SCREW 
PROPELLER. 
To THE EpitoR OF ENGINEERING. 

S1r,—In noticing the criticisms of Mr. R. E. Froude 
and Mr. Macfarlane Gray on my paper ‘‘On Various 
Theories of the Screw Propeller,” read at the recent meet- 
ing of the Institution of Naval Architects, which you give 
at length in your issue of 18th inst., along with extracts 
from my paper, it is not my intention to supplement here 
the few remarks in reply to which the lateness of the hour 
restricted me at the meeting. 

I wish chiefly to refer at present to the manner in which 
the subject of the action of the screw propeller is treated 
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by the speakers referred to and by those writers to whose 
theories I have taken exception. I hope to have an oppor- 
tunity of making a reply to the criticisms of the — ers 
in a more complete form than could be conveniently done 
by correspondence in your columns. Meanwhile it will 
suffice to say that the arguments of Mr. Froude and Mr. 
Macfarlane Gray do not cause me any embarrassment. 
There will be no difficulty in giving as complete a demon- 
stration of their untenableness as I submit I have given 
in my paper of the non-existence of the reaction column 
of Rankine. 

What I desire to call attention to meantime is what I 
think must be apparent to all attentive readers of my 
paper and of those I have reviewed—the absence of a 
common ground of argument arising from the use of 
entirely different modes of examining the subject. I do 
not hesitate to say that I have followed the only method 
by which the motions and action of a mechanical instru- 
ment of definite dimensions and velocity can be practically 
and accurately ascertained, that is, by a strict geometrical 
delineation and analysis, every step of which is capable of 
rigid demonstration, and its correctness or incorrectness 
therefore capable of proof. 

In exhibiting what I say is the true action of the pro- 

ller under given dimensions and conditions in the cases 

have put on record, I have merely followed this strict 
geometrical method both in showing what is correct and 
what is incorrect. I have not consciously made a state- 
ment on either side which cannot be proved or disproved 
as conclusively as any other problem in geometry or 
mechanics. 

Under these circumstances I have a right to ask any 
one who rejects my conclusions and supports the theories 
I say I have proved to be radically incorrect, first, to point 
out the error in my proof, and, second, to establish 

eometrically the existence of the motions which the 
ankine school say is made by the propeller under given 
conditions and on which their theories are based. As I 
have said elsewhere, both parties may be wrong, but they 
cannot both be right, for the motions each hold to be 
given by the propeller are radically different. If one is 
right the other must necessarily be wrong. 
he manner in which the pot Pat has - treated by 
those to whoin I am opposed has been very different from 
that which I hold to “ the only proper method, for, 
instead of ascertaining the actual movement of the 
working members of the propellers—the blades—they con- 
tent themselves with the bare factors of diameter, pitch, 
and slip per revulution, without condescending to the 
drudgery of a thorough geometrical delineation and 
analysis of the movements of these blades with their 
various angles and breadths, and without any reference 
to their number or shape, assume, without the slightest 
attempt at proof, the existence of most extensive, and 
what can be easily shown to be impossible, motions said 
to be given to the water by the propeller en masse, and 
with beautifully elaborate algebraic formule founded on 
these assumed, but impossible, motions,offer them without 
hesitancy as data for calculating the propeller’s reaction 
under any given conditions, and the indicated horse-power 
expended in driving the ship. 
hen a plain man with some practical knowledge of 
the subject like your correspondent, surprised at finding 
such remarkable and unlooked-for motions attributed to 
the propellers he is constructing, examines these motions 
more carefully, and says, with considerable timidity, 
‘* Learned sirs, there must be some mistake here, see I 
have taken the trouble to draw out fully and minutely 
all the motions this propeller can make under the con- 
ditions you mention, and have made all the calculations 
as to the extent of these motions, and I find them quite 
different from what you assume them to be, even as much 
as from ten to forty times less than you state.” ‘‘ Unless 
therefore you can show some vital error in my drawings 
and calculations, I am compelled to ~ you are mistaken 
in your ideas regarding the action of this instrument and 
it 1s clear that you have neglected to take the ordinary 
and only proper way of ascertaining its movements.” 
One of the so gentlemen of the Rankine cult, not a 
little surprised that an outsider, a mere layman, should 
entertain independent ideas on the working of propellers 
and these diametrically opposed to his school—looking 
carelessly at the drawings and calculations handed him— 
replies: ‘‘Ah! yes, these things I dare say may be right 
and they are all very well so far as they go, but they 
stop short just at the interesting point. The motions of 
a screw propeller are not to be gauged by any common 
geometric rules. This is an ideal subject and must be 
treated in no commonplace manner. I grant that we 
base our theories on mere figures of speech, on ideal con- 
ceptions, but these would indeed become facts if we could 
construct ideal propellers to produce them. This is im- 
ssible, but still the theories are instructiveand valuable. 
t is, besides, not at all necessary for those who treat 
these ideal subjects to hold the same opinions regarding 
these motions, seeing they can be viewed at pleasure from 
so many different ideal standpoints.” The uninitiated re- 
monstrant receives this reply with no small astonishment 
having been simple enough to believe that a mechanica) 
subject like a propeller could only be treated by the means 
found necessary for the investigation of all other known 
mechanical operations. Leaving this esoteric school appa- 
parently well satisfied with their mode of dealing with 
inconvenient questioners, the remonstrant returns pon- 
dering on the unfruitful results of argument with 
those who, by divorcing their theories from facts, reduce 
them to mere metaphysical speculations, unprofitable and 
delusive. The injurious effect of these speculations are, 
I think, discernible in the otherwise chivalrous attempt 
of Mr. Froude to defend the self-destructive formula of 
Professor Rankine, of which I gave a demonstration in 
my paper, when I showed that in the application of this 
formula to a steamer with a propeller rg 27.7 ft. pitch, 





which at 60 revolutions and 5 per cent. slip gives 15.8 


knots speed with 1502 gross indicated horse-power, but | b 


when the ship encounters a strong head wind sufficient 
to cause a slip of 30 per cent., not an uncommon occur- 
rence at sea. the speed of the ship falls to 11.5 knots, but, 
by the application of this formula, the thrust and indi- 
cated horse-power should increase to the remarkable 
amount of 6330 indicated horse-power. 

This increased power Mr. Froude, as a loyal member of 
his school, holds to be quite reasonable under the condi- 
tions stated, the thrust and indicated horse-power, accord- 
ing to the school, necessarily increasing in proportion to 
the slip. Though this may appear quite a reasonable 


result to Mr. Froude, every sea-going engineer knows. 


that in the circumstances stated, instead of an increase of 
engine power of over 400 per cent. the increase would, 
according to the character of the propeller, be from about 
3 to 7 per cent. 

The fact of the extraordinary power above stated being 
the result of a correct application of Rankine’s formula to 
the case Mr. Froude cannot deny, but he attempts by a 
specious juggle to father me with the absurdity by an 
ingenious introduction of two ships into the case. I can- 
not commend Mr. Froude’s ingenuity here. I repudiate 
all connection with the absurdity, beyond showing it to 
be the legitimate result of the application of Professor 
Rankine’s formula to the working of a screw propeller in 
a steamship, and such as he intended his deeaey to be 
to. Ileavethe case for the followers of Rankine to study, 
as it does not appear to bave been previously brought 
before their notice. 

One point in my paper which I was unable, from lack 
of space to illustrate fully, is that the slip motion made 
by the blade does not extend any appreciable distance 
into the contiguous mass of water. This is, however, 
a fact which can be shown conclusively by experiment. 
Mr. Froude, in referring to my statement, that the water 
next the blade is mal as it were, into the contiguous 
mass, says: ‘* But the contiguous mass has something to 
say to that.” I reply, yes, if the flat of the blade gave the 
contiguous mass time to reply, but that is exactly what 
it does notdo. Taking the contiguous mass unawares, it 
flies past it in the thirtieth or fortieth part of a second, 
and before the mass has time to frame a syllable in reply. 
In this fact, as I have before shown, combined with the 
cna eget of water and its inertia, lies the explana- 
= of the apparent mystery of the reaction of the pro- 
peller. 

I was much surprised to find Mr. Froude comparing 
such an action as the instantaneous gliding of the flat 
surface of a propeller blade, to that of a river flowing into 
a lake through a narrow channel. The two actions are 
diametrically different. A river flowing into a lake isa 
succession of masses flowing onwards into one place; a 
continuous force meeting with little, or no, resistance 
after it has overcome the inertia of the lake water at the 
first rush. If the flowing masses have sufficient weight 
and velocity, they may well flow miles before being dissi- 
pated, across a scarcely resistant lake. It is needless to 
show that this illustration has no relation to the sweep of 
the face of a screw propeller blade. 

Mr. Froude also refers to my illustration of a ricochet- 
ting shot in accounting for the force of reaction and says, 
it “‘ arises alike in all cases from the circumstance that 
water is not only set in motion, but that it is dismissed in 
motion, and in all cases the reaction derived is precisel 
measured by the Fp rg of water set in motion, multi- 
plied by the speed with which it is dismissed. To dispute 
this proposition is to dispute not only the received 
theories of the propulsion of vessels, but the received first 
principles of hydro-dynamics.” 

r. Froude, I conceive, unnecessarily hazards the repu- 
tation of the ‘“‘first principles” here. If Mr. Froude 
would calculate the quantity and velocity of the water 
‘* dismissed ” equivalent to the measure of the energy in 
a 100-lb. shot striking the water and rebounding at a 
velocity of 1200 ft. or 1400 ft. per second, he will find that 
his statement will require a very large correction. My 
conviction is that even a small fish at 2ft. below the 
depth scooped out by the ball would not be greatly dis- 
turbed by the water in dismissal. If a second ball of 
equal weight and velocity was to strike, instead of the 
sea, a level sandstone rock of the softer kind, which is 
more compressible than water, it would scoop out probably 
as much of the rock as the other did of the water and re- 
bound in the same manner, but the reaction would not be 
measured by the quantity and velocity of the rock set in 
motion in an opposite direction. Water, as I have said, 
under some conditions is almost equal in its resistance to 
a solid, and its power of resistance must be considered 
only under the special conditions in which it is tested. 

Mr. Macfarlane Gray merits some notice. He begins 
his criticism with, ‘‘Mr. Howden has all through con- 
founded movement with velocity.” These oracular words 
have a fine sound, and were apparently by some thought 
to contain in themselves an examination of my paper 
sufficient tocondemn it. But let me ask these easily con- 
vinced people, what do the words mean? How do the 
affect the argument of my paper? In what manner do 
confound movement with velocity ? Can you have velocity 
without movement, or movement without velocity, and 
how can they be confounded? When I have answers to 
these ——? it will be time enough to reply to them. 
My talented friend, Mr. Macfarlane Gray, being a privi- 
leged humorist, goes on with his “‘cow catcher and rabbit” 
illustration against my geometry and calculations, but, 
being as yet unable to discover their relevancy as an 
argument, I shall not occupy your space with any attempt 
to show their irrelevancy. 

; Yours faithfully, 
i) April 29, 1890. JAMES HowDeEn. 

P.S.—Since writing the above I have read Mr. Calvert’s 
letter in your issue of the 25th inst. My time and your 








space will not permit me to make any reply at present, 
ut, as I have indicated, I intend shortly bat ay | forwa 
some experimental results with blades, which I believe 
will settle some disputed points as to motions and re- 
sistances. 


THE ACCIDENT TO THE “ CITY OF 
PARIS.” 
To THE Eprtor or ENGINEERING. 

Srr,—I have read with much interest your account of 
the disaster on board the Inman R.M.S. City of Paris, 
and also the various suggestions offered to account for the 
breakdown, and as the following seems a reasonable 
explanation of it, I thought you might think it worth 
publication : 

As to the fracture of the shaft, which appears un- 
doubtedly to have taken place before the breakdown of 
the low-pressure engine, the explanation given in your 
issue of the 18th seems most probable, viz., that the liner 
on the propeller shaft, being too tightly shrunk on, split, 
thus leaving a sharp edge to grind away the lignum vite. 

After the lignum vite was ground out, the bush in the 
strut and the liner would wear each other away, until 
the shaft was left grinding into the steel of the strut. 

That the stress due to the bending moment of the weight 
of 58 ft. of shafting, the after end of which was some 5in. 
out of line, together with that due to the turning moment 
of the engines, would be sufficient to fracture the shaft 
in the manner described appears more than probable. 
Thus, assuming the shaft broken, we have the whole 
9000 indicated horse-power, so to speak, let loose, and for 
the time completely out of control. The first effect would 
naturally be br the engines to race at some very high 
speed indeed. The result of this racing would be to in- 
crease the resistance to acceleration of the reciprocating 
parts enormously on both top and bottom centres, more 
especially on the top, owing to the obliquity of the connect- 
ing-rod. This resistance would obviously be greatest in 
the low-pressure engine on account of the heavier piston. 

Taking the -— of the reciprocating parts at 2 lb. 
per square inch of low-pressure cylinder area, their total 
resistance to acceleration on the top centre would, at the 
ordinary speed, #.¢., 84 revolutions, be 67 tons. 

Suppose then that the engines rushed up to 400 revolu- 
tions per minute, which does not seem unreasonable, 
when the steam has nothing to do but drive the engine 
round, then the resistance to acceleration, which varies 
as the square of the s , would become no less than 
1520 tons, and thus, taking the piston-rod at 114 in. in 
diameter, would set up a tensile stress in the rod of 
14.6 tons per square inch at the top of the down stroke. 

is stress would be about the elastic limit of the 
material, and this limit once reached, the rod would 
extend considerably, and on the next upstroke would send 
the piston up through the cover, and _ probably crack or 
split the piston itself by the blow. the friction of the 
paction rings would be very great at such a speed, and 
when the pot engines centel te bring the piston down 
again, if the rings seized, the broken piston itself, owing 
to its conical form, would act asa sort of wedge, and thus 
burst the cylinder barrel. 
he fracture of the cylinder cover points to something 
like the above having taken place, as it is described as 
being torn off at the flanges, the main body being com- 
— whole, just as it would probably be if struck 

y the piston, é.¢., practically at every point at the same 
moment, as it would be in the case of an extended rod. 

It is also mentioned as being found under most of the 
other débris, from which it would appear that it had been 
thrown up first, and had fallen down through the plat- 
forn.s before the rest of the cylinder was broken up. 

As for the keeps on the shaft bearings and the thrust 
collars being wrenched off, it is easy to imagine that after 
the first smash some of the broken pieces got into the 
crank-pit and jammed the web, so that the force of the 
other two engines actually turned the web round on the 
shaft in the manner in which it was found. 

When the web was turned round, the whole of the shaft- 
ing aft of it would be out of line with that forward of it, 
and would act much like an eccentric, thus tearing off the 
keeps, &c. We hear that the accident was all over in a 
very short time, but it seems quite possible that the 
engines might run at the high speed mentioned for one or 
two revolutions, which would be quite time enough to 
cause the breakdown in the way described above. 

Apologising for thusencroaching on ag valuable space. 

Yours truly, 
F. T. MARSHALL. 
St. Peter’s Works, Newcastle-on-Tyne, April 28, 1890. 











WATER GAUGE GLASSES FOR HIGH 
PRESSURES. 
To THE Epitor oF ENGINEERING. 
Str,—Referring to a paragraph on the above subject 
in your last week’s issue, we find no difficulty with glass 
tubes in the patent water tube steam boilers we make 
for working pressures of from 250 to 300 lb. per square 
inch. The tubes are made by Messrs. Tomey and Sons, 
of Birmingham. I am, your obedient servant, 
Conrap Knap. 
11, Queen Victoria-street, London, April 29, 1890. 
(For remainder of Correspondence see page 545. ] 





GerMAN Rattways.—The total number of passen- 
gers carried on the German railways during the year 
1888.89 amounts to 207,855,000. They are divided between 
the different classes in the following manner: Ist class, 
1,061,000 ; 2nd class, 20,872,000; 3rd, 111,730,000; 4th, 
70,348,000; soldiers, 3,844,000. . During the previous 
financial year the total number was 191,675,000 pas- 


sengers. 
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LOCOMOTIVE FOR THE S.-E. RAILWAY; DETAILS OF STEAM REVERSING GEAR. 
4 CONSTRUCTED FROM THE DESIGNS OF MR. JAMES STIRLING, LOCOMOTIVE SUPERINTENDENT. 
j (For Description, see Page 531.) 
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INTERDEPENDENCE OF PATENTS. 
In our issue of March 22, 1889, we referred at 
length to the highly important judgment given by 
the Supreme Court of the United States in the case 
of the Bate Refrigerating Company v. Gillet. That 
judgment, we may remind our readers, removed 
one of the serious doubts by which inventors had 
for many years been harassed, in cases where they 
had obtained letters patent of the United States in 
respect of inventions previously patented in some 
other country. The bugbear of the inventor who has 
desired to protect his invention in other countries 
as well as in the United States, has been the well- 
known Section 4887 of the Revised Statutes, which 
provides that every patent granted for an invention 
that has been previously patented in a foreign 
country shall be so limited as to expire at the same 
time with the foreign patent, or, if there be more 
than one, at the same time with the one having the 
shortest term, and in no case shall be in force more 
than seventeen years. 

In the Bate case, it will be remembered, the 
Supreme Court decided two points, the judgment of 
the court upon which may be stated thus : 

1. Where the foreign patent is granted for a 
short term, subject to extension as a matter of 
right upon the payment of a required fee, and where 
the extension, as a matter of fact, is obtained by 
payment of the fee, a subsequent United States 
patent for the same invention will run for the full 
term of the foreign patent. 

2. It is not necessary to the validity of the United 
States patent that it should bear on its face a re- 
ference to, and limitation by, a prior foreign patent 
for the same invention. 

It was, however, pointed out by certain gentle- 
men practising in the United States, and whose ex- 
perience entitled their opinion to respect, that the 








United States Supreme Court, in rendering its de- 
cision in the above case, appeared to have proceeded 
upon a line of reasoning which, if followed out to 
its legitimate conclusion, would require the holder 
of a foreign patent to continue to pay his taxes, if 
he wished to keep in force a subsequent United 
States patent for the same invention to the full 
term of the foreign patent. 

Happily we are able to announce that all doubts 
on this point have, at length, beenalso cleared up, 
by the important judgment of the Supreme Court 
in the case of Pohl et al v. The Anchor Brewing 
Company. A suit in equity had been brought on 
April 16, 1889, in the Circuit Court of the United 
States for the Southern District of New York, by 
Carl Pohl and Charles Zoller against the Anchor 
Brewing Company, a corporation, for the infringe- 
ment of letters patent No, 213,447, granted March 
18, 1879, on an application filed January 3, 1879, 
to Carl Pohl, for an improvement in barrel and 
cask-scrubbing machines. 

The patent was granted on its face for the term 
of seventeen years from March 18, 1879, subject to 
the limitation prescribed by Section 4887, Revised 
Statutes, by reason of German patent dated Sep- 
her 6, 1877, and French patent dated September 

3 : 

It appeared by translations into English of the 
German and French patents annexed to the bill 
that the German patent began to run September 6, 
1877, and its longest duration was until December 
12, 1891, and that the French patent began to run 
from September 3, 1877, and ran for fifteen years. 

The defendant put ina plea to the bill setting 
forth that at the time when Pohl applied for the 
United States patent, and at the time it was issued, 
he was a citizen of the Empire of Germany ; that 
on September 6, 1877, a German patent was issued 
to him for the same invention, for the term of 
fifteen years ; that under the German patent law 
of May 25, 1877, he was required to pay certain 
annuities on the German patent and to work the in- 
vention in the Empire of Germany in the manner and 


‘ for the term specified by that law ; that in default 


thereof the term of the German patent would expire, 


9| and the rights and privileges of the patentee under it 


would become forfeited and cease ; that Pohl 
neglected and failed to pay the annuities and to 
work the invention in the Empire of Germany in 
the manner and time required by that law, whereby 
and under the provisions of that law the German 
patent became forfeited in 1880, and the term 
thereof expired ; that by reason thereof, and under 
the provisions of Section 4887 of the Revised Statutes, 
the United States patent expired and the term 
thereof ended in 1880, and prior to the commence- 
ment of the suit; and at the time it was brought 
the plaintiff had no title to the patent and no rights 
under it ; that on September 3, 1877 a patent was 
issued to Pohl for the same invention by the 
proper authorities of the Government of France, 
for the term of fifteen years and subject to the pro- 
visions of the French patent law of July 5, 1844; 
that under those provisions a patentee who failed 
to pay his annuity as required by that law, before 
the beginning of each year of the duration of his 
patent, or who failed to put his invention in work- 
ing order in France within two years from the 
signature of the patent, or who ceased such work- 
ing during two consecutive years, would forfeit ail 
right under the patent ; that Pohl neglected and 
failed to pay his annuity as required by such 
law, and failed to put his alleged inven- 
tion in working order in France within two 
years from the signature of the patent, and 
ceased such working during two consecutive years, 
whereby, under the provisions of the French patent 
law, the French patent was forfeited, and the time 
and term thereof expired ; and the rights of Pohl 
thereunder ceased ; and that, under the provisions 
of Section 4887 of the Revised Statutes, the United 
States patent expired and the term thereof ended 
prior to the commencement of the suit, and at that 
time the plaintiffs had no title to the patent, and 
no exclusive rights thereunder. 

The plea was set down for argument, and the 
Circuit Court, held by Judge Wallace, sustained the 
plea, and dismissed the bill. Toreview that decree 
the plaintiffs appealed. 

Mr. Justice Blatchford, in delivering the opinion 
of the Supreme Court, pointed out that the United 
States patent in the present case, granted March 
18, 1879, was granted for an invention which had 
been patented previously, in September, 1877, in 
Germany and France. It must be, therefore, by 
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the terms of Section 4887, so limited as to expire at 
the same time with that one of the two patents, 
German and French, ‘‘ having the shortest term.” 
The German patent on its face appeared to have 
been granted fora term extending from September 
6, 1877, to December 12, 1891, and the French 
patent for a term extending for fifteen years from 
September 3, 1877, that is, until September 3, 
1892. If the United States patent did not expire 
antil the end of the term expressed on the face of 
that one of the two patents, German and French, 
which had the shortest term so expressed on its 
face, it would not expire until the end of the term 
so expressed on the face of the German patent, 
namely, December 12, 1891; and so it had not 
expired when the suit was commenced, and had not 
yet expired. On the other hand, if it expired when 
the German patent became forfeited by reason of 
the facts alleged in the plea in regard to it, or 
when the French patent became forfeited by reason 
of the facts alleged in the plea in regard to it, the 
United States patent expired prior to the com- 
mencement of the suit. 

The opinion of the Circuit Court in the case 
proceeded upon the view that the ‘‘term” of the 
foreign patent, referred to in Section 4887 was 
not the original term expressed in it, but its period 
of actual existence ; and that the United States 
patent expired when the foreign patent having the 
shortest term was terminated by its lapsing or 
becoming forfeited in consequence of the failure of 
the patentee to comply with the requirements of 
the foreign patentlaw. The Circuit Court regarded 
the decision of the Supreme Court in Bate Refri- 
gerating Company v. Hammond as requiring such 
decision. 

The question involved in the present case had 
been decided by several of the Circuit Courts, whose 
decisions the learned judge referred to. The 
Supreme Court was of opinion that the question 
involved in the present case was not the same as 
that decided in Bate Refrigerating Company v. 
Hammond, and was not controlled by the decision 
in that case. There a United States patent was 
granted in November, 1877, for seventeen years. 
A patent for the same invention had been granted 
in Canada to the same patentee for five years from 
January, 1877. The Canadian patent was, in 
December, 1881, extended for five years from 
January, 1882, and also for five years from January, 
1887, under a Canadian statute passed in 1872. The 
question involved was whether, under Section 4887, 
the United States patent expired in January, 1882, 
or in January, 1892. The Supreme Court, limiting 
itself to the precise question involved, had said that 
it was of opinion that where the Canadian statute 
under which the extensions of the Canadian patent 
were granted, was in force when the United States 
patent was issued, and also when that patent was 
applied for, and where, by the Canadian statute, 
the extension of the patent for Canada was a matter 
entirely of right, at the option of the patentee, on 
the payment of a required fee, and where the fifteen 
years’ term of the Canadian patent had been con- 
tinuous and without interruption, the United States 
patent did not expire before the end of the fifteen 
years’ duration of the Canadian patent. 

This was said on the view, expressed elsewhere 
in the opinion, that the Canadian patent did not 
expire, and it never could have been said properly 
that it would expire before January, 1892. The 
ground of this conclusion was that the ‘‘term” of 
the Canadian patent granted in January, 1877, was, 
by the Canadian statute, at all times a term of 
fifteen years’ duration, made continuous and unin- 
terrupted by the action of the patentee, asa matter 
entirely of right at his own option. 

By parity of reasoning, as applied to the present 
case, according to the judgment of the Supreme 
Court, Section 4887 requires that the United States 
patent shall be so limited as to expire at the same 
time with the term limited by that foreign patent 
issued prior to the issuing of the United States 
patent, having then the shortest time to run. 
There is nothing in the statute which admits of the 
view that the duration of the United States patent 
is to be limited by anything but the duration of the 
legal term of the foreign patent in force at the time 
of the issuing of the United States patent, or that 
it is to be limited by any lapsing or forfeiture of 
any portion of the term of such foreign patent, by 
means of the operation of a condition subsequent, 
according to the foreign statute. In saying that 
every patent granted for an invention which has 
been previously patented in a foreign country shall 


be so limited as to expire at the same time with 
the foreign patent, the statute manifestly assumes 
that the patent previously granted in a foreign 
country is one granted for a definite term ; and its 
meaning is, according to the Supreme Court, that 
the United States patent shall be so limited as to 
expire at the same time with such term of the 
foreign patent. Such term was held, in Bate Re- 
frigerating Company v. Hammond, to be fifteen 
and not five years. 

This view is made conclusive by the requirement 
of Section 4887, that if there be more than one prior 
foreign patent the United States patent shall be so 
limited as to expire at the same time with that one 
of such foreign patents ‘‘ having the shortest term.” 
This means the foreign patent which, at the time 
the United States patent is granted, has then the 
shortest term to run, irrespective of the fact that 
the foreign patent may afterwards lapse or become 
forfeited by the non-observance of a condition 
subsequently prescribed by the foreign statute. 

In the Circuit Ccurt some able and highly 
interesting arguments were submitted for parties 
having in other suits a like interest to that of the 
plaintiff. It would, of course, be impossible to cite 
these at length in the limited space at our disposal, 
but some of the arguments advanced by Mr. 
Grosvenor Lowrey appear to be specially deserv- 
ing of notice. He drew attention to the fact that 
the English Patent Act, 15 and 16 Vict., chap. 83, 
sec. 25, contained a provision (entirely omitted 
from the new Act) which provided that a domestic 
patent for an invention previously patented abroad 
should cease and become void ‘‘ with the expira- 
tion or other determination ” of the foreign grant. 
Under this English patents were held to fail when 
foreign patents failed, because, manifestly, of the 
‘* other determination” of the foreign term, and 
not because of its ‘‘ expiration.” 

The German Act, he said, provided for a registry 
of (1) the commencement ; (2) the termination ; (3) 
the expiration ; (4) the decree of annulment ; (5) 
the revocation of the patent. Thus it appeared 
that a German patent monopoly might come to an 
end in at least two ways, without expiration (of the 
term) viz., by termination and revocation. 

Unless the idea and substance of ‘‘ other deter- 
mination” was to be found in the word ‘‘ expire” 
in the United States statute, then, he urged, there 
was no written law which affixed to the American 
ownership such a penalty for that which might be 
done or omitted to be done by a foreign owner of 
the same invention. 

But, in short, the one material thing to be said 
was that public policy required that the life of 
American patents should be fixed and at all times 
ascertainable. That being arranged, in whatever 
manner, all suggestions which had an unsettling 
effect should not be favoured, and all rules which 
helped to maintain certainty should be favoured. 
This is a sound argument and goes to show 
that dependence upon a prior foreign grant should 
be done away with. It was also pointed out 
that an absurd possibility might arise under the 
Austrian law. Austrian patents appeared, accord- 
ing to the expert testimony in the case of the 
Edison, &c., Company v. the United States, &c., 
Company pending in the Court, to be invalid when 
granted upon foreign inventions which were not at 
the time patented in the place of their origin. From 
this it seemed to result that an American inventor 
applying in the United States first and in Austria 
afterwards, but receiving his Austrian patent first, 
might lose it because he had not at its date yet 
received his American patent, and he would then 
(on the defendant’s theory) in due order lose his 
American patent as a proper punishment for having 
lost the Austrian one. 

In conclusion, we regard it as a matter for con- 
gratulation that there has been a complete failure 
of the attempt to induce the Supreme Court of the 
United States to read into the sense of the statutory 
word ‘‘ expire,” the sense of the words ‘‘ other de- 
termination,” with all the impolitic, illogical, and 
inconvenient consequences which would then have 
threatened every owner of an American patent, 
not forgetting even the American citizen, who by 
the delays in his own patent office had been put 
to the hard alternative of either doing without pro- 
tection abroad, or taking it at the peril of his 
domestic protection. 

Let us hope that now the futility of Section 4887 of 
the Revised Statutes has been so clearly demon- 
strated, the time is not far distant when it will be 
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THE GREAT TOWER IN LONDON. 

Is London to have a great tower of an altitude 
equal to or surpassing that raised by M. Eiffel, in 
Paris? Sir Edward Watkin and his friends say that 
it is, and few engineers will be disposed to raise 
objections, for considerable scientific interest 
attaches to such erections, while they provide work 
for iron and steel manufacturers, engine and lift 
makers, and many others. At the same time it 
must not be forgotten that it will not be sufficient 
that the proposed tower shall be well and scien- 
tifically constructed, and that it shall reach a few 
hundred feet further skyward than the erection on 
the Champ de Mars. Ifit be not also a commercial 
success, the effect will be felt in engineering circles, 
and the public will be, for a time at least, on their 
guard against all novel enterprises. There are 
plenty of people always ready to throw a stone at 
an unfortunate undertaking, and if this should not 
succeed there will be no hiding it. It will expose 
its forlorn length to every passer-by, and advertise 
its own failure in the most effectual fashion pos- 
sible. 

This consideration needs to be borne in mind in 
the choice of a design. M. Eiffel’s venture proved 
a great financial success, but it by no means follows 
that it would be wise to imitate it very closely on the 
banks of the Thames. Even he must at times have 
regretted that he had not provided greater facilities 
for ascending and descending, and more space at the 
summit, so that the traffic through the turnstiles 
might have been quicker. Fortunately for him 
Paris was, last summer, the focus of all the pleasure- 
takers in the world, and was filled with crowds 
having time on their hands, and money in their 
pockets which they were anxious to spend. There 
is no likelihood that such a state of affairs will ever 
occur in London to the same extent. The millions 
who attended the last Exhibition at South Ken- 
sington were largely composed of people who 
deferred coming until the entrance fee was practi- 
cally reduced to a few pence, and very few of them 
would have paid three or four shillings to ascend a 
tower even if it had reached to the clouds. We doubt 
even whether the well-to-do English people who 
crowded up the Eiffel Tower so readily, would not 
count the cost much more carefully in their own 
country. 

The London tower, if it is to pay, must provide for 
the Londoner some attraction which will bring him 
again and again. Few people will care to go toa 
height of 1000 ft. more than once, while immense 
numbers will postpone the journey for the con- 
venient season which so seldom comes. Yet it has 
been demonstrated that outdoor pleasures—trees, 
flowers, and music—will draw, all through the 
summer, crowds who are quite content to talk, 
smoke, and promenade, and who will neglect the 
treasures and curiosities of an exhibition for the 
sake of the fresh air. Now if these attractions could 
be raised 200 ft. or 500 ft. above the smoke and the 
dust-laden air, they would be immensely increased, 
and every evening there would be a rush both of 
the gay and the jaded to enjoy a new sensation, 
which would never pall so long as the summer 
weather continued. The country cousin and the 
conscientious sight-seer would go to the summit, 
but the first stage would detain the bulk of the 
visitors. 

We think that considerations of this kind will 
weigh with the Committee who have under review 
the form of the proposed tower. To facilitate their 
labours two prizes of 500 guineas and 250 guineas 
respectively were offered fur the best designs last 
November, and the time allowed having expired, the 
designs await adjudication. For the present they 
are being exhibited to the public in the hall of the 
Drapers’ Company, Throgmorton-street, E.C., 
where they will be on view till Friday, the 9th 
inst. The competitors were not hampered with 
any restrictions; they could choose their own 
height, style of construction and material, and all 
that was demanded was there should be sutlicient 
lift power and space for restaurants and oftices. 
To show how far advantage has been taken of this 
latitude we may mention that the heights of the 
designs vary from 1197 ft. to 2007 ft., while both 
granite and concrete towers are suggested in addi- 
tion to those of steel and iron. Of course the 
majority of the candidates prefer steel. 

In reviewing the various designs we must frankly 
admit that none excels the Eiffel Tower in beauty 
and grace. We fancy the candidates must have 





often bemoaned the fact that they were the second 
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and not the first to undertake this class of structure. 
The plan of building a column on four splayed legs 
merging into a vertical square shaft, is so evidently 
the best, that the choice lies between plagiarism and 
retrogression. Of course the four legs may be 
changed to three, or six, or eight, but the principle 
remains the same. Most of the good designs follow 
these lines, which from a structural point of view, 
are certainly correct. A few competitors, however, 
and notably among them Mr. Max am Ende, have 
offered towers of architectural design, some of them 
being of very considerable beauty and grandeur. 
On paper these are very striking for their solidity 
and apparent massiveness, but we doubt if this ap- 
pearance would be associated with the actual struc- 
ture. The essence of art is truth; any material, 
stucco even, may be made decorative and beautiful, 
if it be used in a way that frankly acknowledges 
its nature, and does not endeavour to represent 
as otherwise than it is. Now if these towers were 
covered with plates the mind would recoil from 
them as shams, while if they were to a great extent 
open latticework we fear they would jar on our 
sense of congruity. The essence of a masonry 
tower is solidity, and with this preconceived idea 
in our minds we should find ourselves unsatisfied 
by an open and airy structure. It is said that 
some of the early buccaneers struck terror into 
their ‘victims by hoisting sails of network through 
which the moonbeams streamed, giving the impres- 
sion that the vessel was the Flying Dutchman. 
We imagine a lattice tower of architectural form 
would have a somewhat ghostly effect at night. 

Besides the two classes of designs we have men- 
tioned, there is a group of what may be called the 
perpendicular style. By this we mean they are 
built up of vertical pillars tied together with cross- 
bracing. There are usually several rings of these 
pillars. The centre rings mount to the summit, 
while those nearer the periphery are stopped off at 
lower levels, thus forming a tower whose diameter 
decreases by steps, each step forming a deck or 
gallery. In some cases a winding road leads round 
and round from base to summit, thus forming the 
Tower of Babel of the picture books. These 
designs give an enormous amount of accommodation, 
but they are necessarily heavy, and would require 
an excessive amount of cross-bracing to withstand 
the wind pressure. 

Lastly comes the miscellaneous group with more 

sub-sections than we care to count. Many of these 
are utterly impracticable, and in others the question 
of expense has never been considered. The esti- 
mates which were to accompany each design are 
not exhibited to the public, and we fear that many 
of them are merely wild guesses. It is most dif- 
ficult in many cases to gather the constructive 
details from the drawings, and very few carry 
any dimensions except the height of various gal- 
leries, so that only a general idea can be gathered 
as to the sufficiency of the structural arrangements. 
Many are absurdly light, while others contain an 
unheard of quantity of material. Speaking gene- 
rally those that have the most graceful appearance 
are sadly lacking in accommodation, while those that 
provide ample space and to spare are supremely 
ugly. 
In the first class, those supported by ribs or legs 
running from base to summit, we find several very 
good designs. Earlyamong these, following the order 
of the catalogue, is that of Mr. H. Fidler, of Grove 
Park, Chiswick, London. The tower is of steel, 
1200 ft. high, with a base 500 ft. square, cruciform 
in plan. Through the centre of the cross there 
rises a square steel lattice mast which serves for the 
hoists, while a staircase is built round it. Semi- 
circular arches are thrown in between the legs. At 
the upper part the four legs merge into the central 
mast. There are four galleries at heights of 280 ft., 
560 ft., 840 ft., and 1120 ft., the first being 250 ft. 
square. 

From Messrs. Kinkel and Pohl, of Washington, 
there comes a handsome design of a tower 1250 ft. 
high on the very narrow base of 192 ft. The 
skeleton contains sixteen lattice legs and a central 
tube. Between and around the feet there is 
erected a very large domed building 400 ft. high, 
containing an immense central hall and many 
galleries. There are in all eleven galleries. The 
elevation of the building is very handsome, and it 
promises ample accommodation for all purposes. 
A curious design appears under the initials 
‘““WP.” Itis 1200ft. in height, with a base of 
310 ft. There are six members grouped around a 
central cylindrical lift tube, to which they are tied by 





bracings and byfourplatforms, Each foot is mounted 
on a rocking bearing on the top of a masonry foun- 
dation, and the whole is exceedingly light, and 
apparently wanting in rigidity. 

A very good example is sent by Mr. E. S. Shaw, 
of Boston, U.S.A. From a base 500 ft. square there 
spring four tubular columns grouped around a cen- 
tral tower, which stretch from the first platform, and 
into which they eventually merge, the whole rising 
to a height of 1400 ft., and being of 100 ft. diameter 
at the top. This design has a general resemblance 
to that of M. Eiffel, but the details are very different. 
Mr. T. V. Trew’s tower resembles a lighthouse 
constructed of lattice work, its profile being just 
that rendered familiar by pictures of the Eddystone 
and other beacons. It has eighteen lattice members, 
tied together by crossed spiral ties, running round 
the outside. There are four intermediate decks 
between the base and the top gallery at heights of 
300 ft., 460 ft., 600 ft., and 800 ft. respectively. 
The outline is not broken by any galleries until the 
lantern is reached. 

One of the triangular designs bears the well- 
known name of Mr. J. I. Thornycroft, of Chiswick. 
This is 1760 ft. in height, and each member is a 
steel tube, these tubes uniting in one near the top, 
and having a spiral staircase outside, while the 
lifts are inside. The three legs are united below 
the first platform by arches, there being four plat- 
forms in all. This design looks very artistic on the 
drawing, but it has the defect common to all three- 
legged structures that, viewed from certain positions, 
it does not appear symmetrical. We think this 
would be a fatal objection to this and all the cognate 
designs in the exhibition, since they have a lop- 
sided appeararce which is quite incompatible with 
beauty. This is a matter of regret, as many of the 
tripodal designs are very handsome. 

An eight-ribbed tower, 1300 ft. in height, and on 
a base of 310 ft., isshown by Mr. W. H. Woodcock, 
of 6, Victoria-street, Westminster. It contains a 
central octagonal mast, and has three intermediate 
decks between the base and the top. The design 
is simple and neat, but the straightness of the sides 
gives it too much the appearance of a simple cone. 
Mr. J. H. M. Harrison Vasey, of 20, Vicarage- 
terrace, Sunderland, has endeavoured to supple- 
ment the scanty accommodation of the Eiffel Tower 
by carrying up four large struts from the first plat- 
form, and erecting a second gallery upon them 
equal in area to the first. While this is a decided 
improvement from the gate-money point of view, 
it has entirely spoiled the beauty of the design. 
The tower is 1820 ft. in height and stands a square 
of 800 side. 

A design for a towerof 1280 ft. comesfrom America, 
bearing the well-known names of Mr. T. C. Clarke, 
Professor Joseph Mayer, and Mr. W. Hildenbrand. 
The main skeleton is hexagonal, with the base 
carried out in square form. The upper part is cir- 
cular, with a spiral staircase outside which suggests 
the Column of July. The design is pleasing in 
elevation, and structurally very good, but scanty in 
accommodation. 

Mr. C. Lean, of Palace Chambers, Westminster, 
sends a design for a 1200 ft. tower, comprising six 
legs, straight on the outside, and converging to the 
top. It isan exceedingly simple design, and has 
five intermediate decks. Mr. P. Campanakis, of 
Constantinople, shows a design which recalls the 
appearance of the Paris tower, except that it is 
triangular. The height is 1197 ft., and exhibits 
a considerable amount of decoration. Next to this 
is one much like it, the author’s identity being 
hidden under the motto ‘**Time is Money.” In 
this there are not only arches below the first 
gallery, but also under the second. An enormous 
clock with three faces forms part of the design, 
which is highly decorated. Mr. J. C. Chapman’s 
tower is 1200 ft. in height, and has six ribs. The 
contour is not a clean sweep from base to summit, 
but the line is broken and changes its direction at 
each intermediate gallery, of which there are three. 
A plain example of the lighthouse style of design 
is sent by Mr. J. T. Bateman, of 11, Beulah-road 
West, Thornton Heath, Surrey. It has six ribs 
which run in a single sweep from base to lantern. 
There are four galleries at heights of 200 ft., 
500 ft., and 800 ft., the total elevation being 
1260 ft. The design is a simple and cheap one to 
carry out. 

The combined design of Mr. A. D. Stewart, Mr. 
J. W. Maclaren, and Mr. W. Dunn, is a plain steel 
tower, having an octagonal base of 300 ft. in dia- 
meter, and a height of 1200 ft. There are four 





galleries at heights of 200 ft., 550 ft., 850 ft., and 
1040 ft. Each leg is a square lattice frame, and the 
whole forms a strong and simple design, while Mr. 
Stewart’s name is a guarantee of the good con- 
struction. 

Mr. A. F. Hills, of the Thames Iron Works, 
soars heavenwards 2007 ft., his design being a 
gigantic obelisk buttressed by struts which cover 
a base 644 ft. square. The structure contains 
fifteen floors, and is named ‘‘Ye Vegetarian 
Tower,” to the bewilderment of visitors who fail to 
see the aptness of the appellation. A central 
cylindrical mast, parallel for 800 ft., and supported 
sideways by flying buttresses arranged in tiers, and 
springing from one another, is the design of Mr. 
J. Tertius Wood, of Rochdale. The shaft carries 
lifts and a spiral roadway, and around it are built 
decks at heights of 200 ft., 400 ft., 600 ft., and 
800 ft. This plan of planting curved struts on one 
another does not fulfil either artistic or construc- 
tional requirements. 

Mr. Robert Wylie’s (Liverpool) tower is 1470 ft. 
high, including a masonry base of 60ft. Its general 
appearance is much like that of the Eiffel Tower. 
Near it is a design by Messrs. Harper, Harper, and 
Graham, of Birmingham, of which the same may be 
said, except that this latter instead of being on a 
square base is composed of two equilateral triangles 
forming a hexagonal star. The height is 1300 ft. 

An octagonal tower is exhibited by Messrs. W. 
Vaughan and W. H. Tomkins, of 64, Broad-street 
Avenue, E.C. Each leg is composed of three steel 
tubes braced together. There are eight of these 
legs curved outwards at the base ; the general effect 
is pleasing. A very good example of an octagonal 
steel tower is shown by Mr. J. J. Webster, and J 
W. Haigh. Around the foot of each leg is built a 
large structure like an hotel, the upper stories of 
these buildings being continuous and reaching to a 
height of 200 ft. The bottom of the tower is thus 
masked, and its upper part springs out of a group 
of handsome buildings, the general effect being 
very good. 

Next to this is a tower by Messrs. Rendel, 
Findlay, and Ricardo. It is 1260 ft. high, on an octa- 
gonal base, occupying 46,000 square feet. The base 
is an immense glass-covered dome, laid out as a 
winter garden, while the shaft is formed by suc- 
cessive cylindrical columns, of decreasing diameter. 
A spiral road leads round these. This design pro- 
vides very considerable accommodation, but it is 
mostly on or near the ground. 

Mr. Henry Davey’s design embraces twelve 
straight steel columns braced together to form a rigid 
truncated cone. Each column is buttressed at 
about one-third of its height bya raking strut which 
is masked by curved lattice girders which hide the 
straight lines and give a double curved outline to 
the base. At the top of the cone is mounted a 
tower of the lighthouse pattern, inside which is a 
staircase leading to the lantern. 

Messrs. Read and Shuffrey, of 38, Welbeck-street, 
show a steel tower 1475 ft. in height, which is 
very like that built by M. Eiffel. It has platforms 
at 200 ft., 800 ft., and 940 ft. in height. A good 
design is shown under the motto ‘‘ Equilateral 
Triangle.” It is 1475 ft. in height, and has a 
hexagonal skeleton sustained by six curved spurs. 
Each leg is formed of four members arranged in a 
square, and braced together. Thecurvesare pleasing. 
There are three intermediate platforms between the 
ground and the summit. ; 

The joint design of Professor Robert Smith and 
Mr. W. Henman, is a kind of three-legged Kiffel 
Tower. The height is 1400 ft. Each leg consists 
of a tube 30 ft. in diameter at the ground level, the 
centres of the tubes being 350 ft. apart. 

Messrs. Francis Fox and G. E. Grayson offer a 
design of a tower of 1300 ft. in height, and having 
a base 370 ft. in diameter. It is formed of eight 
straight tubes, each supported at about half its height 
by a lattice raking strut. The general appearance 
is good, but there is a great want of accommodation 
for visitors. Probably this could be remedied. 
Under the motto of the ‘‘ British Lion” is shown 
a steel tower 1200 ft. high, with a hexagonal skele- 
ton. The appearance of the design is good. 

Turning now to the towers which more or less 
simulate masonry, the first is by Mr. W. P. Gibson, 
of 15, Queen-street, E.C. It is designed on the 
general outline of Sir Christopher Wren’s spire to 
Bow Church, Cheapside, and so should appeal very 
strongly to all cockneys. The height is 1232 ft. 
“¢ Acme” sends a design for a tower of 1300ft., 
square in plan, which in itself recalls the clock 
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tower at Westminster. But it is stiffened by four 
radial trussed buttresses, which suggest that it has 
been condemned by the surveyor as a dangerous 
building, and has been ordered to be shored. 

The handsomest of all the architectural designs is 
that of Mr. Max am Ende. It is 1550 ft. in height, 
of a Gothic design, constructed entirely of steel. 
The platform at 1000 ft. is treated as the principal 
one. Subject to the general objections we raised 
above to the imitation of masonry in metal, it is 
impossible not to admire the design. It is entirely 
original, and exceedingly artistic. A 1296-ft. tower, 
also not unlike the clock tower at Westminster, is 
shown by Mr. J. S. Fairfax, of 433, Strand, W.C. 
This is another handsome architectural design. 

The group which we have named the perpen- 
dicular is a large one. At the head of it (No. 1 in 
the catalogue) comes a tower of 1355 ft. by Mr. M. 
T. Otis, of Rochester, U.S.A. On a square base of 
400 ft. side, there is erected a many-story construc- 
tion, carried up parallel. In the centre of this rises 


asecond square structure of smaller size which serves | s 


as the base, at a height of 350 ft., for a square 
lighthouse-like tower. It is proposed to employ bolts 
instead of rivets throughout. This design supplies 
abundant accommodation on the numerous floors in 
the lower portion, but it is not beautiful. For 
thorough-going ugliness the tower with the motto 
‘*Circumferentially, radially, and diagonally bound,” 
bears away the palm. It resembles a series of reels 
of cotton of gradually decreasing size placed one 
above the other, and surmounted with a wax taper 
from a Christmas tree. The height is 1600 ft., 
and the successive diameters 280 ft., 240 ft., 200 ft., 
160 ft., 120 ft., 80 ft., 60 ft., 40 ft., and 20 ft. 

Mr. 8. Fisher, of Eagle Wharf-road, London, 
exhibits a design which is a veritable Tower of 
Babel. It is ‘‘2000 ft. or less” in height, and 
about 650 ft. in diameter at the base. It is built 
of square pillars, in thirty-one stories, each story 
being less in diameter than the one above it. 
Around it runs several spiral roads. 

The ‘‘Century”’ tower stands on a base of 400 ft. 
in diameter and is 1900ft. high. There are three 
stories in the base, decreasing in diameter by steps, 
and from the third there springs a slightly tapering 
shaft, like a factory chimney. It is 50 ft. in dia- 
meter at the top, and is surrounded by a spiral 
path of easy gradient, which gives it the appear- 
ance of a gigantic screw. The design sent by Sir 
Bradford Leslie, of Willesden-lane, N.W., recalls 
to our memory that he has a reputation as an engi- 
neer of being able to carry out plans with very 
simple and cheap materials. He has certainly 
allowed this idea to dominate his design. This tower 
is 1200 ft. high in four equal stories of 300 ft. each. 
The first deck is mounted on three circles of 
columns. The second deck is also carried on three 
rings of columns, of which the outer ring is over 
the middle ring of the first story, the middle ring 
over the inner ring, while the columns of the inner 
ring are carried on raking struts starting from the 
foot of the columns of the outer ring at the ground 
level. The third and fourth decks are similarly 
carried. It is needless to say that the effect is any- 
thing but pleasing. 

Mr. T. Sington, of Manchester, sends a design 
‘** based upon an idea taken from the ruined tower 
of Atesh-Gah at Firfizabad.” The tower is 1200 ft. 
high rising out of a square base of very large area. 
An inclined road runs round both base and tower. 

We have not space to enter at length into the 
miscellaneous designs, and must content ourselves 
with very few examples. Mr. J. Horton, of 
Copley, near Halifax, sends a design for a tower 
1200 ft. high and 180 ft. in diameter at the bottom. 
It is built of corrugated plates, the corrugations 
running er and of course getting smaller as 
the tower grows less in diameter. A curious effect 
is produced by a spiral way which runs round the 
tower, apparently carried on brackets. For half 
the height there is a spiral road for tramways and 
other vehicles. Under the motto of ‘* Health, light, 
rest, pleasure,” is shown a building which would 
accommodate all the inhabitants of a large provincial 
town. Anenormous circular towerrises out of a group 
of buildings beside which St. Paul’s and the Crystal 
Palace would look small, and runs to a height of 
1300 ft. The tower marked ‘‘ Ajax 4314390” looks 
like a magnified coast-guard station shored up by 
gigantic props. ‘‘ Neloah” isa concrete tower of 
1200 ft., and is a handsome design. Next to it is 
a steel mast 1200ft. high, which depends for its 
stability upon a multitude of wire rope guys, 
anchored to concrete foundation blocks. The tower 








of Mr. Lamont Young, of Naples, is composed of a 
group of five towers, the main central tower, of 
440 metres height, supporting a large terrestrial 
globe and four secondary ones. 

We have only been able to give a very hurried 
and fragmentary account of the most striking of the 
sixty-eight accepted designs. The task of selection 
will be a very difficult one, for the public will insist 
that the new tower shall be an ornament to the 
metropolis, and not a blot, and it is difficult to 
reconcile this condition with the very ample space 
which we believe to bea necessary feature to insure 


TABLE SHOWING GROWTH OF STEAM TONNAGE FoR Six Nations, 1885 To 1888. 


‘bounty, it will be seen that the tonnage increased 


rather more rapidly than in the years preceding, 
| but this spurt is soon lost, and a retrograde move- 
/ment sets in, and the tonnage in 1887-88 falls below 
its value in 1883-84. In 1888-89 there is, however, 
a recovery, the new steamers augmenting the 
_tonnage by 30,000, but 28,000 tons of this is due to 
vessels ordered by the Compagnie des Chargeurs 
Réunis and the Compagnie des Messageries Mari- 
times, both of which are subventioned by the State. 
That the decrease is not common to other nations 
|is shown by the annexed Table. 




















! 
1885. 1886. 1887. 1888. | Percentaze 
| Increase in 
Country. ys aa the Four 
Number. | Tonnage. | Number. | Tonnage. Number.| Tonnage. | Number. | Tonnage. Years, 
eat | 
The British Empire ee 5712 6,540,000 | 5792 6,591,000 5715 6,864,000 5914 | 7,305,000 11.2 
France ee oe es 508 738,000 | 509 =| = 743,000 481 33,000 490 . 740,000 0.27 
Germany .. eo ee 559 604,000 | 579 =| 655,000 601 660,000 610 726,000 20 
United States... ee 378 496,000 | 400 | 504,000 398 506,000 425 516,000 4 
pain oo oe eo 401 361,000 | 401 | 357,000 380 388,000 380 | 399,000 10 
Italy Stes. & 15% 195,000 | 173 | 230,000 | 192 266,000 201 | 284,000 46 
| 1 | | 





success. We doubt if any of these designs will ever 
take concrete form; possibly by combining the 
best features of two or three, there might be pro- 
duced a tower that would be both beautiful and a 
financial success. 








THE FRENCH SHIPPING BOUNTIES. 

A RECENT number of Le Yacht gives an interesting 
analysis of the growth of the French shipping trade 
since the bounty law was passed in 1881. There, 
as here, the number of sailing vessels tends to 
diminish, being replaced by steamships. The 
average tonnage of the steamers is, moreover, much 
larger than that of the sailers, and as it is estimated 
that one steamer can do three times the work of a 
sailing vessel of equal tonnage, the practical ratio 
of steam to sail tonnage is much larger than that 
obtained by simply dividing the actual tonnage of 
the steamers by that of the sailers. In France the 
average tonnage of steamers, of 100 tons and up- 
wards, is 1500 tons, that of sailers 266 tons. In 
spite of this, France possesses the finest single 
fleet of sailers in the world, which belongs to Messrs. 
Bordes and Co., of Havre, who own thirty-two 
sailing vessels, averaging 1320 tons each. This 
fleet forms 40 per cent. of the total sail tonnage of 
France. At the present time the merchant marine 
of the fifteen chief nations in the world is distri- 
buted as follows : 





























Sailing Vessels. | Steamers. 53 = 
| da | 
—_——_——|—_____| | fee | 
‘ | |ges | 
Countries. , é Pines & lems | 
he ° a i) | i" Qo. 
B) Fe id) 5 ly gad ia 
E) sf 3/8| sf 3 22.24 
z| 2" @la| we (a) Rash is 
British Empire. .|6180) 3,524,000 1/4885! 6,873,000 | 1 25,429,000 | 1 
France .. --| 920) 245,000 8 490 740, 2 2,466,000 | 4 
Germany ..|1292] 684,000 4) 640; 726,000 | 3. 2,862,000 | 3 
United States ..|3148/ 1,402,000 2) 425) 546,000 4 2,951,000 | 2 
Spain .. —..| 514] 139,000 12) 380} 399,000 5 1,355,000 | 7 
Italy .. —..|1461] 563,000, 5| 201] 284,000 | 6 1,416,000 | 6 
The Netherlands 390} 166,000 10) 149' 191,000 | 7; 737,000 9 
Norway... .. 2929 1,271,000 3) 329] 185,000 8 1,827,000 | 5 
Sweden... —_.. 1029] 299,000 6| 491) 163,000 | 9 °799,000| 8 
Austria .. -. 255) 127,000 13) 125) 149,000 10, 575,000 11 
Denmark «+ 198} 119,000 14) 196) 140,000 11! 589,000 12 
Russia .. --| 997} 278,000 7} 220) 139,000 12 696,000 10 
Japan .. —..| 150} 40,000 15| 172} 134,000 [13 444,000 14 
Greece .. _..| 865} 249,000! 9} 84! 72,000 14 535,000 13 
Turkey .. oe| 791 153,000 1) 84 64,000 15 345,000 15 


Of more interest, however, is the following Table, 
which shows the progress of French shipping since 
1876 : 











{ 
Sailing Vessels. Steamers. Total Tonnage 
Years. | | peed 
= | that of the 
Number. Tonnage. serene Tonnage. Steamers by 
| Three. 
1876-77 3858 725,000 314 334,000 1,727,000 
1877-78 3300 607,000 | 272 319,000 | 1,624,000 
1878-79 2972 596,000 | 75 | 335,000 1,601,000 
1879-80 2914 573,000 | 292 356,000 , 1,641,000 
1880-81 2752 | 542,000 335 424,000 | 1,814,000 
1881-82 2658 | 514,000 | 361 464,000 , 1,906,000 
1882-83 2536 474,000 | 414 501,000 2,157,000 
1883-84} 2434 | 452,000 458 667,000 2,453,000 
1884-85 2343 = «431,000 | = 493 737,000 2,642,000 
1885-86 2175 | 399,000 505 753,000 2,649,000 
1886-87 2136 =| 386,000 468 741,000 | 2,618,000 
1887-88 2018 | 365,000 | = 433 722,000 , 2,531,000 
1888-89 2005 | 352,000 450 _ 752,000 | 2,608,000 





For the first two years after the imposition of the 


With these figures in view it is hardly possible to 
avoid the conclusion that the bounty system has 
been a decided failure, but M. Lisbonne, the writer 
of the article in Le Yacht, attributes this to the fact 
that the bounties for mileage expire in 1890, and 
advocates the renewal of them at that date, as a 
means of preventing a further decrease in the 
French mercantile marine. 


NOTES. 
Errect oF TEMPERATURE ON THE MAGNETISM OF 
Iron. 

Ir was natural to suppose that as heat weakens 
the strength of a steel magnet, the susceptibility of 
a magnetic substance would increase with a fall of 
temperature, as also that bodies which, in ordinary 
thermal conditions, are neutralto magnetic influence, 
would exhibit magnetic properties if cooled down 
sufficiently. This point was dwelt upon by Dr. 
Hopkinson in his remarkable address to the Society 
of Electrical Engineers, and was also made the sub- 
ject of experimental demonstration by Mr. Shel- 
ford Bidwell in his recent discourse on Magnetic 
Phenomena at the Royal Institution. The substance 
used was an alloy of nickel and iron. Both these 
metals are magnetic at ordinary temperatures ; but 
the alloy is perfectly neutral. A permanent magnet 
is unable to lift a strip of it ; but if cooled a few 
degrees below zero, the strip is at once strongly 
attracted by the magnet. It is inferred that all 
metals would exhibit magnetic properties if cooled 
below this critical temperature, but of this, in the 
words of Dr. Hopkinson, ‘‘ we have at present no 
indication.” Mr. Bidwell also used on this occasion 
the very delicate apparatus which he has constructed 
for accurately studying the effects of a varying 
magnetising force on bars of iron. He took up the 
subject where Joule left it in 1845, and showed that 
the bar lengthens at first, then contracts, becoming 
ultimately shorter than its original length. Joule’s 
greatest magnetising force was 120 c.g.s. units ; 
Mr. Bidwell has carried his to 1000 c.g.s. units, 
The corresponding elongations and contractions 
wererendered plainly visible to a numerous audience 





2|in the usual optical way by the motion of a spot of 


light upon a distant screen. 


Visir OF THE Tron anp STEEL INsiITUTE TO 
AMERICA, 

As most of our readers are aware, the Iron and 
Steel Institute will hold their autumn meeting this 
year in America, as the guests of the American 
Institute of Mining Engineers. A strong com- 
mittee has been formed in the States, comprising, 
in addition to the hosts, members of the American 
Institute of Civil Engineers, the American Insti- 
tute of Mechanical Engineers, the American Iron 
and Steel Association, the American Association of 
Charcoal Ironworkers, and the leading iron and 
steel manufacturing firms in the United States. 
The meeting will take place in New York on the 
first, second, and third days of October. This will 
be followed by an international meeting at Pitts- 
burg on the fifth, at which the members of the 
Verein deutcher Eisenhiittenleute and other Con- 
tinental metallurgists and engineers have been in- 
vited to assist. This meeting will be followed by 
the ordinary meeting of the American Institute of 
Mining Engineers. Local committees are being 
formed to promote excursions. The two principal 
excursions will be (1) from Pittsburg to Chicago 
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and Lake Superior, returning vid Detroit, Niagara, 
and Lake Champlain ; and (2) to Cincinnati, Nash- 
ville, and Birmingham (Alabama), returning vid 
Chattanovga, Virginia, and Washington. Free 
special trains will be provided for these excursions, 
and Messrs. Cook and Sons will submit proposals 
for trips to the Yosemite Valley and elsewhere. 
The courtesies of these meetings and excursions 
will be extended to ladies accompanying members. 
Many of the steamship companies have offered 
special terms to the members of the Institute ; the 
prices varying from 22 guineas to 40 guineas for 
the double trip, the average being about 30 guineas. 
It is advisable that application for berths be made 
before the end of May at the latest ; some of the 
offers expire at that date. A deposit of 5/. must 
be paid, and this will be forfeited if the passage is 
not made; no further liability is ordinarily incurred. 
The Council will sail by the Servia from Liverpool 
on September 20. It is reckoned that six weeks is 
the shortest time that members will be absent from 
Europe. 
ALUMINIUM. 

At the last meeting of the British Association 
we gave an abstract of a paper read by Mr. H. J. 
Dagger,* on the manufacture of the alloys of alu- 
minium in the electric furnace. Mr. Dagger has 
since pursued his investigations, and has elaborated 
additional data by which the value and properties 
of the new metal may be estimated. ‘To enable 
its characteristics to be understood, he has prepared 
a Table showing how they compare with those of 
iron and steel. 


TaBLE I.—Comparison of Iron and Aluminium. 








Iron. 
a Aluminium. _— Steel. 
| Cast. Wrought. 
Colour .. ..| Blueish- | 
white | 
Cast. Rolled. White. Grey. H 
Density.. ..25— 271 7.5 71] 7.8 7.7—7.2 
Tensile strength 12—- 17) 7— 9 19—27 | 30—38 


in tons per 


Boiler- | Rolled 
square inch | 


plate | Bessemer 


40—45 48—52 








Melting point ..' 1300 deg. F.! Rolled 

Average weight | crucible 
per cubic foot | 50—53 
in pounds .. 162 | 450 485 | 490 





Bi ee 


TABLE II.—Strengths and Densities of Copper-Aluminium 
a: Wihiitirne 














| 
Tensile Strength | ,, . . 
Grade. per Square Troh, Elongation. | Density. 
per cent. | lb. per cent. 

* A” special (11) -+| 90,000—100,000 0— 8.0 7.23 
“4” bronze (10) | 75,000— 90,000 | 4—14 7.69 
“B” 4, (74) ..| 55,000— 65,000 | 20—40 8.00 
“CO” ,, (6—5k) ..| 35,000— 45,000 | 30—40 8.37 
on |, Gb .-! 30,000— 35,000 | 40—50 8.69 
“EB” ab 25,000— 30,000 | 40—55 


TABLE III.—Compression Tests made at Watertown 
Arsenal, U.S.A. 





























| ; - a : 
| B38 |_8. 38 es es 

43| 86 | #39 ¥ sx re Specimens 
Sme| $2 | 8 58] 8s 28 Basti 
8 | S90 |#8 S3/| 38 3s (Casting). 
&§R | a | 6R S 52 52 

aed ye | : 

in. | in, jlb. per sq. in. 

2.00 | 1.705 .798 _ .865 | 80,200 160,400 |‘ A” 1 bronze 
2.00 | 1.525 | .798 .914 | 76,800 153,600 |*A”2 ,, 








___ Taste IV.—Tests of Aluminium Brass. _ 





| 
ti \Tensile Strength 
Aluminium in Castings per | Elongation. | Density. 
<— | SquareInch. | 
No. | tons | per cent. 
2 | “gee | gee eee 
3 26—27 | 14—15 | 8.15 


abs Seca 


TABLE V.—Transverse Test of No. 2 Aluminium Brass. _ 








Cross-Section |Length between a 
of Bar in Supportsin Breaking Load. _— - Elas- 
Square Inches. Inches. | icity. 
ed 12 || 8064 Ib. 6496 Ib. 
58 cwt. 


| 72 ewt. 





The alloys of aluminium with copper vary very 
much according to the proportions of the two 
metals. Those containing 60 to 70 per cent. of 
aluminium are very brittle, glass-hard, and crystal- 
line ; with 50 per cent. the alloy is quite soft, but 
under 30 per cent. the hardness returns. The 20 per 
cent. bronze has a whitish-yellow tint, somewhat 





* See ENGINEERING, vol. xlviii., page 449, 





resembles bismuth, is very brittle, and can be pul- 
verised in a mortar. The brittleness of alloys 
above 11 per cent. prevents their use, but from 11 
per cent. down to 1 percent. they are most valuable. 
Table II. shows their strengths and densities, while 
Table III. is a record of compression tests. 

The aluminium brasses, made by combining the 
metal with copper and zinc, are close-grained, 
homogeneous, and remarkably tough alloys. They 
are made in two grades (Tables IV. and V.) These 
alloys, like the bronzes, can be forged hot. The 
characteristics of alloys of aluminium with many 
other metals were dealt with on pages 374 and 
472 ante. 





NAVAL ENGINEER OFFICERS, 
To THE EprToR OF ENGINEERING. 

Str,—A paragrapk in the Broad Arrow reminds the 
engineer officers of the Navy of their inability to com- 
bine, in imitation of the action of the medical profession, 
to force the Government to better their condition. At 
this period of their history the engineers scarcely need 
such a reminder. Both they and the Government are 
equally aware of the extent of their powers. Hence the 
glaringly coarse injustice of that system which, relying 
on their known weakness in this direction, continues to 
ignore their just merits, and while exacting the increased 
duties and responsibilities of their work, persistently 
refuses a fair remuneration. 

The same paragraph also points out that the “ curious 
idea” ‘‘ gains ground,” “ that the higher branches” of their 
work may be taken by executive officers, and “‘ the lower 
by warrant officers.” Oddly enough, in another place, 
the same paper very rightly praises the general tenor of a 
new regulation under which dockyard oreo, after 
five years’ workshop training in one of the several engi- 
neering trades, may be rewarded for superior ‘‘ diligence” 
and ‘“‘ professional talent” by an opportunity of competing 
with the engineer students for appointments as engineer 
officers, the grounds of the Broad Arrow’s approval bein; 
that by this means many men of superior profession 
talent will no longer be shut out of the service ‘‘on social 
grounds only.” 

Your contemporary, in quite an inspired strain, further 
warns the more junior engineers that since ‘“‘no one”— 
not even the Broad Arrow—‘‘ can foretell what changes 
may come, their claims,” if incautiously pressed, may 
favour a ‘‘reaction.” Really! Is this ‘‘ reaction” to be a 
danger to the prospects of the ‘‘more junior engineers,” 
or does it threaten the efficiency of the naval service? Is 
it to be in the wholesome direction of the dockyard 
apprentice regulation, or the ‘‘ curious” higher branches 
by the executive officers’ idea? If the latter is for a 
moment to be taken seriously, what is to be the future of 
the superior dockyard — ? Does the Broad Arrow, 
or any one else, think that such exceptional ability should 
be promoted to the ‘‘lower branches of the work” on 
board Her Majesty’s ships? 

The fact that the “‘social status” trick of the Navy 
which would cunningly secure all importance from what- 
soever source arising for the sole benefit of the selected 
nominees of a privileged few, will, if not wisely reformed 
on the lines of the Army system, bring about a real 
public reaction which, taking the nature of the duties 
and responsibilities as the only true and proper gauge of 
importance, give the engineers even more than they ask 

From the Brood Arrow’s “ reaction” the present more 
junior engineers have nothing to fear. Lieutenants are 
scarce, and the junior executives now under training will 
be wholly required for the executive duties as at present 
understood. Responsibility, honestly borne, for the 
higher duties of the engineer department of Her 
Majesty’s ships, demands competent training in the 
lower, and something beyond; that ‘‘ something ” may, 
with exceptional aptitude, be coe ps during five years’ 
superior diligence in the dockyard schools, 

IT am, Sir, your obedient servant, 
ENGINEER. 


RATLWAY BRAKES IN INDIA. 
To THE Eprror oF ENGINEERING. 

Srr,—As I see by your leader last week that there is a 
desire in this country to go into the question of the 
Vice-Regal Order and Resolution in Council adopting 
by an official technical recommendation the Vacuum 
Company’s standard continuous automatic brake ‘‘as the 
best all-round brake for general work in India,” I would 
beg to give you the following points for insertion in your 
esteemed periodical, viz. : 

1. In 1885 the Westinghouse Company found that the 
Vacuum Company had approached Colonel Stanton, the 
then Director-General of State Railways, pointing out 
the good work done for several years by the vacuum a 
on the Great Indian Peninsular Railway, and laying 
special stress on the advantages of a continuous brake 
(automatic) for express trains and for military trains, éhe 
so-called ‘‘ Russian war scare” being then on. Although 
the Vacuum Company did not succeed in getting Colonel 
Stanton to fit up any trains with any continuous brake, 
the Westinghouse Company, knowing that the rival brake 
was in the field, appointed the partner of an influential 
firm in India their agent to advocate the adoption of the 
Westinghouse brake, and they fitted, with this type, 
several trains on the West of India Portuguese Railway. 
The Holkar State Railway had been supplied with the 
like type, but for some reason or other discarded it. The 
‘* Westinghouse ” brake also found its way to the frontier, 
as the first annual administrative report by Colonel 





Stanton’s successor, Colonel Conway-Gordon, mentions 
that the latter functionary was in the train when this 
brake “ failed to act, with the result that the hand-brakes 
had to be applied instead.” 

2. The Director-General, Colonel Conway - Gordon, 
R.E., the consulting engineer to Government, Mr. (now 
Sir) Guilford Molesworth, and various other Indian 
officials, had personal knowledge of the behaviour in 
India of both the ‘‘ Westinghouse” and its rival brake, 
the vacuum, as well as of the “‘ Heberlein;” and Mr. 
Molesworth especially had had exceptional opportunities 
for studying in 1885 to 1886 the various types of brakes, 
both in various parts of Europe and the United States. 
a were to hand of the actual experience of foreign 
and colonial governments on this very subject, including 
reports of the coroners’ inquests in Victoria and New 
South Wales, Parlimentary debates thereon in these two 
colonies and in South Australia, as well as the results of 
trials made by the Engineering Society of Sydney, con- 
sequent on the serious accidents that had happened to 
trains fitted with the Westinghouse brake. The general 
work of the “‘ Westinghouse ” in Victoria was found satis- 
factory by the officials who had introduced the brake. 

The New South Wales Blue-book, however, stated that 
the working of the ‘“‘vacuum” brake, on the express trains 
from Melbourne to New South Wales, was so satisfactory 
that it might be regretted that the latter colony had 
already such a large number of pieces of rolling stock 
fitted with the ‘‘ Westinghouse,” but that the advantages 
of the “‘vacuum” over the latter type were not great 
enough to cause New South Wales to alter the type on 
their passenger stock. (The vacuum, however, was 
known, since, to have been fitted to goods trains in this 
colony.) Queensland was known to thoroughly satis- 
fied with the ‘‘ vacuum” brake. Special attention was 
paid to these reports, as the extremes of the climates in 
Australia were considered to compare with the climatic 
changes in India. The reports from Sweden and Russia 
about the vacuum brake were also favourable. The 
‘* Westinghouse” had in the main a good record in the 
United States. The Burlington brake trials in 1886. and 
1887, however, showed that the Master Car Builders’ 
Association of America were not fully satisfied with the 
Westinghouse brake, and, after a trial of a duration of 
nineteen days in the —s of 1887, the Association gave 
its verdict that ‘‘no air brakes as then operated could 
prevent disastrous shocks in long trains, but that by 
actuating the valves by electricity the ap lication of the 
brakes could be made simultaneous all through the 
train.” 

The Indian railway officials, it will be seen, knew 
quite enough on the subject without any further trial. 

The general opinion entertained about the rival brakes 
by railway men in India, was this, ‘‘ How happy could 
we be with either.” 

3. The Westinghouse Company of London, however, 
having lost the services of their agent in India, through 
his moving to Europe, sent their secretary and assistant 
manager to India, in the latter end of 1887, to inquire 
into the failure of the company’s brake on the frontier, its 
abandonment on the Holkar State Railway, to see that 
he er trials were made on the ‘* West of India Portuguese 

way,” and to follow up whatever the former agent 
had done, the result of the Burlington brake trials also 
requiring a good deal of explaining, for it was known 
that Mr. Westinghouse’s patent did not cover the recom- 
mendation of electricity made by the American experts. 

4. About January, 1888, it got rumoured in India that 
Mr. Westinghouse, put on his mettle by the Burlington 
trials, had succeeded in improving his brake so that it 
could stop a train of fifty cars without any shock, and 
that he had actually proved this on a train of his own in 
November, 1887. 

Up to January, 1888, nothing had been said in India 
of trains of fifty pieces of rolling stock being required. 
The secretary of the Westinghouse Company did not find 
the Vacuum ee represented in India, except by the 
experience the Government officials already sed. 
In March of that year, he applied to the Director- 
General for permission to fit up, at the company’s expense, 
an experimental train on the North-Western Railway 
—— of India; this train was to be ready in July of 
the same year, at which date it was not considered pos- 
sible that any competitor could put in an appearance. 

The Director-General of Railways, while granting the 
Westinghouse Company the permission they sought, how- 
ever, caused the Vacuum Company also to be written to, 
on March 20, same year, inviting this company to take 
part in a trial against the Westinghouse jane this being 
understood to mean the ordinary Wistheahows brake as 
used in England, of which the company’s secretary was 
then exhibiting models all over India, and no mention 
was made of any special length of train, nor of the new 
Westinghouse, of which no particulars were available. 

5. The Director-General’s invitation to the Vacuum 
Company to put in an appearance at the trial in July 
could probably only be acted upon in London in the latter 
end ft April. This naturally left very little time to get 
ready a complete ‘‘ vacuum” brake equipment. and cer- 
tainly made it impossible to apply for full information 
as to details, length of train, &c. But as the Director- 
General’s administrative report gave the average numberof 
vehicles in Indian trains, this was taken as a guide by the 
Vacuum Company, and equipment provided accordingly. 

6. When the representative of the Vacuum Company 
arrived in India and got to Lahore, he found to his 
astonishment, that the Westinghouse Company had got 
sent out from America the fittings of a type of Westing- 
house brake quite different to the one known to the 
Vacuum Company, and that the Westinghouse Company 
was fitting up a train of a length very much in excess of 
that stated by the Director-General’s report. To fit up a 





train with “ vacuum” fittings in time for a trial exactly 
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on the same lines as what I might call the new Westing- 
house train, was quite jepensible this season. 

The trial that ensued was, therefore wag A an exhibi- 
tion, from which the members of the Simla Traffic Con- 
gress, however, could see the advantages of continuous 
automatic brakes, as far as working was concerned, 
leaving the matter of saving of tyres and rails, and other 
points out of the question. But the technical advisers of 
the Government of India and of the India Office required 
no such trial. They considered both brakes good ; so did 
the jury of the East London Technical Exhibition, award- 
ing a gold medal to both. 

7. As to the scientific instruments that Mr. Westing- 
house uses to completely record the behaviour of a brake 
during trial, one should have thought that as he is so 
large a shareholder in the Westinghouse London Com- 
pany, he would have sent such instruments out to India. 
At all events the Director-General of Railways, I con- 
sider, had reason to believe that the representatives of two 
rival companies would bring with them the latest scien- 
tific appliances for gauging speed, behaviour, &c. ; and 
that, therefore, on consideration I think you will 
exonerate the Railway Department from blame in not 
having supplied but the crude appliances which could be 
had on the frontier at the eleventh hour, especially when 
this trial, as I maintain, was really unnecessary, and 
therefore was made at the expense of the two companies 
merely as an advertisement or réclame,. 

I hope that the technical papers in England will not 
take sides in this Indian question, as this would deteriorate 
somewhat the value of their respective opinions. It is 
already the case in India, as seen by the Madras Mail, 
that the public in India pay attention neither to the 
Indian Engineer nor to A Indian Engincering in this 
brake question, but trust to the general press only and to 
the Government officials in India and in London. 

In fairness and equity I trust you will find space for 
this letter, as it contains several facts not generally known 
in this country respecting the recent brake exhibition in 
India. Yours, &c., 

OnE Wuo Knows. 

(We willingly insert our correspondent’s letter, but we 
must point out that his statements fully warrant the 
opinions which we expressed in our article last week 
We entirely agree with our correspondent that the runs 
made with the rival brakes near Quetta constituted 
merely ‘fan exhibition,” and did not merit the name of 
trials; this is one of the matters we complain of. Our 
correspondent’s statement that Sir Guilford Molesworth 
had opportunities of studying the brake question in 
Europe and the United State in 1885-6, is no doubt per- 
fectly correct, but at that time the latest forms of con- 
tinuous brake—both pressure and vacuum—especially 
suitable for dealing with long trains and with goods 
stock, did not exist, and therefore they could not have been 
studied. It is these latest types of brakes of which the 
merits should be fully investigated in India. With regard 
to our correspondent’s paragraph 7, we must emphatically 
dissent from the view that the manufacturers of competing 
brakes should be expected to provide the testing appli- 
ances. Such a course can only result in endless bickering 
and dissatisfaction. 'The most complete appliances for 
efficient testing should be provided by the railway autho- 
rities, who should also lay down most — and 
stringent rules for the conduct of the trials so framed as 
to render it impossible that any competitor should ‘steal 
a march” on another. In devisin the modes of testing, 
and in any experiments which might be necessary to de- 
monstrate the trustworthiness of the apparatus employed, 
the railway authorities might with advantage consult 
with the leading brake manufacturers, but when once the 
programme of the trials is settled, and the modes of carry- 
ing it out determined upon, they should take matters 
entirely into their own cols and conduct the trials 
rigidly according to the regulations laid down, without 
favouring the strength or weakness of any competitor. 
Our correspondent’s suggestion that both the rival brakes 
are suitable for use in India because both have received a 
gold medal from the jury of the East London Technical 
Exhibition (!) is really too funny.—Eb. E.) 








THE BATTLE OF THE BRAKES. 
To THE Eprror OF ENGINEERING. 

Str,—I must confess to a ——. of astonishment, not 
unmingled with amusement, at the loftily disinterested 
and injured tone adopted by your correspondents, Mr. 
Gobert and ‘‘ Compressed Air.” They appear to forget, 
or to be ignorant of the fact, that this correspondence 
arose from a virulent attack made not upon the Westing- 
house but upon the vacuum automatic brake, and I 
challenge either of them to point to a single phrase or 
word in my previous letters which can fairly be con- 
strued into an attack upon, or even a disparagement of, 
the Westinghouse brake. 

On the other hand, the thick-and-thin supporters of the 
latter brake have seized the opportunity afforded to them 
by the verdict of the coroner’s jury to attribute the 
deplorable accident at Carlisle to the failure of the 
vacuum automatic brake, and one of your correspondents 
goes so far as to discount the value of any report which 
may ultimately be made by the Board of Trade inspector 
of the cause of the accident by contemptuously referring 
to ‘*Colonel Rich’s theory.” Thomas Carlyle, in one of 
his numerous fits of spleen, uncharitably described the 
public to be an ass. This is taking altogether too gloomy 
a view of the human intellect in the mass, but the public 
will have done something to deserve this title if it be dis- 
yosed to accept the verdict of twelve men, however 
intelligent, who were chosen to inquire into the accident, 
not because they were peculiarly well qualified to under- 
take it, but because they lived in the immediate neigh- 


bourhood, or because their names began with B, or because 








they had nothing else to do, in preference to the decision 
which may be arrived at by an inspector of the Board of 
Trade who is thoroughly conversant with the mechanism 
of the brakes and the details of railway ogee f 

Iam, Sir, as you are aware, an engineer, and as I hold 
no brief for and am not pecuniarily interested in any 
continuous brake of any description, I do not propose to 
be turned aside from the consideration of the facts of the 
case by the insinuation of ‘‘ Compressed Air” that I am 
wilfully misleading the public. 

Dealing first with Mr. Gobert, I am glad to find that he 
does not dispute that during the five years ending 
June 30th last no cases whatever are reported of the failure 
of the vacuum automatic brake coming under the head of 
No. 1 of the Board of Trade classification. His clear 
duty, therefore, was to explain away, if possible, the three 
cases of that nature attributed to the Westinghouse brake, 
which he proceeds to do by arguing that if something had 
not happened, which did happen, or if something had 
been done which was left undone, the accidents might 
not have occurred. This is probably true of every acci- 
dent, railway or otherwise. The first case, however, but 
for the exceptional care of the guard, might have led to a 
serious accident ; the second failed to stop the train at the 
platform and rushed into the buffer stops at Leeds 
Station ; and the third caused a collision between a pas- 
senger train and a mineral train near Sunnyside. Unim- 
portant as Mr. Gobert appears to consider these failures 
they unfortunately resulted in the serious injury of severa 
hapless passengers, and I am heartily glad that it is not 
incumbent upon me to account for or to excuse any such 
failure of the vacuum automatic brake. 

Mr. Gobert thinks that the climax of absurdity has 
been reached by the Board of Trade when the bursting of 
a hose pipe is classed as a ‘‘ failure.” He will, I presume, 
admit that the bursting of a hose pipe would produce the 
same effect as though the brake hose were pulled off, and 
he is eloquently silent upon the accident which occurred 
from this cause on the Lake Shore and Michigan Southern 
Railway, near Bay View, on March 6 last, by which six 
— lost their lives and seventeen others were more or 
ess seriously injured. It is very significant that upon the 
— of burst hose pipes neither of your correspon- 

ents attempts to deny that in the majority of cases, and 
their number is legion, the trains proceed upon their 
journey with the rear portions absolutely unprotected by 
"7 brake power. 
am not disposed to dispute Mr. Gobert’s assertion 
that he has never known the Westinghouse brake to be 
affected in any way by frost, but it scarcely accords with 
his letter to The Engineer, dated April 21, in which he 
states it may occur that ‘‘ water which has been carelessly 
allowed to accumulate in drip cups, freezes and bursts 
them, so that the train is brought to a stand.” As Iam 
quite unable to reconcile these conflicting statements, I 
must leave the solution to the ingenuity of their author. 
With regard to the Carlisle accident, Mr. Gobert first 
begs the question of the cause by assuming it to have 
been due to ice in the pipes, and then proceeds to support 
this mere assumption by stating that no less than four 
other cases of this nature are reported upon the London 
and North-Western Railway in the two years ending 
December, 1888. Mr. Gobert assures us that he is not 
particularly fond of looking at official documents, and he 
may reasonably be asked to be exact in the few researches 
of that nature which he does undertake. <A very little 
care would have saved him from the inexcusable blunder 
of including within the four failures so reported, three 
cases of the siémple vacuum, and his list of the failures of 
the vacuum automatic brake by reason of the formation 
of ice in the pipes, is thus reduced to one. 

“* Compressed Air,” like Mr. Gobert, is in the un- 
enviable position of an apologist for three failures of the 
Westinghouse brake to act, when required in cases of 
accidents to trains. For it is not denied that these three 
failures actually occurred ; it is not denied that upon the 
official reports of their skilled inspectors, the Board of 
Trade classed them amongst the most serious failures, 
and it is not denied that no such case is reported of 
the vacuum automatic brake during the same period. 
The ingenious defence of ‘‘Compressed Air” may be 
briefly summed upas “guilty, but it might have been 
worse.’ 

With regard to the delays caused to trains upon the 
Lancashire and Yorkshire and South-Western Rail- 
ways in the year 1888 from frost, I have no doubt 
that ‘‘Compressed Air” has correctly quoted from the 
official returns in which Mr. Gobert places so little 
reliance. ‘‘ Compressed Air” is, of course, aware that these 
delays are considered of so little importance that the 
Board of Trade places them in No. 3 of their classifica- 
tion, and he must be equally aware that under Class 3 
the number of failures of the Westinghouse brake are much 
more numerous than the failures of the vacuum automatic 
brake. Statistically, this subject must be examined upon 
the broadest possible basis, inclusive of the whole of the 
railways using the respective brakes, and the selection 
which ‘‘ Compressed Air” has made of certain railways to 
show the delays caused to trains by the failure of the 
brakes, is entirely useless as a basis for comparison. I 
mention, therefore, without attaching any weight to the 
fact, that whilst the North-Eastern (Westinghouse) 
appears to have run 13,887 miles for each minute of delay, 
the Lancashire and Yorkshire (vacuum automatic) has 
run 20,795 miles for each minute of delay during the six 
months ending June 30, 1888. 

‘*Compressed Air” wishes to know whether I can 
account for certain delays which he specifies as having 
occurred from the bursting of vacuum pipes in the years 
1886 and 1887. I regret that I am me norte satisfy his 
curiosity upon this point, as my attention has been exclu- 
sively devoted to the automatic form of brakes, whilst his 
selection consists exclusively of failures of the simp’e 








vacuum brake. I can assure “Compressed Air” that 
these persistent attempts to drag in the failures of the 
simple in order to prove that the vacuum automatic brake 
is unreliable, will in the future, as theyhave been in the 
past, immediately be nailed to the counter. 

Finally, ‘‘Compressed Air” asks, ‘‘How would the 
vacuum automatic brake have behaved like the Westing- 
house in the North Wootton accident in 1884 where the 
engine was unfitted ?” ‘‘Compressed Air” will excuse me 
for hinting that this question is rather puerile. It is the 
practice of the railway companies, I believe, to fit their 
engines as well as their passenger vehicles with the 
vacuum automatic brake, and if ‘‘ Compressed Air” really 
thinks that the choice of a brake will be determined by a 
favourable reply to such a question as the one he has so 
triumphantly propounded, he has I fear but an imperfect 

uaintance vith the Railway Regulations Act of 1889 
and the consequent requirements of the Board of Trade. 
Yours truly, 
AN ENGINEER. 


To THE Epiror oF ENGINEERING. 

Sir,—The verdict returned by the jury at_the inquest 
held in connection with the Carlisle accident will be 
received with a feeling of satisfaction and relief by those 
who love justice and take a warm interest in matters 
relating to engine-driving life. 

This verdict is a thorough condemnation of both the 
policy followed by the L. and N. W. Railway Company 
with regard to the brake question, and of automatic 
vacuum brakes. 

This verdict is an eloquent reply to the supporters of 
the vacuum brake ; now no amount of arguing and quib- 
bling will rehabilitate their brakes. The adversaries of 
the Westinghouse brake have been fond of telling urbi et 
orbi what their own brake could or might do, how much 
more reliable it is than air-pressure brake, but they have 
never attempted to substantiate their assertion but by 
distorted reports. Time has, however, proved their utter 
worthlessness. 

The brake question in this country has been a disgrace 
to some of our great railway companies. Some thirteen 
years ago, the Board of Trade laid down the well-defined 
conditions which automaticcontinuous brakes should fulfil. 
Yet there was and is still but one brake which entirely ful- 
fils these conditions, namely, the Westinghouse brake; one 
would have thought that this lapse of time would have 
been sufficient for our railway companies to decide which 
was really the best brake, all the more that many other 
countries have not been slow in finding it out. 

Cases of failures through frost had been reported pre- 
vious to the Carlisle accident, and the L. and N. W. 
Railway er knew already of a few. Strange tosay, 
these cases have been allowed to pass unnoticed. 
Vacuum brakes, whether simple or automatic, cannot 
improved in this respect, none of its various forms can 
escape this fatal law. I have worked the Westinghouse in 
countries where winters are certainly more severe than 
we ever get them in England, but I never found that frost 
had any action on the biake. Now and then it may occur 
that water which has been carelessly allowed to accumu- 
late in drip cups freezes and causes them to burst so that 
the train is brought to a stand, but this is no failure as 
sone like to call it. A frozen triple val ve—case unknown 
to me, but reported some time in this country—cannot 
have any serious consequences, as it can never cause a 
failure of the whole of the brakes. 

I understand that a trial of brakes is to take place in 
New South Wales next September. I do not think that 
such trials are particularly necessary, and I always had 
my misgivings about them. Louk at the Indian trials 
for instance, were they fair in any way? There are in 
the world railways enough which use air brakes. Their 
past experience — surely to be a reliable guide for 
others to go by. If, however, the New South Wales 
trials are well conducted, they will probably supply us 
with information much needed about vacuum brakes, and 
which we cannot obtain from their supporters. I am 
afraid, however, that none of the brakes to be tried will 
—the Westinghouse brake excepted—satisfy the condition 
relating to half-worn brake-blocks. 

It is a matter of regret to find that Colonel Rich could 
not accept the theory ~~ forth by Rumney, the driver of 
the Carlisle train, with regard to the cause of the failure 
of the brake. The first part of this eventful journey— 
that is, up to Crewe—supports the views of Rumney. 
Frost alone has caused this accident by blocking the 
brake pipes ; the whole evidence supports this view of the 
matter. 

The statement that a stoppage in the simple vacuum by 
ice would put the brakes off, whereas a stoppage in the 
automatic would put the brakes on, is simply absurd. 
The trial train which was run at the time of the inquiry 
is a farce, as it will be at once seen that none of the con- 
ditions under which the ill-feted train had run were or 
could be reproduced. One would have certainly expected 
something better from a man who has had a lengthy 
experience with brake matters. The statements of Colonel 
Rich require explanations ; they are visibly in contradic- 
tion with experience. 

Let us hope that this accident and its fatal conse- 
quence:, as well as the verdict which closed the inquest, 
will have been a lesson for our railway companies, and 
that they will endeavour to put, as quickly as possible, 
an end to this state of affairs. The Government has now 
ee powers for the enforcement of the law concerning 
the ape of the travelling public, and we expect that the 
latter will insist upon the companies using only safety 
appliances of a thoroughly reliable character. 

ours truly, 
7 E. Gosert, 

London, April 21, 1890, 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 
ow Pig-Iron Market.—Last Thursday’s pig-iron 
market was characterised by a renewal of the flatness, 
and very little business was done, more especially at the 
afternoon meeting of the “iron ring.” The price of 
Scotch iron suffered a loss of only $d. per ton, but that of 
Cleveland iron amounted to 6d. per ton, while hematite 
iron closed at Wednesday night’s final quotation. At one 
time the cash price for Cleveland iron was ls. 3d. above 
the market quotation, owing to the pressure which was 
put upon those dealers who had oversold in order to meet 
their immediate engagements. The settlement prices at 
the close were—Scotch iron, 44s. 104d. per ton; Cleve- 
land, 45s. 44d.; hematite iron, 53s. 6d. per ton. On 
Friday there was quite a listless feeling in the market, 
and a further aeoie had to be made in prices before 
buyers could be induced to go in for additional purchases, 
On the day Scotch iron declined in price 74d. per ton— 
the lowest quotation since July of last year being 
reached. A fall of 1s. 74d. per ton took place in 
the price of Cleveland iron, which made a total 
decline of 22s. 44d. since September of last year. 
There was a steadier demand for hematite iron 
owing to the restriction recently made in the production. 
The fall in price was 24d. per ton, which brought the 
decline down to the level of 28s. 9d. per ton under the top 
quotation ruling in January of this year for hematite 
warrant iron. At the close the settlement prices were— 
Scotch iron, 44s. 3d. per ton ; Cleveland, 43s. 9d.; hema- 
tite iron, 53s. 3d. per ton. There was a somewhat firmer 
feeling at the — of the market on Monday. The 
withdrawals from the warrant stores were considered 
satisfactory ; the reduction in the stocks of Cleveland was 
comparatively large, considering the price and the small- 
ness of the stocks ; and there was also a large decrease in 
the stock of hematite iron in the West Cumberland 
warrant stores. Trade reports also showed that there 
was a large consumption in progress. Some heavy offers 
of Scotch iron in the warrant market sent the quotations 
down 3d. per ton at the start, but prices subsequently 
recovered that amount and 3d. besides. At the com- 
mencement of the market in the afternooa the secretary 
of the Pig Iron Trade Association intimated that he had 
received a letter from Mr. John E. Swan, of Messrs. 
John EK. Swan and Brothers, Limited, Glasgow and 
Middlesbrough, in which the gentleman explained that 
in consequence of losses in pig iron he would be obliged 
to go into liquidation. The announcement caused much 
regret on ‘Change, where Mr. Swan has long been a 
general favourite. Owing to the feeling excited by 
this failure the market was comparatively quiet during the 
forenoon. It was hinted that the stoppage of the firm had 
rendered necessary the purchasing of a considerable amount 
of warrant iron on behalf of parties who were affected b 
the failure; and in this way the market was sustained, 
and was fairly firm. There were advances in price rang- 
ing from 84d. to 1s. 3d. per ton, the settlement prices at 
the close being—Scotch iron, 45s. 6d. per ton ; Cleveland, 
45s. ; hematite iron, 54s. 10}d. per ton. A considerable 
amount of iron was thrown upon the Glasgow pig-iron 
market, towards the close of the forenoon, to-day, 
with the result that prices sharply gave way, Scotch 
and Cleveland warrants falling od, and Cumber- 
land hematite warrant iron 94d. per ton. Buyers at the 
close in the afternoon were offering 44s. 8d, per ton Scotch 
iron, 44s. 7d. for Cleveland, and 54s. 2d. for hematite 
iron. There has been a decided reduction in the prices 
of makers’ special brands of pig iron, but Carron No. 1, 
shipped at Grangemouth, is still quoted at 73. 6d. per 
ton. Several leading Lanarkshire brands of No. 1 iron are 
uoted at 67s. 6d. to 68s. One blast furnace making hema- 
tite iron at Gartsherrie Iron Works has been turned on 
ordinary iron, and an ordinary furnace at Carnbroe Works 
has been relighted, so that the total now in blast in Scot- 
land is now 88, as compared with 83 at this time last year. 
The shipments of pig iron from all Scotch ports last week 
amounted to 8496 tons, against 9659 tons in the corre- 
sponding week of last year. They included 100 tons for 
the United States, 175 tons for India, 225 tons for 
Australia, 220 tons for France, 1100 tons for Italy, 955 
tons for Germany, 360 tons for Holland, 240 tons for 
Belgium, smaller quantities for other countries, and 4699 
tons coastwise. It is reported that some Berlin bankin 
houses were lately making a steady purchase of Scote 
iron warrants on the decline. The stock of pig iron in 
Messrs. Connal and Co.’s public warrant stores stood at 
787,902 tons yesterday afternoon, as compared with 
795,905 tons yesterday week, thus showing for the week 
a decrease amounting to 1997 tons. 

The Scotch Coal Trade.—There is a fair business in the 
coal trade for the season, but the tone is decidedly quieter 
than it was a few weeks ago. Steam coal is in steady 
request, and maintains its prices, but all other sorts again 
show some reduction as compared with last week. The 
coalmasters have intimated a reduction of 1s. a ton in 
house coal and 6d. in dross, to take effect from to-morrow, 

ay 1; but in reality these decreases have in a majority 
of cases been already gradually conceded in the course of 
April. The sm of coal in Ayrshire, where business is 
also quieter, having fallen about 3d. a ton since this day 
week. The following are to-day’s quotations at Glasgow 
Harbour : Kar - 

.o.b. per Ton 
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Ayrshire coal, 9s. 6d. to 9s. 9d. f.o.b. at Ayrshire ports. 
Shipments of Machinery, d&c., to Foreign and Colonial 
Ports.—The foreign and colonial shipments of machinery, 





&c., from the Clyde reported last week included the fol- 
lowing: Locomotive engines, for Madras, Buenos Ayres, 
and Natal, of the value of 17,245/.; tug steamers and 
barges, shipped in pieces, for Rio de Janeiro, valued at 
63201. ; sugar, tea, mining, and other machinery, steam 
cranes, &c., chiefly for Demerara, Trinidad, Buenos Ayres, 
Sydney, Rio, New Zealand, Penang, Colombo, the 
United States, aud Oporto, of the value of 19,000/. ; 
blooms, billets, plates, bars, and other steel manufactures, 
chiefly for Halifax, Baltimore, Japan, Melbourne, Sydney, 
Buenos Ayres, China, Antwerp, &c., valued at 10,950U. ; 
pi and other castings, plates, sheets, bars, tubes, 
valves, sleepers, bridgework, and miscellaneous iron manu- 
factures, of the value of 69,500/. 


Institution of Engineers and Shipbuilders in Scotland.— 
The annual and closing meeting of the thirty-third session 
of this institution was held, Mr. Eben. Kemp, president, 
in chair. A very satisfactory financial statement from 
the treasurer was submitted and adopted. Medals and 
book premiums were awarded on account of papers 
communicated to the Institution during session 1888-89. 
The Marine Engineering Medal was voted to Pro- 
fessor Jenkins, of the » Foe Elder Chair of Naval 
Architecture, for his paper on ‘‘The Stability of Oil- 
Carrying Steamers,” and the Institution Medal was 
saad to Professor Andrew Jamieson, Mem. Inst. C.E., 
for his paper on the ‘‘ Designing of Continuous Current 
Dynamos.” Book premiums were unanimously voted to 

r. Andrew Brown, Renfrew, for his paper on ‘* Dredging 
Machinery and Appliances,” and to Mr. Charles Lang, 
Glasgow, for his paper on ‘‘ Evaporation.” The vacant 
vice-presidentships were filled by the election of Mr. 
Robert Dundas, C.E., Caledonian Railway, and Mr. 
George Herriot, chief Board of Trade surveyor. For the 
vacancies in the Council, Professors Barr and Jamieson 
Mr. A. 8S. Biggart (of Sir William Arrol and Co.), and 
Mr. James Riley (Steel Company of Scotland), were 
elected. Subsequently discussions took place on two 
papers read at the preceding meeting, and the pro- 
ceedings were brought to a close by votes of thanks 
to the retiring office bearers and the president. 


More University Honours.—Quite lately the honorary 
degree of LL.D. was conferred by the University of 
Glasgow on Mr. Peter Denny, shipbuilding engineer, 
Dumbarton, and Mr. William Arrol, of Forth Bridge 
celebrity ; and within the past few days Professor Archi- 
bald Barr, of the chair of Civil Engineering and Mecha- 
nics, and Mr. Henry Dyer, C.E., M.A., have been pro- 
moted to the position of doctors of science-—D.Se. They 
formerly had the degree of B.Sc. This is the first time 
that any graduate of the University of Glasgow has 
been created a doctor of science—a degree which has 
been in vogue in the University of London for at least a 
quarter of a century, and for shorter periods in other 
universities. 


Scotch Railway Bills in Parliament.—For some days 
past several Scotch railway Bills have been under con- 
sideration by Parliamentary Committees. The great 
North of Scotland scheme for getting an independent 
opening into Inverness has n thrown out. Another 
Bill, promoted by the North British Railway Com- 
pany for the amalgamation with it of the Glasgow 
and South-Western Railway, is being strongly opposed 
by the Caledonian Railway Company, on whose account 
an alternative scheme is proposed. Some interesting evi- 
dence has already been heard, and the inquiry is still in 
progress. Another schemeis under inquiry, which aims 
at giving the Caledonian Railway Company a footing in 
Dumbartonshire, which has hitherto been in the exclu- 
sive possession of the North British Company. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
large attendance on ‘Change and a good deal of business 
was done. Altogether the market was much more cheer- 
ful than it has been of late, and buyers were more dis- 
posed to do business. Throughout the day prices were 
steady and advanced in a slow but very satisfactory 
manner. In the morning business was reported done at 
45s. for early delivery of No. 3 g.m.b. Cleveland pig iron, 
but later in the day several buyers were ready to pay 
45s. 6d. for this quality, and sellers as a rule would not 
accept less than 46s., some asking a little more than the 
last-named figure. There were makers willing to sell 
No. 3 at a little under 50s. for early delivery. For 
Middlesbrough No. 3 warrants 44s. 9d. was the open- 
ing quotation, but they soon advanced to 45s. cash buyers, 
which was the closing figure. Sellers, however, were by 
no means anxious to dispose of warrants, as they are now 
becoming oe? scarce, being in the hands of only a few 
persons Holders would not generally sell under 45s. 6d., 
and consequently little business was done in them. To- 
day the market was quieter, but quotations for No. 3 
were unchanged. Only a small business, however, was 
transacted at 45s. 6d. for early delivery of No. 3. Middles- 
brough warrants were reduced to 44s, 6d., but the 
stiffened a bit later in the day, and closed 44s. 74d. pone: 
buyers, but holders would not sell at any such figure 
East coast brands of hematite iron are quoted 65s. per ton. 


Manufactured Iron and Steel.—Both these industries 
continue very quiet, and there is — alteration in 
quotations since we last reported. Producers, however, 
state that there are a fair number of inquiries, but few 
new orders of any moment are being secured. Common 
iron bars are quoted 6/. 10s.; ship-plates, 6/. 5s. ; and 
— 6/. 2s. 6d., all less the customary discount {for 
cash. Heavy sections of steel rails can be purchased at 
51. 2s. 6d. at works and steel ship-plates are quoted 71. 5s. 





The Fuel Trade.—The fuel trade continues steady and 
prices are still high. Sellers ask 23s. for prompt delivery 
sive of blast-furnace coke, but there are firms who would 
be willing to enter into contracts for delivery over a little 
time at a few shillings below this. 


Blast Furnacemen and Restriction.—At the forthcoming 
conference of the National Association of Blast Furnace- 
men, the expediency of restricting the output of pig iron 
so as to considerably reduce the enormous stocks will be 
considered and discussed. It will, we are informed, be 
decided what form the men shall take and the means to 
be adopted for providing for the employés, should it be 
found necessary to cease operations at any of the works. 
The general secretary of the National Association of 
Shed Paaeuneen (Councillor W. Snow) has just returned 
to Middlesbrough after visiting a number of towns, 
where new lodges have been recently formed, and where 
he has been occupied in organisation. At Darwen the 
employés of the Darwen Iron Company, who joined the 
Association only three months ago, have icw been con- 
ceded, their demand for pay at the rate of time and a 
half for working on Sunday and Sunday night, as has been 
the case in the Cleveland district for some time. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Trade Prospect.—Overtime has been reduced at 
some of the engineering shops, this arising partly from 
the slackening of orders and partly from an indisposition 
of some of the men to work long hours. At the same 
time, manufacturers have many orders in hand, in some 
instances sufficient to keep them well employed to the end 
of the year. The agricultural implement department has 
become a little more active, a number of orders having 
been received lately from Australia and New Zealand. 
Several big forging presses are being made at one estab- 
lishment where pe een machinery of all kinds is in 
course of construction for home and foreign customers, 
Prices for railway material are as follows :—Locomotive 
tyres, 14/.; carriage and wagon tyres, 11’. 7s. 6d. ; 
springs, 11/.; carriage and wagon axles, 11/. 5s., and 
special steel billets, 7/. 15s. There is not much business 
doing at these prices, and it is not anticipated that they 
pay fe reduced for some time to come. House coal is 
still weak, the demand being extremely slack. Coke 
has a downward tendency, but there are attempts to 
raise the values of the best description of slack. 


Conference of the Colliery Banksmen. — A conference 
of banksmen from most of the pits in Derbyshire has 
been held at Chesterfield, for the purpose of considering 
the wages question, complaint having been made that the 
overground workmen had not fully participated in the 
advances given to those employed Teleer the surface. 
The reports which were presented showed that banksmen 
in Derbyshire had received advances varying in different 
places from 124 to 25 per cent., and that a certain pro- 
position had n advanced, something approximating 
5 per cent. from the settlement in March. A resolution 
was passed setting forth the opinion of the meeting that 
the understanding arrived at in London was that the ad- 
vances should apply to all society men, whether employed 
above or below ground, and calling upon the employers 
to carry out such understanding. Mr. Haslam was 
authorised to forward a circular to the banksmen, in- 
structing those who had not received the last 5 per cent. 
and a promise of the next to wait upon their employers 
in reference to the matter. 


Iron and Stecl.—There is a falling off in the demand for 
manufactured iron, but the call for Siemens and Bessemer 
is very heavy. Many of the local houses are now refus- 
ing orders for Siemens and Bessemer-made_ railway 
material. Prices of Bessemer guaranteed billets are 
running from 8/. 5s. to 8/. 15s. Siemens for railway axle 
purposes considerably lower. There is a probability that 
the local plant for the making of Siemens steel will be 
further extended, as the call for the material is more than 
can be met. Continental and home orders are those which 
are principally filling the books. 





NOTES FROM THE SOUTH-WEST. 
Cardif..—The steam coal trade has shown little im- 
rovement, but prices have not experienced any further 

sg the best qualities have made 14s. 9d. to 15s. ; 
and good dry coal, 13s. 6d. to 14s. per ton. Household 
coal has been in less demand, as was to be expected, con- 
sidering the advanced period of the year. No. 3 Rhondda 
has made 13s. 9d. to 14s. per ton. Patent fuel has re- 
mained in moderate demand. Coke has shown rather 
more firmness, foundry qualities making 23s. to 24s., and 
furnace coke 20s. per ton. The irun ore trade has been 
moderately active. 


The Electric Light at Exeter.—At the last sitting of the 
Exeter Town Council, the mayor reported the receipt of a 
letter from the directors of the Exeter Electric Light Com- 
pany, in which they pointed out that the Board of Trade 
considered that underground electric light mains could 
not be legally laid, either with or without the sanction of 
the local authority, unless statutory powers were obtained; 
and that the condition imposed by the council, if 
applied to all such applications, would prohibit any 
extension of the company’s system. he directors 
felt sure that this result could not have been foreseen by 
the Town Council, as it placed at a disadvantage, not only 
the company (by preventing extensions of their business), 
but also all citizens who might be desirous of having the 
light but be unable to do so in consequence of their 
premises not being within the area already supplied with 
wires. At the same time the directors were desirous to 
meet the wish of the council that the wires should he 
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placed underground through the main streets of the city, 
and they had accordingly decided to proceed at once with 
the necessary steps to obtain a provisional order which 
would give them the requisite power. 


The Barry Dock.—The quantity of coal and coke shipped 
last week from this dock was as follows: Coal, 62,071 
tons ; coke, 1447 tons ; total, 63,518 tons. 


Water at Bristol.—All attempts to induce the Bristol 
Water Works Company to withdraw its opposition to a 
Floods Preventing Bill have failed, and the company 
has decided to proceed with opposition to the Bill when 
it comes before a Committee of the House of Lords. The 
petition upon which the com — base its opposition 
1s one of considerable feusth, he directors state that 
they strongly object to the Town Council being autho- 
rised to deal with the company’s property at the boilin 
wells in the manner proposed ; ond that they are prepar 
to show that, irrespective of the direct diversion of the 
boiling wells stream, the driving of a culvert, as proposed, 
under the stream at a few feet from the surface, will tap 
the water-bearing strata from which the spring arises, and 
thus render the source of supply at the boiling wells and 
the large amount laid out upon the company’s works per- 
fectly useless, 


Coal at Swansea.—For some weeks past boring opera- 
tions have been carried out on the Crymlyn Barrow 
about two miles east of the Prince of Wales Dock, 
Swansea, and coal has been struck at a depth of 80 ft. 
An extensive area of land has been secured from the 
Earl of Jersey, and it is confidently anticipated that 
some twenty-six seams of coal will be eventually tapped, 
including all the well-known Aberdare measures. In 
addition to the land area, the workings will be extended 
out into the channel. The available quantity of coal is 
estimated at 60,000,000 to 70,000,000 tons. 


Vaff Vale and Barry Railways.—On Friday the railway 
Commissioners gave judgment in the case of the Taff 
Vale Railway Company v. the Barry Dock and Railways 
Company, which raised a question whether the Taff Com- 
any was entitled to a bonus for collecting traffic in the 

hondda Valley and handing it over to the Barry Rail- 
way Company at Hafod Junction. The Court held 
that so far as the claim for bonus was grounded on the 
extra cost of working, no case had been made out. On 
the other point, claiming a bonus for loss of lead, they 
thought, as to the mineral traffic paying a rate of more 
than four miles and exchanged at Hafod, a case fora 
bonus existed, and they fixed that bonus at .20d. per ton. 
The Taff Company was ordered to pay half the costs of 
the Barry Company. 


Public Works at Newport.—The Alexandra Dock and 
Railways Bill, the Newport Harbour Commissioners’ 
Bill, and the East Usk Railway Bill, are now likely to 
pass through the Legislature as unopposed measures. 


The Electric Light at Cardiffi—The Brush Electrical 
Engineering Company, Limited, has issued a circular 
intimating that, in consequence of the rules of the Board 
of Trade in regard to overhead wires, and the decision of 
the Town Council of Cardiff not to consent at present to 
an application of the Electrical Company for a pro- 
visional order enabling it to place its conductors under- 
ground, it will have no alternative but to close its lighting 
station. The Brush Electrical Engineering Company 
states that next year it will renew its application ie a 
provisional order, and it trusts then to obtain the consent 
of the Town Council, when it will be prepared to carry out 
the electric lighting of Cardiff on an extensive scale by 
means of underground mains. 


Coal at Llanelly.—The Llanelly Harbour Commissioners 
held a special meeting on Monday to consider the best 
ineans of affording increased facilities for shipping the 
coal of the Great Mountain collieries from Tisseltp, 
Messrs. Waddell submitted a scheme for the improve- 
ment of the stages and the provision of other facilities at 
the Carmartheashire dock at a cost of 42501. 15s. 74d. 


They were willing to carry out this work if the Board | G 


undertook to recoup them in dues. The clerk explained 
that the Board received harbour dues for all coal shipped 
at these stages, and there were also wharfage and railway 
dues which Messrs. Waddell proposed to retain until 
they had been recouped for the expenditure which they 
proposed to make. Mr. Wilson remarked that the Board 
must either supply Messrs. Waddell with a suitable place 
for ae their coal or they must go elsewhere. Messrs. 
Waddell had spent thousands of pounds on the Mynydd 
Mawr Railway, by means of which the coal would be 
brought down to the quay of the Carmarthenshire dock, and 


it would not pay Messrs. Waddell unless they send 1000 | al 


tons down the line per day. The Board decided to ask 
Messrs. Waddell for further particulars. 





MISCELLANEA. 

Tue thirtieth annual dinner of the old students of King’s 
College, London, was held on Monday, the 28th inst., at 
the Holborn Restaurant, the chair being occupied by the 
Right Rev. Bishop Barry, D.D. 


The filling-out work for the new Middelgrund fortifica- 
tion in the Sound, outside Copenhagen, has been secured 
by Mr. N. C. Monberg, contractor, of Copenhagen. The 
amount of the contract is 2,000,000 kr., or about 110,000/.. 
and the work will be commenced forthwith. 

The directors of the Swan United Electric Light 
Company, Limited, of 100, Victoria-street, S.W., have 
decided to pay an interim dividend at the rate of 6 per 
cent. per annum for the six months ending March 31, 
1890, to be distributed in accordance with the articles of 
association, 


The sixth meeting of the present session of the Univer- 





sity College Engineering Society was held on Wednesday, 
April 30th, Professor Carey Foster presiding, when Mr. 

. Stericker read a paper on ‘‘ Electric Welding,” in 
which both the Thomson and Bernardo processes were 
described. 

The gross receipts of the 23 principal railways in the 
United Kingdom, for the week ending April 20, 
amounted, on 16,159} miles, to 1,297,712/., and for the 
—— period of 1889, on 16,031 miles, to 1,328,911/., 
an increase of 128} miles, or 0.8 per cent., and a decrease 
of 31,199/., or 2.3 per cent., comparison being made with 
the week which included the Good Friday traffic. 


The company for constructing a railway tunnel through 
the Simplon have prepared a new plan, which comprises 
a tunnel 29 kilometres long, 13 of which will be within 
Italian territory. They have addressed a memorial to 
the Italian Government praying for a subsidy of 15,000,000 
lire (600,0007.). This sum will be secured by differential 
rates of carriage in favour of Italian goods which are 
being exported. 

Mr. Langhaus has devised a glow lamp in which the 
filament is coated with a layer of silicon, and the de 
of vacuum required inside the bulb is thus materially 
reduced. A vacuum as low as 1mm. of mercury can, it 
is said, be used. It is claimed that the process of coat- 
ing the filament is easy and cheap, and also that the 
lamps require only 2? watts per candle. Till further 
details are pet A however the above statements must 
be received with some caution. 


A second test of the gun cast of open-hearth steel, and 
ey tried by the United States Government, has 
recently been made. After the first set of tests, careful 
measurements showed considerable expansion in the bore 
of the gun, and during the second series this expansion 
was doubled, whilst three serious flaws appeared in the 
material of the weapon. This result following so closel 
on the failure of the Pittsburg gun cast of Bessemer steel, 
which burst at the first round, will probably check further 
experiments in this direction. 


Messrs. Cowles Brothers have recently invented a new 
alloy of aluminium which they name silver bronze, and 
which they propose to substitute for German silver for 
many of the purposes for which that alloy is now used. 
The new alloy consists of manganese, 18 parts; alumi- 
nium, 1,2 parts ; silicon, 5 parts; zinc, 13 parts; and 
copper, 67.6 parts. It has a tensile strength of 57,000 lb. 
per square inch in the case of small bars, and elongates 
20 per cent. before breaking. Its electrical conductivity 
is about equal to that of German silver. 


From the very complete series of observations which 
have been made during some years past by the Imperial 
Telegraph Department, Berlin, it appears that under- 
ground wires are much less affected by atmospheric 
electricity than aérial wires. In 1888, 338 interruptions 
from storms were observed in underground wires, as 
compared with 2375 interruptions in the case of the aérial 
wires. With regard to town telephones it would also 
appear that the network of these wires above the house 
tops protects them in some degree from the effects of 
lightning. 


Mr. H. Benest, of the India-rubber, Gutta-percha, and 
Telegraph Works Company, Limited, Silvertown, has 
recently patented a new submarine cable grapnel, the 
essential feature of which is that the flukes are con- 
structed so as to automatically grip the cable when it 
comes in contact with the fluke. These flukes may be 
described as bell-crank levers, the longer arm of which is 
dragged along, till it gets underneath the cable, which 
then comes in contact with the shorter arm, the pressure 
on which turns the bell-crank round, thus gripping the 
cable against the boss of the grapnel. 


The projected compressed air installation in Copen- 
hagen is not likely to me realised for the present, as 
the Corporation has refused the necessary permission. 
This decision has been somewhat severely criticised. The 
openhagen Corporation is a very conservative body, 
which, however, has a keen business sense, and they may 
themselves want to take over the installation in the same 
way as they have done with regard to gas works and elec- 
tric light. The applications for the latter luxury are 
just now coming mm, and they are so numerous that 
the new central station will probably have to be com- 
menced on a larger scale than intended. 


The Nicaragua Canal Company are improving the har- 
bour of Greytown as a first preliminary to the construc- 
tion of the canal. Five hundred feet of breakwater have 
y been constructed, and to carry out the necessary 


excavation the compan have ordered a “4 dredger 
from Messrs. Simon, Renfrew, and Co., which is to be 
delivered at Greytown by the end of May. A contract 


has also been let for the construction of a standard gauge 
railway line toa point about 17 miles inland, which will 
give a ready means of access to the heavy cuttings re- 
quired for locks Nos. 1,2, and 3 The work of actually 
excavating the canal has not, however, been commenced 
as yet, since till the harbour works are completed only 
dredgers of light draught will be available, and it is con- 
sidered better to wait till more efficient machines can be 
brought to bear. 


A recent number of the Centralblatt der Bauverwal- 
tung gives the results of a series of experiments made by 
Mr. Voiges and Professor Sonne on the resistance to 
traction of an Aveling and Porter steam road roller. The 
site chosen for the tests was a strip of freshly macadamised 
road about five-eighths of a mile long near Ems. The 
roller weighed 14.8 tons, two-fifths of which was carried 
on the two front rollers, and the remainder on the two 
back ones. The resistances found were as follows: (a) 


0.12 to 0.14 on loose fresh layers of broken stone ; ()) 0.090 





to 0.095 on partly compacted surfaces such as result from 
the first thud of the rolling ; (c) 0.075 to .080 at the end 
of the second thud of the rolling ; (d) 0.065 to .070 when 
the rolling is finished ; (e) 0.080 to 0.090 when the surface 
has been sanded ; (f) 0.060 to 0.065 when the road has 
been covered with a well-rolled and wetted layer of sand. 


The current number of the Illustrated Naval and Mili- 
tary Magazine contains an article by Mr. C. W. Smith, 
formerly of the Landore Steel Works, ‘‘ On Steel Armour 
Plates.” Mr. Smith proposes to use compound plates 
made of steel of different hardnesses, three tempers being 
employed, asfollows: 1. A hard tough face of steel contain- 
ing from 0.5 to 0.6 per cent. of carbon, 2. A mild mid- 
section of steel containing from 0.25 to 0.35 per cent. of 
carbon. 3. A very soft back of steel containing from 
0.08 per cent, and less of carbon. There is now no diffi- 
culty in obtaining by the basic process steels containing 
merely a trace of carbon, which, for ordinary work at 
least, is superior to the best Yorkshire iron. Whether it 
will retain its superiority when used for the back of a 
compound plate, is a question for experiment, but from its 
—_" ductility there is good reason to suppose that 
it would. 


Another submarine boat named the Goubet, after its in- 
ventor, has recently been tried in the roads of Cherbourg. 
The countrymen of Jules Verne are certainly doing their 
best to realise his dream of ‘‘ Twenty Thousand Leagues 
Under theSea,” as a new submarine boat of somekind seems 
to be launched yearly at one or other of the French ports. 
The present boat is, it is stated, cast in one piece of bronze. 
It is 18 ft. long by 6 ft. in diameter, and can carry 4 men. 
Its stability is assured by a heavy mass of lead attached 
to the keel, which in case of emergency can be detached 
from the boat by the turn of a screw inside the shell. The 
motive power is electricity, but it has been found that 
the compasses are affected. by the powerful currents used, 
making the steering of the boat below water somewhat 
uncertain. Oxygen sufficient for many hours’ supply is 
carried compressed into tubes, and let out as required, 
So far as the experiments went, they are said to have 

mn very successful, 


A Select Committee of the House of Lords on Monday, 
presided over — Earl of Camperdown, passed the 
preamble of the Manchester Ship Canal (‘Tidal Openings, 
&c.) Bill, which authorises the canal company to make 
important alterations in the construction of the authorised 
tidal openings upon the Mersey, by filling up all the tidal 
openings shown upon the sections for the Act of 1885, and 
constructing in lieu thereof three new tidal openings 
in different positions of a total length of 1800 ft., 
or 2700 ft. less than those required by the Act of 1885, 
The Bill has been opposed by the Mersey Docks and Har- 
bour Board and the Corporation of Liverpool, who have 
contended that the deviations would seriously affect the 
Mersey by diminishing the flow of water into the estuary. 
The Committee, in passing the preamble, stated that they 
would require the company to come under the same 
obligations with regard to the admission of water into the 
Mersey as they were placed under by Parliament in 1885, 





TREE-FELLING BY DyNAMITE.—Some interesting expe- 
riments were made the other day in the vicinity of Copen- 
hagen with tree-felling for military purposes, by dyna- 
mite. The object was to ascertain the saving in time and 
labour effected by this method, and the results were 
exceedingly satisfactory, far more so than is under- 
stood to as been the case elsewhere. Trees of so much 
as 3 ft. in diameter were brought down in some 20 to 25 
minutes, whereas the time occupied by ordinary felling 
would probably have been ten times as much. 





THE TRANSATLANTIC CoMPANY IN HambBure.—This 
company has, at the wish of the German Emperor, 
ordered two large steamers, that can be used as help for 
the German navy. One has been ordered from the Vul- 
zan Shipyard, Stettin, and the other from an English 
firm. heir dimensions are considerable: Length, 
374 ft. ; breadth, 524 ft.; and the speed is calculated 
at 18 knots. The complete armament can be brought on 
board in forty-eight hours, and_ will consist of four 12- 
centimetre, eight 15-centimetre Krupp guns, two 80-milli- 
metre and two 57-millimetre mitrailleuses, and six 37-mil- 
limetre revolver guns. Each of the steamers will also 
carry two torpedo boats in time of war. 





UNPRECEDENTED PRODUCTION OF NEW VESSELS. — 
During the four months of the year now gone, 101 vessels, 
aggregating 145,524 tons, were launched from the ship- 
building yards in Scotland, which is greater than in any 

revious year. From the Clyde yards alone, there have 
m launched 81 vessels of 123,224 tons. The nearest 
approach to this “record” total is in 1883, the year of - 
prosperity, when the production was 117,417 tons. Last 
year the total for four month was only 80,000 tons, while 
for the preceding five years the average for the first third 
part of the } aesel has been about 60,000 tons. In April 
the Scotch firms launched 32 vessels of 47,699 tons, and 
of this the Clyde yards contributed 25 vessels of 42,219 
tons. Included in_this total is a large steamer for the 
Royal Mail Steam Packet Company, six or seven vessels 
each over 2000 tons, and several fast paddle steamers for 
coast service. The effect of the rapidity of output, 
coupled with the almost entire absence of new work, 
hastens on the threatened dulness in trade. Since the 
beginning of the year the tonnage of ships under con- 
struction in Clyde establishments has decreased from 
slightly over 300,000 tons torather less than 200,000 tons, 
and a great part of this is in an advanced stage. A 
year ago the vessels building on the Clyde made up 





286,000 ton 
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THE illustrations on the present page show a small 
tug and despatch boat recently constructed by Messrs. 
Redpath and Paris, of Limehouse, for South America, 
and is interesting owing to the difficulty of pgp 
out the terms of the owners’ specification in so smal 
a vessel. The specification fixed the length over all 
to be 30 ft., beam 7 ft., draught of water with 1 ton 
16 cwt. of coal on board, steam up, three hands and 
all tools on board, not toexceed 18in. The boat was 


to be capable of towing a loaded barge of 40 tons dis- | E 


lacement against a current of 3 to 34 miles per hour. 

he speed was to be 10 miles an hour running free. 
During both trials the steam was to be easily main- 
tained at the contractors’ working pressure, for which 
the engines and boiler were built, feed being delivered 
into the boiler the whole time, and all bearings and 
parts of the engines running cool. The hull was to be 
carvel built with a straight stem and counter stern, 
copper fastened and sheathed with 12 oz. copper to 
6 in. above the water line. The keel and timbers were 
to be of American elm, the sternpost and knees of 
English oak, and the skin of mahogany, single thick- 
ness. 

As the illustration shows the boat is fitted with non- 
condensing twin-screw engines with a single cylinder 
to each propeller ; these are of the usual fast-running 
launch type with cylinders supported on steel columns, 
but with very large bearing surfaces. The propellers, 
stern tubes, and outer brackets are of gun-metal ; all 
the forged parts of the machinery are of steel. A 
donkey pump is fitted for feeding the boiler, and an 
inspirator as an additional means of feed. 

he boiler is of the locomotive type, and has a steel 
shell and firebox fitted with brass tubes. An adjust- 
able brass nozzle is fitted in the smokebox with gear 
arranged so as to be easily worked from the outside. 
The safety valves are loaded to 1201b. per square inch. 

As the boiler is of the dry bottom type an ashpan is 
fitted consisting of two plates about 14 in. apart, 
rivetted to a square bar iron frame. Through this 
ashpan sea water circulates, and it answers its purpose 
well, The donkey pump having a suction from this 
ashpan, as well as its suction from the sea, the feed 
drawn from the ashpan is considerably heated. 

Of course the saving of weight was a matter of 
importance, but as it was specified the hull was to 
be carvel built, this practically determined j in. as 
the minimum thickness of the skin of the vessel. This 
did not leave much else on which a reduction of weight 
could be made ; the keel was kept inside the vessel so 
as to get as much depth for displacement as ible, 
and attention turned to lightening the machinery as 
much as regard to safety would allow. At the towing 





trials the total displacement with 36 cwt. of coal on 
board, and steam up, was 5.7 tons, and a Thames 
barge loaded with 13 tons of pig iron was towed at the 
rate of 6.5 miles per hour against a slight tide. 
When running free with about 10 cwt. of coal on 
board, the mean speed was 10.1 miles per hour. The 
vessel was built and the trials carried out under the 
superintendence of the owners’ inspecting engineers, 
oo John Thompson and Son, of 12, London-street, 


When it is taken into account the very full sections 
of vessel necessitated by the large displacement and 
shallow draught, and that the barge towed was an 
ordinary Thames lighter, the performance will be 
appreciated by those who have had experience in 
driving small boats at a relatively high rate of speed. 
There are, no doubt, many places where such a handy 
littie vessel could be profitably used. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 18, 1890. 

Prices of iron and steel in all American markets are 
lower than they were a week ago. Two weeks ago the 
prediction was made in many quarters that an advance 
would soon set in, but no improvement has yet taken 
place. The cause for the decline, especially in pig 
iron, has been the offerings made by several large 
southern furnace companies, who are determined to 
secure a stronger foothold in northern markets. 
Southern forge irons have been offered in New York 
and Philadelphia markets at 15 dols., while Pennsy]l- 
vania forge is 16 dols. to 16.50 dols.— the lowest prices 
known here for twelve months. No. 1 foundry is 
down to 18dols. to 18.50 dols., but strange to say, 
large buyers are still holding aloof, as the rapid decline 
in prices has destroyed confidence to a great degree. 
Twenty-seven furnace companies have been organised 
in the Southern States within the t three months, 
most of them well backed financially. It is quite 
possible that within the coming twelve or eighteen 
months between fifty and sixty new blast furnaces, 
every one equipped with the best modern appliances, 
and so located as to be able to make iron at 8 dols. to 
9 dols. per ton, will be in operation. Four new steel 
works have recently been projected in the Southern 
States ; the list of new enterprises in these States is 
larger for the first rgd of this year than last. All 
of the foundries, mills, machine shops, and manufac- 
turing establishments that have been established in the 
south within the past three or four years are doing 
well and yielding their owners better margins than 
the same investments in the Northern States could 





possibly have done. The local markets in these States 
are a very important factor in the industrial activity ; 
building material of all kinds is in active demand; a 
number of stone and marble quarries, as well as a 
great many coal mines, are being opened. A year ago 
several syndicates were formed to control industrial 
development in the south, and their success has stimu- 
lated the same spirit of enterprise this year, only to a 
greater extent; a8 a result, large numbers of new 
manufacturing establishinents are to be built; a great 
many short railroads are to be constructed, and several 
manufacturing towns have been started, which bid 
fair to soon become cities. 

The railroad companies are now ordering rolling 
stock and motive power more liberally. The Union 
Pacific has recently placed an order for 400 freight 
cars of a capacity of 50,000 Ib. each. The Merchants’ 
Bridge across the Mississippi River at St. Louis is to 
be opened on May 3; this will be a gala day in St. 
Louis, for the opening of this bridge } that city 
from the monopoly control with regard to railway 
traffic, which Jay Gould has exercised for years. The 
Grand Trunk Railway expects to have its St. Clair 
tunnel completed this year. Congress has taken 
favourable action with regard to the construction by 
the Government of a ship canal around Niagara Falls, 
between Lake Erie and Lake Ontario; it will be 21 
miles long, and 100 ft. wide at the bottom, witha 
minimum depth of 20 ft. ; 1,000,000 dols. is to be ap- 
propriated to begin the work, which will cost in all 
about 23,000,000 dols, 

The railway managers are still worrying over the 
never-ending question as to the distribution of traffic, 
and the adjustment of traffic rates. Congress is hold- 
ing its hands off, feeling that this question is beyond 
its reach. Frequent cuttings of rates are announced, 
followed by patched-up peace, soon to be broken. 





INDUSTRIAL NOTES. 

As compared with previous weeks, for many months 
past the labour market has been tolerably free from 
any serious disturbance in the shape of strikes. The 
energies of trade unions, and of workmen not in union, 
in various parts of the country, are just now directed 
more or less to the eight-hour day demonstrations in 
London and the provinces. The first day set apart 
for these demonstrations was Thursday, May 1, the 
date selected by the Socialists both in this country and 
on the Continent. The Socialist League announced 
that their demonstration would take place at four 
o’clock in Hyde Park, after which me | would hold a 
meeting by torchlight on Clerkenwell Green in the 
evening. Singularly enough the resolution proposed at 
these gatherings did. not contain a single reference to 
an eight hours’ day. The resolution was as follows: 
‘That this meeting hails with joy the awakening of 
labour which is taking place throughout the civilised 
world ; declares the necessity for the union of workers 
in all countries to obtain complete freedom from the 
— of capitalists ; asserts that the only possible 
remedy for the poverty and misery of the workers is 
the free access to the resources of nature, and the 
management by the workers of the organisation of 
labour ; and calls upon all workers to accept the task 
of bringing about this freedom as a necessary duty 
paramount over all others.” This resolution is to be 
ro at both the London and all the provincial 

emonstrations. The place of rendezvous for this 
demonstration was the Thames Embankment at 2.30; 
the place of meeting in the park the ‘‘ Reformers’ 
Tree.” The procession avoided Trafalgar-square by 
passing along Bridge-street and Birdcage Walk. 

The trades demonstration on May 4 wiil assemble 
on the Thames Embankment at 2.30. The 2 eee ame 
will start precisely at three. The route will be along 
Bridge - street, Great George-street, Westminster, 
Birdcage Walk, Buckingham Palace -road, and 
Grosvenor-place. The Home Office, Scotland Yard, 
and the Commissioner of Works, the authorities 
interested specially, are making such arrangements as 
will best facilitate the procession along the route to 
the park. The iron posts in the park are to be re- 
moved, as in 1884. The seven platforms are to be 
arranged in a curve, the centre of which will be the 
far-famed ‘‘ Reformers’ Tree,” the wings stretching far 
away towards the Marble Arch on the one side and 
Hyde Park Corner on the other, on the same plan 
as that adopted in 1884. The chairman and speakers 
are to be restricted to labour delegates, except in one 
instance, that of the platform allotted to the Social 
Democratic Federation, where Mr. Cunninghame 
Graham will preside. The procession of the trades 
will consist of eight separate sections, comprising 
eighty-two branches of trade and industry in the 
metropolis. The sections are: 1. Leather trades. 
2. Metal trades. 3. Cabinet and fancy trades. 4. 
General trades. 5. Shipping trades. 6. Clothing 
trades. 7. Printing and paper trades. 8. Building 
trades. Probably any branches not included in the 
above, as the different ies of the labourers, will form 
a contingent under the guidance of the Socialist League. 
The speaking in the park is to commence at 4 o’clock, 
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and to cease at 5 o’clock, when the resolution will be 
put simultaneously from all the platforms. 

The resolution agreed upon by the delegates is as fol- 
lows : ‘‘ That this vast meeting of workers of London, 
knowing that the excessively long hours of labour 
— worked in many industries cause irregularity of 
employment, resulting in much misery and social 
demoralisation, believes that the best way to mitigate 
such evils is by reducing the working hours to a mini- 
mum of forty-eight hours per week, heartily congra- 
tulates our fellow workmen in other countries in 
demanding these hours of toil, earnestly urges our 
fellow countrymen to be unceasing in their efforts to 
successfully establish this limit by every legitimate 
means in their power, and asa first step calls upon 
the Imperial Government and all local governing 
bodies to at once fix these hours in all departments of 
labour under their control.” To the foregoing it was 
agreed to add this rider: ‘‘We further earnestly 
request workmen in the various constituencies to de- 
mand the best efforts of their members with a view 
to the reduction of hours in Government and local em- 

loyments.” A further rider was sanctioned demand- 
ing that the Government be requested to insert a clause 
in all railway, tramway, and canal Bills, enforc- 
ing an eight hours’ working day. It will be seen that 
the original idea not to indicate Parliamentary action 
has been abandoned. To carry out the resolution 
with the riders added will be tantamount to a legisla- 
tive eight hours’ day, for in no other way could the end 
be attained. 





At the time of writing (Thursday) the position of 
affairs on the Continent is not very reassuring. There 
are indications not only of possible trouble, but of 
probable trouble in connection with labour disputes, 
and of the eight hours’ day demonstrations. At 
Aix dn Chenle the fioorcloth manufacturers have 
determined to suspend from employment for two 
months any and every person absent from work on 
May | without sufficient reason. At Lille the office 
of a clerical journal was invaded by the ‘‘ Anarchists,” 
two of the staff were ill-treated, and much property 
was destroyed, because the paper had censured some 
of the party aggrieved. At Roubaix some 20,000 
workmen left their work to attend the funeral of a 
fellow workman who had killed the foreman and 
then committed suicide. Paris is itself alarmed at 
the state of things in the provinces and the city is 
garrisoned. The machinery gallery at the Champ de 
Mars is turned into an encampment for cavalry. In 
Germany the Minister of Railwys has issued an order 
stating that all men absenting themselves on May 1 
will be instantly dismissed. The union of metal manu- 
facturers, some dee in the aggregate about 20,000 
men, have determined that all who absent themselves 
on May 1 shall be suspended until the 9th as a punish- 
ment. The Hamburg and Magdeburg employers have 
decided to dismiss all workmen who absent themselves 
on May 1. In Italy, Spain, Austria, Switzerland, and 
elsewhere measures have been taken to prevent a 
breach of the peace and of law, but these precautions 
may rather tend to disturbances. In Galicia a serious 
riot has ended in several being killed and many others 
wounded, Truly the social question is becoming 
alarming. 

The condition of the engineering trades throughout 
the Lancashire district has not varied very much ; all 
branches are well employed with orders on hand, but 
very little new work appears to be forthcoming. In 
the shipbuilding yards there is almost a complete 
cessation of new orders—on the Mersey nothing of 
importance seems to have been booked this year. 
Business in the iron market is said to be more hopeful 
in tone, although it is still depressed. Materials 
are obtainable at lower prices, especially from 
sellers who cannot afford to wait for the turn of the 
tide. In the Scotch market a large amount of business 
has been done, both for home consumption and for 
exportation, stocks being thereby lessened. Sellers 
are awaiting higher prices, buyers are expecting 
lower prices, so that the quantities changing hands 
are not heavy. Labour movements in the engineer- 
ing and iron trades are quiet, in view of the depression 
in the markets, though higher wages had been expected. 





In the Sheffield and Rotherham district the strike 
of the stove-grate makers continues, though there are 
signs of giving way on the part cf several of the 
employers. It is thought that possibly it will end in 
a few days. The potters are also supposed to be 
within view of a victory. The railway men in the 
district are seeking to reduce their working hours and 
to obtain higher wages for all classes of workmen on 
the railways, in conjunction with the General Rail- 
way Workers’ Union, working in sympathy with the 
Amalgamated Society of Railway Servants, whose 
head-quarters are in London. The work now going on 
is chiefly confined to organisation and extension of the 
union. 





In Staffordshire there seems to have been a serious 





check in the iron trade, for some of the works have 
been stopped, while others have been extremely slack 
for some weeks, Several works are named as having 
been either partially or wholly idle, and a relief 
committee has been formed to assist those out of 
work. Ifthe paragraphs which have appeared in the 
Birmingham and in some local newspapers are to be 
trusted, it would appear that an attempt is being made 
to reduce wages, although the men are working under 
the sliding scale. Whether this be so or not, that 
is the impression widely spread in the Midland iron 
trade districts. Doubtless the matter will be brought 
under the notice of the Midland Wages Board at its 
next meeting. 


The foundrymen employed at the Anderson Foundry 
at Port Clarence have demanded an advance of 15 per 
cent. in their wages. The employers having considered 
the claim have come to the conclusion that the demand 
is not justified by the state of trade, nor by the cir- 
cumstances of the case, and therefore they have re- 
fused to concede the terms asked for. Whether the 
question will be relegated to arbitration, or whether 
the claim will be pressed to a strike, is not yet settled. 
Generally speaking these questions are usually arranged 
without a strike in this district. 

The workmen employed at the Darlington Iron and 
Steel Works have arranged to renew the sliding scale 
for four months ending July next, subject to certain 
alterations. From April 1 sleepers and billets are to 
be classed with rails, the basis rate being the same as 
for rails under the arrangement made for April, May, 
and June, 1888. The men working on the twelve 
hours’ system are to be paid six shifts for five nights, 
and 74 per cent. advance on the sliding scale price, 
piece workers to be paid in the same proportion. 
Overtime is to be paid at the rate of 9 per cent. advance 
on the scale, or 164 upon the sliding scale which has 
just expired. Those working on the nine hours’ 
system are to be a 164 per cent. advance on the 
scale, overtime to be as at present. The workmen in 
the Bessemer department are to stop work at one o’clock 
on Saturdays, the millmen at two o’clock. 

The Cleveland blast furnacemen have given notice to 
terminate the sliding scale at the end of the quarter, 
not with the view to its abolition, but in order to 
renew it upon an improved rate. The amendments 
they propose are: A shiftand a half for Saturday and 
Saturday night; Christmas Day to be regarded as a 
Sunday ; that the standard rate of wages for metal 
carriers and mine fillers shall be raised, these being on 
the lowest scale ; and that some change be effected in 
the bonus system in the different departments. These 
matters will in due time come before the Wages Con- 
ciliation Board. The National Association is now 
working to improve the condition of this class of 
workmen in all the iron districts throughout the 
country. 





Owing to the high price of coke the ironmasters in 
the West Cumberland district have determined to 
restrict the output. On Saturday last several of the 
works at Workington stopped, the furnaces bein 
damped down until a reaction in prices set in, an 
trade improves. A large number of men will be thrown 
out of employment by this action. 


A general strike of the railway employés on the 
Southern and Western Railways in Ireland took place 
on Friday last, including the signalmen, the porters, 
and the guards, the result being a complete disor- 
ganisation of the traftic between Dublin and Cork and 
the intervening stations. On Saturday the Dublin 
and English mails were twenty-four hours late at 
Mitchelstown, and the Recorder of Cork had to adjourn 
his sitting at Mallow, owing to there being no train 
service. Mr. Davitt at once set to work to effect a 
settlement. 


The London, Chatham, and Dover Railway Com- 
mg have decided to give extra pay to their signalmen 
or Sunday duty throughout the line. The week’s 
work will consist of six days only, the Sunday work to 
be entered separately. The pay is to be 25s. per week 
for six days, and 4s, 2d. for Sundays; total, if seven 
days are worked, 11. 9s. 2d. per week. 


The bargebuilders’ strike is not yet settled, although 
some 37 firms have conceded the demands of the men. 
By the end of the week only some 260 men were still 
out, but the remaining firms refuse to grant the terms 
demanded. 

The bargemen’s and brickmakers’ strike in Kent is 
not yet settled. Some attempts have been made to 
resume traffic, but without much success. Only some 
half a dozen barges have been got away since the com- 
mencement of the strike. The men have agreed to 
resume work where the terms demanded are conceded, 
but to remain out where the owners refuse these 
terms. 





The Durham miners have determined to press for the 
15 per cent. advance for which notice was given a short 





time ago. This resolution was arrived at on Saturday 
last, at the council meeting of the association. 

The National Federation of Miners and the Em- 

loyers’ Association have been meeting to arrange a 
basis of wages, according to the agreement when the 
recent strike Avnadrsire's. The details are not yet 
finally settled. 

The ladsworking at the Altofts Colliery have obtained 
an advance of 2d. per day, after a strike of a couple of 
days’ duration, the demand | 4d. per day. 

The strike at the Garwood Collieries, in Lancashire, 
is settled favourably to the men; the strike lasted 
ten weeks. 

In other mining districts matters are pretty quiet, 
but here and there some trifling disputes occasionally 
occur. 

The arrangements are being completed for the forth- 
coming International Miners’ Conference in Be)gium. 
Messrs. F. Burt, M.P., B. Pickard, M.P., W. Craw- 
ford, M.P., and Mr. T. Ashton, have been appointed 
as a committee, to make all necessary arrangements, 
appoint interpreters, &c. 

n Scotland, the miners are very quiet just now. 
The Fife Miners’ Union show a membership of over 
6000, the income last year was 2750/., the balance in 
hand being 5263. 





During a debate in the House of Commons last week, 
Mr. Cunninghame Graham, M.P., uttered one of the 
most deplorable sentiments which has been heard in 
Parliament for many years. He said, ‘‘ He had often 
interfered between capital and labour, but, thank God, 
he had never interfered as a conciliator.” The honour- 
able member evidently does not realise the seriousness 
of his position, and of his counsels. Most men would 
rather thank God that they had interfered as mediators, 
if they had interfered at all. But the work of concilia- 
tion goes on, and there is an increasing disposition to 
promote both conciliation and arbitration as a means 
of preventing strikes, and of settling them when they 
occur, 

The Government have promised to obtain some 
reliable information on the profit sharing system here, 
through the medium of the Labour Correspondent to 
the Board of Trade, and in foreign countries through 
the Foreign Office, and to present the same in a read- 
able form tothe House of Commons. Most of the infor- 
mation on this subject is six or seven years old ; during 
the intervening six years, much may have been done 
about which the general public know next to nothing. 





The total number of registered trade unions in 
England and Wales is now 254, but of these only 149 
have made returns. The total number of members was 
346,309 ; the total income in 1888 was 694,839/. ; and 
the total funds in hand were 688,652/. In Scotland 
there were 23 societies, 22 making returns; the total 
membership was 19,566; the total income 36,5131. ; 
the balance in hand being 26,897/. 





DurirLex Packinc.—We have received from Messrs. 
David Moseley and Sons, Manchester, some samples of a 
new manufacture called by them duriflex packing. It is 
made from asbestos cloth and wire gauze, with or without 
an india-rubber core. The wire gauze is cut diagonally, 
and is placed between the layers of fibrous material with 
the cuts diagonally arranged. The object of this arrange- 
ment is to destroy the rigidity of the gauze and make the 
packing flexible. The packing seems to have given good 
results where it has been tried. 





ScHENEcTADY Compounp Locomotive: ERrRratuM.— 
The superintendent of the Schenectady Locomotive 
Works writes to correct the statement made in our issue 
of April 4th last (see page 413, third column) concerning 
the Schenectady compound locomotive, that “it was 
expected that he ” (the driver) ‘‘ would have to open the 
intercepting valve, before starting, to admit steam to the 
low-pressure cylinder.” He informs us that the auto- 
matic action of the valve was the special point considered 
in the design, and was not fortuitous, as might be 
gathered from the statement quoted above. 





DovusLine THE GRAND Trunk.—The work of doublin, 
the Grand Trunk Railway of Canada to an ph me, | 
distance of 22 miles between Wales and Iroquois is far 
advanced, and is expected to be completed early this 
summer. Contracts have been let for an additional 
length of 65 miles between Gavanoque Junction and 
Belville. It is hoped that the second track will be laid 
before the close of 1890. In the course of last year 
61 miles of double track were opened for traffic between 
Montreal and Toronto, the length of double track being 
thus increased to 142 miles. The whole distance between 
the two cities is 333 miles. The entire length of line 
which is at present double tracked upon the system, is 
148} miles ; steel rails have been laid throughout. The 
outlay made upon double track works in the second half 
of 1889 was 138,140. The working of the traffic has been 
materially assisted by the double tracking which has been 
thus far —— but the proportion of single line is 
still overwhelmingly large, the whole length of line com- 
prised in the Grand Trunk system at the close of 1889 
standing at 3481} miles, viz.: lines apenas | the company 





pos non we lines leased and partly owned, 1408} miles ; 
and lines leased or rented, 30? miles, 
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‘* ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Compitep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883. 

umber of views given in the ification Drawings is stated 

Tie, cach cate after the prich; none are mentioned, the 


Specification is not illustrated. 
Where Inventions are communicated from abroad, the Names, 
&e., of the Communicators are given tn italics. : 
i i ions may be obtained at 38, Cursitor-street, 
hancery-Lane, E.C., either Param or by let 
amount spe and postage, addr to H. 
The date of the advertisement of the 
i ion is, in each case, 


MANUFACTURE OF IRON AND STEEL. 
7982. G. Clark, Sheffield. Machinery for Scal 
Sheet Metals. (8d. 2 Figs.] May 14, 1889.—The improve 
machine comprises two vertical shafts F provided with 
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between which the sheet is passed, and two vertical shafts K pro- 
vided with brushes or scrapers L and situated behind the shafts F, 
all the said shafts F and K being caused to revolve by suitable 
gearing. (Accepted March 19, 1890). 


9905. H.A. Becker, Blaenavon, Mon. Conversion 
of Crude Iron into Malleable Iron and Steel, and 
Apparatus therefor. [8d. 5 Figs.) June 17, 1889.—This 
invention relates mainly to an improved cylindrical converter J, 
which is arranged horizontally, and is furnished with grooved 
metal strengthening rings a resting on wheels 7. The converter 
is thus rendered capable of turning round its longitudinal axis, 
which is horizontal. One of the ends of the converter is extended 
to form the mouth 0. At the other end is provided an opening p 
which can be closed at will. In the lining /, opposite the openings 
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0, p, are the tuyeres ¢, which are connected with a blast fan through 
the wind box b and tubes d, h. The arrangement is such that the 
liquid metal m can always remain in the lower part of the con- 
verter, even if the latter be turned, so that there is no necessity 
for lifting the deadweight of the metal in the apparatus. Thus 
the converter can be turned so far as to bring the mouth o lower 
than the surface of the molten metal, whereupon the contents will 
flow out without the metal being lifted or the converter itself 
being tilted. The tuyeres are arranged in a line so as to be all 
covered or uncovered simultaneously. (Accepted March 12, 1890). 


10,472. J. J. Johnson, London. (C. Pieper, Berlin.) 
Compound Steel Armour Plates. (8d. 9 Figs.) June 
27, 1889.—This invention relates to the facture of pound 
steel ingots for compound steel armour plates by pouring the 
different qualities (hard and soft) of metal, either simul- 




















taneously or one directly after the other into the corresponding 
compartments of a mould a provided internally with one or more 
boxes ) having thin sides. In another arrangement, not shown, 
partition plates and distance or packing pieces, and with or 
without ttom supports and retaining bars, are employed. 
(Accepted March 12, 1890). 


1476. A. J. Boult, London. (G. Schweickhart, Mill- 
waukee, U.S.A.) Tuyeres, (8d. 13 Figs.) January 28, 1890.— 
The improved tuyere comprises a tapering horizontal blast pipe 
A communicating at its smaller end with a vertical pipe B, the 
upper end of which constitutes the nozzle. The nozzle pipe B 











extends below its junction with the pipe A and is open at its 
lower end, which is provided with a gate b, for removing cinders, 
dirt, &c. The upper portion of the nozzle pipe B is surrounded 
by a shell D. A hemispherical chambered cap C rests on a flange 











b? on the nozzle pipe B, and is provided with a radially slotted 
opening c? for spreading the blast. The outer hemispherical 
surface of the cap serves to carry away ashes and dust falling 
upon it away from the aperture c?. (Accepted March 5, 1890). 


MANUFACTURE OF GAS. - 


7741. G. W. Hart, London. Preparing Hydrogen 
and Carbonic Oxide Gases, (8d. 5 Figs.) May 9, 1s 
This invention relates to a Ley mgr of preparing hydro- 
gen and carbonic oxide gases by introducing steam from a boiler 
by a pipe h among heated scrap or finely ivided iron in retorts 
A, B, and conveying away the hydrogen so made, then passing 
carbonic oxide gas generated in retorts F,G, through the oxide 


Fig. 2. 
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of iron formed in the retorts A, B, which reduces the oxide to its 
former metallic state, and passing the resulting carbonic acid gas 
through heated carbon contained in the retorts F, G to reconvert 
it into carbonic oxide. The valves of the retorts A and F and B 
and G are so operated by the attendant that, as steam is bein: 
admitted into the retort A, carbonic oxide is admitted into B, an 
thus a constant generation of the gases can be maintained. (Ac- 
cepted March 19, 1890). 


7812. G. A. and M.B. Baird, Glasgow. 
Manufacture o ‘naires (8d. 11 Figs.) May 10, 


1889.—The improved gas plant consists of a gas generator A from 
which gas is conducted to a scrubber B, whence the gas pee toa 
purifier C and thence to a gasometer D. The method of manufac- 
turing the gas consists in, first, externally heating a closed retort 
inclosed in the generator A charged with coke to a high tempera- 
ture by means of liquid fuel flames, and then admitting steam, 
superheated or not, tothe interior of the retort, in which the gas 
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is generated. Fig. 2 illustrates one form of gas generator com- 
prising a retort G containing coke J and heated externally by 
means of the combustion of liquid fuel supplied by a compressed 
air apparatus R. Oil supplied by a pi from a tank E enters 
through a tube into the retort G. ater supplied from a tank 
iis converted into steam: in a coil O surrounded by the flame of 
the liquid fuel, and also enters the retort G in which the oil and the 
steam are converted into gas and passing through the coke escape 
through a pipe W to the scrubber B. (Accepted March 19, 1890). 
7889. J. Taylor, Nottingham. Gas Maguinter. (8d. 
3 Figs.) May 11, 1889.—The supply of gas to the regulator is 








directly controlled by an admission valve D, opened and closed 





from a flexible diaphragm C on the regulator by means of a short 


cam-shaped or inclined end E! of a double-ended lever E acting on 
the underside of the admission valve. The lever E has its fulcrum 
on the regulator = A, and its longer end is attached to the 
diaphragm. . (Accepted March 19, 1890 


ELECTRICAL APPARATUS. 


6384. A. A. Goldston, Middlesbrough, Yorks. 
Electric Switches, (8d. 6 Figs.j April 13, 1889.—An oscil- 
lating switch a is mounted upon brackets b, b! secured to an insu- 
lated baseplate, and adapted to work in conjunction with two 
pairs of contacts ¢ cl, d d!, arranged adjacent to the ends of the 
said lever. The switch lever a is composed of insulating material, 
to the sides of which are attached metal plates e, e!, but which 
are out of electrical contact with each other. The lever is provided 








with a handle f for operating it. The pairs of contacts are con- 

structed to spring more or less inwards, or towards each other, so 

that as the lever is forced between the contacts the latter will 

spring and thus insure good contact, and the lever is so arranged 

relatively to the contacts that, before it is out of electrical connec- 

tion with one pair, it is in electrical connection with the other 
air, and consequently the continuity of the series circuit is never 
roken. (Accepted March 19, 1890). 


7976, S. Z. de Ferranti, London. Arc Lamps. 
(6d. 2 Figs.) May 13, 1889.—In the improved electric arc lamp 
the two carbons J, J are connected by an endless chain F, and 
tend to come together in consequence of the greater weight of the 
upper carbon holder, and the at which the carbons are 
allowed to approach each other is regulated by the intermittent 
pressure upon a disc E (caused to move with the carbons by means 


‘ 





of the chain F passing round a chain pinion D on the axis of the 
disc) of a brake block V1 brought into action by an electro-magnet 

energised by an alternating or intermittent current passing in 
its coils. A clutch or pawl N acts to stop the carbons approaching 
one another if sufficient current is passing ; and a solenoid C acts 
to release the pawl or clutch when too little current is passing. 
(Accepted March 19, 1890). 


COMPRESSED AIR, &c. 


1877. A. Riedler, Berlin. Apparatus for Com- 
oy) or Gases. (8d. 4 Figs.) February 4, 1890.— 
According to this invention the compression is distributed between 
two or more compression cylinders. In the first cylinder C air or 
gas is drawn in at d and is compressed to only one atmosphere 
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over pressure, the latter half of the stroke of the piston remaining 
for the exit of the air thus compressed, which passes through 
a pipe o into a second cylinder C1, where the air is compressed to 
ahigherdegree. A cooling apparatus m is provided between the 
two cylinders. (Accepted March 12, 1890). 


1893. A. J. Boult, London. (L. Bontemps and P. Boutet, 
ressed 


Paris.) Com da Air Generators. . 1 Fig.) 
February 2, 1889.—The improved generator consists essentially of 
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two recipients e, el of equal capacity, which do not comtmunicate 
with each other, and which alternately receive the pressure of a 





column of liquid in such a manner that when the pressure is 
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exerted in one of the said recipients there is no pressure in the 
other. When the pressure is exerted in one of the recipients a 
piston compresses the air situated behind it, and the compressed 
air can be as desired by opening a valve. After this is done 
a simple changing of the valves produces the same effect on the 
other side in the other recipient. This reciprocating movement 
may be effected by a lever actuated by a double piston, each side 
of which may be in one of the tecipients. As the air compressed 
and used must be replaced, the twin pistons g, g! in the recipients 
may be arran to actuate two side pistons r, ri, which alter- 
nately draw air into the recipients e, el. At the moment of the 
lowest point of the piston a slide communicating with the re- 
ets can be opened by the lever of the immersed two pistons. 
(Accepted March 12, 1890).) 


RAILWAY PLANT. 

4904. H. H. worry, Croydon, and T. O. Jacobsen. 
Raliwey Chair. (6d. 2 Figs.) March 22, 1889.—The im- 
proved railway chair 1 is made in two pieces, the base of the 
chair having one jaw integral therewith, and the sliding or ‘‘ de- 
tachable” jaw b. The base of the chair is formed with an inclined 
surface a a forming the bearing for the detachable jaw b. The 









< Wx 


latter side has a configuration corresponding to that of the side 
and underside of the rail. The weight of the rail tends to draw 
the detachable jaw downwards along the incline a a of the chair, 
thereby causing the detachable jaw to press the rail firmly against 
the opposite fixed jaw. (Accepted March 19, 1890). 


5015. F. Koernig, Bromberg, Germany. Locomo- 
tives for Tow "pone and Permanent Way 
therefor, (8d. 3 Figs.) April 6, 1889.—The boiler and firebox, 
and the steam cylinders, are attached to the frame of the locomo- 
tivein the usual manner. The frame rests on two axles, each of 
which is provided with a toothed wheel and a plain wheel with 
double flanges. On the front axle there is at the centre a spur- 
wheel a into which gears a pinion b fixed on to the crankshaft c 
which is driven by the pistons. There is also a second pair of 
wheels by which the crankshaft and the driving axle can be geared 
together to run at about the same speed. The four wheels thus 
constitute slow and fast speed gears. At one side of the locomo- 
tive there is journalled a rope drum d, on the shaft of which is 
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keyed a toothed wheel fgearing with a toothed wheel g mounted 
on the crankshaft. The wheels f and g can be put out of gear 
with each other at will. The position of the drum d is such that 
the pull of the tow rope will not bring any appreciable lateral 
pressure on the toothed rail. Connected to the drum d is a con- 
trivance for effecting regular winding up of the rope. On the 
rear part of the locomotive is fitted a hand-crank and winch h, by 
means of which the towing rope can be tightened or slackened. 
By this means in bends in the stream it is ible from the loco- 
motive to supplement the action of the rudder or entirely :to effect 
the steering of the vessel which is being towed. When the loco- 
motive returns empty, the driving wheels a, b may be disconnected 
and other wheels put into gear in order to attain a greater speed. 
(Accepted March 19, 1890). 
W. E. Kenway, Birmingham, and W. Roberts, 
ck, Staffs. Machines for Ben the Rails 
of Tramways and nenwaye. (8d. 4 Figs.) May 18, 1889. 
—The bending pressure is applied simultaneously to the head, 
web, and base of the rail c under treatment, which is supported 
between a block J which has a ae the counterpart of 
the side of the rail, and the ends m (also conforming to the shape 
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of the rail) of arms b projecting from the double cross-beam a of 
the apparatus. The block 7 is mounted on one end of a screw 
spindle d working in a screw box e, and adapted to be rotated by 
means of a lever h and ratchet device k. The screw-box ¢ is 
capable of sliding along the double cross-beam a, so that the pres- 
sure of the bending screw can be applied at any point of the rail 
between the arms 0, b. (Accepted March 19, 1890). ; 


STEAM ENGINES AND BOILERS, 

5957. J. W. Boulton, Ashton-under-Lyne, Lanc. 
Steam Generators. (6d. 3 Figs.) April 8, Ieee The im- 
provements have for object to obtain an improved circulation of 
water in steam boilers, and consist in extending the cross or 


wa 


of the water over the flue B, and at their lower ends to near the 
bottom of the boiler shell A. F, E, and H, G, are the said upper 





and lower extensions of the cross-tubes C, D, respectively. (Ac- 
cepted March 19, 1890). 

8072. H. W. B. Waygood, Liverpool. (J. E. Waywood, 
Ellerslie, New Yealanay Governors for Marine Screw 





r (8d. 9 Figs.) May 15, 1889.—This governor com- 
prises two upright chambers 1, 2 ted by a passage 3 and 
containing mercury or other liquid. 6 and 7 are plungers working 


freely in the chambers 1, 2, respectively, and connected by rods 
8, 9 toa crossbeam 12 pivotted at its centre, and connected by 
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arms 13, 14 to the rod 17 of the throttle valve 18. A floating cy- 
linder 20 is arranged in the connecting passage 3 in order to 
reduce the space to be filled with mercury. As long as the ship is 
on an even keel the plungers 6, 7 stand at the same height, and the 
throttle valve 18 is in its normal position. When the ship pitches 
fore and aft, one or the other of the plungers 6, 7 will be operated 
by the oscillation of the mercury to close or open the throttle 
valve as required. (Accepted March 19, 1890). 


TRANSMITTING MOTION. 


7350. A. L. Shayene. London. Ap tus for the 
Transmission of Motion. (8d. 2 Figs.) May 2, 
1889.—C, Cl! are pinions fixed on the extremities of the shafts 
A, Al, which it is desired to connect, and gearing with pinions 
D, D! mounted upon a shaft E supported in bearings in the loose 
collars B, and in the central portion of a drum F inclosing the 
above gearing. The collars B are loose on the shafts A, Al, and 
are attached to the drum F by screws Bl. G is a strap brake by 
means of which the rotation of the drum F and consequently that 
of the collars B can be arrested or retarded when required. When 
the shaft A revolves, the pinion C fixed thereon is rotated and 





through the pinion D geared therewith, the drum F and the collars 
B are also caused to revolve, the pinion D! running round idly 
upon the pinion C! fixed upon the shaft Al. When the brake Gis 
applied to thedrum F, motion will be imparted through the gear- 
ing wheels C, C!, and D, D! from the shaft A to the shaft A}, the 
velocity of rotation of the latter shaft varying according to the 
pressure of the brake G upon the drum F, Therefore the rotating 
shaft A can be connected with the shaft A!, which is at rest, in such 
@ manner as to avoid any shock, the speed of the shaft A! being 
gradually accelerated until it rotates at the desired velocity. 
(Accepted March 12, 1890). 


7890. J. Taylor, Nottingham. Apparatus for 
Automatically Stopping or Starting and 
other Machinery. RP 2 Figs.) May 11, 1889.—The action 
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of the apparatus is as follows. 


the hoist or 





heating tubes C, D at their upper ends to near the working level 


of the disc B) so that the belt causes the shaft A to revolve the 
mitre wheel H on same, ry into the mitre wheels G and Gl 
on the traversing screws C and Cl, causes these latter to wind down 
the die D1 and pawl E! on one side of the disc B (which remains 
stationary), out of gear with and away from the notched wheel H, 
and with which at the required time the pawl E en . When 
this engagement takes p the notched wheel H in revolving 
carries with it the pawl E and die D in gear with it, and causes the 
hitherto stationary disc B to turn round and move with it the 
connection to the stopping gear of the machine, until the latter 
is brought to a standstill hemo § To put the hoist in action the 
reverse way, the disc B is pulled round further by the hand rope, 
the pawl E sliding over the teeth of the notched wheel H, until 
the reversing belt or gear causes the machine to turn in the 
opposite direction. (Accepted March 19, 1890). 


MISCELLANEOUS. 
4349. C. Holmstrom and Per Nordenfelt, London. 
Quick-! Guns. (8d. 3 Figs.) March 12, 1889.—In 


semi-automatic working the mechanism connecting the gun with 
the cradle turns the principal axis ¢ and so opens the breech at 
the time when the gun moves forward after the recoil. At this 
time a spring also is constrained which, at the end of the forward 
movement, tends to rotate the axis in the contrary direction. 
Before the breech opens, the transverse pin d, by which the block 
is moved, presses nst the foot of the hammer?, compressing 
the majn spring and carrying the head of the hammer back away 
from the firing pin. When the hammer is thus cocked the sears J 
and m fall in and = its return. During the opening of the 
breech the studs b3 upon the breech-block strike upon the ex- 
tractor p and cause it to withdraw the case of the cartridge last 
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fired from the chamber of the gun, and this case is projected rear- 
wards out of the gun. As soon as the breech is fully open the 
breech-block 6, in semi-automatic working, immediately com- 
mences to return, but it is caught and prevented from doing so by 
the studs p? upon the extractor which engage with it. The breech- 
block is thus held until another cartridge, as it enters the gu, 
displaces the extractor, and then immediately the breech-block 
returns and closes the breech behind the cartridge. At the 
moment of closing, the trigger sear J releases the hammer, being 
moved away by means of the trigger mechanism operating on the 
arm 7, and the hammer is then only retained by the safety sear. 
By further movements of the transverse pin d@ this comes against 
a prolongation of the safety sear m and throws it out of its bent 
and then the gun fires. (Accepted March 12, 1890). 


7624. G. Rumbelow, Herringsw: Suffo: and 
H. A. Rumbelow, Newport, Isle of Wight. A Tubular 
Safe Oil Lamp. (6d. 2 Fiys.] May 7, 1889.—C isasmall tube 
connecting the main oil reservoir A with a small subsidiary reser- 
voir D centrally placed in a surrounding tube E. The bore of the 
small tube C is restricted to the smallest size capable of feeding 
the oil from the main reservoir A to the small subsidiary reservoir 
D at the required rate for maintaining the full size flame required, 





so as to isolate as much as possible the store of oil in the main 
reservoir A in case the lamp should be accidentally upset. The 
surrounding tube E passes through the main reservoir and esta- 
blishes a communication with the interior of the lamp beneath. 
The whole of the base of the lamp and the surrounding tube E 
may thus be filled with water, which, when the lamp is overturned, 
will immediately flow into the small subsidiary reservoir D and 
through the lamp burner, extinguishing the flame. (Accepted 
March 12, 1890). 





UNITED PATENTS AND PATENT PRACTICE. 
—— in 
United States resent time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the cffices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. 





Tue New MaGaZIneE RIFLE: ErratuM.—In our article 
on the above subject in our issue of February 7 last, in 
referring to the Swiss Hebler rifle, the rifling is wrongly 
given as one turn in 790 ft., the correct figures are given in 
our issue of September 21, 1888, as one turn in 240 mm. 


Royat InstituTion.—Mr. Louis Fagan, assistant- 
keeper of the Department of Prints and Drawings, Bri- 
tish Museum, will begin a course of three lectures on 
“The Art of Engraving” on Tuesday, May 6; Professor 
Dewar, F.R.S., will begin a course of six lectures on 
‘Flame and Explosives” on Thursday, May 8 ; and Dr. 
Charles Waldstein, director of the American School of 
Classical Studies, Athens, will begin a course of three 
lectures on ‘‘ Recent Excavations in Greece,” on Satur- 
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machine by moving the hand rope (attached to the periphery Bl 
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Aid Book to Engineering Enterprise. By Ew1nc Matue- 
son. Second Edition. London and New York: E. 
and F. N. Spon. (820 pages). 

Tuts valuable and well-known book has now reached 

a second edition, both parts being combined in one 

volume instead of being in two as before. Some 

alterations have also been made in the text; a 

chapter on mining enterprise has been added, the 

chapter on the manufacture and uses of steel has 
been rewritten and extended, and reference has 
been made to some modern applications of elec- 
tricity. The volume is one which ought to be in 
the hands of every one contemplating the inaugura- 
tion of engineering enterprises abroad, as it clearly 
lays down the conditions upon which success de- 
pends, and the kind of information which must be 
obtained before plans can be properly drawn. 

Attention is also drawn to the various modes of 

forming contracts, and to the conditions necessary 

to the purchase of engineering materials. 

The Railways of Scotland ; their Present Position, with a 
Glance at their Past and a Forecast of their Future. 
By W. M. Acwortu, Author of the ‘ Railways of 
England.” London: John Murray, 1890. 

Mr. Acworth’s work needs no introduction to the 

general public. His ‘“‘Railways of England” proved 

such delightful reading that any other book from 
his pen is sure of a good reception ; and all the risk 
it can run arises from the high expectations that it 
must fulfil, We may say at once that this volume 
is quite equal to its predecessor, without being 
in the least degree a copy of it. The circumstances 
of the Scotch railways are so different from those in 
the southern part of the island, that they present per- 
fectly new features of interest. The most striking of 
these is the fierce competition which exists between 
them, the very thought of which would drive an 
English manager mad. For instance, two great 
lines carry passengers from Glasgow to Greenock, 
some 25 miles distant, at return fares of 2s. 6d. 
first class, and 1s. 6d. third class. One would 
imagine that such traftic would not be worth caring 
for, but it evidently is, seeing what efforts are made 
to obtain it. The Caledonian was the only line for 

a quarter of a century; then the Glasgow and 

South-Western, at cnormous expense, formed a 

new line which delivered passengers on the pier, 

instead of in the middle of the town, and gained 
nearly the entire traffic. In 1865, the Caledonian 
obtained an Act to carry their line forward to 

Gourock, three miles further, and after several 

enforced postponements they have lately com- 

pleted this scheme, and have regained the bulk of 
the traffic lost more than twenty years ago. There 
is now a report that the Glasgow and South- 

Western Company contemplate carrying their line 

past Gourock to the Cloch, in order to regain their 

old position. 

Of course it is not the local traffic to Greenock 
that excites the contest, but the excursion and 
holiday traffic to the coast, to Dunoon, Rothesay, 
and the many pleasure resorts of the west. The 
facilities for reaching these places are perfectly 
wonderful. In the half-hour after four in the 
afternoon eleven fast trains, with thirteen boats in 
connection, start from Glasgow, and there are cor- 
responding trains back each morning during the 
tourist season. The fares by all these trains are 
very low—less than half those which prevail on 
trains starting from London, and yet the railways 
pay fair dividends. 

Another peculiarity of the Scotch companies is 
that they have most extensive running powers over 
each other's lines. The Caledonian and the Glas- 
gow and South-Western both use the same road 
for their Greenock trains as far as Paisley. Carlisle 
Station is the joint property of the Caledonian 
and the North-Western, but the North-Eastern, 
the Midland, and the Maryport and Carlisle, on 
the English side, and the North British and South 
Western on the Scotch side, have running powers 
into it, and over a good many miles of the road 
outside it. The North British is under statutory 
obligation to compete with itself by bringing the 
Caledonian trains from Larbert and the north into 
its own Waverley Station at Edinburgh. Again at 
Larbert the east and west coast traffic meets (the 
Forth Bridge will, however, alter this), as well as 
the Glasgow traffic for the north, and is taken on to 
Perth bythe Caledonian. When theScottish Central 
amalgamated with the Caledonian in 1865, and 
with the Scottish North-Eastern in 1866, the 








North-Western and the Midland were given powers 
to run to Aberdeen and also into the Caledonian 
termini at Edinburgh and Glasgow. 

The Forth Bridge threatens to intensify the 
competition north of Edinburgh by shortening the 
distances on the east coast. There has been great 
uncertainty as to these precise distances, and we 
therefore transcribe the following list, which Mr. 
Acworth admits may contain some trifling inaccu- 
racies, in spite of the trouble he has taken to 
obtain it : 

From London to Perth: 

By west coast is now 450 miles; will be 450 miles. 

By Midland route is now 4754 miles; will be 455 miles. 

By east coast is now 462 miles; will be 4414 miles. 

i.e., the east coast was 12 miles worse, and will be 8} 
miles better than the west coast. 

From London to Aberdeen : 

By west coast is now 540 miles; will be 540 miles. 

By Midland route is now 565$ miles; will be 5364 
mules, 

By east coast is now 552 miles ; will be 523 miles. 

i.e., the east coast was 12 miles worse, and will be 17 
miles better than the west coast. 

The struggle will thus be carried on right to 
Aberdeen, since the west coast companies have 
definitely promised to do everything that the east 
coast may do, and it will thus enable the Great 
North of Scotland to compete on better terms 
with the Highland. 

The work is by no means confined to instances 
of the way in which the Scotch companies contrive 
to earn dividends out of apparently unremunera- 
tive traffic. It commences with an account of the 
old wagon-ways constructed in the eighteenth cen- 
tury, and traces the progress of locomotion to the 
building of the Caledonian line. The second 
chapter deals with the outlook for the future, par- 
ticularly with regard to the changes introduced by 
the opening of the Forth Bridge. The third gives 
an account of the race to the coast, and describes 
some special features of Glasgow and Edinburgh 
trafic. The Great North of Scotland and the 
Highland Railways form the subject of the fifth 
chapter; while the last is devoted to minor fea- 
tures. The volume is thoroughly readable from 
end to end, and the information it conveys will 
render a long journey northward far less wearisome 
than it als is. The passenger who understands 
the peculiar circumstances of the line over which 
he is travelling, and the difficulties the directors 
have to meet, will find a thousand things to inte- 
rest him on the way, and will not give way to a 
feeling of irritation at every little inconvenience he 
may encounter. 
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THe Gun Factory oF THE Forces et CHANTIERS 
DE LA MEDITERRANEE—continued. 

Tue Société des Forges et Chantiers de la 
Méditerranée is, as we have said, the most im- 
— of the private naval establishments in 

rance. The company possesses extensive ship- 
building works at La Seyne, close to Toulon ; engine 
works at Marseilles ; and at Havre, another ship- 
yard and engine works, while during the last few 
— an ordnance factory on a very extensive scale 

as been created there. No doubt this last addition 
to the company’s works would have been brought 
into existence many years earlier, had it not been 
for the restrictive legislation which put a stop to all 
enterprise in France so far as the manufacture of 
war material was concerned, and until the company 
were set at liberty to produce ordnance themselves, 
they were placed in the unsatisfactory position of 
seeing ships that they had built for foreign cus- 
tomers, armed with guns that had been purchased 
in England or elsewhere. As soon as the law per- 
mitted, the company set to work to alter this state 
of things, and they proceeded with the work in a 
manner that would have done credit to the most 
enterprising American spirit ; they were, it is true, 
exceptionally fortunate in having as the chief of 
their ordnance works, an engineer—M. Canet— 
who had been brought up in what was certainly one 
of the best possible schools, that of the Vavasseur 
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Ordnance Company, since amalgamated with Sir 
William Armstrong and Co. The influence of this 
excellent training is evident in the work now pro- 
duced at Havre and which we propose to describe 


in considerable detail, illustrating, as it does, not | 


only the most advanced practice of ordnance manu- 
facture in France, but also a practice which is able 
to hold its own with that of works of far older date 
and greater celebrity ; in fact the most remarkable 
feature of this, the latest development of the 
Forges et Chantiers, is that it has sprung up almost 
suddenly into fame and must be reckoned as one of 
the great gun factories of the world. The Havre 
ordnance works are indeed worthy of the great 
company to which it belongs, a company that 
employs about 8000 workmen, and has since it was 
firet established, supplied shipping to home and 


preferable to have a large branch establishment 
at the opposite extremity of France, and to keep 
the new works entirely distinct from the parent 
company. And it was not by any means as a 
factory for the service of the State, because while 
full privileges were granted as regarded foreign 
trade, the Government arsenals proposed to retain 
in their own hands the manufacture of all ord- 
nance required for the army and marine. The 
Forges et Chantiers Company, therefore, com- 
menced their new factory with the bold determina- 
tion of entering into competition with the gun- 
makers of England and Germany—with Elswick 
and Essen especially. At the same time should any 
necessity unfortunately arise in the future, they 
would be in a position to render aid to the country, 
very different to that they had given in 1870. The 
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three types of each, and from 6.5 to 15 cent. 
(2.56-in. to 5.90-in. bore). The other types pro- 
vided for were as follows: Mortars of from 7.5 to 
34 cent. bore (2.95-in. to 13.39-in.); howitzers 
from 7.5 to 34 cent. (2.95-in. to 13.39-in.) ; short 
and long siege guns from 7.5 to 34 cent. (2.95-in. 
to 13.39 in.) ; siege guns from 90 to 270 millimetres 
(3.54-in. to 10.63-in.) ; and naval and coast defence 
cannon from 9 to 37 cent. (3.54-in. to 14.57-in.). 
Each of the calibres for naval service and coast 
defence was further subdivided into five types of 
25, 30, 36, 43, 50 calibres inlength. By this system 
there exist no less than twelve different classes 
divided into a number of types. 

Each different class of gun has its own form of 
breech mechanism, the leading principles being 
alike in all, but the details varying with the pur- 

















foreign customers to the value of 560,000,000 
francs, 

The Société des Forges et Chantiers de la Médi- 
terranée was one of the most active assistants of the 
French Government during the Franco-German 
War, towards the close of which, when the State 
factories had utterly broken down, it manufactured 
large quantities of guns and other war material. 
During this trying period no less than 300 pieces of 
artillery of various calibres, as well as 1200 car- 
riages, were made at Marseilles, and before the close 
of the war a well-organised ordnance department 
had been developed there. When peace was restored, 
all use for this ce wl came to an end, for the 
State wanted no more guns jist then, and sales to 
foreigners were impossibl:. Quite a number of 
years elapsed before the much needed change was 
made, years during which many people, besides M. 
Thiers, occupied themselves in bringing it about. 
The strong incentives of patriotism and profit were 
indeed great enough to maintain a constant pres- 
sure on the Government, and amongst those who 
kept the subject always to the front were M. 
Dupuy de Lome, vice-president, and M. Douét- 
Pastre, general manager of the Forges et Chantiers 
Company. When the Society again began the 
manufacture of ordnance, it was under totally 
different conditions, and with a far wider scope ; 
it was not at Marseilles that the new works were 
started, as it was considered for every reason 
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works were started under the best possibleconditions, | pose of the piece; there are in all six distinct 
all the experience painfully gained during the war | patterns for field and moutain guns, for boat, quick 
was available ; the rapid progress made by a few firing, coast defence, siege, and the heaviest nature 


manufacturers was at the same time an incentive to | of ordnance. 
| riages, a special type is made for each class of gun, 


competition and afforded valuable sources of infor- 
mation ; the possible field for business with foreign 
customers was almost unlimited, while the certainty 
of being able to aid the country in the event of 


necessity, gave additional zest to the enterprise. M. | 


Canet, who was from the commencement appointed 
as chief engineer of the gun factory, was thoroughly 
fitted for the responsible position for which, as we 
have seen, his previous experience had prepared 
him, and he started with a somewhat bold but very 
practical scheme for the organisation of the works. 
This was nothing less than a complete programme 
for the manufacture of so large a series of ordnance, 
that it should comprise every possible variety that 
could be required ; any nation, and for every pur- 


In the same way for the various car- 


so that a complete system has been elaborated for 
all the variations in gun construction that are re- 
quired, at all events for some years to come. 

The works which are specially devoted by the 
Forges et Chantiers Company to the manufacture 
of guns, are in Havre, and close beside the older 
machine shops of the company and with which they 
are connected, a very useful arrangement, as the 
two establishments work together, a great deal of 
the machine work for the carriages being done in 


| the latter factory ; this department is under the 





charge of M. Cazavan. All the work connected 
with the construction of turrets and the whole of 
the hydraulic machinery is executed at the Seyne 


pose, according to our present lights on the subject; | works, near Toulon, under the direction of M. 


|at the same time, while introducing into his plan a|Laganne. The central offices of the company are in 


large number of original, and often very bold! Paris in the Rue Vignon, and it is there that all 
details, he held fast to all that experience had | designs for guns, carriages, &c., are prepared by 


taught should be followed in the design and manu-| M. Canet. 


facture of heavy guns. One part of his plan was so 
to arrange the factory that it should be adapted to 
the production of a large series of different natures 
and calibres. 
mountain and boat guns of 75 and 84 millimetres 
(2.95-in. and 3,31-in.); for quick-firing guns, 


| 


This series comprised seven types of | 


Finally, we may mention that the 


|artillery works are under the management of Major 
| Roger, a French artillery officer. 


One of the most 
important adjuncts to the company’s gun factory 
is the Polygon or firing ground, which is located at 
Hoc near the mouth of the Seine ; it is situated not 
far from the works, with which it is connected by 
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lines of railway, and is very completely appointed | side is an annexe containing the offices, and there is 
for the conduct of every kind of trial with ordnance | here a special workshop, towhich reference will pre- 
of all calibres. From what we have said it will be | sently be made, 39 ft. span and of the same height. 
readily understood that not only the Forges et |The main buildings are wholly of iron, and the roof 
Chantiers Company, but the whole country, is proud | principals are placed 19 ft. 8 in. apart, being car- 
of these ordnance works, of recent origin, it is true, | ried on double columns that serve at the same time 
but nevertheless so complete that they succeed in to support the travelling cranes; the two-page 
obtaining and executing satisfactorily orders for | illustration (Fig. 186) published this week gives a 
foreign powers, which, until recently, could not good idea of the interior of the principal shop. 








have been placed in France at all. 

We may now commence a description of the 
factory, taken partly from a notice published a 
short time since by our contemporary, Le Genie 
Civil. The artillery works occupy a large rect- 
angular space of ground bounded on the north by 


Considerable trouble was experienced in obtaining 
|good foundations for these buildings, and for the 
|heavy tools they contain. The ground at this 
place consists of sand and mar! for a depth of 30 ft. 
|or 35 ft., and it was necessary that the columns, as 
well as many of the heavier machines, should be 








end of the western bay, in which steel rings and 
jackets are stored, has a 7-ton hand winch. All 
the travelling cranes are driven by endless belts, 
and are controlled by friction gearing. The engrav- 
ing (Fig. 187) on page 566 shows the interior of the 
carriage shop. The pit constructed for shrinking 
on the steel jackets and reinforcing rings is 26ft. 3in. 
deep and about 8 ft. in diameter ; it is situated at 
the north end of the central nave. This pit is fitted 
with all the appliances required for heating the 
rings by gas, as well as for handling the heavy 
masses of steel that have to be raised, lowered, and 
shifted. Figs. 188, 189, and 190 illustrate the 
method of handling heavy guns in the shops during 
and after the process of shrinking on the rings. 





Fic, 190. TRAVELLING CRANE IN GUN SHOPS SHIFTING A 33-CENTIMETRE GUN, 


the railway running from Paris to Havre, on the 
south by the Rue d’Harfleur, to the west by the 
old machine shops of the company, and to the east 
by waste ground belonging to the company, and 
reserved by them for future extensions. The 
principal entrance to the factory is by the Rue 
d’Harfleur, where the offices are situated, and by 
which materials of a light description are brought 
by road ; at the opposite end the railway is utilised 
for the transport of heavy freight. Sidings from 
the main line, and a complete system of lines laid 
down over the works, allow of an easy distribution 
of material, while another series of lines extending 
to the quays and basins of Havre give full facilities 
for shipping and unshipping the heaviest objects 
taken into or brought out of the works. The 
Polygon is situated about four miles from the 
factory. The works include a large number of build- 
ings, which occupy a total surface of about 100,000 
square feet; the general arrangement adopted is 
that of a number of separate structures adjoining 
each other. These extend from north to south for 


a total length of 420 ft., and communicate with one | 


another ; from east to west the buildings are divided 
into twenty bays of about 20 ft. each; in the 
centre is a large shop of 55 ft. 9 in. span and a 
height of 30 ft. to the springing of the roof prin- 
cipals. The two spans adjoining this central bay, 
and communicating with it, are each of them 30 ft. 
in width and 20 ft. high to the springing of the roof. 
On each side of the outer bays are a number of build- 
ings devoted to miscellaneous purposes; onthe west 


carried on a pile foundation. Motive power for 


this workshop is furnished by two compound engines | 


of the marine type, which can be driven separately 
or coupled together, according to requirements; 
each of them is of 80 horse-power nominal, but they 
can develop 120 horse-power ; the ordinary work- 
ing speed is 90 revolutions per minute, and they 
are furnished with steam by three Galloway boilers, 


two of which are sufficient for the engines, a third | 


being kept in reserve. This motive power was 
supplied from the company’s works at La Havre. 


Both engines and boilers are placed on one of the | 
buildings forming the western annexe to the prin- | 


cipal shops ; the main shaft of the engine is placed 
parallel to the axis of the buildings, so that by 
means of two large driving pulleys on the engine 
shaft power can be transmitted direct to the five 
ilines of shafting within the works. 
pulleys gives motion to the shafting in the central 
nave, the other by means of underground counter- 

shafting drives the machinery in the four other 
| bays. 
| A very complete means of handling heavy masses 
| of material is essential in these works ; the central 
nave, where the largest machine tools are placed, 

is provided with two travelling cranes, one able to 

lift 60 tons and the other 30 tons, but they are so) 
arranged that they can be worked in combination, | 
and in this way can handle masses weighing 90 tons. | 
The western bay is furnished with a travelling crane | 
of 30 tons, besides hand winches, and the eastern | 
bay has a 10-ton traveller ; in addition the northern 


One of these | 


| 


There are several smaller pits, in which field and 
other light guns are put together. 








THE INSTITUTION OF MECHANIOAL 
ENGINEERS. 

On Thursday and Friday of last week the spring 
general meeting of the Institution of Mechanical 
Engineers was held in the theatre of the Institution 
of Civil Engineers by invitation of the Council of 
the latter body. There was a very short pro- 
|gramme, for it comprised only the address of the 
President, Mr. Joseph Tomlinson, and a single 
| paper; but the importance of the meeting must 
| not be estimated by the number of communications 
‘brought forward, for the paper read dealt with 
results of such value as to thoroughly warrant the 
time devoted to its discussion. Mr. Tomlinson’s 
address we print in full on page 575 of the present 
issue ; it will be found on perusal to be exceed- 
ingly interesting and of considerable historical 
value. In illustration of his address Mr. Tomlin- 
son had also got together a very extensive collec- 
tion of photographs, &c., of early and recent loco- 
motives, and this collection, which was exhibited 
during the meeting, was examined with much 
interest. 

Marine ENGINE TRIALS. 

The single paper above referred to was contri- 
buted by Professor Kennedy, and constituted the 
second report of the Research Committee on Marine 
Engine Trials. As our readers will remember, the 





556 


ENGINEERING. 





[May 9, 1890. 








first report of this Committee contained an account 
of the trials made with the Meteor, a vessel of over 
2000 tons displacement, and having triple-compound 
engines of nearly 2000 indicated horse-power. This 
first report will be found in extenso on page 527 of 
our forty-seventh volume, whilst the discussion 
which followed the reading will be found on page 
519 of the same volume. The second report now 
submitted deals with the trials of three ships ; 
namely, the Fusi Yama, a vessel of 2175 tons dis- 
placement, and having ordinary compound con- 
densing engines, which gave off on trial 371 indi- 
cated horse-power ; the Colchester, a twin screw 
assenger steamer belonging to the Great Eastern 
ilway Company, of 1675 tons displacement, and 
having compound surface condensing engines of 
nearly 2000 indicated horse-power in the aggregate ; 
and the Tartar, a cargo steamer of 2389 gross 
tonnage, and having triple-compound engines. This 
last vessel ran light on the trial, having nothing but 
water ballast calooell her displacement being then 
2250 tons, whilst the power developed was 1087 
indicated horse-power. 

As we commence the publication of this paper 
in full on page 577 of our present number, we will 
not attempt to make any abstract here, but will 
proceed at once to the discussion. 

It should be first stated, however, that the Presi- 
dent’s address and the reading of Professor Ken- 
nedy’sreport, together with the usual formal business 
and some complimentary speeches about the report, 
occupied the whole of Thursday evening, the even- 
ing of Friday being devoted exclusively to the dis- 
cussion of the results of the trials set forth by 
Professor Kennedy. It is, therefore, only with the 
second day’s proceedings that we have now to deal. 

Before the discussion Professor Kennedy made a 
few remarks explanatory of the diagrams hung on 
the screen, by means of which the results were 
illustrated. He also stated that he had made a 
further trial of a Thames tug driven by ordinary 
compound condensing engines having cylinders 
19 in. and 36 in., the boiler pressure being 76 lb., 
the revolutions 107 per minute, and the indicated 
horse-power 222. e proposed adding the data he 
had obtained on the trials of this vessel to those 
collected by the Research Committee, so that the 
whole might appear side by side in the Transactions. 
He stated, however, that the coal consumption was 
3.3 lb. per indicated horse-power per hour, but the 
coal used was of poor quality, the equivalent carbon 
value being 2.7 lb. The feed water per indicated 
horse-power was 22 Ib. per hour, and the efticiency 
of the boiler 60 per cent. 

Mr. P. W. Willans opened the discussion in 
response to an invitation from the President. He 
commenced by congratulating the author of the 
paper and the Research Committee on the very 
complete record of the three trials, which they had 
added to the Transactions of the Institution. The 
Tartar’s trial, he pointed out, was especially in- 
teresting, because of the large quantity of water 
which was believed to have passed over from the 
boiler with the steam. The speaker then compared 
the work actually done by the three engines with 
the work which theoretically should have been 
obtained from them. 

Taking as the standard in each case the area of the 
indicator diagram theoretically obtainable from 1 lb. 
of steam admitted at the steam chest pressure, 
expanded adiabatically to the condenser pressure 
and expelled at the latter pressure, he found that 
the work done per pound of steam in the case of 
the Fusi Yama was 53.9 per cent. of the area of 
such a diagram, in the case of the Colchester 49.3 
per cent., and in that of the Tartar 54.3 per cent. 

In the case of the Tartar he had made the calcu- 
lation on the assumption that the boiler gave 70 per 
cent. efficiency as assumed by Professor Kennedy. 
If that was the case the heat supplied to the feed 
water would be enough to supply 15.5 lb. of steam 
and 4.3 Ib. of hot water per ‘ndicated horse-power 
hour, making in all 19.8 lb. of feed water per 
indicated horse-power hour. “he figure for priming 
water in the case of the Tartar was a most startling 
one, and he hoped that the drawings of the boiler 
would be published, and if possible another trial 
made with the same ship to confirm the figures. 

Mr. Willans also wished to know whether the 
use of a calorimeter had been considered in con- 
nection with these trials. The question of the 
quality of the steam supplied was a most important 
one and deserved more attention than it got. He 
had heard the Barrus calorimeter well spoken of 
but had not used it; he himself had used a tank 





calorimeter on a large scale, and although delicate 
weighing apparatus was impossible on board ship, 
yet he wished to point out that a tank of water 
might easily be used, a known weight being weighed 
in before the trial. The temperature before and 
after blowing steam in were all the readings neces- 
sary when at sea, as the water in the tank could 
be again weighed to ascertain the weight of steam 
blown in after the return of the vessel. Such a 
test would not be absolute, but it would form 
strong corroborative evidence of the presence of 
20 per cent. of priming water. 

On the whole, he was inclined to think that 
there had been a great deal of water in the steam 
in the Tartar trial, The enormous discrepancy 
between the figure for feed water and the figure 
for steam present in the high-pressure cylinder 
could hardly, he thought, be accounted for in any 
other way. It was hardly realised by many people 
that water coming over with the steam not merely 
altered the figures for boiler etliciency, but by 
accumulating in corners of the cylinders might have 
a very serious effect on the economy of the engine. 
Water retained in the cylinder acted in the same 
manner as the cylinder walls, but often to a far 
more serious extent. It abstracted heat from the 
incoming steam, condensing a large quantity, and 
only gave up the heat towards the end of the stroke 
and during the exhaust stroke when it was of little 
or no use. 

A small quantity of priming water, might—by 
causing an accumulation of water—have a very 
serious effect, for the balance was a very delicate 
one. He had lately designed an engine in which 
water had collected, and had given him a good deal 
of trouble to get rid of it, and he thought it might 
bear on the point under discussion if he gave a few 
particulars of his experiments. Fig. 1 gave a sketch 
of the relative positions of cylinder and valve, and 
it would be seen that from the ordinary point of 
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view, the thorough drainage of the lower end of the 
cylinder had been carefully provided for. Yet in 
this engine when exhausting into the atmosphere, 
water did collect in very considerable quantities. 
Fig. 2 was a diagram taken from the low-pressure 
cylinder, when water was present, and Fig. 3 when 
it was absent. The small copper pipe P round the 
bottom of the cylinder was not there in the first 
instance. 

The first point which was noticed in connection 
with the presence of water was its uncertainty; 
sometimes for a day the water would remain, and 
then in a few minutes, without any warning or 
apparent cause, it would disappear. It occurred 
to Mr. Willans that if a pipe were led round the 
bottom of the cylinder and steam passed through 
it, the water might be evaporated; the pipe P was 
therefore inserted, and on steam being blown 
through from 15or 20 seconds the water disappeared. 
Very frequently after this treatment no water 
reappeared for hours, in fact, generally speaking, 
it did not reappear until cold water was pumped 
through the pipe P. Having, by thus slightly in- 
creasing the condensing surface, induced the pre- 
sence of water, it remained there. 

It must be understood that the water and steam 
were only passed through the pipe, not forced 
into the cylinder. The change was brought about 
by slightly altering the conducting power of the 





cylinder, showing that a very little heat added or a 
very little heat abstracted made all the difference. 

The gain in the low-pressure diagram as shown by 
Figs. 2 and 3 was not of course all gain, because the 
back pressure in the receiver was increased and the 
pores in the high-pressure cylinder diminished, 

ut the broad result was a net gain of 6 or 7 per 
cent. in the whole power of the engine by merely 
passing a puff of steam through the pipe for a few 
seconds. It was not jacketting in the ordinary 
sense, because the steam was not constantly pass- 
ing through the pipe, but he had no doubt that in 
many cases the economy obtained from jackets was 
the result of some action of this kind. 

The same effect had been observed if the cylinder 
was cooled by the external application of ice. This 
experiment had been suggested to him by Professor 
Unwin, and was rather a troublesome one to carry 
out, but it had clearly shown that any increase in 
radiation or loss of heat might have the same effect. 
When exhausting into a condenser he had so far 
been unable to induce the presence of water, pos- 
sibly because of the much greater re-evaporation 
during exhaust, and the lower temperature of the 
cylinder end relatively to the surrounding air. 

It should be stated that the work done by the 
engine (which was during the experiments used to 
drive a dynamo) increased with the improvement 
in the indicator diagrams, showing that it was nota 
mere diagram effect caused by the presence of water 
in the indicator itself. The effect on the compres- 
sion curve of compressing the steam in the presence 
of the water in Fig. 2 was also worth attention. 

Much had been attempted in the way of formule 
for initial condensation, but when such startling 
results could be observed without any alteration in 
the engine, it was clear that consistent results 
could not be expected unless the absence of water 
was assured. In some cases the area of the low- 
pressure diagram was increased by 40 per cent. 
when the water was boiled off. Bearing these facts 
in mind he hoped that Professor Kennedy would 
in any future trials give separate diagrams from the 
top and bottom of the cylinders, as he, Mr. Willans, 
had often been puzzled by differences in the dia- 
grams which would be perhaps explained in this 
way. 

The next speaker was Mr. H. Davey, who re- 
marked on the absence of the steam jacket on the 
compound engines. Taking the Meteor for ex- 
ample, which had triple-expansion engines, he 
found the feed water per indicated horse-power 
per hour was nearly 151b., whilst in the Fusi 

ama it was over 21 1b. Allowing a gain in feed 
water to the triple-expansion engines of 25 per 
cent. over the ordinary compounds, he thought 
this could be reduced one-half if the two cylinder 
compounds had been fitted with steam jackets, so 
that the triple-compound would only show a supe- 
riority of, say, 124 per cent. He was aware that 
objections were raised against the use of steam 
jackets at sea, but he did not think these objec- 
tions would hold good were proper care taken ; at 
any rate a considerable economy would be effected 
by the application of steam jackets. Mr. Davey 
next spoke of the effect of piston speed upon 
economy. He had been making some experiments 
with a jacketted triple-expansion engine which it 
would be interesting to compare with those of the 
Meteor. The water in his engines was the same as 
in the case of the latter vessel’s engines, but the 
mean effective pressure, reduced to the low-pressure 
cylinder, was but 15 lb., whilst in the case of the 
Meteor it was nearly 30 1b. As the initial pressure 
was 130 lb., whilst in the Meteor it was 134 lb., it 
was evident that he worked with a higher ratio of 
expansion. Mr. Davey next pointed out how much 
more practical engineering benefitted from carefully 
conducted experimental trials than was generally 
supposed ; the rough-and-ready commercial trials 
were not enough to show in what way improvement 
could be made. Referring to what Mr. Willans 
had said about water in the cylinders, he could 
quite understand the effect that it would have. He 
knew from general experience that there might be 
water in the low-pressure cylinder of large horizontal 
engines, so that it would come through the stufting- 
box without there being any knock ; and the advan- 
tage of having the steam dry at the end of the stroke, 
as proved by Mr. Willans’ experiment, was an argu- 
ment in favour of the jacket. It was evident that 
there was considerable priming in the case of the 
Tartar ; and it was priming that was the bugbear of 
the experimentalist. If a means could be devised 
of showing, during the trial, to what extent priming 
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existed, it would be of the greatest value. In 
spite of the most careful observations and the 
greatest care, the results might be vitiated by 
priming during trial. It was a question engi- 
neers would do well to take up in order to devise 
a remedy. A question also of great importance 
was that of the standard to which engine efficiency 
should be referred. Professor Kennedy had used 
the total quantity of heat in making his comparison. 
That Mr. Davey thought was the most rational 
mode of procedure. It referred all steam in the 
engine to the same datum line, but it would 
perhaps be desirable if a factor could be introduced 
which would carry it further still. Supposing an 
ordinary two-cylinder compound working with a 
boiler pressure of 651b., and a triple-compound 
engine with a pressure of 1301b., would the effli- 
ciency expressed in the total quantity of heat 
utilised really be a true measure of efficiency ? 
Would the triple-compound engine be practically 
so much better as would appear judged by the 
standard of the total heat? The speaker was of 
opinion that marine engineers would get better 
results if more expansion could be obtained 
in the high-pressure cylinder. Land engineers 
found benefits from this practice, but doubtless 
there were practical difficulties when engines were 
used on shipboard, where the application of ex- 
pansion valves might not be convenient. The 
question, however, is worth attention. S 

Mr. Schénheyder was the next speaker and he 
began by asking Mr. Willans a question as to the 
position of the indicator branch in the experiments 
he had described. [Mr. Willans stated that it was 
in the position where it would be least likely to get 
water.| It had been stated in the paper that in one 
of the ships experimented upon, the Fusi Yama, 
all the steam made by the boilers went to the main 
engine, steam being kept up in the donkey boiler 
for any other purposes that were required. Mr. 
Schénheyder pointed out that often a great deal of 
power was taken up by the circulating pumps, and 
if these were not worked by steam from the main 
boilers some allowance should be made, as it was 
usually the case in marine practice to use the main 
boiler steam for the purpose. He would suggest 
that indicator diagrams should be taken from the 
pumping engines used for circulating water. He 
noticed that the diagrams actually taken during 
the trial were not given, but a mean diagram. 
This was unfortunate, as the meeting was unable 
to form any opinion as to the behaviour of the 
engines, as shown by the amount of wire-drawing 
of steam, &c. Mr. Schénheyder also made some 
reference to the unexpected nature of the results 
in the matter of the respective rates of evaporation 
of the Colchester and Fusi Yama and the efficiencies 
calculated, and he then went on to express his 
opinion generally of the value of the report. He 
said it was ‘‘a half-and-half sort of paper ;” and 
that the figures were very nearly useless. Votes of 
thanks were passed to the owners of the vessels, to 
the builders, and to the experimenters ; but in his 
opinion the only vote of thanks that ought to be 
passed was to the Institution of Mechanical Engi- 
neers who had spent their money in making experi- 
ments simply for the benefit of the owners and 
makers of the machinery, who got an amount of 
data for nothing, which would otherwise cost them 
a good deal to obtain. He would not, however, 

ropose that owners and builders of engines should 
j asked to pay the Institution for making the 
trials, but at any rate they ought to supply draw- 
ings. 

‘Mr. Lavington Fletcher remarked on the absence 
of improvement due to jacketting and suggested 
that it would be of value if a piston constant were 
added to the results showing the indicated power 
per square inch of piston. 

Mr. Frederick Edwards, the superintendent en- 
gineer to the owners of the Fusi Yama and the 
Tartar, and who had been present at the trials, was 
the next speaker. He referred to a difficulty that 
had arisen with one of the vessels in the matter of 
the piston rings being stiff. This might have had 
an influence on the power developed. The piston 
rings were new, but they had since worked down 
so that the trouble had disappeared. He also re- 
_ ferred to the bad effect produced by the measuring 
tanks being some distance above the feed pumps. 
The head thus given put a pressure on the feed 
suction which was not a desirable state, unless 
there were an air cushion, otherwise all the 
leakage would be water. He considered it de- 
sirable to fit a third tank on a level with 





the feed pump, and let the measuring tanks 
drain into it, and in this way do away with the 
strain on the pumps. He thought the vessels in 
question were the first to be fitted with permanent 
tanks for measuring the feed water. The objection 
to the plan naturally was that space was occupied 
in the engine-room. This was not a serious matter 
in the case of cargo steamer, where a certain 
space was necessary to be set apart in order to 
obtain a satisfactory register, but in higher powered 
vessels it was a serious consideration which he did 
not, at first, see his way to overcome. Mr. Mac- 
farlane Gray had, however, suggested that in ordi- 
nary work the tanks should be used for oil storage, 
and this seemed to the speaker to solve the problem. 
Of course when a trial was in contemplation the 
tanks would have to be cleaned out and the 
oil would be temporarily stored in drums. It had 
been said that there was no occasion for tanks at all, 
as a meter could be used ; but there was an error 
to be allowed for in that case, and he would prefer 
the positive indications of the measuring tanks. 
Mr. Edwards next spoke of the accusation of 
priming brought against the Tartar’s boilers. He 
said it fairly staggered him, and he would not have 
been so surprised if Professor Kennedy had told 
him a rivet had been left out of the bottom of the 
boiler, and the water had got away there. On 
the trial trip of the vessel there had been no sign 
of priming, unless it were a little water from the 
intermediate cylinder. The proportion of steam 
space in the Tartar’s boilers was greater than in 
the boilers of other ships, which certainly did 
not prime. The stop valves were at the extreme 
end of the boiler, and there were internal pipes. 
It was an important point, as if this boiler primed 
the others certainly did also. He had under his 
charge boilers which had as steam space over a third 
of the diameter, others with less than a third, and 
again others with a quarter of the diameter for 
steam space, yet in these he had experienced no 
trouble from priming. Signs of priming were 
generally more apparent in the intermediate 
cylinder. He had known but one instance in which 
it was shown in the high-pressure cylinder, and in 
this the cover was blown off. He would be glad if 
any one could throw light on this point, for he 
failed to understand it. Since the Tartar had sailed 
on her voyage, diagrams had been taken from the 
circulating andfeed pumps. This could not be done 
on the Research Committee’s trial, as the engine- 
room was so full of apparatus that there was abso- 
lutely no room. It was found that a 250-lb. spring 
was wanted for the feed-pump, although the boiler 
pressure was under 1501b. The diagrams were taken 
with the snifting valve open different grades so as 
to illustrate the effect. These diagrams would 
be added to the other trial data. Some complaint 
had been made that the results were not put before 
the Institution at an earlier date. If those who 
felt aggrieved on this score would come forward 
and assist in putting into form and making calcu- 
lations for the details that had to be submitted, 
Mr. Edwards considered it would be far more to 
the purpose. 

Mr. Crossland said that it did not appear to him 
necessary, as had been advanced, that the meeting 
should have the drawings of the boilers before them 
in order to appreciate the significance of the results. 
In the paper were contained the chief quantities, 
and the coal burnt, both in total quantity per square 
foot of grate, per square foot of heating surface, 
and per indicated horse-power, was clearly set forth 
for each vessel. He thought the information ample 
on that point. He was glad that these trials had 
been made, as they pricked the bubble of extreme 
economy claimed by marine engineers. Here, the 
meeting had facts ascertained with care by inde- 
pendent and competent observers. In the case of 
the Fusi Yama and Colchester the consumption was 
2.66 and 2.90 lb. per indicated horse-power per 
hour, but these, it might be said, were only ordinary 
compound engines, the former running at a compara- 
tively low steam pressure. In the case of the Meteor, 
however, where the boiler pressure was 145 lb., 
the consumption was 2.01 lb. per indicated hour ; 
whilst with the Tartar, where everything was done 
that modern engineering suggested, the consumption 
was 1.77 lb. per indicated horse-power per hour, 
and not 1} lb. as they had been taught to expect by 
the statements on the subject of marine engineers. 

Mr. Stromeyer pwr. against the paper being 
described as a half-and-half paper, as had been 
done by Mr. Schénheyder. He submitted that 
it was one of the most thorough papers that could 





be put before the Institution, for it contained an 
enormous amount of information put forward in 
an extremely plain manner. The author had asked 
for suggestions, and he thought that a steelyard 
would be good for weighing quantities. He would 
like also to see the temperature of the discharge 
water added, and an approximation to the volume 
might be formed by measuring the capacity of the 
circulating pump. He was aware that this could 
only be an approximation as the quantity would 
be likely to exceed that calculated ; still it would 
be a guide and of value if used with due caution. 
He had estimated the volume of air present and 
found it equalled in volume that of the feed water. 
He thought this might have a considerable effect 
in retarding condensation. The amount of soot 
ought to be taken into consideration. This was 
certainly not a product of combustion, and if 
smoky coal were used the boiler ought not to be 
debited with fuel that was not burnt. What ought 
to be given was the efficiency of the boiler and of 
the coal, and not simply the carbon value of the 
latter. He would also suggest that the temperature 
of the smokebox be given in each case, as the 
figures quoted seemed to point to some mistake 
having been made. The influence of cold air when 
mixed with the hot gases was of importance, as 
not only was the temperature unduly lowered by 
an excess, but the quantity passing through the 
tube was increased, and therefore the passage had 
to be made more quickly, thus to some extent 
spoiling the tube surface. 

Mr. C. J. Wilson, who had made the various 
analyses of fuel and furnace gases, said that as the 
results of these trials were calculated on a heat 
basis it was highly necessary that the analysis 
should be accurate. He had taken every precau- 
tion in this respect and everything had been caleu- 
lated in duplicate so as to afford a check. Another 
speaker, whose name did not transpire, said he did 
not think the Tartar’s boilers were to blame, but 
the fault lay with working the engines at too low 
a power. It was well known that good results 
could not be obtained when developirg a very small 
power in very big cylinders, and he was of opinion 
that the water present was due tv condensation 
and not to priming. He did not believe a boiler 
doing so little work could prime. 

Mr. Cowper was of opinion that Professor 
Kennedy had been wise not to give combined dia- 
grams, as the way in which they should be set out 
was always a point of contention. This was a 
question that required to be settled so that an 
authoritative and standard method of combining 
indicator diagrams could be laid down. The same 
remarks applied to standards of efficiency, so that 
controversy should not arise every time these 
matters were put forward. He would suggest that 
the Institution should appoint research committees 
on these points. It would be also valuable to get 
information as to the influence of various steam 
pressures in cylinder jackets. 

Mr. Joy objected to the manner in which the 
indicator diagrams had been “ boiled up.” No 
doubt top and bottom diagrams had been taken, 
but he would like to see drawings showing the 
actual diagrams so that they might know what the 
engines were doing. He regretted that so much 
good work had been expended on such very ordi- 
nary vessels. The compound engines were practi- 
cally obsolete and the other ships were but ‘‘ ocean 
tramps.” If the Committee really wished to ex- 
periment on a first-class vessel he thought he could 
put one at their disposal. 

Mr. Watkins thought that Mr. Joy might find 
himself mistaken if he came to try his higher class 
of engine against one built expressly for economy. 
He supported what had been said about the trouble 
with the Tartar being due to too low power ; and 
it would be interesting if the Tartar could be tried 
again at that power, but with one boiler. 

Mr. Hudson next asked for further evidence as 
to the temperatures and volume of the incoming 
and outgoing circulating water. It would perhaps 
enable some laws to be laid down as to the pee 9 
tions of the surface condenser, an apparatus which 
had hitherto been designed by rule of thumb. 

Mr. Macfarlane Gray said that in engineering 
practice there were certain constants. For in- 
stance, Rankine gave a rule as to the transmission 
of heat through heating surface. The object of 
experiments should be to verify these constants. 
He had attempted to make the results recorded 
square with Rankine’s formula, but had not suc- 
ceeded. Mr, Young suggested that the steam 
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capacity of the builers should be given, and 00 
Robinson would like to have had the pressure in | 
the ashpit. 
Mr. G. R. Bodmer remarked that the informa- | 
tion given in Professor Kennedy’s report as to the | 
amount of condensation taking place in the high- | 
pressure cylinders of the various engines tested 
was extremely interesting. He (Mr. Bodmer) had, | 
from the data furnished, calculated in each case | 
the quantity of heat per stroke given up to the 
cylinder walls and piston previous to cut-off in 
the high-pressure cylinder, and found that al- 
though the diameters of the cylinders of the 
different engines, and presumably also the sur- | 
faces in contact with the steam, did not vary | 
greatly, there were enormous divergencies in the | 
quantities of heat in question, which appeared to| 
bear no proportion to the dimensions of the cy- 
linders and other supposed determining conditions. 
For the Tartar, for instance, the quantity of heat | 
absorbed by initial condensation was much greater | 
than in either the Colchester or Fusi Yama, | 
although the high-pressure cylinders of both _) 
latter were larger in diameter than the high- | 
pressure cylinder of the former, while the range | 
of temperature was greater. The figures, according | 
by his calculation, were as follows: Heat absorbed 
to initial condensation (previous to cut-off) in high- 
pressure cylinder— 
For the Fusi Yama, 125.8 B.T.U. per stroke. 
na Colchester, 523.6 
” Tartar, 841 ” ” = ——ee 
allowance (17 per cent.) having been made for prim- Z ry = : 
ing inthe case of the Tartar engines. The figures | Te |} Pg -SAAS a = 
refer only to one cylinder of each engine. = é 
Mr. ee et th a although the Tar- 
tar’s high-pressure cylinder jacket was said to be 
shut off, sliinins leaked in so that che pressure ranged figures were, in the port engine 490, and 532 for | course, was that the condenser pressure was con- 
from 50 lb. downwards. This, the speaker pointed the high and low-pressure cylinders respectively, | stant whatever the power, but the matter ought to 
out, might naturally affect the results. He would and 457 and 459 in the high and _ low-pressure | be seen to. 
be glad to know whether there was any other evi- | cylinders of the starboard engine. Inthe Tartar Professor Kennedy, in replying to the discussion, 
dence than that of the analysis of the gases to prove the horse-power developed in the high, interme- said that he could not then deal with all the points 
the fact of priming in the case of the Tartar ? | diate, and low-pressure cylinders was 283, 408, and | raised, but he would at once say that he would take 
The President pointed out that the distribution | 395 respectively. If such a distribution were/|into consideration all the suggestions made by 
of work on the cranks was a point of great import- | attempted in a locomotive it simply would not work | various speakers, and, so far as possible, take 
ance. Inthe Fusi Yama the 371 indicated horse- at all, or, at any rate, the driver would be thrown | advantage of them so that they might be in- 
power was divided between 168 in the high-pressure over the chimney. He was of opinion that the corporated in the published paper. He was asked 
cylinder and 203 in the low. In the Colchester | power should be more equalised by throttling the |for more figures, and some speakers seemed to 
the distribution was the most equal, for here the | steam or some other method. The difficulty, of |think that he had further information. He would 
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at once state that this was not the case. He had 
told everything he knew. It was certain that the 
Tartar’s boiler had not turned all the feed water into 
steam, otherwise it would have had an impossible 
efficiency. He could not explain exactly how the 
matter rested, and he had hoped that some one 
would have helped them to solve the question. He 
hoped Mr. Joy would be as good as his word in 
putting at the disposal of the Committee a high- 
class steamship. When the last discussion was on, 
many had been quite enthusiastic in their promises 
to provide vessels, but nothing more had been 
heard of them. They were only too glad to get the 


vessels already experimented upon, and were] Po 


obliged to take what was offered. r. Willans had 
referred to the use of a calorimeter, but he under- 
stood that that instrument wanted a correction of 
about 40 per cent. of its readings, whereas the 
difference between wet and saturated steam might 
be only 1 deg. They had to take the pipes of the 
vessel’s engines as they stood, and could not alter 
the arrangements at their will. He had purposely 
avoided the use of combined diagrams, as likely to 
lead to controversy. The actual diagrams taken 
would be published in the Transactions. He had 
thought it best to base efficiencies on the records 
of heat generated and work done. 

The members then separated. 

The summer meeting will be held at Sheffield, 
commencing on July 29. 





AMBULANCE TRAIN, 

THOUGH an efficient hospital train for the removal 
of the wounded from a battlefield can be extemporised 
from goods wagons, still the train thus formed is 
not altogether suitable for safely transporting seriously 
asia men over long distances. a such cases it 
is necessary to provide medical attendance, to take 
great care of the hygienic arrangements, and of the 
feeding of the patients. Hence from time to time the 
sanitary department of the French army hasequipped in 
time of peace ambulance trains, which being fully pro- 
vided with every necessary for the welfare of wounded 
men, are to be used in time of war, for the transport 
of patients from the field to the permanent hospitals. 
Other countries have also taken steps in this direc- 
tion, as well as a number of private associations, such as 
the French Society for Providing Aid to the Wounded, 
which has exhibited trains of this class in previous 
exhibitions at Paris. Most of these trains, however, 
have been constructed in a very costly manner, and 
were intended to be used exclusively for the transport 
of the wounded, and could not be used for other ser- 
vices when not required for this. Thus their high 
first cost was increased by the necessity of providing 
storage room for them, and maintaining them in idle- 
ness, with the usual result that when required they 
were frequently found incompletely equipped. 

The commission on ambulance trains appointed by 
the French Government therefore decided to adopt a 
system which has been worked out by the locomotive 
and carriage department of the Western Railway of 
France, considering it to be both simpler and more 
economical, On this plan, cars used for ordinary 
traffic during peace are converted into hospital cars in 
time of war, the vehicles being so designed that the 
change can be made with ease and rapidity, and a 
number of these cars were exhibited at the recent 
Paris Exhibition by the Ministry of War, and are 
shown by our engravings on pages 558 and 559. 

Under the present arrangements the cars are built 
at the expense of the railway companies, the ministry 
paying only for the special fittings, such as the ar- 
rangements for communicating between the different 
vehicles, and for lighting, ventilation, and heating. 

The scheme as originally proposed by the Western 
Railway and accepted by the Minister of War provides 
that the War Department shall pay for all the special 
arrangements required to fit the car for hospital work, 
and shall provide and store the necessary equipment. 
The company, on the other hand, agree to maintain 
the cars with their special fittings, and to make up 
the train complete at fifteen days’ notice when 
required, on payment of a fixed sum to cover cost of 
this and of taking them apart again when no longer 
needed. 

The cars shown in our engravings were designed by 
the carriage department of the above-mentioned com- 
pany in conjunction with the army medical department, 
and a complete train was exhibited by the Minister of 
War atthe Paris Exhibition lastyear, whilst the Western 
Railway Company also exhibited a complete set of 
drawings of a similar train. When complete the sani- 
tary train contains 23 vehicles, distributed as follows : 
16 for the patients, 1 for the doctors, 1 for the hospital 
assistants, 1 for medical stores, 1 for the kitchen, 1 for 
the scullery, 1 for stores, and 1 for fuel. 

The cars for the patients (Figs. 1 to 5) contain eight 
beds, two in each corner of the vehicle. Special 
attention has been paid to the springs of these vehicles, 





which have been made as easy as possible. Each car 
is fitted with a lantern in the centre of the roof, 
which serves koth for lighting and ventilation, in 
addition to which there are glazed openings in the 
sliding doors. For heating purposes each car carries 
a stove, the upper part of which can be used for 
saucepans, &c. ‘The floor is covered with linoleum. 
The doctors’ car (Fig. 6) is fitted up somewhat more 
elaborately, and it is supplied with three iron beds, 
a washhand-stand, and a wardrobe. The assistants’ 
car is much the same in its arrangements as that for 
the wounded, but is supplied with a wardrobe, &c. 

The cars for medical stores (Fig. 7) are fitted with 
drawers and cases, which are made as compact as 
ssible. 

The kitchen (Fig. 8) contains a good range and all 
necessary utensils. The annexe to the kitchen (Fig. 9) 
is fitted with tables and other requisites for the 

reparation of food. Wine is also carried in this car. 
The provision store (Fig. 10) is fitted with the neces- 
sary drawers and cupboards. This car is placed at the 
head of the train and the fuel car at the rear. The 
intermediate vehicles are provided with doors permit- 
ting free communication from end to end of the train. 

In designing the cars, the locomotive and carriage 
department of the railway and the army medical 
service have worked together, and produced a car 
which completely fills the requirements. The first of 
these trains was, we may add, constructed in the years 
1886-7. 

It may be interesting to compare these cars with 
those drawn in Figs. 11 to 17, which show a hospital 
car of another and earlier design, and to observe the 
great improvements since made, 








THE STANDARD OF EFFICIENCY IN 
STEAM ENGINES. 
To THE EprTor OF ENGINEERING. 

Srr,—To reply fully toall your correspondents, I should 
be obliged to write a short treatise on thermodynamics ; 
this I shall not undertake, but I will attempt to deal, as 
briefly as possible, with some of their more important 
criticisms and misunderstandings. I was unable to 
answer Mr. Willans’ letter in your issue of April 4; he 
has the first claim on my attention, but as in the interim 

ou have published letters on the same subject from Mr. 

bert H. Smith and Mr. A. C. Elliott, it will be best to 

take their contributions according to the alphabetical 
order of their names. 

In reply to Mr. Elliott: 

(A) Mr. Elliott appears to be unacquainted with the, 
among engineers, very generally understood distinction 
between the efficiency of the motor and efficiency of the 
generator. 

The way in which the terms motor and generator are 
themselves used in this connection is, perhaps, rather 
loose, but there is practically no ambiguity as to what is 
meant by efficiency, whether absolute or relative, of 
motor as separated from efficiency of generator. 

A certain quantity of heat energy is developed in the 
boiler furnace ; of this, one portion is lost by radiation, 
leakage, and convection, another portion by condensation 
in the steam pipes, valve chest, &c., leading to the 
cylinder, a third . the waste gases, while a fourth is 
actually taken into the cylinder after being transferred to 
the steam, or mixture of steam and water. It is with 
this last portion only that we have to deal in considering 
the efficiency of the motor, and when the temperature of 
the feed water and weight of working fluid entering the 
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cylinder are known, the quantity of heat supplied to the 
motor can be clsdnnel from the indicator diagrams 
without any reference to the temperature of the source 
or sink. The limits of temperature to be employed in 
calculating the performance of the engine of maximum 
etticiency, with which the work done by the actual motor 
is compared, are the highest and lowest temperatures 
occurring within the cylinder. Mr. Elliott, I fancy, 
takes the temperatures of the source and sink as limits, 
and this helps to explain an apparent difference between 
his views and mine on another point to which I shall next 
refer. Perhaps it may save further controversy to state 
that I am fully aware that in the Carnot engine, boiler 
and cylinder are combined in one. 

(B) Mr, Elliott writes; ‘‘I most certainly hold 











that no engine working between fixed temperatures 


. «+... can be an engine of maximum efficiency if 
at any part of the cycle any irreversible process 
whatever is permitted to take place; that is to say, 
for the case in point, if any exchange of heat occurs 
at a temperature other than the temperature for the 
time being of the working fluid or a temperature 
finitely different therefrom.” What I have stated 
under (A) as to limits of temperature bears upon this 
point, but to place the matter beyond all possible mis- 
understanding, I will explain the view I have adopted in 
another way. t us sup that from some heat engine, 
working with, for example, dry air, we have obtained the 
indicator diagram A BCD. The temperatures TT! @ 
and ¢ corresponding respectively to the points A B C and 
D have been observed, and the weight of air used is 
known. From these data the heat communicated or 
abstracted from the working fluid during each part of the 
cycle can be determined (assuming of course that the 
scale of the diagram and necessary dimensions of the engine 
are given). It is found, we will assume, that T=-T! and 
t=t!, while during the periods represented by A C and 

D no communication or abstraction of heat takes place. 
A Band CD are consequently isothermal and A C and 
B D adiabatic curves. Heat is communicated onl 
on A B, and the quantity thus communicated is what 
have previously denoted by Q, and forms the standard of 
comparison in determining what is called the absolute 
efficiency of the motor. Under the assumed conditions 
the engine is one of maximum efficiency working between 
the temperatures T and t. Q has been determined quite 
a of the temperature of the source, which may be 
anything provided it is greater than T, while it does not 
in any way affect the ratio of the work done to Q, this 
ratio being . 

-t 


- 


I of course take it for granted that the conditions are 
of such a character that communication and abstraction, 
by radiation for instance, are not going on simultaneously ; 
this often occurs in practice, and may lead to an appa- 
rently adiabatic curve being obtained from a highly con- 
ductive cylinder. ’ . 

I may refer Mr. Elliott to Mr, Robert H. Smith’s 
remarks on the subject of reversibility of cycles. 

(C) I must repeat that the formula given by Mr. 


Elliott, (w =1y 9-9 + 6 (hte) —tolog 1 +g'+g"—t 
1 0 
f ie ts f ae does not take into account initial con- 


densation ; it is quite clear from a consideration of its 
origin that it cannot do so. The formula in question is 
based on the assumption that each small quantity of heat 
d q communicated is so employed that the work obtained 


from it can be expressed by d q = fo, obviously this is im- 


possible with heat lost by initial condensation. For a 
similar reason the heat transferred from the jacket and 
walls of the cylinder cannot be dealt with in the manner 
suggested. 

Any improvement in efficiency obtained by the use of 
asteam jacket is not due directly to the transfer of heat 
from the jacket to the working fluid, but results from a 
reduction of the initial condensation, prevention of re- 
evaporation during exhaust and increase of re-evapora- 
tion during expansion. 

(D) I am perfectly aware that the analogy between G H 
and Q is not in every way complete. r. Elliott will 
find, on referring again to my article on this subject, that 
Q represents heat, expressed preferably in mechanical 
units, communicated to the working substance during a 
complete cycle. 

I now come to Mr. Smith’s remarks. . 

(E) I quite agree with Mr. Smith that in a strict sense 
all cycles may be considered irrevers:ble, including that of 
Carnot ; the peculiar feature about the latter, as generally 
explained, is that theoretically an infinitesimal change of 
temperature in the source and sink is sufficient to reverse 
the flow of heat, but in every case work expended has to 
be substituted for work gained in order to effect a re- 


versal. 

(F) Of course it is quite possible to impose limits of 
pressure or limits of volume instead of limits of tempera- 
ture, but Mr. Smith’s statements on this point are some- 
what beside the mark. Temperature limits are generally 
accepted, and it is with these only that we are dealing. 
On scientific grounds the temperature limit is to be pre- 
ferred to any other. 

(G) Mr. Smith asks: ‘‘ Why, in the name of common 
sense, should engineers think themselves bound to set up 
as a standard of perfection a complete cycle?” I am in- 
clined to reply by another question, ‘‘ Why in the world 
should they not?” Does Mr. Smith know of any open 
— by means of which greater efficiency is theoretically 
obtainable than by the Carnot cycle ? 

(H) Mr. Smith says that my (borrowed) analogy, with 
a hydraulic motor, is “ strictly illogical ;” I shall be able 
to prove that it is not nearly so illogical as Mr. Smith 
imagines, and also that it is not, in the sense which he 
means it, incomplete. 

Mr. Smith writes: ‘No work at all would be got out 
of the hydraulic motor if the water were brought back 
finally to its same condition (that is, same position) as 
regards gravity forces that it had before being led into 
the motor.” This is quite true, unfortunately, the opera- 
tion indicated is not the equivalent of the completion of a 
heat engine cycle but of its reversal. Mr. Smith must 
bear in mind that in completing a cycle the heat ene 
communicated to the working fluid is not restored but its 
place is taken by a fresh oopply. The quantity of water 
required at each renewal of the hydraulic cycle under the 
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action of gravity, represents a certain quantity of energy 
and may be taken as the equivalent of the heat communi- 
cated in a heat engine cycle and not as that of the work- 
ing substance. The place of the working substance can 
be considered as occupied by a body of water, or any 
other suitable medium, filling the clearance space at the 
commencement of the stroke, behind the piston, and re- 
maining constantly in the cylinder; or, for that matter, 
the piston or plunger itself may be considered as the 
working substance. (In case the analogy should be 
thought strained, I may remind your correspondents 
that in motors of the pulsometer class the steam forms 
its own piston.) ‘ ‘ 

If we examine the indicator bap ey from an_ ideal 
hydraulic reciprocating motor, we shall find that it is a 
closed diagram, and even if Mr. Smith prefers to regard 
the cycle of such a motor as open—not incomplete—and 
to look upon the water supply as the equivalent of the 
working substance, open cycles can in thermodynamics 
generally be treated with the aid of the indicator dia- 
gram, exactly as though they were closed. The ideal 
diagram of a hydraulic piston motor is practically a rect- 
angle, A BC D; all the energy is communicated at the 
highest pressure, and that portion rejected is rejected at 
the lowest pressure, represented respectively by the lines 
A Band CD, which take the place of isothermals in a 
heat engine. AC and BD are adiabatic compression 
and expansion curves, the change of volume being infi- 
nitesimal, 

Replving now to Mr. Willans: ; 

(I) No hydraulic motor utilises all the theoretically 
available energy supplied to it any more than does a heat 
engine, and therefore in so far both are on the same foot- 
ing, although the nature of the imperfections are different. 

The sealioes, from my point of view, can be thus stated : 
The process carried out in a heat engine may be repre- 
sented by a series of curves inclosing a certain area. ith 
given limits of temperature and a given quantity of heat 
supplied, what are the conditions under which that area, 
and consequently the work denoted by it, becomes a 
maximum’? Such a maximum value represents the 
greatest theoretically available energy, and the conditions 
under which it is obtained are those which must occur in 
a perfect heat engine. ; ; 

(J) I am really not at all concerned with the question 
of carrying out the Carnot cycle in practice, as it does not 
affect the arguments I have used. For an explanation of 
the suggested method of carrying out the Carnot cycle 
(approximately) in practice, I must for the present refer 
Mr. Willans to aon “Theorie Mécanique de la 
Chaleur,” page 529, line 12 from the bottom of the page ; 
(the edition is that contained in the library of the Institu- 
tion of Civil Engineers), as my letter has already attained 
to an inordinate length. I shall, however, be pleased to 

ive the information for which Mr. Willans asks in a 
Feeane letter if reference to the work mentioned should 
be inconvenient. I need scarcely remark that the pro- 
posed process does not include the production of a non- 
conducting cylinder. 

Yours truly, 
G. R. Bopmer. 





To THE Epitor OF ENGINEERING. 

Srr,—It is with no small degree of satisfaction that 1 
find myself in agreement with Professor Smith on what 
appear to me to be the important points of this discus- 
sion. In his letter of the 2nd inst., Professor Smith 
makes, however, what he must pardon me for characteris- 
ing as quite unnecessary and somewhat hasty, an observa- 
tion condemnatory of the analytical method which I 
ventured to employ. Yet it is but fair to add that I 
write in no spirit of resentment: for even though the 
remainder of his letter were aught but courtesy itself, 
I should remember the tender ties that connect Professor 
Smith with the memories that cling around these walls. 

Professor Smith remarks: *‘ Mr. Elliott being 
apparently under the impression that 


{ag-te “9 } 
has to be integrated completely round the cycle, instead 
of that part only during which heat is being received by 
the wuts substance by the process of conduction and 
radiation.” Professor Smith is quite right; I chose to 
integrate cyclically. It is proper to say, however, that when 
passing in my former letter from the case of the reversible 
to that of the non-reversible cycle, I omitted to point 
out that /d q is to be taken as for a reversible cycle ; or qo 


is the part of gq, possible to be exhausted in reversible 
operations. 

Now the expression quoted referred to a cycle peer | 
which the temperature of the working substance vari 
between the highest temperature ¢, (of the proximate 
source), and the lowest temperature to, that is to say, the 
temperature of the sink ; moreover, ell the heat which is 
not converted into work is supposed to be ultimately 
dissipated at the temperature t). dq represents an in- 
finitely small quantity of heat communicated to the 
working substance at the temperature ¢, and by a per- 
fectly natural thermodynamic convention the element of 
heat communicated by the working substance is repre- 
sented as the negative of dg. The working substance is 
either (a) transmitting heat (positively or negatively) ; or 
(8) it is not. Ifno heat is in process of transmission (out 
or in) dq vanishes, and the integral for that part (8) of 
the cycle necessarily disappears. The part corresponding 
to (a) now alone remains for discussion. If Professor 
Smith admits the usual interpretation of ‘“‘ heat re- 
ceived” ina ge such as that quoted, ‘‘ heat given 
out” is implicitly included by the convention of signs. 
In this view, therefore, the part of the cyclical integral 
corresponding to (a) is identical with Professor Smith’s 





partial integral; and it has just been shown that the 
other part (if there be one) of the cyclical in 
vanishes. Hence whether one integrates over the com- 
plete cycle or according to Professor Smith’s directions, 
the result is precisely the same. The expression 
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(cyclically integrated) measures the irreversibility of the 
operations of the cycle ; for when the cycle is reversible it 
has the minimum value zero; and starting from that value it 
continuously increases as the cycle becomes more and more 
imperfect, ¢.e., departs more and more from the condi- 
tions for reversibility, or as Professor Smith would say, 
approximate reversibility. Clausius writes 


F dq =_N, 
t 


and takes N to signify the ‘“‘ uncompensated transforma- hal 


tions” which are of course represented by zero for a 
reversible cycle. : 

In my former letter I gave two examples of the appli- 
cation of this powerful method, call = Clausius the 
method of subtraction ; and in view of the fact that it 
seems to possess at the present moment a more than 
passing interest, I shall, with your permission, add other 
two examples of a simple character. _ : 

Take first the case of an ideal engine performing the 
Carnot cycle. Let Q; represent the heat taken in at the 
temperature T, of the source; and let Q, represent numeri- 
cally the corresponding quantity for the negative amount 
of heat taken in at, or the heat exhausted to, the sink at 
the temperature To, supposing the engine to work the 
positive way round. Then 


h 
no f9=7 {9-2} 


faQ=%- 


the limits of the integrals being defined simply by the 
direction that they are to be taken cyclically. 
The work done during the cycle is 


w= faq-1 [22 
=Q-Q—To {i — } 
=Q { 1 - 7 \. 


1 
In this case of course the reversibility is complete ; and 
if Ty is not zero 
Q_ QW — 9, 


T, To 
Secondly, suppose the engine in the last example to 

perform an ideal regenerative cycle, the other conditions 
remaining as before. Let Qr represent the heat trans- 
mitted to the regenerator, say during the forward part of 
the process; and let Q!, be the corresponding quantity 
for the backward part. Then cyclically 

49% Gy (4% _ far, 

Yr Ff a Dy 
Hence the work done during a cycle is 


W = Q—-%+Q—Q—T)f 42 
e _ Ty ‘A 
= {1-9} +O -Q 
T, f2%+7, J oe. 
is * 
Now for an ideal regenerator the heat transmitted in 


the forward part of the process must be numerically equal 
to the ——— negative transmission in the back- 


and 





ward part. Farther one sees that one must have 
fi& = [8& 
T . 


or, to take a slight liberty, as Rankine phrases it, the two 
parts of the cyclical process in question must be isodia- 
batic with respect to each other. Hence for an ideal 
regenerative cycle 


- To 
W=Q {1- r i. 
For a practical regenerative cycle—such, for instance, as 
Stirling’s own—the expression 
dQ 
T 
would have a considerable value ; for the ideal case just 
discussed its value is, as in the previous example, zero. 


Yours oe % 
A. C, Extiorr. 
Edinburgh University, April 15, 1890, 





THE ACCIDENT TO THE “CITY OF PARIS.” 
To THE EDITOR OF ENGINEERING. 

S1r,—Re the breakdown on the City of Paris, I would 
like to draw special attention to the design of the shafting 
outside the ship. The stern tube shaft is 20} in. in dia- 
meter, the propeller shaft 21 in., and the part between 
31 in. extreme diameter and 5 in. internal. This shaft of 
increased diameter is 42 ft. long, and assuming its flanges 
to be 4 ft. distant from the stern tube forward and the A 
bracket aft, the unsupported length is 50 ft. Under these 
conditions, owing to the combined effect of the bending 
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moments, the 20}-in. in. diameter section 
} e stern tube has a much lower factor of safety 
than is generally considered necessary for the shafting of 
&@ marine engine. The pressure on the bearing of the A 
bracket must also be far in excess of what is usually 
allowed, owing to the immense weight of shafting and 
—— to be carried. As the points noticed are a source 
of danger to the future safety of the two sister ships, and 
not merely retrospective, I trust you will excuse my tres- 
passing on your valuable space, 


Yours, &c., 
Glasgow, May 6, 1890. 


E. GRIFFITHS, 
To THE Eprror or ENGINEERING. 

Str,—If the breaking of the propeller shaft and sub- 
sequent racing of the engines is accepted as the beginning 
of the accident, it is easy enough to show how the rest has 
followed. ‘he total force required to start the recipro- 
cating parts when at the upper centre is about seven and 
f times gravity when the engines are running at the 
normal speed of 85 revolutions per minute. The weight 
of the reciprocating parts is given as 22 tons, of which the 
piston alone represents 10 tons, Therefore the stress at 
the neck of the piston rod would be 75 tons less weight of 
piston and steam pressure on piston ; and at the neck of 
the connecting-rod the stress would be 165 tons less weight 
of gear and steam pressure on piston. 

_ At four times the normal speed the stresses would be 
sixteen times the above, or 1200 tons at the neck of the 
piston-rod and 2650 tons at the neck of the connect- 
ing-rod ; the reduction to be made for weight of gear 
and steam: pressure on romp is quite insignificant at this 
speed. The whole of this stress coming on the crank-pin 
would be quite able to burst the bearing covers and lift the 
shaft out ofits journals sufficiently high for the piston 
to drive through the cylinder cover, and splitting itself it 
would be wedged in the cylinder, and on the crank re- 
turning would burst the cylinder asunder. Such an ex- 
planation, and probably many a better one, may be based 
on the assumption of a very high opens, and the time 
required to attain that speed may estimated in this 
way. The potential energy or the work stored in the 
reciprocating parts of the three engines when at the 
normal speed is about 200 foot-tons. That stored in 
the three crankshafts, weighing 14 tons each, is also about 
200 foot-tons, and that stored in the tunnel-shaft with 
couplings and turning wheel may perhaps be other 200 
foot-tons, 

There is then in all the moving parts of the engines 
600 foot-tons accumulated work when running at the 
normal speed. At four times the normal speed the accu- 
mulated work is sixteen times the above or 9600 foot-tons. 
The indicated work of the three engines is about 1600 
foot-tons per revolution, and it would therefore re- 
quire at the very least nearly six revolutions to 
add 9000 foot-tons accumulated work to the normal 
unity, and when the loss due to friction and to 
the wire-drawing of the steam at the higher speeds, 
as also the loss due to greatly increased compression when 
the exhaust did not get away freely, when these losses 
are taken into account it seems much more likely that 
12 or 18 revolutions would be required before the engines 
could attain a four-fold —— and the time occupied 
would be at least four or five seconds. The only weak 
point in this and similar explanations seems to this 
that the engines could not possibly go at such a thunder- 
ing speed without the engineers noticing it, especially 
when they would have several seconds to take note of the 
increase; nor can one very well understand that they 
should not be startled when the engines, at a bound, so to 
po meg (otherwise in two revolutions), ran up to double 
their normal bern unless, indeed, one takes it that 
the crash immediately following blotted the recollection 
from their memory. 

Apologising for encroaching thus far upon your valu- 
able space, I am, yours obediently, 

Glasgow, May 6, 1890. 


and — 








THE HALIFAX BOILER EXPLOSION. 
To THE Eprtor or ENGINEERING. 

Str,—In last week’s issue you report the Board of 
Trade investigation into the boiler explosion at Halifax 
whereby one person was killed. The dimensions of the 
boiler, which was of the externally fired flat-ended type, 
are given as: Length, 3 ft. 9 in. ; diameter, 1 ft. 10 in. ; 
the shell plates being § in., and the front end plate 4 in., 
while the back plate is § in. in thickness. The boiler 
failed by external corrosion of the back end plate, while 
the bottom of the shell was also worn almost through. 
Now this being so, I quite fail to see why the engineer- 
surveyor, in his evidence, states the bursting pressure, 
when new, to be only 150 lb. per square inch. Taking the 
ultimate tensile stress for a single rivetted joint at 
27,000 Ib. per square inch, gives 920 1b. per square inch 
internal pressure required to burst the boiler, while using 
the engineer-surveyor’s factor of safety of 5 gives 184 lb. 
as safe working pressure when new. 

IT am, yours truly, 
Northwich, April 29, 1890. J. Duncan. 

[The boiler being flat-ended and the ends, we believe, 
being unstayed, it is evident that the bursting pressure 
of the boiler would not depend upon the strength of the 
—— shell, as our correspondent assumes. Hence 
the opinion expressed by the engineer-surveyor.—Eb. E.] 

[For remainder of Correspondence see page 571.] 





A JAMAICA ExuisitTion.—Arrangements for holding an 
exhibition in Jamaica in 1891 3 ~ to be now fairly 
complete. The exhibition is to open on January 27, 
1891, and it is to remain open for three months. It will 
be managed by a commission over which the Governor of 
Jamaica presides, 
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THE NORTH RIVER BRIDGE; NEW YORK. 
MR. G. LINDENTHAL, ENGINEER, NEW YORK. 





Berore the Forth Bridge was nearly completed, one 
of still longer span had been conceived in America, 
and the plans for it drawn out. This was the North 
River Bridge which it is proposed to build across the 
Hudson River, between Hoboken and Fourteenth- 
street, New York. Not only is the span enormous— 
2850 ft.—but the bridge is conceived on a colossal 
scale in other respects ; the platform will be arranged 
in two stories, designed for six railway tracks below 
and four above, and the whole will be carried by four 
steel wire cables, each 4 ft. in diameter. To gain the 
necessary stiffness to enable a — of the suspension 
type to carry railway traflic, the cables will be arranged 
in pairs, one over the other, and each pair will be con- 
nected by bracings to render them sufficiently rigid 
not to deform under the varying stresses of the trattic. 
The wind pressure will be provided for by four hori- 
zontal wind cables, two above and two below the plat- 
form, 12 in. in diameter, and also by inclining the 
main cables toward each other. The clear headway 
below the bridge will be 150 ft.; to gain this the towers 
will be 500ft. high from high-water mark, and 690 ft. 
from the foundations. They will be built of steel 
lattice work, and at high-water mark will measure 
340 ft. by 180 ft. 


The general appenrenee of the bridge is given in 
Fig. 1, for which we are indebted to the New York 
Herald, The piers are placed at such points that 


they will not project beyond the established pier 
lines of the river, and will therefore leave the river as 
free for navigation as itis at present. The total length, 
including anchorages, will be 6500 ft., the length of 
each land span being 1500 ft., and of the central span 
2850 ft. The weight of each anchorage will be 660,000 
tons, and will result from rubble masonry laid in con- 
crete. A cross-section of the middle span is given in 
Fig. 3, the width of the bridge being 86ft. From the 
cables will be suspended the platform, built of steel 
and arranged in two stories, The suspended steel 
girders will be 40 ft. high; the suspension-rods will be 
steel cables 6 in. in diameter, made of wrapped parallel 
wires. The floor will be of wire grating, strong enough 
to hold a wrecked train. Fig. 2 shows the top of one 
of the towers, with the ends of the two cables and the 
bracing betweenthem. Fig. 4 isa section of one of the 
cables. These will be of open-hearth steel wire, the wires 
being laid parallel with each other, and encased in a 
water-tight steel envelope } in. thick. Between the 
cables and the shell an air space of 2 in. will be left to 
prevent uneven heating by the sun. The diameter of 
each cable, outside the case, will be 4 ft. The differ- 
ence in length of the cables of the central span, 
between sun:mer and winter, will be from 28 in. to 
30 in., and to this is to be added the variations of the 
shore spans. The cables will rest in the towers in 
large saddle castings mounted on steel balls on which 
ef can move. The effect of this combined motion 
will be a lowering of the centre of the bridge of 4 ft. 
in summer, as compared with April and October, and 
a rise of 4 ft. in winter. The saddles of the upper and 
lower cables of each pair will be supported on Geacen 
platforms so arranged that the tension on the two 
cables will always be equal. 

The cost of the bridge is estimated by Mr. Gustave 
Lindenthal, the designer, at 16,000,000dols., the 
approaches at 7,000,000 dols., ana the right of way at 
from 11,000,000dols. to 13,000,000dols. The New 
York approach has been arranged for thirty tracks in 
two stages, sixteen on the lower platform and fourteen 
on the uD r. The following Table is a comparison of 

y 


the Brooklyn Bridge and the proposed North River 
Bridge : 
North 
Brooklyn : 
Bridge. Brides 
Length, including anchorage ft. 3,700 6,500 
Height of anchorages... ae 85 210 
Weight of each anchorage tons 60,000 660,000 
Length of each land span ft. 930 1,500 
we middle span ... Bs 1,600 2,850 
Size of towers at high-water 
mark... ft. 140 by 59 340 by 180 









Height of towers from high- 

water mark _... eee 272 500 
Height of towers from es 
t. 


foundation to top me 350 690 
Width of bridge ... oe a. 85 86 
Height above high water " 135 155 
Number of cables... us Fk 4 4 
Length of one cable sa 3,580 6,100 
Finished diameter of cables in. 154 48 
Number of railroad tracks __... 2 6 to 10 
Grade of bridge ...__ per cent. 34 13; 


Allowable speed of trains, miles 
an hour ... set ie ve 10 30 
Cost from anchorage to anchor- 
age, exclusive of land damages 
dols. 5,600,000 16,000,000 

While the public mind is turned tothe question of 
bridges it is interesting to note that it is only fifty 
years ago that the first large wrought-iron bridge 
—the Britannia—-was opened, and that it was as great 
an advance upon previous practice, as was the Forth 
Bridge, or as the North River Bridge will be. There 
were no wrought-iron bridges before the Britannia, 
and the large cast-iron ones were very few, only the 
Sunderland Bridge of 240 ft. span, built by Wilson in 
1796, the Pont du Carousel of 187 ft., built by Polonceau 
in 1836. It was a great step from these to a rigid 
tube of 450 ft. span to be erected without any staging. 
A certain amount of interest attaches to the first 
design of Stephenson for the Menai Bridge, that is, 
the cast-iron arch, from the manner of erection proposed 
by him, it being necessary to erect the bridge with- 
out interrupting the navigation, that is without the 
usual timber platform. Stephenson proposed to build 
it by placing equal and opposite voussoirs on opposite 
sides of the pier at the same time, tying them together 
by horizontal tie-bolts. If this plan had been carried 


out, it was not intended to have keyed the arches, 
but to have left ample space between the culminating 
voussoirs to admit of contraction and expansion taking 
place freely. To use Stephenson’s own words, ‘‘ The 
bridge would therefore have been simply a double- 
jibbed crane perfectly balanced on each pier, 
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nection at the apex of each arch would be necessary, 
but so contrived as not to interfere in the least with 
the expansion and contraction.” In another place he 
says, ‘‘ This system, it is confidently believed, may 
besuccessfully carried outto a greaterextent than would 
have been required in the case of the Britannia Bridge.” 
As was only natural in the then state of bridge- 
building knowledge, all the first designs partook of 
the character of the suspension bridge, rendered, 
however, sufficiently rigid to support the weight of a 
train, and it was only gradually that the idea of an 
unsupported tube fixed itself in the engineer’s mind. 
Of all those employed on the staff of this splendid 
work only Messrs. Edwin and Latimer Clark survive, 





WEBB AND THOMPSON’S STAFF 
APPARATUS. 

THERE have hitherto been two well-known systems 
of regulating the traffic on single lines of railway, viz., 
the staff and the tablet system. The principal objec- 
tion to the first is that it is frequently desirable to send 
two or more trains in the same direction over a section 
of the line, but when the staff system of working is 
employed this cannot be done, as the first train carries 
the staff, and the second cannot follow it till a train 
coming in the other direction has brought this staff 
back again. The tablet system, which was patented 
by Mr. Edward Tyer in 1878, gets over this difficulty, 
asa number of tablets are stored at each end, and 
when one has been taken from station A to station B, 
say, another can, with B’s permission, be again taken 
from the store at A without waiting for the first tablet 
to be brought back again. It is easy to see the advan- 
tages of this method, and accordingly Mr. F. W. Webb 
and Mr. A. M. Thompson have devised the apparatus, 
which we illustrate on the opposite page, for working 
the staff system in a similar way. 

At each station, A and B say, at the end of a section 
is placed a magazine in the form of a column (Figs. 1 
and 2), which contains a number of staves as shown. 
These staves lie in a slot in the column, and being 
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fitted with collars can only be removed from the 
magazine by moving them up to the end of the slot, 
which is continued on toa drumhead and there ter- 
minates in a hole “~ enough to allow the collars to 
pass through. This drum contains five metal discs, 
one of which can be seen in Fig. 3, which are mounted, 
at about 1 in. apart, on a boss common to the whole 
five, and through this boss is passed a horizontal shaft 
about which the whole set can rotate together. At 
four equidistant points each of these discs has a notch 
cut in it sufficiently wide to admit the shank of a staff, 
and when one of these is being removed it carries the 
whole set of disc round with it as it follows the curved 
portion of the slot till it reaches the enlargement 
through which it is withdrawn; at this moment the 
discs will have made exactly one-quarter of a revolu- 
tion, and another set of notches will be exactly over 
the slot in the column. In replacing the staff the discs 
will of course be rotated in the opposite direction. To 
lock the discs in position, three of them are provided 
with pawls which fit into the notches, but each staff is 
be with lifting pieces, see Fig. 4, which dis- 
engage these pawls and allow the discs to move when- 
ever a staff is being replaced or removed. 

As far as the above arrangements go it would of 
course be possible to remove any number of staves one 
after the other, but we shall now proceed to describe 
the plan adopted for interlocking the magazines at A 
and B, so that only one staff can be out of the two 
— at any moment. 

or this purpose the fifth disc is provided with an 
electric lock, shown in Fig. 3, which is actuated by a 
current sent from the station to which the staff is to 
be forwarded. Two line wires are used for this pur- 
pose, which the inventors call the ‘‘top” line and the 
“bottom” line. Assuming all the staffs are in maga 
zine, and that station A wishes to forward a train to 
B. To do this A rings to station B that he has a train 
waiting, upon which B sends a current to A along the 
bottom line which unlocks the electric lock at A. 
A then withdraws a staff which turns the discs round 
through a quarter of a circle, and in doing so switches 
his electric lock on to the top line, whilst B’s is still 
coupled up with the bottom line, and hence another 
current sent in either direction would not affect the 
locks at either station. The staff withdrawn at A is 
carried to B by the driver of the train, and replaced 
by B in his magazine, in doing which the discs in his 
drum are rotated round a quarter of a revolution, by 
means of which his lock is also switched on to the top 
line, and both locks being now on the same circuit, a 
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Fig. 4. 


current sent from either end will unlock the apparatus 
and allow a staff to be withdrawn. To further in- 
crease the usefulness of the apparatus the inventors 
have adapted each staff to act as a key to the locks of 
intermediate sidings. The lock is of the form shown 
in Fig. 5. Mr. Henry Chapman, of 113, Victoria- 
street, Westminster, is the agent for the apparatus. 





INDUSTRIAL NOTES. 

May Day has come and gone, and with it the long 
projected and much talked-of labour demonstrations 
in favour of a universal eight hours’ day all over the 
world. In London the Socialists had their demon- 
stration of nearly two thousand persons, all in favour 
of the ‘‘ solidarity of labour,” an ‘‘ Eight Hours Bill,” 
and ‘‘ the union of the working classes of all countries 
in order to secure freedom from the monopoly of 
capital.” This demonstration was organised by the 
‘* National Federation of all Trades and Industries,” 
a body with a high-sounding name, but with a very 
small following—the procession, as timed by a re- 
porter, took exactly five minutes to a given spot 
at the park, en route to the place of meeting. Ina 
few provincial towns, such as Liverpool, Manchester, 
&c., there was a kind of celebration of May Day, as a 
labour day, but in no case was there anything like a 
general cessation of work. The British workman 
cannot quite comprehend how it is possible to increase 
his prosperity by decreasing his wages by one day’s 
pay, and hence the refusal to lose his day’s work and 

is day’s wages. 

One of the disappointed Socialist orators at the May 
Day demonstration declared that the Sunday demon- 
stration was a bogus affair, got up by a kind of semi- 
capitalist council, the men attending which made no 
sacrifice, as the day selected was a Sunday. Yet nearly 
every organised trade in London took part in it, only 
some three or four having declined to do so as trade 
unions. Among the latter were the Amalgamated En- 
gens, the Boot and Shoemakers, the Perseverance 

arpenters, and the Coopers. The arrangements for 
the demonstration extended, astime went on. At first 
it was to be chiefly confined to the organised trades 
associated with the London Trades Council ; then there 
was an amalgamation with the Central Committee of 
the Eight Hours Legal Working Day, and lastly, a 
fusion with the Sediek tuumvenstte Federation. Origi- 
nally there were to have been eight platforms, one of 
which was allotted to the Social Democratic Federation. 
Subsequently the plans were revised and extended, so 





that instead of eight platforms, arrangements were 
made for fifteen, the whole forming two long curves 
converging at the extreme points, each platform having 
its elected chairman and deputed speakers, and its 
own special banners representing the particular trades. 
The total number of separate organisations, represent- 
ing either distinct trades, political associations, or 
workmen’s clubs, taking part in the demonstration, 
was over one hundred, though some of them are ex- 
tremely small associations, or branches of trades. 
The Trades Council selected eleven well-known places 
for the mustering of the contingents for the several 
districts ; to these were added about two dozen others, 
by the Central Committee of the Eight Hours Legal 
Working Day, and the Social Democratic Federation. 
The rendezvous were therefore about thirty-five in 
number, each meeting place being in charge of orga- 
nisers and stewards deputed for the purpose. 





There are no indivations of a falling off in the engi- 
neering trades of Lancashire, in so far as employment 
is concerned. All branchesare well cupped work 
in hand, but there is not the same pressure for over- 
time, though it is still very pecs in most depart- 
ments. The reports to hand seem to show that trade 
is running out, in so far as new inquiries are con- 
cerned, both in the locomotive and in the shipbuilding 
departments, in which there is very little new work 
coming forward. The condition of the markets has 
been, however, a little more hopeful, a stronger tone 
having been given to business transactions in iron. 
There are no disputes of any moment in the engineer- 
ing trades in Lancashire, but there are rumours of a 
movement among the engineers at Bolton for an ad- 
vance of 2s. per week. In the textile trades, especially 
in the weaving branches, there is some disturbance in 
the labour market, more particularly over the ‘‘ Black- 
burn list.” Two mills are on strike, and both sides de- 
clare that they will not give way. At Batley-Carr the 
weavers in the woollen trade have struck for an advance, 
the men declaring that they are underpaid as compared 
with other workmen engaged in the same class of 
goods. Otherwise than these, disputes are rare in the 
staple industries of the north, especially in the skilled 
trades, and among the textile operatives. The 
labourers’ movements are also quiet just at present. 





In the Cleveland district there is more hopefulness, 
the ‘‘ market” being much firmer, and holders of iron 
are less disposed to part with it than they have been for 
some weeks. This holding back prevents a consider- 
able business — - done, as iron is wanted for use and 
forexportation. The healthier tone will perhaps prevent 
any attempt at restricting the output, a scheme sug- 
gested, and even proposed by the blast furnacemen. 
They will, however, hold a conference shortly, at which 
they will propose to abolish Sunday work, and pro- 
bably to restrict the working hours to eight per day. 
Both these proposals are supported by large numbers of 
the workmen, and these are encouraged in the movement 
by the miners of the district. The blast furnacemen 
are also seeking a revision of their sliding scale, so 
that they may have the full advantage of any higher 
prices which might be obtained. In this respect it is 
doubtful if the employers will object to any fair modi- 
fication, if shown to be really needed, for they have 
already made concessions which have placed the blast 
furnacemen on a par with the ‘‘iron and steel 
workers” as regards the scale of pay. Meanwhile the 
two associations representing this class of workers are 
framing a scheme of federation which will be sub- 
mitted to a conference shortly to be held at Working- 
ton. The North-Eastern Steel Works have lessened 
their output ‘‘for want of specifications,” while at the 
Eston Steel Works two mills are idle, and it is said 
that these large works are torun short time unless 
trade takes a turn for the better. These signs of 
slackness have caused some consternation among the 
men, many of whom are depressed, as they had ex- 
pected a prosperous time, at good wages, for a long 
period to come. 





In the Staffordshire districts, both north and south, 
the condition of the iron trade is dispiriting. Many 
of the mills are running short time, some few are 
making only five turns per week. At the Ford Green 
Iron Works twelve puddling furnaces have been 
stopped, and at the Berry Hill Iron Works the men 
were idle for a whole week for want of orders, The 
men at Old Hill and Oldbury have been invited to 
leave the W Board, and meetings have been held 
to support the National Federation as against the 
Wages Board. At one meeting recently the men pro- 
tested by resolution against being forced to sign in 
favour of the Wages Board when they were against it, 
and calling upon the men to give fourteen days’ notice 
to cease work. At another meeting the Wages Board 
was defended, and the following resolution was carried : 
‘‘That this meeting, seeing what the Wages Board 
has done, pledges itself to stand by it and its officials.” 
It was stated at the latter meeting that the Wages 
Board ‘‘ had obtained a considerable increase in wages 
without any hitch or strike.” The policy foreshadowed 
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in the last resolution is the most likely to be adopted 
by the men generally. 





The dispute at the West Cumberland Iron and Steel 
Works assumed a new and more serious aspect on 
Friday last. It had been expected that the strike 
would have ended on Monday at 5 percent. reduction, 
but the directors determined to damp down the other 
two furnaces, and not to restart until the cost of pro- 
duction is reduced. Thus the entire works are now 
idle, and some 1200 men are out of employment. 
This serious turn of affairs was unexpected by the 
men, and will involve them in much distress, as they 
have not the means at command for a long strike, or 
prolonged idleness, by a general stoppage of work. 





The enginemen employed at the collieries at Trede- 
gar, Cyfartha, Plymouth, Blaenavon, and Dowlais 
recently gave in their notices to terminate their con- 
tracts unless an increase in wages was conceded. The 
demand for the increase in wages was refused. 

In the Forest of Dean the blast furnacemen have 
joined the miners’ union in the hope of obtaining a 
further advance of 5 per cent. But the miners do not 
see their way clear to enforce an advance for them at 
the present moment. The union leaders allege that a 
movement in that direction would not be opportune in 
the face of a ‘‘ falling market.” 

The Midland Iron Trade Wages Board propose to 
revise the sliding scale which gave to the operatives a 
premium of 1s. 9d. per ton, instead of ls. 6d., as pro- 
posed by the employers at the time when it was agreed 
to. The employers asserted that prices would not 
justify the 1s. 9d., but they assented rather than face the 
risk of a strike. The masters now state that the dif- 
ference is equal to 1s. 3d. per ton over and above the 
northern scale to the disadvantage of the Midland iron- 
masters. It is further stated that the next ascertain- 
ment will eventuate in an advance of 24 per cent. for 
the north, whereas in the Midlands it will result in a 
reduction. Notice is to be given to reduce the pre- 
mium to ls. The operatives’ section agreed to recon- 
sider the matter when difficulties arose ; this they will 
now have to do unless a turn for the better is imme- 
diate. 

In the mining districts matters are not quite so 
favourable as they were. In Yorkshire there has 
been a batch of local disputes. 

In Durham the delegates have confined the demand 
for a further advance to 15 per cent. Some of the 
men urged a larger amount, but they settled down to 
the 15 per cent. as agreed upon by the council. 

In Derbyshire the bankmen are complaining that 
they have not received the last advance of 10 per cent. 
in two instalments of 5 per cent. each, one in March 
and the other in August. They have, however, 
received since 1888, from 124 per cent. to 25 per cent., 
but their wages are far below those of men working 
underground, hence the dissatisfaction. 

The strike of the railway men on the Great Southern 
and Western Railway of Ireland has been settled by 
the intervention of Archbishop Walsh, the Rev. J. 
Galbraith, and Mr. Harford, of the Railway ag seh 
Association. Certain concessions were made by the 
directors, though not to the extent as demanded by 
the men or expected by the public. However, the men 
decided to return to work on the terms of the com- 
promise. 

The North-Eastern Railway men have decided by 
ballot not to enforce the ‘‘ Darlington Programme,” for 
the re-arrangement of working hours and the pay 
therefor. The number of ballot papers issued was 
5151 ; of these 1688 were entirely against any action 
being taken, 1036 were unfavourable, making a total 
of 2724 against immediate action. This shows an 
absolute majority against. But the rest of the members 
did not even vote, preferring to remain neutral. Any 
present difficulty in this line is therefore averted. 

The bargemen and brickmakers’ dispute in the Kent 
district has been settled after a two months’ strike, 
costing something like 90,000/, in unpaid wages alone. 
The union have agreed to pay the captains of the 
barges 1/. per week till they get work. The strike 
ended in a compromise, 

The dockers employed at Hay s Wharf who went on 
strike are in a state of ferment. They have been told 
that strike pay is no longer tw be given to the 500 
hands still out. Some ugly things were said to and 
about the leaders in consequence of this decision. So 
serious was the aspect of affairs at one time that, it is 
stated, one of the leaders went armed with a defensive 
weapon in case of an attack. The precaution is a new 
departure of the modern trade unionism. 








NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
Glasgow Pig-Iron Market.—There was a steadier feeling 
in the pig-iron market last Thursday, and many buyers 
acted as if such was their impression. Holders of warrant 
iron also showed less anxiety to sell at prices under 45s. 


per ton. The decrease which took place during April in 


the public stocks of pig iron were considered satisfactory. 
A steady advance was le in the price of Scotch iron to 
the extent of 9d. per ton, while that of Cleveland was 
44d. and that of hematite iron 8d. per ton. The settle- 
ment prices at the close were—Scotch iron, 45s. 6d. per 
ton ; Siovdand, 45s. ; hematite iron, 54s. 104d. per ton. 
A somewhat firm tone characterised Friday’s warrant 
market, and a further advance in prices was made—Scotch 
iron 83d. per ton, Cleveland 1s., and hematite iron 8d. per 
ton on the day. Monday was a blank day in the iron 
market, the Stock Exchange being closed. Business was 
resumed yesterday. At starting the tone was rather dull, 
although the trade reports were rather more favourable, 
and the shipments much improved. Warrant stocks de- 
creased during the month of April to the extent of 18,057 
tons, but makers’ stocks seem to have increased by 
21,632 tons. 
increase of 21,468 tons, but warrant stocks declined 


in that month on the whole of 5000 tons. For April 
the increase in makers’ hands exceeded the decrease 
in warrant stores by 3575 tons. These figures did not 
inspire confidence in buyers yesterday, but caused, or 
contributed to cause, heavy selli , even by speculative 
holders who bought so recently as last week. Prices con- 
sequently opened flat. Scotch iron declined in price 
1s. 14d. per ton, but, after some variations, closed 1s. 04d. 
down from last week’s final quotations. The price of 
hematite iron fell 1s. 14d., and that of Cleveland iron 
— to a large increase in stocks) had adrop of 1s. 6d. per 
ton, the settlement prices at the close being—Scotch iron, 
45s. 14d. perton; Cleveland, 44s. 6d. ; hematiteiron, 54s. 6d. 

sr ton. To-day’s market was also much depressed. A 
adhe quantity of iron was pressed for sale during the 
forenoon, with the result that prices gave way still fur- 
ther, Scotch warrants falling in price 74d. per ton, Cleve- 
land 1s. 6d., and Cumberland hematite warrants 54d. per 
ton under the closing prices ruling last night. In the 
afternoon down to 44s. 44d. per ton was accepted for 
Scotch iron, 43s. 14d. for Cleveland, and 53s. 74d. for hema- 
tite warrants. Special brands of No. 1 makers’ iron are 
quoted as follow this week : Gartsherrie, 62s. 9d. per ton; 
Summerlee at 65s.; Langloan at 66s; Coltness at 66s. 6d.; 
Shotts at 66s.; and Carron at 71s. 6d. One hematite 
blast furnace was damped out during the week, at 
Summerlee Iron Works, and thus the number of furnaces 
in actual operation is 87, as compared with 76 at this 
time last year. Last week’s shipments of pig from all 
Scotch ports amounted to 10,843 tons, against 9562 in the 
corresponding week of last year. They in-luded 155 tons 
for the United States, 100 tons for India, 395 tons for 
Australia, 100 tons for Italy, 1170 tons for Germany, 
800 cone ter Russia, 1280 tons for Holland, 100 tons for 
Belgium, 210 tons for Spain and Portugal, 360 tons for 
China and Japan, smaller quantities for other countries, 
and 4748 tons coastwise. e stock of pig iron in Messrs. 
Connal and Co.’s public warrant stores stood at 777,137 
tons, as compared with 787,902 tons yesterday week, thus 
showing for the week a decrease amounting to 10,765 tons. 


Foreign and Colonial Shipments of Machinery, dc., 
from the Clyde.—The shipments of machinery, &c., from 
the Clyde, reported last week for foreign and colonial 
ports included the following: Marine engines, tea-pre- 
paring, and other meenere, of the value of 19,500/., 
chiefly for Calcutta, Monte Video, Buenos Ayres, Cape 
Colony, New York, Stettin, Rangoon, Singapore, Japan, 
and Bilbao; sewing-machine parts, chiefly for Rouen, 
Bordeaux, Gothenburg, and Antwerp, valued at 5328/.; 
blooms, billets, plates, bars, bridgework, and other steel 
oods, of the value of 14,1481, chiefly for Calcutta, 

apan, Riga, Montreal, Rangoon, New York, Cape 
Colony, Stettin, Buenos Ayres, Bilbao, and Penang ; 
pipes and other castings, plates, sheets, bars, tubes, 
sleepers, bridge and roof material, and miscellaneous iron 
manufactures, valued at 63,500/. 


The Scotch Coal Trade.—Business is less brisk, more 
coal being now on offer in the market. This is parti- 
cularly the case with house qualities; and where a fair 
order can be booked, concessions continue to be made, so 
that no fair criterion of quotations can be arrived at. 
For shipping sorts the demand has fallen off considerably, 
and though quotations are rather forcibly sustained, the 
position is not nearly so good now; main coal is quoted 
8s. 6d. to 8s. 9d. to-day at the General Terminus, but 
there is not much business doing, as buyers keep holding 
off, unless for pressing wants. Steam coal is still a stron 
factor to the trade, and a large business is passing throug 
hands at full rates, 11s. to 11s. 6d. at ship-side. Dross 
dull, and furnace less active and drooping in price. 
So faras Lanarkshire splint and main coal for home con- 
sumption are concerned, a decidedly easier tendency is 
reported, and some colliery firms are now selling both at 
fully 2s. per ton below the prices recently current. A 
large colliery in the Hamilton district has done business 
this week at 8s. 3d. per ton for splint coal at the pithead. 
Ayrshire coal is from 3d. to 6d. lower in price this week, 
the general price being about 9s. 3d. per ton f.o.b. at 
Ayrshire ports. 

The Steel Trade.—Steelmakers admit that orders are 
now coming in rather more freely, and though most of 
those are small, one or two fairly good lines have lately 
been booked for ship-plates and angle bars. In some 
instances down to 7/. 7s. 6d. per ton, less 5 per cent. dis- 
count, has been accepted, but that price is the exception, 
The best boiler plates are quoted at 87. 10s. per ton. 


The Malleable Iron Trade.—In the malleable iron trade 
of this district there has lately been a much better inquiry 
than for a long time past. On the other hand, specifica- 
tions for bars and angles are still difficult to obtain, and 
some makers are inclined to take lower figures than those 





that were current ten days or a fortnight ago. Common 


Makers’ stocks in March had a similar | ® 


to the extent of 26,468 tons, thus showing a decrease | }, 


bars have been done at 5l. 5s., less 5 = cent. ; angles are 
at the same prices, and best bars 10s. higher. The makers 
of nail-rods are still able tocommand 81. 15s., less 5, owing 
to the peculiar circumstances of that department. Hoops 
are at 8/. to 8l. 5s., and sheets remain at 9/., the price 
mutually agreed upon by makers last week. Scotch-made 
iron plates are quoted at 8/. There is quite a large in- 

uiry, comparatively speaking, for unbranded iron for the 

astern markets, but so far makers have not been gene- 
rally inclined to accept the prices offered. Business has 
been done down as low as 5/. 12s. 6d., and the current 
quotations may be given at from that figure to 5/. 15s. net. 


Wages in the Malleable Iron and Steel Trades.—The 
sudden drop in the prices of finished iron and steel is now 
showing its effects in various parts of Lanarkshire. A 
eneral reduction of workmen’s wages is now in progress ; 
indeed, in two or three instances the reduction has already 
taken effect, and in others a break of at least 10 per cent. 
as been announced, the same to take effect at the middle 
of the present month. 


The New Docks on the Cart.—Rapid progress is being 
made towards the completion of the new harbour for 
Paisley on the Cart. Already there are indications that 
traders are ready to take advantage of the earliest oppor- 
tunities to make shipments from the new docks. The 
first cargo was taken last Friday by the new steamer St. 
Fergus, who afterwards sailed for Runcorn. It consisted 
of coals shipped by Messrs. James Wood and Co., of 
Paisley. At high water there is a depth of 18 ft. at the 
harbour, and when it is ———— opened up it will 
afford accommodation for vessels of 1000 tons. 


Scotch Bilis in Parliament.—The Parliamentary inquiry 
as to whether the Glasgow and South-Western Railway 
shall be absorbed by the North British or the Caledonian 
Railway Company, is still dragging its slow length along, 
and it is difficult to say how the matter may eventuate. 
The Clyde Trust Bill for altering the plans in reference to 
the Cessnoch Docks at Govan has = passed by the 
House of Lords Committee presided over b Ree 
Romilly, even though very powerful evidence was brought 
against the proposed alterations of the plans. The Glas- 
gow Subway scheme came before the same committee 
yesterday, and in connection with it a large amount of 
exceedingly interesting information was given. By 
this scheme it is proposed to pass twice under the 
Clyde, the length of the line being 3} miles, and the 
tunnel ranging in depth from 6 ft. to 110 ft. The line 
will be worked either by an endless rope or by electricity. 
There will be a double fine of rails, with stations at about 
700 yards apart. For the execution of the works it is 
proposed to raise a capital of 750,000/. A scheme fora 
short railway (a landlords’ line) known as the Milngarvie. 
Strathendrick, and Menteith Railway, has been passed 
by the House of Commons Committee, presided over by 
Sir Julian Goldsmid. The Duke of Montrose is one of 
the promoters. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Great Reduction in Coke Values.—The values of coke 
have fallen from 10s. to 12s. per ton; that which made 
from 24s, to 28s. making now only from 14s. to 18s. per 
ton. Simultaneously with this declension in price there 
is an accumulation of stocks, which augurs ill for the 
immediate future. The very t uction in the 
manufacture of iron in North Lincolnshire and other 
centres has had much to do with this. The hope is that 
as the sudden restriction in the iron trade appears to have 
had its effect inreducing stocks, a rectification in values 
may soon be reached, and a steadier and more legitimate 
trade may take the _ of the speculative uncertainties 
of the last few months. 


Settlement of the Yorkshire Potters’ Strike.—The strike 
of Yorkshire potters, which has been proceeding since 
February 28 last, has’ been amicably settled. On Satur- 
day a meeting of the Earthenware Manufacturers’ Asso- 
ciation was held at Pontefract, when delegates of the 
men on strike were in attendance. At the conclusion it 
was announced that it had been agreed to return half the 
percentage of 10 per cent. now, and the remaining half 
on August 1 next. 


The Great Strike of Stove-Grate Makers.—The strike in 
the stove-grate trade, the staple industry of Rotherham, 
is apparently no nearer settlement. Negotiations 
seem to be suspended. On the one hand the men are 
determined to press their claim for 10 per cent., and on 
the other, the employers assert that they are unable to 
make the concession. It is a fact that the demand for 
this class of goods is just now very quiet, and the remark 
applies to firms beyond the area of the strike. 


The Topmen and Colliers.—A_ meeting of topmen em- 
loyed at the Manvers Main Colliery has been held. A 
Saqutation reported that they had seen the manager on 
the wage question, and that he said he could not yet see 
his way to give the topmen anadvance. A resolution was 
unanimously passed to give in the notices to-morrow unless 
the advance was forthcoming, and the miners intimated 
that if the topmen left work they should do the same. 


Derby Association of Colliery Managers.—A meeting of 
the Midland Counties Branch of the National Association 
of Colliery Managers was held at All Saints Works, 
Derby, on Saturday. Mr. Sutton, of Loscoe Field, pre- 
sided, and there was a large attendance. Mr. Davis 
welcomed the visitors, saying they had to discuss a subject 
mostinteresting and elevating, and the resources of electric 
science being practically inexhaustible it would be ible 
to deal with more than one subject at once. essrs. 
Ashforth and Wallis then explained minutely the working 





of electric signalling, and a discussion followed. 
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Yorkshire College Engineering Society.—After a discus- 
sion on ‘‘Laminated Springs,” at a meeting of this society 
on Monday, Mr. B. Holgate gave a lecture on ‘‘ Timber, 
its Structure, Growth, and Uses.” He explained that all 
wood is not serviceable for timber, and described how 
various trees which, to most ple appeared almost 
alike, might be readily distinguished even independently 
of their leaves. He also pointed out some of the uses 
to which different kinds of wood are specially applicable, 
this and other parts of the lecture being rendered all the 
more interesting by the exhibition of specimens of various 
classes of timber. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBRouGH, Wednesday. 

The Cleveland Iron Market.—Yesterday the attendance 
on Change was not large, and only a small amount of 
business was done. First thing in the day a few small lots 
of No. 3 g.m.b. Cleveland pig iron, were sold at 46s. per 
ton, for prompt f.o.b. delivery, but afterwards sellers 
were willing to do business at 45s, 6d., and at the close of 
the market this quality could be bought at 45s. Middles- 
brough warrants were very quiet, little or nothing bein 
done in them. They opened at 45s. cash, and closed wit 
buyers offering 44s. 6d. cash one month, but holders as a 
rule would not listen to these figures, and held off. To-day 
the market was very dull, and hardly any business was 
recorded. It was stated that No. 3 could be bought at as 
low a figure as 44s., and Middlesbrough warrants dropped 
to 43s. 3d. cash. Makers generally are now accepting a 
number of orders at market quotations, and there is hardly 
a producer in the district who would not enter into con- 
tracts for early delivery of No. 3at about 45s. perton. As 
a matter of fact, merchants are at present almost unable to 
do any business, as nearly all the transactions are between 
buyers and makers. Notwithstanding the fact that quo- 
tations have fallen a good deal during the past few days, 
thére are many people connected with the staple industry 
who are confident that prices will shortly advance, and 
“- we shall soon have a good, steady, sound, legitimate 
trade. 


Manufactured Iron and Steel.—The manufactured iron 
trade continues very quiet. New orders are difficult to 
secure, and prices have been further reduced since our 
last quotation. Common bars are now 6l. 7s. 6d. ; ship- 
plates, 6/, 2s. 6d.; and ship angles, 6/.; all less the 
customary discount for cash. eel eetibanian are nothing 
like so busily employed as they were a little while ago, 
and the huge works of Messrs. Bolckow, Vaughan, and 
Co., in consequence of the scarcity of orders, | ne been 
obliged to commence running short time. Quotations are 
again easier, heavy sections of rails being now quoted 
5l. per ton at works; and ship-plates have fallen to 7/. per 
ton. 


The Make and —— of Pig Iron in Cleveland.—A 
few days ago, the Cleveland Ironmasters’ Association 
issued from their offices at Middlesbrough, their usual 
monthly returns, showing the make and disposal of pig 
iron in Cleveland during April. 
decrease in the public pig-iron stores, but a slightly more 
than counterbalancing increase in the makers’ stores. The 
returns show that the number of furnaces blowing at the 
end of the month was 105, and the number dam down 
or out 48, as compared with 103 blowing at the end of 
April, 1889, and 52 damped down or out. The number of 
furnaces on Cleveland pig iron at the end of the past 
month, was 60. The make of Cleveland pig iron in the 
port. of Middlesbrough during April was 109,329 tons, 
compared with 108,741 tons at the end of March, an 
increase of 588 tons. Outside the port, the make of pig 
iron was 19,084 tons, against 20,699 tons during the pre- 
ceding month, a decrease of 1615 tons. The total for the 
whole district was 128,413 tons against 129,440 tons in the 
previous month, a decrease of 1027 tons. The total make 
of other kinds of iron (including hematite, spiegel, and 
basic) was 106,744 tons, compared with 115,449 tons durin 
March, a decrease of 8705 tons. The gross produce of al 
kinds of pig iron during the month amounted to 235,157 
tons, against 244,889 tons in March, a decrease of 9732 tons. 
The makers’ stocks of pig iron in the port of Middles- 
brough amounted to 112,692 tons, against 90,233 tons a 
month previously, an increase of 22,459 tons. Outside the 
port, the stock in makers’ hands amounted to 26,617 tons, 
against 26,493 tons at the end of March, showing an in- 
crease of 124 tons. The total for the whole district is 
given as 139,309 tons, compared with 116,766 tons at 
the end of March, an increase of 22,583 tons. In the 
makers’ stores there were 4550 tons of Cleveland pig 
iron, against 5401 at the end of the previous month, 
showing a decrease of 851 tons. The amount in the 
ublic stores at the end of the month was as follows:- 

North Eastern Railway Company 507, against 607 for 
several months past ; Connal’s stores 133,231 tons, against 
151,288 tons at the end of March, a decrease of 18,057 
tons. The total stocks of all kinds at the month’s end 
amounted to 277,597 tons, against 274,022 tons on the 
31st March, an increase of 3575 tons. 


Strike at the Eston Steel Works.—A rather serious dispute 
has occurred at the Eston Steel Works of Messrs. Bolckow, 
Vaughan, and Company, Limited, which affects about 
300 men. The works are now running on short time, 

. owing to the scarcity of orders, and the workmen were 
iven only short notice of the change. The mechanics 
emurred to the arrangement, and struck work, their 

contention being, that as they work an extra half-hour 
during each night in the week to make up for the short 
day on Saturday, they should be paid for the half-hours 
so worked now that the short day is deducted from the 
working week. 


he returns show a] h 





Furnaces Damped Down.—The strike at Messrs. Straker 
and Jones’ collieries has affected pig iron producers some- 
what seriously. Messrs. W. Whitwell and Company, of 
Stockton, who get most of their fuel from Messrs. Straker, 
have been obliged to damp down two blast furnaces, owing 
to their inability to obtain a sufficient supply of coke. 
Other firms in the district have also been affected, but 
not to so great an extent. : 





MISCELLANEA. 
_ On April 26th last the members of the Junior Engineer- 
ing Society visited the Deptford works of the London 
Electric Supply Corporation. 


From recent experiments by MM. Berthelot and 
Moissan, the heat of combination of fiuorine and hydrogen 
to form gaseous hydro-fluoric acid has been determined 
to be 37.6 Centigrade heat units. 


It is said, but we do not know if the statement is 
authoritative, that Mr. Eiffel has, in combination with 
Edison, laid a proposal before the committee for the 
World's Fair, Chicago, to construct a tower 500 ft. higher 
than that in Paris last year, which is to be illuminated by 
1,000,000 coloured glow lamps. 

The gross receipts of the 23 principal railways in the 
United Kingdom, for the week ending April 27, 
amounted, on 16,159} miles, to 1,332,587/., and for the 
pg oer | period of 1889, on 16,031 miles, to 1,336,093/., 
an increase of 128} miles, or 0.8 per cent., and a decrease 
of 3506/., or 0.2 per cent., comparison being made with 
the week which included the Easter week traffic. 


The final meeting of this session of the Engineering 
Students’ Club, Newecastle-on-Tyne, was held at the 
Durham College of Science, on Thursday, April 24, 1890, 
when Mr. F. é Preston read a paper on ‘‘ Liquid Fuel,” 
in which he described Mr. Urquhart’s operations in 
Russia, and alse the method of using the fuel on the Great 
Eastern Railway in this country. 


A scheme has been brought before the American Con- 
for the construction of a ship canal round the 
ele Falls, and been favourably reported upon by the 
Committee on Railways and Canals. The proposals 
before the committee would, it is said, require about 
23,000,000 dols. for their completion, but it is proposed to 
appoint a committee of five to prepare definite plans and 
decide on the location. The original scheme provides 
for a canal 23 miles long by 21 ft. 6 in. deep, with locks 
400 ft. by 80 ft. 


What would appear to be a form of telpherage system 
is at present being considered as a means of transporting 
mail matter between Buenos Ayres and Montevideo in 
South America. Postal communication between the two 
cities is now maintained by way of the Plate River, but 
the service is necessarily slow and full of delays. The 
new proposal is to erect a small overhead electric railway, 
on which will run cars capable of carrying postal matter 
and other light freight. The distance between the two 
cities is about 180 miles. 


The question of removing the Platters Rocks at Holy- 
ead was again brought forward in the House of Commons 
last Friday, when Sir M. Hicks-Beach stated that Sir 
John Hawkshaw had estimated the cost of removing 
these rocks down to 26 ft. below low-water line at 
250,000/., whilst 70,0002 would be required to remove 
them to a depth of 20 ft. Under these circumstances the 
Government apparently do not intend to undertake the 
work, but are nevertheless having plans prepared for the 

urpose of estimating what the removal of the rocks to a 
ce depth than 20 ft. would cost. 


At the meeting of the Institution of Marine Engineers 
held on Tuesday, April 29th, Mr. J. D. Churchill read a 
paper on marine governors, drawing special attention to the 
disastrous results of omitting to fit them to the engines of 
the City of Paris. In the discussion which followed there 
was a general agreement that the governor was frequently 
badly fitted to marine engines, the driving belt often 
being designed to run close to the engine-room bulkhead, 
and it was necessary for the engineers to go below the 
platform into the bilges to place the belt on the pulley, 
a difficult and sometimes dangerous operation. At the 
conclusion of the meeting it was announced that Mr. 
R. E. Crompton would give a series of lectures on electri- 
cal engineering, the first of which would be delivered on 
May 6th and the second on May 20th. On May 13th, 
= D. ‘a will read a paper on the corrosion of iron 
and steel. 


The Midland Counties district meeting of the Associa- 
tion of Municipal and Sanitary Engineers and Surveyors 
will be held at Hereford, on Saturday, May 17, 1890, 
in the Council Chamber of the corporation. The pro- 
gramme prepared includes a paper on the Hereford 
sewage and municipal works by Mr. J. Parker, the cit 
surveyor, followed by visits to the new sewage outfall 
works and to the water works pumping station and water 
tower, Broomy Hill. On return from these visits the 
discussion on Mr. Parker’s paper will be taken. This 
will be followed by a visit to the Hereford Cathedral 
and a luncheon at the Green Dragon Hotel on the in- 
vitation of Mr. Alfred Gurney, mayor of Hereford. 
Members wishing to attend this meeting should write 
not later than the 10th inst. to Mr. J. Parker, Mansion 
House, Hereford, in order that the necessary arrange- 
ments may be made. 


The ogee of the Panama Inquiry Commission just 
es states that the completion of the canal on the 
ock system is estimated to cost 485,000,000 francs, to 
which should be added 20 per cent. for contingencies and 
29 per cent. for management and interest, making a total 
of 900,000,000 francs. The original estimate for the 





original canal, constructed on the level, was 1,000,000,000 
francs, but more than this has been spent already, with 
less than one-third of the work done. To provide the 
necessary capital, the commission makes the ingenuous 
proposal that the interest on this capital and that already 
spent should be guaranteed by the maritime nations, or 
in other words that these nations should make a present 
to French investors of the interest on the capital wasted. 


Tokio, Japan, was provided with a system of water dis- 
tribution in 1620, when water was taken from three ponds 
west of the city and conveyed thence by a canal, from 
which it was distributed in wooden pipes to the various 
points to be supplied. A second canal was built in 1652, 
the two systems having been designed for supplying 
about 400,000 inhabitants, and in 1882 a third system was 
inaugurated. The distributing pipes are in general of 
pa Where the internal diameter is very small these 

ipes are made of round logs hollowed out, square logs 
= md employed for the larger pipes. Stone conduits are 
also used, there being in all Baar 46 miles of these, as 
against 96 miles of the wooden pipes. The depth of 


laying ranges from 4 ft. to 17 ft., and the life of the pipes, 
if of wood, varies from 10 to 20 years, according to the 
character of the ground in which they are laid. Instead 


of bein ——_ ye to the houses, the water is led 
into wells, which as a rule are located on one side only of 
the street. 


The preamble of the Central London Railway Bill has 
n by the Committee of the House of Commons, 
on the following conditions :—(1) a compensation clause 
should be inserted in the Bill similar to the one in the 
Midland Railway (Additional Powers) Bill, 1881; (2) 
that stringent clauses should be inserted affording every 
opportunity to the engineers of the Corporation of London 
a of the County Council to inspect the works during 
their progress, lest any ible damage should be done 
to the sewers ; (3) that the estimated capital of the com- 
any should be somewhat reduced ; and (4) that until the 
ity and Southwark Subway had been opened and used 
by the travelling public for a certain time no prospectus 
should be issued or capital raised by the Central London 
Company. The committee then adjourned until Tuesday, 
the 13th inst , for the discussion of clauses. These clauses 
have been one to by the promoters, who are to be 
congratula on their victory over the very powerful 
vested interests opposed to them. 


On June 30, 1889, there were in use in the State of 
Massachusetts, for electric lighting purposes by incor- 
porated companies, 102 in number, 171 boilers rated at 
19,925 horse-power, 199 engines of a total rated capacity 
of 18,812 horse-power, and 368 dynamos. Water wheels 
were used to the amount of 545 horse-power, while four 
companies used leased power and three bought the steam 
used in their engines. One company used three 45 horse- 
power gas engines. Of course these figures do not include 
the power or apparatus used in isolated lighting, but only 
that of central stations. The total horse-power of electric 
motors in use on June 30, 1889, was 1442 furnished by 538 
motors, of which 111 were on arc light circuits, 379 on 
incandescent light circuits, and 48 on power circuits. 
These motors were run from only 21 different stations, 11 
of which were supplying over 40 horse-power each. The 
station supplying the largest amount of power was the 
Edison station in Boston, supplying 233 motors aggregat- 
ing 623 horse-power—nearly half of that supplied in the 
entire States. These were all on incandescent circuits. 


A Blue-book just published contains the report of the 
progress of the Ordnance sew ae up to the end of last 
year. Plans of 23 towns were published during the year, 
and plans of all towns in England and Wales have now 
been published, in accordance with the various Treasury 
minutes on the subject. There have been published during 
the year 5467 miles on zy, scale, and all England and 
Wales, with the exception of Lancashire and Yorkshire, 
has been surveyed on that scale. These were to have been 
completed by the end of March last. All the counties 
have been published on the 6-in. scale, with the exception 
of Devon, Salop, and Wilts. The map of England and 
Wales, cn a scale of } in. to a mile, is in the hands 
of the engravers, and the outline edition is in a forward 
state. e book also contains particulars of the work 
done in Scotland and Ireland. The cost of the Cadastral 
Survey was estimated in 1878 as about 1,900,000/. The 
expenditure up to the end of 1889 was 1,697,678/., leaving 
202,322/. to complete the survey from the beginning of 
this year. 





Tue Murtvat TreterpHone Company, Liwitep.—A 
telephone company is being fo to erect an exchange 
system in Manchester to come into operation on the ex- 
piration of the Bell telephone patent in December next. 
Complete metallic circuits will be employed in all cases. 
The charge is to be 5/. per annum to shareholders, and 
6/. to the public. 

Firg-EXxtTinGuisHInc MAGuinery AT CoLonet Nortu’s. 
—The apparatus for coping with fire at Avery Hill, 
Eltham, the newly-erected seat of Colonel North, is of a 
very complete system. In the electric engine-house is 
fitted one of Messrs. Merryweather and Sons’ mansion 
steam fire-engines, capable of throwing six or eight jets 
of water at one time. Connected to the engine is a main 
surrounding the building, and this is extended inside the 
house with hydrants and hose designed to command all 

rts on the occurrence of fire. The picture gallery and 

Jlroom are fitted with Mr. Merryweather’s spray system 
to protect the pictures and prevent them from damage by 
heat. The colonel intends to form a volunteer fire 
brigade from the employés, and the brigade is to be 
inspected and drilled by Mr. Merryweather periodically, 
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NOTICE TO AMERICAN SUBSCRIBERS. 

We beg to announce that American Subscriptions to ENGINEERING 
may now be addressed either direct to the publisher, Mr. CHARLES 
GILBERT, at the Offices of this Journal, Nos. 35 and 36, Bedford- 
street, Strand, London, W.C., or to our Sole Agent for the United 
States, Mr. W. H. Wiley, 53, Bast 10th- street, New York. The prices 
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NOTIGE.—THE FORTH BRIDGE. 


In consequence of the number of ‘ ENGINEER- 
ING” of February 28th having been completely ex- 
hausted on the day of publication, the Publisher 
begs to say that a reprint of the descriptive matter 
and Illustrations of the above Bridge has been 
issued, printed throughout on Special Plate Paper 
and bound in Cloth, Gilt Lettered, price 5s, (post 
free, 5s. 6d.) This reprint consists of seventy-two 
pages royal 4to, and is illustrated by nineteen Page 
and Two-Page Plates, and 157 Figures in the text. 

















NOTICES OF MEETINGS. 

Tue INstTiTUTION OF CiviL ENGINEERS. — Ordinary meetin 
Tuesday, May 12th, at 8 p.m. rg to be further dheomanell? 
“The Screw Propeller,” by Mr. Syd. W. Barnaby, M. Inst. C.E. 
Paper to be read, time , Permitting : “The Keswick Water-Power 
Electric Light Station,” by Messrs. W. P. J. Fawcus and E. W. 
Cowan, Assoc. MM. Inst. C.E. 

INSTITUTE OF MARINE ENGINEERS. —Tuesday, May 13th, at the 
Langthorne Rooms, 15 and 17, Broadway, Stratford, at 7. 30 p.m. 
Paper ‘‘ On Corrosion of Iron and Steel,” by Mr. D. Phillips. 

INSTITUTE OF PATENT AGENTS. —Wednesday, the 14th inst., at 
7.15 p.m. Business: Adjourned discussion of Mr. A. P. Jones’s 

aper ‘On Trade Mark Practice.” Adjourned discussion of Mr, 

orton Daniel’s paper, ‘‘On the Proviso to Section 32 of the 
Patents Act 1883.” And, if time permit, to read and discuss a 
paper ‘‘On the Progress and Work of the Institute of Patent 
Agents,” by H. Howgrave Graham, Secretary. 

PuysicaL Socirty.— May 16th. 1. ‘On Huygen’s Gearing in 
Illustration of Electric Induction,” by Lord Rayleigh. 2. ‘Dr. 





R. Kénig’s Researches on the Physical Basis of Music,” by Pro- 
fessor S. P. Thompson. 

Nortu-East Coast INSTITUTION OF ENGINEERS AND SHIPBUILDERS.—- 
Monday, May 12th, at 7.30 p.m. precisely, in the Lecture Hall of 
the Literary and Philosophical Society, Newcastle-upon-Tyne. 
Adjourned discussion on Mr. Bergstrom’s paper on “The Structural 
Strength, &c., of Cargo Steamers of Different Types.” Discussion 
on Mr. Boyd’s paper on “‘ The Weight of Machinery in the Mercan- 
tile Marine. 

CuemicaL Society.—May 15th, at 8 p.m. Ballot for the election 
of Fellows. ‘‘ On Diethylphosphorous Acid,” by Professor Thorpe, 
F.R.S., and Mr. Barker North. ‘The 10 Isomeric Dichloronaphtha- 
lenes, * and “The Action of Chlorine on i er ag and Naphtha- 
lene Derivatives, ” by Professor Armstrong and Mr. W. P. Wynne. 
“ A Third Naphthaquinone,” by Professor Meldola and Mr. Frank 
Hughes. 
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THE INTERNATIONAL PROTECTION 
OF MERCHANDISE MARKS. 

THE Conference which has lately concluded its 
sittings at Madrid has agreed upon certain varia- 
tions in the International Convention of Paris, 
1883, which not only possess considerable interest 
but may ultimately prove of great practical im- 
portance to the industrial world. The Protocol has 
yet to be ratified by the contracting States, and 
some six months must elapse before the rati- 
fications can be exchanged. It is, moreover, 
to say the least, doubtful whether some of the 
governments represented at the Conference will 
agree on any terms to the proposed modifications, 
while the legislation still necessary to carry them 
into effect in many of the countries of the Union 
will certainly not be completed without delay. 
Meanwhile, however, it will be admitted that the 
movement indicates a healthy growth of public 
opinion and affords good ground for believing that 
the International Protection of Industrial Property 
will sooner or later become a reality and not a 
dream. The question has made great strides within 
the last six years. If the delegates at Madrid 
showed a want of unanimity, which is to be re- 
gretted, they were much more agreed upon the 
directions which protection should take than was 
the case at the Conference at Rome in 1886. That 
was a signal failure, and left matters in much the 
same unsatisfactory condition as the original Con- 
vention. Astothe Union it must be confessed that 
the continued abstention of Germany, Austria, 
Russia, and Turkey seriously lessens its import- 
ance, leaving as it does these countries free to act 
independently of the contracting powers. The 
United States, Belgium, Italy, and Holland, 
too, although represented, have not as yet 
ratified the Convention, and are still standing 
aloof. In fact at the present time only Great 
Britain, France, Tunis, Spain, Portugal, Swiizer- 
land, Norway and Sweden, Servia, Brazil, San 
Salvador, and Guatemala are ad idem. The import- 
ance of the Union must not therefore be exag- 
gerated, and in view of the stringent character of 
the legislation by which our own Government has 
given practical proof of its bona fides (which, more- 
over, threatens to become more stringent still if 
the three Bills introduced into Parliament by Mr. 
Mundella, Mr. Howard Vincent, and Mr. Broad- 
hurst become law), it seems desirable to bear in 
mind that this has so far been somewhat one- 
sided. The industrial world has, indeed, some 
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cause to complain that our Merchandise Marks 
Act has not been more cordially reciprocated 
by other countries.. The international is at least as 
important as the domestic aspect of the question. 
he Convention of 1883 provided, in various 
ways which we need not detail, for the mutual pro- 
tection of merchandise and trade marks in all 
the States of the Union. Its main design was to 
insure analogous security for industrial property 
in all the assenting countries. But although it was 
provided (Article IX.) that ‘‘all goods illegally 
bearing a trade mark or trade name may be seized 
on importation into those States of the Union 
where this mark or name has a right to legal pro- 
tection,” this was left to be carried out * pur- 
suant to the internal legislation of each country.” 


569 | And it may be remarked, that although many of the 


countries represented have legislated more or less 
satisfactorily on the lines of our Merchandise 
Marks Act 1887, some have done little or 
nothing in this direction. It is we believe, for 
example, still extremely doubtful whether the 
French law enables the Convention to be carried 
out in its entirety. The real difficulty appears to 
, | liei in enforcing the provisions requiring an ‘* indi- 
cation of its place of origin,” and punishing these 


5}if infringed. Sheffield has long complained that 


goods marked with the name are admitted into 
the countries of the Union although of German 
manufacture, and the Master Cutler, supported by 
the British delegates, has taken an active part in 
attempting to prevent frauds of this kind. But 
many of the countries, notably Belgium and Italy, 
would not agree to any application of the prohibition 
which would prevent a manufacturer from importing 
goods marked with hisownname. In other words it 
was, under the Convention, left open to a Belgian 
gunmaker to get his guns made in Germany, and 
marked with his name and address, while French 
dealers were free to import ‘‘ Sheffield cutlery” 
from Solingen, so long as it was not associated with 
a ‘‘ fictitious trade name.” Our Merchandise Marks 
Act, as everybody knows, prohibits anything of the 
kind. Itis no longer even possible for Sheffield 
firms to get their goods made up in Germany 
without being so need Now, the result of the 
Madrid Conference in this respect is distinctly 
encouraging. A limited convention has been drawn 
up providing (Article I.) that ‘‘ every article bear- 
ing a false indication of origin in which one of the 
contracting States or a place situated in one of 
them is directly or indirectly indicated as the 
country or place of origin, shall be seized on impor- 
tation in any of the said States.” The Article goes 
on to empower the authorities in the exporting or 
importing country to effect the seizure, or, if there 
be no legislation authorising this course, to prohibit 
importation, or, at any rate, to give all manufac- 
turers of the contracting States the same protection 
as the law affords to its own subjects. Article II. 
goes on to direct that ‘‘the seizure shall take place 
either at the instance of the Public Procurator, or at 
that of an interested party, person, or company in 
accordance with the domestic legislation of each 
State. It cannot be withheld from the subjects or 
citizens of the contracting States,” nor citizens of 
other countries which satisfy the provisions of 
Article I. This provision, it will be seen, pro- 
mises to place a remedy for the infringement of their 
rights within the reach of all. 

An ingenious compromise has been made with 
regard to the vendor’s name and address being 
marked on goods made in another country. 
Article II.a allows this to be done ‘ provided the 
name and address be accompanied by the precise 
a and in visible characters of the country 

lace of manufacture.” But it is not difficult to 
understand the objection of Belgium to any condi- 
tion of the kind. It may, indeed, be doubted 
whether the provision will prove of any great prac- 
tical value. As to ‘‘generic names,” an old- 
standing difficulty, Article III. leaves it to the 
tribunals of each country to decide what shall 
and what shall not be included in that category. 
It will be seen, as we have said, that the efficiency 
of the new Convention largely ’ depends upon the 
extent to which the contracting States modify their 
domestic laws. Obviously a penal machinery must 
remain idle unless and until it receives legislative 
sanction in the country in question. But it is 
worthy of note that the Protocol provides for the 
prohibition of importation even when seizure is 
not authorised by the domestic law. In other 
words, France can no longer allow English names 
to be pirated by German or Belgian makers. 
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Another grievance is met by the Convention, 
which is of considerable importance to the shipping 
interest in this country. It is notorious that 
the stringent Customs regulations have diverted 
a large proportion of the transit traffic from 
English ports. The carrying trade has, indeed, 
been seriously affected by provisions with which 
it has no concern whatever, and this has 
naturally caused a good deal of friction. This 
seems to be fairly met by the Protocol which pro- 
vides that ‘‘ the authorities shall ‘not be bound to 
effect seizure in case of transit,” although it may 
be remarked that it remains to be seen whether 
the provision will be carried out in an intelligent 
spirit. From all this it will be seen that the 
Madrid Conference has resulted in some necessary 
modifications of the Convention of 1883. It is no 
longer doubtful that the obligation of seizing or 
refusing ingress to goods bearing a false indica- 
tion of origin, rests upon each of the contracting 
States. 

The Cutlers’ Company may, indeed, be con- 
gratulated on having, at least to some extent, 
remedied a wrong from which the whole English 
hardware trade has long suffered. In fact, although 
we are by no means disposed to magnify the import- 
ance of this new understanding, there are not want- 
ing indications that the movement of which it is the 
outcome is steadily gaining ground. There is, 
indeed, some reason to hope that the International 
Protection of Industrial Property may become an 
accomplished fact in the near future. 








THE NAVY AT THE ACADEMY 
BANQUET. 

Lorp Grorce Hamitron’s speech at the Royal 
Academy banquet constitutes a high tribute to the 
progress of engineering science in its application to 
the requirements of modern naval warfare. Such 
a tribute and public recognition, though strictly 
appropriate, is nevertheless welcome and encourag- 
ing to all who are interested either in the extension 
and progress or the success of mechanical science on 
board ships of war. Lord George refers to the 
progress already accomplished as ‘‘ marvellous,” 
and, where applied more particularly to the pur- 
poses of armament, as constituting a ‘‘ revolution,” 
and ‘‘ the one fact which the Navy has to face and 
has to overcome.” ‘The modern ship of war,” 
says the First Lord, ‘‘ from year to year, more and 
more resembles a great store-house of ingenious 
mechanism,” for the successful working of which 
individual knowledge of the ship, guns, and machi- 
nery is alone competent, and for the want of which 
no amount of general training can compensate. 

We have on several occasions pointed out, in 
almost identical terms, that the modern develop- 
ment in the construction of warship appliances has 
been and must continue as a progressive change 
from year to year in the direction and according to 
the character so aptly described by Lord George 
Hamilton. The revolution in appliances has neces- 
sarily occasioned a corresponding revolution in the 
nature of the occupation and duties of the crews 
engaged in using them. The progress of the de- 
velopment has been so rapid both in details and 
internal arrangement, that hardly two ships can be 
said to be alike. Hence the necessity for intimate 
acquaintance with each individual ship. This is 
very largely true of guns, torpedoes, and armament 
machinery generally, but is more especially true of 
pumping, flooding and ventilating arrangements 
and fittings, and the thousand and one details of 
propulsive machinery and boilers. Such must, 
moreover, continue to be the case until some rea- 
sonable prospect of finality in needs and design 
can be arrived at. The clearer conception of some- 
thing beyond and better that invariably grows out 
of every new departure and with every new expe- 
rience, irresistibly sweeps away all attempts at 
uniformity of type. 

The necessity for providing a means of acquiring 
an intimate knowledge of the peculiarities of indi- 
vidual ships upon which Lord George Hamilton’s 
remarks is met to a great extent in connection with 
armament machinery by the well-established system 
of drill and instruction in the gunnery and torpedo 
schools. By these means, based upon a useful 


general training wisely begun at an early age with 
the seamen class, a knowledge of the uses of the 
various guns, gun mountings, and appliances for 
the discharge of torpedoes can be widely imparted. 
Considering the great diversity in ships, the num- 


is comparatively few ; the ships themselves and 
their general machinery are so diverse in type and 
arrangement that a ready working knowledge can 
only be acquired in the individual ship. Although 
a general training alone is insufficient, yet to a 
large extent the difficulties of acquiring the more 
intimate knowledge may be very much lessened by a 
judicious training and instruction of a general 
character. With the men of the mechanical de- 
partment, whose duties lie so much with that por- 
tion of the ship’s machinery which is the most 
varied and the most extensive, no attempt what- 
ever is made to lighten the task of becoming 
efficient by any preliminary training or education. 
With the needs of the still-increasing stoker class 
on board ship the naval authorities do not appear 
to have grappled in any way. We commend this as 
another idea-—the natural outcome of the revolution 
in matériel—to the consideration of the First Lord. 
The utter rawness of the material of which the 
stoker class is composed and the almost entire 
absence of general training for their duties is, con- 
sidering the delicate character of ships’ machinery 
and the conditions under which the men in a 
modern ship must work, a matter for serious con- 
cern. We sincerely hope that the First Lord’s 
recognition of the rapid advance of engineering 
will not halt at the mere constructive peculiarities 
of ships, guns, and machinery, but will wisely 
include the human element, due provision for which 
has still to be made. As we have repeatedly pointed 
out, the whole mechanical department of our war- 
ships undoubtedly stands greatly in need, both 
among its officers and men, of a wise and compre- 
hensive measure of reform under which they should 
obtain improved training, better treatment, and 
fairer recognition of their value and importance. 
Lord George Hamilton remarks that the revolution 
in arms of precision and munitions of war has made 
their manufacture a lucrative profession. It is 
much tw be regretted in the national interests that 
hitherto the source of manufacture and supply out- 
side the Government arsenals has been practically 
limited to one firm. Ultimate perfection in the 
manufacture and design of ordnance we cannot 
hope to approach with so narrow and restricted an 
area of supply. A competitive diversity of design 
and practice in this, as in any other branch of 
engineering science, can alone open the way to 
superior excellence. 





THE WEATHER OF APRIL, 1890. 

Durine the period November to March inclu- 
sive, nature is apparently dormant, so far as vegeta- 
tion is concerned, and only becomes active again 
under the influence of rising temperature and 
lengthening sunshine in April. Seldom is April a 
wintry month, though as such may be instanced, 
1771, when the mean temperature was only 
38.7 deg., and 1837 only 39.1 deg., at Greenwich. 
April, though proverbially showery, is usually the 
driest month of the year, and as regards fineness 
of weather rivals May. Weather lore declares 
that : 

April showers bring May flowers, 

April weather, rain and sunshine both together, 

A cold April the barn will fill, 

When April blow his horn, it is good for hay and corn. 


April, 1890, has been of a typical character. It 
cannot be said to have been either cold or windy, 
whatever disadvantage it may portend for the hay 
and corn. Intervals of sunshine and vernal showers 
have come one after the other in delicious succes- 
sion. The sprinkling rain has refreshed the 
herbage and caused the germs of seeds to swell and 
open. High winds have not blown away the 
al from fruit trees, nor frosty nights played 
havoc with young plants. 


The showers were short, the weather mild, 
The mornings fresh, the evenings smiled. 


The mean pressure and temperature of the atmo- 
sphere at extreme positions of the British Islands 
to which the Isle of Man is central, were as follows: 





‘ Mean . 
Mean | Difference | Difference 
Positions. | Pressure. from Normal. zc from Normal. 
| in, | in. | deg. deg. 
North 29.78 | below 0.06 44 above 1 
South | oe | » mM] 48 below 2 
West | ae ] ow OE nil 
East | 29.80 | - 12 44 below 1 
Central 29.88 a ae 46 





ber of different types of guns, gun mountings, &c., 











The distribution of rain in frequency and amount 
may be inferred from the following results : 











Difference 
Places. | Rainy Days. | Amount. | trom Normal. 
| in. in. 
Sumburgh .. oe 17 1.38 less 0.78 
SS 19 1.35 —s** 
Valencia 21 4.35 more 0.34 
Yarmouth 15 1,03 


less 0.77 





Winds were experienced from all points of the 
compass, and their daily general directions over 
these islands give a resultant from E.N.E., but so 
feeble that there can be no surprise that when the 
force is estimated and taken into the computation 
the resultant is different, being N.W. but still 
feeble. The normal resultant is W.S.W. The 
mean distribution of atmospherical pressure was so 
nearly uniform that it only indicates predominance 
of wind from N.W. by W. Where these winds first 
encountered the land the rainfall was probably 
greater than elsewhere ; thus the west of Ireland 
was the only district that scored the average fall. 
At Stornoway on the 7th 1.07 in. of rain was mea- 
sured. The general mean temperature was slightly 
below the normal value. The highest temperature, 
67 deg., was reported at Foynes on the 21st; the 
lowest, 22 deg., at Braemer on the 13th. On the 
Ist, at 8. a.m., while the temperature at Valencia was 
50 deg., it was only 28 deg. at Loughborough. The 
greatest atmospherical pressure, 30.35 in., occurred 
on the Ist; the least, 29.2in.,on the 2nd. The month 
commenced with fine sunshiny days, cold nights, 
very dry air, and light breezes from 8.E. From the 
6th to 11th the weather was showery, some sleet 
and snow in places, though between the showers 
the air was noticeably dry, winds chiefly from N.W., 
squally at times. From the 12th to 20th the winds 
ranged between S., N.E., and S., little rain though 
a good deal of overcast sky. From the 21st to 
28th, the wind gradually veered from 8.S.W. 
to W. and N.N.W., and became 8.S.E. during the 
last two days. This was a showery period, with 
intervals of fine sunshine, and some clear nights. 
Lightning and thunder were reported locally in 
England and Ireland about the 8th, 19th, and 25th. 
Between noon and 1 p.m., 26th, a dense black fog 
cloud overspread the metropolis, causing darkness, 
and passing into heavy rain. The weather nota- 
tions indicate 8 clear days in the north and central, 
5 in the south and east, 17 overcast days in the 
east and 9 in the north district. From these results 
might be inferred most sunshine in the north of 
Scotland and the Irish Sea, and least on the east 
of England. For the five weeks ending May 3rd, 
the duration of bright sunshine, estimated in per- 
centage of its possible amount, from the results of 
the sunshine recorders, was for the United King- 
dom 41, Channel Isles 47, south Ireland, south- 
west England, and west Scotland 44, east England 
43, south England 41, east Scotland 40, north 
Ireland 39, north Scotland and north-east England 
38, vorth-west England 37. 

In April the coldest wind is from N., the warmest 
from 8.S.W. The conditions favourable for a fine 
warm day are southerly wind and clear sky ; for a 
very cold night with hoar-frost in the early morn- 
ing, northerly wind and clear sky. | April has 
nearly the mean temperature of the year in the 
ascending branch of the annual temperature curve. 
The north-east winds of spring do not blow per- 
sistently, but more frequently than in other months. 
They constitute a marked feature of British cli- 
mate, and have a baneful influence upon both animal 
and vegetable life. Coming froma cold region and 
increasing in temperature, the dew-point becomes 
relatively low, so that they take up moisture from 
plants and shrivel up their leaves and blossoms, 
and cause evaporation from the skins of animals 
so as to be bitterly severe to the sensation. The 
low dew-point permits the temperature of the night 
to sink greatly below that of the day, especially 
when the sky is very clear, and then exposure to 
the night air at this season is peculiarly risky to 

rsons of delicate constitution. The chilliness 
elt from these winds is due to their dryness, and 
is inimical to rheumatic, chest, and throat com- 
plaints. Their most noticeable feature is the 
absorption of all surface moisture from the ground, 
and the prevalence of dust. The sun may shine 
brightly and pleasantly while its warming effect 
only renders the cold of the air more apparent, 
and the stronger the wind the more stinging the 
sensation. 
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MR. JAMES NASMYTH. 


At the ripe age of eighty-one Mr. James Nasmyth 
died last Wednesday morning. His name is more 
widely known among the general public than that 
of most engineers of equal rank on account of his 
invention of the steam hammer. This wonderful 
tool is not only of high interest as marking an 
epoch in the manipulation of iron, but it also appeals 
most strongly to the lay imagination by its mar- 
vellous power and wonderful delicacy of touch. It 
needs no technical skill to comprehend its effects, 
whether these be the welding of immense blooms 
or the cracking of a nut. Everybody has felt an 
interest in watching its motions, and learning the 
name of its inventor. 

Mr. Nasmyth’s professional career is remarkable 
for its shortness. He commenced business for him- 
self in 1834 at the age of twenty-five, and he re- 
tired in 1857 at the age of forty-eight. At that 
period of life most men are only beginning to reap 
the full reward of all their toil and care, and the 
idea of leaving the field for other competitors 
never occurs to them. It is a wonderful proof of 
the advantageous position of the early engineers 
that a young man could start almost without capital, 
and could make a fortune in little more than twenty 
years. Ofcourse Mr. Nasmyth obtained a great 
deal of financial assistance from others, but had he 
lived fifty years later and had ten times the capital, 
it is more than doubtful whether he could have 
achieved a like success, in spite of his wonderful 
mechanical abilities and business acumen. On 
retiring from the concern which he had built up at 
Manchester, Mr. Nasmyth went to live at Pens- 
hurst, near Tunbridge, and occupied himself mainly 
with astronomy and writing. He was the author of 
‘* Remarks on Tools and Machinery” in Baker’s 
‘¢ Elements of Mechanism,” 1858, and ‘‘ The Moon 
considered as a Planet, a World, and a Satellite,” 
written in conjunction with James Carpenter. Till 
within the last few months he was able to follow his 
occupations without the interruption of a day’s 
illness, but for some little time past the weight of 
years has begun to press heavily upon him. About 
a month ago he came to Bailey’s Hotel, Kensington, 
and stayed there till his death. 

The general facts of Mr. Nasmyth’s life are well 
known. They have been told by Dr. Smiles, and 
also related in his autobiography (1883). So long 
ago as March 6, 1868, we published a biographical 
notice from which we make the following extracts : 
‘* James Nasmyth was the youngest son of Mr. 
Alexander Nasmyth, the eminent landscape painter, 
who in addition to his high artistic powers, was an 
excellent amateur mechanic. In his little workshop 
the son was early devoted to those mechanical pur- 
suits which he afterwards followed. Among the 
frequent visitors to his father were Patrick Miller, 
of Dalswinton, Professor Leslie, and other scien- 
tific men of high standing. James was sent to the 
High School, Edinburgh, and there had for a 
school companion the son of an ironfounder, in 
whose father’s works he used to spend his spare 
hours watching the various processes going on. 
By the time he was fifteen he had become a 
very fair workman, and made a small steam 
engine which he set to grind colours for his 
father. In those days model steam engines were 
comparatively rare, and James Nasmyth found 
that the manufacture of them, and of sec- 
tional models for illustrating lectures, afforded 
him both interesting and profitable employment, 
which enabled himto buyadmission tickets to the lec- 
tures on natural philosophy and chemistry delivered 
at the University of Edinburgh. In 1827 and 1828 
Mr. Nasmyth constructed a steam carriage capable 
of carrying eight persons. This was completed at 
the expense of 60/., and was run for two months, 
when it was disposed of ; the engine was afterwards 
used for driving a factory. 

“‘On April 19 the subject of our sketch sailed for 
London with the object of obtaining work with 
Mr. Henry Maudslay. After a voyage of eight 
days he called and showed him specimens of his 
drawings and models, which were so good that 
Mr. Maudslay appointed him his private workman. 
The pay he asked was 10s. a week, and out of this 
sum he entirely supported himself fora year, when 
his wages were raised to15s. On the death of Mr. 
Henry Maudslay, in 1831, Mr. Nasmyth entered 
the service of Mr. Joshua Field as draughtsman, 
and remained with him till the end of the year, 
when he returned to Edinburgh and commenced 
the construction of a small stock of engineering 





tools with a view to starting in business for 
himself. The construction of these tools, and 
miscellaneous jobs which he undertook, occupied 
him till the spring of 1833. In June, 1834, 
he went to Manchester, where he rented a flat in 
an old mill in Dale-street, and commenced business 
for himself. It was not long, however, before his 
work became too heavy for the premises, and he 
had to look for fresh. He found a suitable piece 
of ground at Patricroft, bounded on one side by 
the canal, and on the other by the Liverpool and 
Manchester Railway, and here he established the 
Bridgewater Foundry. He had only been here 
three years when he made the first sketch of his 
steam hammer. It arose from an inquiry for special 
tools for the construction of the engines of the Great 
Britain. The engines were commenced, when a 
difficulty arose in the size of the paddle shaft, 
which was of dimensions far exceeding anything 
known atthe time. None of the engineering firms 
in the country would undertake to forge it. Mr. 
Humphries, the designer, wrote to Mr. Nasmyth, 
informing him of the facts, and asking him if he 
thought that cast iron might be employed. By 
return of post Mr. Nasmyth sent hima sketch of 
the steam hammer by which he proposed to forge 
the paddle shaft, the arrangement of the hammer, 
thus hastily designed, being the same as that of the 
hammers in general use in the present day. Un- 
fortunately the design of the engines was changed 
and screw engines were adopted, and consequently 
the necessity for the hammer was temporarily 
postponed. 

‘‘The recognition of the value of the idea took 
place first in France. No secret was made of the 
invention, and when, during the absence of Mr. 
Nasmyth, M. Schneider, of Creusét, called with M. 
Bourdon, at Patricroft, Mr. Gaskell showed him his 
partner’s ‘scheme book,’ which contained the 
design of the steam hammer. M. Bourdon made 
a note of the arrangement and on his return to 
France turned it to account. Mr. Nasmyth knew 
nothing of this until in April, 1840, during a visit 
to Creusét, he was shown a steam hammer, made 
from his design, in full work. On his return to 
England he applied for a patent, his brother-in- 
law, Mr. William Bennet, advancing the necessary 
funds. Within a few weeks the first hammer, with 
a 30-cwt. head, was in operation at Patricroft. 

‘* Subsequently, in 1845, Mr. Nasmyth applied 
the steam hammer to driving piles, and designed 
the well-known steam pile-driver that bears his 
name. In 1846 he designed a form of steam 
engine, which resembled his steam hammer in 
arrangement. To him also is due the invention of 
the shaping machine, long known as ‘ Nasmyth’s 
steam arm,’ a machine which was originally con- 
trived for facilitating the execution of an order 
of locomotives for the Great Western Railway. 
Another useful invention of his was a circular 
cutter for cutting toothed wheels, and he also con- 
trived an arrangement of gearing for tilting foundry 
ladles. Among other inventions may be mentioned 
the double-faced wedge sluice valve, a reversible 
rolling mill, and a spherical-seated safety valve.” 

At the end of 1856, as we have already noticed, 
Mr. Nasmyth retired from the regular duties of his 
profession, but even in his retirement he has been 
actively employed in scientific pursuits. He has 
devoted much time to astronomy, principally by 
aid of a telescope of his own construction. 





THE IRON AND STEEL INSTITUTE. 

THE annual meeting of the Iron and Steel Insti- 
tute was held on Wednesday and Thursday this 
week, at the Institution of Civil Engineers, by the 
invitation of the Council of the latter body, who, 
as usual, had put their theatre at the disposal of 
the sister society. The chair was taken by the Pre- 
sident, Sir James Kitson. 

There was a good programme of ten papers, 
some of rather more than usual interest. It had 
been proposed that the meeting should, if neces- 
sary, last over three days, but the President had 
evidently determined that a Friday’s sitting would 
not be desirable, and no less than six papers were 
read and discussed before the meeting adjourned at 
three o’clock on Wednesday. 

The first business on the members assembling on 
Wednesday morning was the reading of the report 
of the Council. This year, we learn, the Institu- 
tion attains to its majority, for the present report 
is the twenty-first which has been issued. It is 
satisfactory, therefore, to know that during the 





past year as much progress has been made, both 
from a numerical and from a technical point of 
view, as in any previous year. The number of 
members at the end of 1888 was 1355, and this 
was an increase of forty-two on the list pre- 
viously issued. At the end of last year there 
had been a further net increase of seventy- 
two, which brought the total up to 1427. 
The number of new members proposed at the 
meeting just held was seventy-two, twenty-two of 
whom were foreigners. There were thirty deaths 
during the past year amongst members. Reference 
was next made in the report to the late Paris 
meeting. The Council had, on behalf of the Insti- 
tute, presented to Mr. Henry Chapman a handsome 
silver-gilt vase of the time of George III. in recog- 
nition of the services he had rendered in connection 
with the Paris meeting. It may be said that the 
success of that meeting—as also that of the Institu- 
tion of Mechanical Engineers which was likewise 
held in Paris last year—was due to Mr. Chapman. 
He put his Paris offices and clerical staff at the 
service of the Institute, thus saving a large outlay ; 
but this was a trifle compared to his own per- 
sonal exertions in order to bring the meeting to a 
successful issue. Mr. Chapman is an ideal manager 
for work of this description. He has a truly re- 
markable genius for organisation and a memory 
which does not neglect the smallest detail ; but 
beyond this he has that enviable good nature which 
enables a man to preserve his amiability however 
much he may be harrassed by the unreasonable 
demands of inconsiderate persons. Mr. Chapman’s 
manager in Paris, M. Vaslin, also contributed not 
a little to the success of the meeting, and it is 
pleasant to know that the Council have also made 
a suitable acknowledgment in his case. 

The coming American meeting was next men- 
tioned in the report, which the Council anticipate 
in advance will be ‘‘alike instructive, agreeable, 
and successful.” As the members are to be the 
guests of the American Societies from the time 
they land in New York until they leave that city for 
the return, those who know what American hos- 
pitality is will feel that the Council is justified in 
its anticipation. 

The subject index to the Proceedings of the In- 
stitute has now been brought up to the end of last 
year. The financial aspect of the Institution con- 
tinues to improve. Last year the income was 
3442]. 10s. 2d., and the expenditure 2794/. 12s. 2d. 

The report was moved by the President, who 
referred to the loss the Institute had sustained 
by the death of Mr. Daniel Adamson, who was 
one of the original members, and had always taken 
an active part in its proceedings, having con- 
tributed several papers of great interest. Mr. 
Ainslie, in seconding the report, referred to the 
evil effects that followed the speculation in pig iron 
warrants, a subject upon which he was going to 
ask a question in the ieee of Commons. He was 
proceeding to refer to the labour question, but was 
ruled out of order by Sir James Kitson upon the 
motion of Sir Bernhard Samuelson. 

A vote of thanks to the Council was moved by 
Mr. Carbutt and seconded by Mr. Jeremiah Head. 


Tue Bessemer MEDAL. 


The next business on the Agenda was the pre- 
sentation of the Bessemer medal, which the Council 
had decided to award this year to Mr. William D. 
Allen, of Sheffield, ‘‘in recognition of his early 
successful endeavours to manufacture a high 
quality of Bessemer steel.” Sir James Kitson, in 
making the presentation, said a few words and 
then called on Sir Henry Bessemer to supplement 
his remarks. Sir Henry, on rising, was received 
with a burst of applause. He said he must go 
back half a century to recall his first association 
with Mr. Allen, who, at fifteen years of age, came 
to him to learn something of practical and theore- 
tical engineering. Mr. Allen later served him 
well for three or four years when Mr. Bessemer 
introduced his invention of bronze powder. This 
was not patented, but the process was revealed to. 
Mr. Allen and afterwards to some others, since 
when it had been successfully worked as a secret 
—— for forty years. It was at Baxter 

ouse, St. Pancras, that Sir Henry discovered 
the process of manufacturing Bessemer steel 
and Mr. Allen knew every detail before it was 
patented. When the Sheffield firms would not take 
the matter up, Sir Henry proposed to Mr. Robert 
Longsdon, the two Galloways, and Mr. Allen that 
they should start an experimental works at Shef- 
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field. Mr. Allen gave up his share in the bronze 
works and went down to Sheftield to take part in 
the management, and also embarked his own capital 
in it. The small company thus formed had no 
property in the patents, but they had a right to 
manufacture according to the process without 
royalty on condition that they would show the 
whole process to any one that might be required 
to be instructed. Mr. Allen loyally carried out 
this part of the arrangement, cheerfully showing 
any one the whole details of the system, including 
such improvements as were from time to time 
made. At the end of fourteen years, two years of 
which were spent in experimenting, the patent 
expired. In connection with this subject Sir 
Henry made public a fact which he was induced to 
mention under the present circumstances, although 
perhaps it wasa subject which was more of a per- 
sonal nature. After the twelve years working it 
was found that the original capital embarked in the 
Sheftield works had increased eighty-one times, or, 
in other words, that it had earned about cent. per 
cent. everytwo months. After the patents expired 
Mr. Allen took over the business, and since then 
had turned his attention to the production of par- 
ticular qualities of the metal suitable for special 
purposes. In this Mr. Allen had been very suc- 
cessful, and Sir Henry had occasionally heard 
rumours that the product of the Bessemer Works 
at Sheftield was sold occasionally by those who did 
not always say it was Bessemer. We fancy we 
have heard echoes of this rumour ourselves at 
times. In conclusion Sir Henry said it was with 
the greatest satisfaction that he saw the Bessemer 
medal presented to his old friend and colleague, 
who had done so much in the early days of the 
struggle to bring what was looked on as a visionary 
and foolish scheme to so real and substantial a 
success. 

Sir James Kitson then presented the medal 
together with an illuminated diploma. This 
diploma had been designed by Sir Henry Bessemer 
himself, who had taken the greatest interest in its 
production. 

Mr. Allen, in returning thanks, stated that 
he had not received any reward for his labours 
which had afforded him so much pleasure as the 
receipt of the Bessemer medal. His labours as a 
steelmaker dated back thirty-four years. At 
that time the production of large masses of 
steel was practically unknown, and when it was 
proposed to make them by what was then con- 
sidered the wild and impracticable scheme of Sir 
Henry Bessemer, it was considered to be impos- 
sible, and the world did not believe it. But, 
although the world did not believe it, it was 
fortunate for the world that Sir Henry did, and 
as patience and perseverence have before overcome 
many difliculties, so it wasin hiscase. So important 
had been the effect of this invention upon industrial 
economy that any small incident connected with 
its inception would, it appeared to Mr. Allen, be 
of interest to members of the Iron and Steel In- 
stitute. He well remembered that the first Bes- 
semer converter consisted of a clay crucible with 
a. lid, and with holes round the top for the escape 
of the gases. The tuyere was a piece of ordinary 
gas piping. In using this primitive converter it 
was intended to place the crucible in the furnace 
and charge it with 30 lb. to 40 1b. of pig iron, and 
when the pig iron was melted to insert the tuyere 
pipe, and blow the molten metal until it became 
steel, and this sometimes was successfully done, 
but the failures from various causes were far more 
frequent than the successes. 

In starting this converter the first difficulty that 
cropped up was that the pig iron could not be 
aaled's the fact was the furnace had but a poor 
draught and there was only gas coke for fuel, and no 
effort in the way of firing would melt the pig. But 
at length Sir Henry coming into the shop and look- 
ing into the crucible said ‘‘he thought there was 
a small quantity melted at the bottom of the 
crucible which had sweated out of the pig,” and he 
gave instructions to insert the tuyere and try and 
convert what there was melted, and the tuyere was 
accordingly forced down into the small quantity of 
molten metal and blowingcommenced, and in thirty 
or forty seconds the whole of the pig was brought 
down and was a fluid as water. The blowing was 


then continued for six or seven minutes, by which 
time there was much anxiety to know what was 
going on, and it was decided to take off the cover 
and have a look, when the interior of the pot was 
found to be a glorious white heat, as white as snow, 





so white, indeed, that the furnace and the fire 
looked almost black by contrast ; there was thus 
this rather singular phenomenon, the fire was 
actually taking heat from the crucible. 

The facts there demonstrated were not likely to 
escape so shrewd an observer as Sir Henry ; he 
saw their importance and at once turned them to 
account, and this vast increase of heat occasioned 
by blowing cold air into the molten iron constitutes 
to the present day one of the most beautiful features 
of his process. 

This most interesting part of the proceedings 
having been disposed of, the papers that had been 
contributed were brought before the meeting. Of 
these there were ten on the list, and there was also 
a further paper sent in by Professor Akerman, of 
Stockholm, after the agenda had been made up. 
The following are the papers which were read and 
discussed on the first day of the meeting, viz., 
Wednesday last : 

‘* A New Form of Siemens Furnace arranged to 
Recover Waste Gases as well as Waste Heat,” by 
Mr. John Head, of London, and M. P. Pouff, of 
Nevers. 

‘*Calculations concerning the Possibility of Re- 
generating the Gas in the New Siemens Furnace,” 
by Professor Akerman, of Stockholm. 

‘*On some Critical Points in Iron and Steel,” by 
M. F. Osmond, of Paris. 

‘* On the Carburisation of Iron by the Diamond,” 
by Professor C. Roberts-Austen, of London. 

‘*On the Changes in Iron produced by Thermal 
Treatment,” by Dr. E. J. Ball, of London. 

‘On the Robert-Bessemer Process,” by Mr. 
Lynwood Garrison, of Philadelphia. 

The first and last of these papers were read but 
not discussed at the Paris meeting of last year ; 
but short abstracts of them had been prepared, 
and were read by the secretary. 


A New Form or SIEMENS FurRNACE. 


Messrs. Head and Pouff’s paper has already been 
published in full in these columns,* and we shall 
also publish Professor Akerman’s paper in full at 
an early date. We may therefore at once proceed 
to the discussion which followed the reading of 
these two papers, which were taken together. 

Before the discussion was taken Mr. John Head 
wished to draw attention to the two Tables giving 
details of working which he had placed on the 
walls. These we here reproduce : 


Table showing Work Done in the Siemens Furnace at 
Landore. 
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Comparative Statement of Working. 





Of Coal-Fired | New Siemens Gas 
| Furnace Single | Furnace Double 
Puddling during, Puddling during 





Ten Shifts. Seven Shifts. 
ewt. qr. Ib. |  cwt. qr. Ib. 
Metal charged .. ee 346 0 20 454 1 #1 
Yield of puddled bars. . 328 0 13 445 1 24 
Loss of metal .. ea 3 @ 7 8 3 4 
——— balls (bars) made 14 3 #10 37 0 2 
Yield of iron per shift ns 3461S 71 #1 «19 
Coal used including lighting 
u s% oe - % 4100 0 O | 1499 1 O 
Coal used per ton of iron made 23 3 9 6 0 22 
” ” ” 
exclusive of lighting up .. 2 3.8 BS % 
Fettling used .. se ais » © 0 6 3 #0 
» » perton of pud- 
dled bars ee se vs 2 2 s: * 06 
Cost of fettling.. 3s. 11d. estimated at 2s, 2d. 
» repairs per week 1hs. | “ oo a 


Pig iron same in both furnaces. Puddled iron made in gas fur- 
nace distinctly superior. 

Sir Lowthian Bell, in opening the discussion, 
said that at the Paris meeting he had spoken on 
the subject of water gas. Many of the principles 
involved in the question arose in connection with 
the subject then under notice ; but happily none 
of the errors which he considered ran through the 








* See ENGINEERING, vol. xviii., page 440, 


whole paper on water gas were to be seen in the 
memoirs then under discussion. In Paris, Sir 
Lowthian had shown that it was not possible to 
get more heat from fuel than it contained. It 
was then stated that he should receive an invita- 
tion to visit the installation of water gas at the 
Leeds Forge and judge for himself as to the accu- 
racy of the facts put forward, but since that date 
he had received no invitation. It was true that he 
had been offered the alternative of going 
to the other end of Europe, in order to inspect 
a water gas plant there erected; but he had 
considered it unnecessary to fall in with this sug- 
gestion, considering there was a working example 
at Leeds. Sir Lowthian wished, however, to em- 
phasise the fact that if fuel was burnt it was impos- 
sible to get more heat from the waste products of 
combustion unless that heat were in some way 
added. The figures in Professor Akerman’s paper 
were difficult to follow, and he could not pretend 
to criticise them at first reading. Heat, how- 
ever, was recognised as a form of motion, and 
the value of coal as a means of motion was 
determined experimentally by Joule. Those who 
best knew his work would understand the difli- 
culty of getting out of the coal more heat than 
could be obtained by burning it in the simplest 
way. The position might be made clearer by 
the simple illustration of two weights attached to 
each end of a cord running over a pulley. If these 
weights balanced each other there would be no 
motion, but if a smaller weight were added to one 
end, that end would fall. But in lifting the small 
weight and placing it on the other, energy would be 
expended, in order to give the smaller weight 
energy of position, and motion would be produced; 
but before this motion could be produced the fric- 
tion of the pulley and other retarding forces would 
havetobeovercome. Soitwasinany apparatus for the 
conveyance of heat, where there was loss from con- 
vection, radiation, &«. Mr. Head was too wise to 

retend he could obtain heat without expenditure, 
a he used heat that might be otherwise wasted, as 
was shown by the details of the furnace he described, 
and which will be found in the paper we have 
already published. Sir Lowthian would, however, 
remind his hearers that there was already in use, 
and had been for years, a most effective means of 
utilising waste heat from puddling and other fur- 
naces, and this was by raising steam for use. He 
was of opinion that no better way than this could 
be devised. Mr. Head had said that he saved 5 
per cent. of the iron that would be otherwise lost 
in using the furnace described. Sir Lowthian had 
found that in the ordinary way there was a loss of 
10 per cent., and therefore there was a gain of 50 
per cent. of the total quantity now lost. Sir 
Lowthian further pointed out that it was not only 
by air that iron was wasted but also by carbonic 
acid gas. It did not matter what was the source of 
oxygen so that it got tothe iron. It would appear, 
therefore, that in cases where there was no other 
way of using the waste heat it was good to apply 
these furnaces ; but to make them pay it would be 
necessary to use cheap fuel, and he thought perhaps 
the author had been somewhat too sanguine in his 
estimate of the gain in this direction. 

Mr. Cowper pointed out the arrangement de- 
scribed by the author seemed simply an ingenious 
way of carrying fuel to the place where it was 
wanted. If it were possible to retain the carbonic 
acid gas at a high temperature it would be better 
to use it as a vehicle than taking in air at a lower 
temperature. 

The President remarked that he had had at his 
works considerable experience in heating iron in the 
Siemens furnace, and he found the loss in twice 
heating was 3 per cent. of the value of the iron. In 
the higher qualities this loss equalled in value the 
cost of the fuel burnt, so that it would seem not of 
such great consequence to make a small saving in 
fuel as compared to the saving of iron. In the 
heating of plates the loss was from 24 to 3 per cent. 
A speaker here asked if the type of furnace 
described necessitated any additional labour. In 
reply to this Mr. Head said it was usual to have a 
separate furnace attendant, so that the men might 
concentrate their attention on the treatment of the 
metal. This was considered of advantage in the 
long run, as one fireman could attend to a number 
of furnaces. 

Mr. E. P. Martin said that it seemed to him that 
if it were required to weld iron, the new Siemens 
furnace was good for getting the higher tempera- 





ture ; but if it were only necessary to heat the iron 
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he should prefer the old furnace using waste heat 
for raising steam. 

Mr. Head in reply to the discussion said, with 
regard to the raising of steam by waste gases, that 
he had had the greatest difficulty in obtaining 
information as to the quantity of water evaporated, 
and it was only within the last few days that a 
gentleman in Sheffield had supplied him with figures 
on that point. From these it would appear that 
3 lb. of water were evaporated (at what pressure 
was not stated) per pound of coal, 24 ewt. of coal 
being burnt per ton of iron made. The question of 
oxidation was a difficult one to approach, for it was 
quite possible, by improper working, to waste as 
much iron, and perhaps more, in a Siemens furnace 
as in an ordinary furnace. With regard to steel 
there was another danger, for though there might 
not be oxidation the flame might come in contact 
with the metal and produce red-shortness. For 
these reasons care should be taken to get a proper 
arrangement of the Siemens furnace. In the new 
furnace the advantages claimed were a saving of 
3 per cent. in the iron and improvement in the 
quality. In answer to a question put to him, Mr. 
Head stated that the first cost of erecting one of 
these furnaces was about 3001. 

With regard to Professor Akerman’s paper, Mr. 
Head pointed out that the specific heat of gases at 
high temperature was an unknown quantity, and 
therefore the results arrived at were largely specu- 
lative ; but the figures put on record in the paper 
were interesting, and might be of greater value 
some day, when more definite knowledge on some 
points had been acquired. One source of economy 
over the old Siemens furnace, he added, was that 
in the latter the gases were cooled on their way 
from the producer to the furnace. There was also 
in this new furnace a saving in the matter of 
repairs. 

A vote of thanks was then passed to the authors 
of the two papers. We must leave over our 
report of the further proceedings to our next 
issue. The remaining papers on the list were as 
follows : 

‘¢ Notes on the Action of Aluminium on Iron and 
Steel,” by Sir Henry Roscoe, London. 

‘¢On Aluminium in Carburetted Iron,” by Mr. 
J. W. Keep, of Detroit. 

‘¢ On certain Chemical Phenomena in the Manu- 
facture of Steel,” by Mr. W. Galbraith, of Willing- 
worth. 

‘¢ On the Estimation of Phosphorus in the Basic 
Siemens Steel Bath,” by Mr. W. Galbraith, of 
Willingworth. 

‘*On the Rollet Process of Producing Purified 
Castings,” by M. Rollet, of Paris. 

The paper by Sir Henry Roscoe was not read. 
The remaining four papers were read and discussed 
on Thursday. 





NOTES. 
THe STUDENTS OF THE INSTITUTION OF CIVIL 
ENGINEERS. 

THE annual dinner of the students of the Institu- 
tion of Civil Engineers was held last Friday at the 
Holborn Restaurant, the President, Sir John Coode, 
K.C.M.G., being in the chair. In replying to the 
toast of ‘‘The Students,” proposed by Mr. George 
Berkley, the secretary, Mr. J. H. Wells, made a 
forcible appeal to all firms and heads of offices 
having students in their employ to provide them 
facilities for taking advantage of the opportunities 
put in their way by the Institution. Among these 
were the periodic excursions which are made to 
interesting works, both those completed and in 
progress. The attendance at these excursions falls 
short of what it should be, and the reason often 
alleged is that the chiefs in the various offices do not 
always receive requests for leave of absence with 
ready compliance. Hence students grow shy in 
requesting the favour and miss a great deal of 
valuable experience which could be gained at little 
cost. We imagine this feeling has its foundation 
in a youthful sensitiveness which sometimes mis- 
takes a judicial manner in an employer for a 
grudging consent. We do not think that any engi- 
neer would feel disposed to put the slightest 
obstacle in the way of a pupil carrying out a pro- 
gramme having the high sanction of the Institution. 
Of course in the case of an assistant, or a draughts- 
man, who is in receipt of wages, the case is diffe- 
rent, and the state of the work in the office must be 
taken into consideration. At the same time the 
more a man knows the more valuable he becomes 





to his employer. This is a fact worth remember- 
ing, and if heads of offices would make it manifest 
to their pupils that they expect them to avail them- 
selves of all opportunities of acquiring professional 
a it would be an advantage to all con- 
cerned. 


Tue Disposat or Lonpon Sewace. 

An entirely original proposal for the disposal of 
thesewageof London has been put forward by Messrs. 
R. Hassard and A. W. N. Tyrrell, of 1, Victoria- 
street, Westminster. This is to deliver it into the 
sea at Dungeness Point. There is no doubt that 
this locality excels all others within reach of the 
metropolis in its natural adaptation for the purpose. 
It is a flat desolate promontory of shingle jutting 
out of the Romney Marshes for five miles beyond the 
adjacent shore line, and terminates at a point where 
the water close to the shore is 90 ft. deep at low tide. 
Here the stream of foul liquid could be discharged 
all through the twenty-four hours many feet below 
the surface of the swift channel current, and 
under favourable conditions would never be seen 
again. With the exception of the men employed 
on coastguard service at the lighthouse and at the 
signal station, the district is uninhabited, the 
nearest villages being Lydd and New Romney, 
distant from the Point 4 and 54 miles respectively. 
Hastings and Folkstone are 18 and 15 miles dis- 
tant respectively as the crow flies, 20 and 18 miles 
respectively by the shore lines. The sewage would 
need to be conveyed 56 miles from Crossness, by an 
aqueduct running almost due south-east. The 
northern sewage would be brought under the 
Thames by a tunnel, and joining that of the south 
side would flow across the Erith Marshes to Abbey 
Wood, where it would be pumped toa height of 
40ft. It would then pass between Crayford and 
Dartford to a point about two miles west of Maid- 
stone ; thence by Headcorn, Tenterden, and Apple- 
don to Lydd and Dungeness Point. The cost of 
the undertaking is estimated by its authors, includ- 
ing all expenses and charges of every kind, at 
5,750,000/., to which must be added 30,0001. a year 
for pumping. The interest on the capital sum at 
3 per cent. would be 172,500l. per year, and the 
total annual expenses, apart from a sinking fund, 
202,500/. This is about equal to the smallest esti- 
mate for the annual expense of the chemical treat- 
ment now being experimentally carried out. When 
the time comes that it is demonstrated that the 
London sewage must be delivered into the sea, the 
plan of Messrs. Hassard and Tyrrell will deserve 
very serious consideration. It will provide a final 
and complete solution to the problem, and in this 
respect will have a great advantage over the pro- 
posed aqueduct to Foulness Point. No one can 
say definitely that the discharge of immense quan- 
tities of sewage into the sluggish waters of the Essex 
coast would not cause very considerable nuisance. 





THE THEORY OF THE SCREW 
PROPELLER. 
To THE Eprror OF ENGINEERING. 

Str,—There are a few printer’s errors in your extracts 
from my paper on ‘‘ Various Theories of the Screw Pro- 
peller ” in your issue of 18th April, which I would have 
noticed in my letter you published last week had that 
letter not*been otherwise‘sufficiently long. The following 
corrections which I now send may save some trouble to 
future readers. 

On page 466, on referring to the second paper read by 
me on this subject before the Institution of Engineers and 
Shipbuilders in Scotland, the date should have been 
‘*1879” instead of ‘1889” as printed. On page 467, third 
column, where the calculation of the indicated horse-power 
from the thrust and speed of the vessel with 10 per cent. 
slip is given according to Professor Rankine’s formula, 
the numerical value of S is omitted. It should read 


a4 x4 
ce Gaal x a =1635 IL.H.P. On page 470, first 
550 550 
column, near the top, the words, ‘‘ or negative resistance 
caused by pressure thereon,” should read, ‘“‘ or resistance 
caused by negative pressure thereon.” As two other 
errors do not affect the sense they need not be noticed, 
but I take the opportunity of supplying a word omitted 
from my letter on this subject in your last issue. On page 
539, second column, third paragraph from top, in referring 
to the application of Professor Rankine’s formula the 
sentence should end, ‘‘and such as he intended his theory 
to be applicable to.” The word “applicable” has been 
omitted. Yours faithfully, 
JAMES HowpDeEN. 








RAILWAY BRAKES IN INDIA. 
To THE EDITOR OF ENGINEERING. 

Sir,—In thanking you for the insertion, in = last 
issue, of my contribution to the brake history of India, I 
would ask you kindly to find a place for the following 
explanation, viz. ; 





1. Several readers, I find, cannot think what was meant 
by the ‘‘ East London Technical Exhibition ” referred to 
in my article; my bad handwriting is the sinner on this 
occasion, I suppose, for I thought I had written plainly 
the “‘last London Technical Exhibition,” the so-called 
“Inventories ” at Kensington. 

2. If the Director-General of Railways of India 
attached some importance to the circumstance of the 
jury of the last technical competitive exhibition in 

ndon having awarded a gold medal to each of the three 

rival brakes, the Westinghouse, the Vacuum, and the 
Heberlein, I consider, along with a good many people, 
that the functionary named was right in looking upon 
such awards as pcre | facie proofs of merit, especially as it 
was known that the jury in question had amongst its 
members two distinguished Board of Trade engineerin 
experts and Mr. Imrie, the well-known patent agent an 
engineer, who, no doubt, submitted the brakes to severe 
trials, including great heat, extreme cold, rain, and dust, 
and provided with fittings in various degrees of work- 
manship, old, new, well made and badly made, some kept 
clean and in perfect order by the driver and others in a 
neglected state. 
_ 3. It has been asked in engineering circles, since the 
issue of your Friday number, why the ‘‘ Westinghouse 
Company ” pointed out to Colonel Stanton the work 
done by the ‘‘ vacuum ” brake on the “G.I.P.” railway’s 
express trains. This, I must explain, was done for the 
purpose of drawing attention to the circumstance that 
even the “‘non-automatic ‘leak-off’ vacuum” facilitated 
the working of quick trains, besides laying, of course, t 
stress, and rightly so, on the superiority of the ‘‘ West- 
inghouse automatic” over that antiquated type of the 
** vacuum ” known as the “‘leak-off.” 

4. The military trains, with fifty passenger coaches and 
corresponding brake vans, referred to in your editorial 
foot-note, have not found favour in India, on mature 
consideration ; but if a change should take place in mili- 
tary and railway opinions on this subject, and if a type 
of engine were orde that could haul at the regulation 
speed, each of these fifty coach trains, full of hem the 
special brake fittings to control such trains, whether 
“* Westinghouse” or *‘ vacuum,” could be kept at Lahore, or 
other convenient central place, and the troop trains pro- 
vided with the suitable brake in case of war. 

To have trains of about half the length of the “50 bogie 
car trains’ proj by the Westinghouse;Company, and 
to have in the room of these huge trains, a greater number 
of twenty-five vehicle trains, run quickly with the ordi- 
nary engines and with the ordinary standard automatic 
continuous brake fittings, whatever type be adopted 
ultimately in India, so far do not seem bad points for the 
Indian Government to have stuck to for the military ser- 
vice, especially when the average number’ of pieces of 
rolling stock on mger trains, on the line hauling the 
longest trains in India, does not exceed 16 to 30 coaches 
and corresponding brake vans. This length of train was 
greatly exceeded by each of the two rival brakes that put 
Im an appearance at Quetta, both being able to control 
heavier and longer trains than required. 

ONE WHO Knows, 





To THE Epitor OF ENGINEERING. 

Srr,—In his letter on the brake question this week 
“One Who Knows” expresses his surprise that the 
Westinghouse Brake Company sent out a set of appa- 
ratus to Lahore of a new type and pretends to think that 
the Vacuum Brake Company were hardly treated, as it 
was impossible for them to fit up a train on the same lines 
as the new Westinghouse in the time available. 

What on earth does he mean by the italicised words? 
He must know perfectly well that the Vacuum Company 
sent out the best article they could supply, and his hint 
that had they known of the improved Westinghouse they 
would have made a corresponding improvement is disen- 
genuous or nonsensical—he may choose which. 

Again, he complains that no notice was given to the 
Vacuum Company of the length of train to be fitted, but 
carefully avoids mentioning the fact that the Westing- 
house can be used on trains incomparably longer than 
the vacuum, a fact which no amount of notice can alter. 

As to the technical papers taking sides in this matter, 
he hardly seems to know that every respectable paper in 
England has been on the side of compressed air for the 
last dozen years, at least I cannot remember any instance 
to the contrary, and now even such non-technical journals 
as the Scotsman and the Saturday Review are taking up 
the same refrain. If the papers of England had the 
settling of this question there can be no doubt that the 
best brake would soon be universal. 

Yours, &e., 
W. B. THompson. 





To THE Eprror oF ENGINEERING. 

Sr1r,—In the long and interesting communication from 
** One who Knows” in your issue of last week on the sub- 
ject of ‘‘ Railway Brakes in India,” it is stated that the 

irector-General, Colonel Conway Gordon, R.E., Sir 
Guilford Molesworth, and various other Indian officials 
had personal knowledge of the behaviour in India of the 
Heberlein brake. : 

You will perhaps kindly allow me to point out that 
this is anerror, as the Heberlein brakes have never been 
used on any railway in India, although trials of them 
were strongly recommended by Colonel Le Mesurier and 
Sir Guilford Molesworth, after seeing them in use on 
railways on the Continent, on account of their special 
advantages for use in India. : ; 

With reference to the Indian brake trials in 1888, we 
also dulyreceived an invitation fromthe Director-General 
to compete there against the Westinghouse and vacuum 
systems, and it is tome a matter of great surprise to find 
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from your correspondent’s letter, that it was only on the 
arrival at Lahore of the representative sent out from 
England by the Vacuum Brake Company to superintend 
their trials, that they learnt that the trains were to con- 
sist of fifty vehicles, and that a new arrangement of the 
Westinghouse brake for long trains was being employed. 

In our reply to the invitation of the Director-General 
the reason given for declining to compete was precisely 
because it was specified that the trains were to consist of 
fifty of the heavy wagons in use on the North-Western 
of India Railway, an excessive length of continuous-brake 
train for which we did not consider our brake-cord connec- 
tion suitable in general traftic. bis 

Our official letter to that effect was printed amongst the 
papers distributed by the Indian Government to the 
members of the Simla Traffic Congress, and was pub- 
lished, by some most improper breach of confidence, in 
one of the Indian technical journals. 

We were, however, fully aware when we wrote that the 
whole idea of this a train came from some 
improved valves introduced by the Westinghouse Com- 
pany, as I had heard the subject most ably discussed at 
the Berlia Railway Science Association, months before, 
by Colonel Golz, the commandant of the Royal Prussian 
Railway Regiment. 

The mistake, as it appears to me, which runs through 
all the correspondence upon this vexed question of brakes 
is that of treating the question of pneumatic pressure 
versus vacuum as if the Westinghouse constituted, of 
itself alone, the first-named system, whereas there is a 
choice open between the ‘‘ Westinghouse” as the oldest 
and best known, the ‘‘ Carpenter,” as used on the whole 
of the Prussian fast trains, and the “Schleifer,” as 
adapted on the Saxon States Railways. 

Yours truly, 
CHARLES FAIRHOLME. 

18, St. Dunstan’s-hill, E.C., May 7, 1890. 





THE BATTLE OF THE BRAKES. 
To Tuk Eprror or ENGINEERING. 

Srr,—In future when I read the Saturday Review upon 
the question of brakes, I feel assured that as it is not an 
engineering paper I shall be probably treated to matter 
which will be of a ihessuaiie lea character, because 
it is only too apparent to those who understand the 
subject of brakes that the articles it has published are 
thoroughly one-sided, and that, too, without awaiting the 
Board of Trade report, which may, or may not, totally 
destroy the theory upon which that paper assumed to 
build up arguments against the vacuum automatic brake, 
taking the accident at Carlisle as the groundwork of its 
articles, and going to the extent by inference (before the 
fact is known) that it was caused by freezing. Any 
reader would infer from one of these articles that the 
vacuum automatic brake was always freezing, but that 
such a thing could not happen to the Westinghouse 
brake. Ihave looked through the Board of Trade returns 
and find triple valves, cocks, hose, pumps, cylinders, &c., 
have been referred to as frozen. 

I was pleased to read your remarks in your issue of the 
2nd inst., and I find also that your columns are open to 
both sides in this brake controversy. I am pleased to 
see that you agree to calling a trial in India as being an 
*exhibition” and not a trial 

Now, Sir, I will in justice ask you to go a step further 
and declare all trials to be ‘‘exhibitions,” if somethin 
takes place at them whereby the conditions upon whieh 
brakes are worked in daily practical service do not then 
obtain. I refer to the question of the pressure exerted 
per square inch by the air brake when fitted with new 
pump and new hose when competing at a trial, when the 
pressure is put up to 90 Ib. and even 120 1b., whilst in 
daily practice it 1s confined to about 60 lb. 

As the hose often burst in daily use with 60 lb. pres- 
sure, no trials could take place at the higher pressures 
except with new hose. 

I notice your correspondent ‘‘ Engineer” draws «tten- 
tion to a Mr. Gobert’s idea upon the subject of burst ose 
and citing a recent accident caused - 4 one killing six an 
wounding others. We had a smash in the beadmoor 
Tunnel from the same cause, but no loss of life, and a 
well-known railway man in America, a Mr. Howard Fry, 
was killed from the same cause. 

The advocates of this brake, whenever there is an acci- 
dent, say if so-and-so had done his duty in running back, 
or the block signal man had done his duty, these acci- 
dents might have been averted. True, no doubt, but 
these human agents failed us in the hour of emergency, 
and burst hose were the causes of each disaster. Upon a 

uestion of ‘‘ ifs,” if the air brake had not been fitted to 
these trains then these accidents would certainly not have 
occurred, and they must be set against any other acci- 
dents averted. counted 119 cases of burst hose in the 
last six months’ Board of Trade returns on the Great 
Eastern Railway Company alone. 

Although the advocates of the Westinghouse system, as 
represented by the Saturday Review wd_ others, are 
always ready to use the arguments to which I have 
referred when that brake is in question, or to cast insinua- 
tions upon the brake returns, and even go so far as to 
exalt a jury of men who are not experts, and to try and 
discredit an authority sent by the Board of Trade to 
investigate the causes of the Carlisle accident, where do 
we ever find them doing scant justice when the vacuum 
system is under discussion ? 

Why are they silent as to the fact that in this accident 
the driver seems to have relied upon the brake which was 
well known to have required some special attention before 
reaching Carlisle ? . 

Thy does the Saturday Review make a statement that 
the vacuum automatic brake cannot work on a train of 
great length in India, when it is well known that last 





summer one locomotive took out 40 six-wheeled carriages, 
the train weighing 573 tons, and all experiments necessary 
to prove the efficiency of the vacuum automatic brake 
were tried, and in the presence of engineers from France 
and England, and I challenge the writer of the articles 
in that paper to deny that he was aware of this fact. 

We shall never get matter worth reading when con- 
ducted on such lines, nor shall we ever get a trial between 
the vacuum and air pressure systems worth a brass far- 
thing, whilst nature ties the one down to an outside pres- 
sure under 15 lb. to the inch, whilst a new donkey engine 
and new hose can be worked with the other at 120 lb. 
pressure per inch, being double that exerted in dail 
practice. I have known 90 1b. pressure used in trials 
against the simple vacuum brake, the force being ready 
at 90 lb. in the air brake, whilst the vacuum had to b 
entirely created for the simple vacuum brake, and yet it 
made a good show even against such odds. 

I am, Sir, your obedient servant, 
FREDERICK THOS, HAGGARD, 
Director of the Vacuum Brake Company. 
1, Broadwater Down, Tunbridge Wells, May 3, 1890. 





To THE EpitoR or ENGINEERING. 

Srr,—I can easily answer ‘‘ A L., B., and S. Coast 
Passenger’s” query. Before doing so, however, I should 
like to point out, with reference to the accident at Carlisle, 
that, until the Government Inspector’s report is made, 
it is not possible for any one to say whether the brake 
failed or not, much less to say how it failed. Now for 
graduating the Westinghouse brake down 1 in 25. As 
“A L., B., and S. Coast Passenger” says, to apply the 
brakes lightly, the tap must be a, opened and 
gently closed ; just so, but as lightly does not retard the 
amet coliniendie, the operation has to be repeated, again 
repeated, and probably again repeated, with the result 
that the triple valve at last opens full communication 
between reservoir and cylinder putting the brakes hard on. 
Now comes the difficulty ; some of the excess of pressure 
must be partially released to prevent the train being 
brought to a stand, but as this is impossible, the whole of 
the pressure has to be exhausted from the cylinders b 
taking the brakes full off, and as the train gains wed: 4 
the same operation has to be repeated, so that 1t is nothing 
but a series of stops and starts all the way down the grade. 
I said above, the whole of the pressure had to be released 
from the brake cylinder ; I was wrong, not always so, as, 
at the Frontier trials, the Westinghouse brake was fitt 
with a most ingenious device to prevent the driver from 
letting the whole of the pressure out of the cylinders. This 
was called a retaining valve, and was attached to the 
exhaust pipe, so that by turning a tap the air had to 
escape past the valve, and which was in this case loaded 
to 20 1b. per square inch. The driver had no control over 
this—making the brake in fact a non-automatic one, 
being able to apply it but not to release it, and, in the 
event of a train a brought to a stand on a counter 
grade—it was in actual running—the guard had to release 
the brakes by turning the tap, the train having to be 
stopped again at the next grade to enable the guard to again 
reverse the taps. Had a rd of Trade officer been at 
these trials, it is questionable if he would not have placed 
on record that the vacuum was the only really automatic 
brake that competed. Surely with these facts before the 
Government of India, they cannot have said to have been 
too hasty in adopting a brake which proved itself—for 
everyday working—far superior to its opponent. We in 
this country do not anticipate collisions daily, or the 
Westinghouse might have had a few more admirers ; even 
were this the case, the result in the long run would have 
ended in favour of the vacuum, as the action of the 
valves under each of the carriages of the Westing- 
house brake were so erratic that a sudden application of 
the brakes led to the train being torn asunder, not a 
nice predicament to be placed in daily on a grade of 
lin 25. No such result can take place with the vacuum. 
Of course, it is very hard on the advocates of the 
Westinghouse brake to have to acknowledge they are 
beaten, but still they must and always will have to when 
the trials take = on heavy er and such as took 
place in Australia. It must be fresh in the memory ofall, 
the nasty accident that occurred in that country some 
time ago when the driver lost control of his train. Now 
there is not the slightest doubt that this was due to his 
trying to graduate the speed of the train steadily down 
the grade without taking the blocks off the wheels, the 
result being that he steadily used up all the air out of the 
reservoirs and lost control. A similar accident might 
occur any day where long continuous grades exist. If the 
driver has the presence of mind to keep repeatedly taking 
the brakes hard off he can always guarantee recharging 
his carriage reservoirs. I can leave “‘A L., B., and 8. 
Coast Passenger” to imagine, with the above facts before 
him, how a steady speed of say ten miles an hour can be 
maintained down a grade when the blocks have to be 
repeatedly removed from the wheels, 

ndia, April 14, 1890, M.I1.M.E. 





To THE Eprtor OF ENGINEERING. 

Srr,—The last letter of your correspondent, ‘* An Engi- 
neer,” is nothing but a long quibble and no fair answer to 
that one of mine which you published in your issue for 
April 25. No doubt your gonna me 0g is an engineer, 
but it is certain that he is no logician. ‘‘ Compress 
Air” and I have fully established that none of the three 
cases referred to by ‘‘An Engineer” were failures, and 
no fair-minded person would attempt to maintain the 
contrary. ‘‘An Engineer” follows the same tactics as 
the adherents of the vacuum brake, these consisting in 
denying or distorting reports so as to suit their purpose. 
The public have been long misled by this kind of policy, 
but it is high time that an end should be put to it. 

The Bay View accident on the Lake Shore and 





Michigan Southern Railroad affords us another example 
of the unjust and unfair misstatements which the Mn el 
nents of the Westinghouse are in the habit of making for 
the purpose of defending their bad cause. 

After the hose was pulled away in consequence of the 
rupture of the coupler, the conductor refused to allow an 
inspector at Dunkirk to replace it ; first mistake. When 
the coupler broke the second time the same conductor 
sto ane g the front portion of the train, thus causing a 
collision of the two portions ; second mistake. Now who 
is to blame, the brake or the conductor? I appeal to all 
men of common sense, engineers or not, is it not plain 
that the brake had nothing to do with this accident, but 
the company’s servant who is responsible for the loss of 
life, &c.? And I notice too that the Board of Trade return 


be | is drawn up inasimilar manner. A great many called 


failures of the brakes are but neglects of servants. 

The accidents which have taken place after the burst- 
ing of hoses cannot be classified as due to failures of the 
brake. ‘* An Engineer” will find that these accidents are 
due to defective signalling. The use of a continuous 
brake does in no wise release companies from their obliga- 
tion of providing efficient signalling. The latter is the 
complement of the other. The advantage of automatic 
brakes is, however, that the length of the block sections 


ae ond ine ; 3 
regret I made a mistake about the failures on the 
London and North-Western Railway; but as there were 
nevertheless three failures due to ice in the course of 1889, 
the position of vacuum brakes isin no wise improved. If 
anybody is in an uneviable position it is certainly the 
supporters of the vacuum brake, for they have yet to give 
some plausible explanation of the Carlisle accident. Leav- 
ing aside the question of ice formation, there remains an 
undeniable fact, which a jury composed of men of average 
intelligence could not refuse to admit, namely, the failure 
of the automatic vacuum brake when required to act. 
Not less unenviable is the position of Colonel Rich; had 
he not made that unfortunate statement about the action 
of frost on both kinds of vacuum brakes, it would have 
been forbearable and less open to criticism. 

’ A last word; “‘ Compressed Air’s” statements about the 
behaviour of the Westinghouse brake at North Wootten 
is correct. And this remarkable quality of the Westing- 
house brake to keep the charge in for a long period of 
time is an invaluable feature of the system, especially 
on hilly lines. The same cannot be s2id of the automatic 
vacuum brake. Yours aaaene 

May 6, 1890. . GOBERT. 





To THE EpiToR OF ENGINEERING. 

Srr,—On reading the discussion on brakes through in 
your valuable paper, I really fail to see where the attack 
on the vacuum automatic comes in. I think, if anything, 
that the attack on the Westinghouse was greater than on 
the vacuum automatic. The majority of vacuum corre- 
spondents in their eagerness to condemn the Westing- 
house have not shown much fairness, and I am accused 
of trying to ty onan the public against the vacuum 
automatic brake by your correspondent ‘‘ An Engineer.” 
If he had shown any fairness in the discussion he would 
have quoted the returns in full, and if he objects to the 
word misleading the public, I will say unfairness. I 
deny Iam the apologist of three failures of the brake to 
act, and if I thought that after my taking up the space 
that your correspondent wanted to argue, and say that 
the brake did fail, I should not have written it. Thus, on 
_— 30, 1879, we find a case almost similar to Sunnyside 
only the train overshot station. ‘‘ Engineman attempted 
to apply brake but found it would not act, as the vacuum 
hose pipe of the tender had been left on the stop-plug 
instead of being coupled up to the hose pipes of the first 
carriage. A case of this kind will be prevented in future 
by the regulations which have been issued.” This case 
happened to the Sanders and Bolitho vacuum brake on the 
Great Western. Although the train overshot the station 
it was caused by the pipes not being coupled. Any rational 
engineer must see that the brake will not act if the pipes 
are not coupled up whether it be vacuum or Westing- 
house. In the case of the Sunnyside accident I dare say 
the guard was reading a newspaper and thought no more 
about applying the brake than if there had been a stuffed 
straw figure in the van. The vacuum automatic would 
not have been any better off, because there would not 
have been 60 Ib. air pressure in the reservoir. And inthe 
case on the Great Western, if the guard had tried to apply 
the brake he could not have done it because there is no 
reserve power in the vacuum automatic brake after the 
engine is detached. Although these failures are unfairly 
classed under Class I., I fail to see why they should be. 
Major-General Hutchinson does not blame the brake at 
all in the Sunnyside accident. The brake did act on the 
Great Eastern, because the guard applied it. This your 
correspondent admits, for he says. ‘‘ but for the excep- 
tional care of the guard might have led to a serious 
accident.” Yes, Mr. Engineer, you crow very loudly 
because these accidents happened to the Westinghouse, 
but had the trains been fitted with vacuum auto- 
matic the consequences might have been worse. Now, 
Sir, I think that as regards these two accidents I have 
made them quite clear to any impartial person, and I de- 
cline to enter into any further discussion with your corre- 
spondent on this point. 

We will now take the Leeds accident, the triple valve 
on the tender only was frozen, but not on the engine. 
We find each time the driver, locomotive foreman, and 
foreman applied the brake it acted quite well on the 
engine. owever, we find in the report that the triple 
valve, reservoir, and brake cylinder were coa’ with ice, 


Although this was the case, the valve acted directly some 
waste was burnt underneath it. The foreman fitter dis- 
sected it and says ‘‘he found a little oil and moisture 
under the seat of the piston of the valve, There was 
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nothing else the matter with it, but there was a tea- 
spoonful of water in the drip chamber. The amount of 
oil and moisture at the seat of the piston was not more, if 
as much, as we find generally when dissecting a triple 
valve. We often find more water than there was in the 
drip chamber.” The driver states ‘‘ he applied his brake 
slightly, using about 5 lb. air to see if it was all right and 
then released it. Also he had no difficulty in stopping 
anywhere else.” The correspondent in the Railway Re- 
view was = correct, the carriages next the engine had 
not even through pipes to connect the brake, the carriages 
at the rear were fitted with the Westinghouse brake; if 
they had been next the engine I don’t think the train would 
have run intothestops. But, Sir, any impartial person will 
also take into consideration that the speed was too high, 
as our worthy Board of Trade inspector points out, and 
states ‘‘ that even if the triple valve did freeze that was 
no excuse for the speed being too high.” Of course as it 
happened on the Midland and to the Westinghouse 
brake, this accident will be brought up over and over 
——. with great relish. But ‘‘ An Engineer” seems to forget 
that the vacuum automatic is quite as liable to freeze, 
and does do so more than the Westinghouse, and this is 
an answer to his question why I quoted the failures 
through frost on the Lancashire and Yorkshire and 
London and South-Western, to show that in its most 
improved state it will freeze. If the cases of the West- 
inghouse are more nun:erous under Class 3, it is on some 
lines because they will not keep the brake in order. As 
to the delays which I added up, if it pleases your corre- 
spondent to take them this way, he can do so, but in doing 
so he reminds me very much of a certain brake company 
who do this sort of thing, and thus obtain a grand mileage. 
Taken in the proper way, it seems rather curious that 
the vacuum automatic brake on the Great Northern has 
caused a delay of 559 minutes in running a mileage of 
- 1,320,292 miles. 

he accident on the Lake Shore and Michigan Southern 
Railway we will now take. If the hose was pulled 
off it did not cause the accident. The fireman wished 
to put on a new hose, and the conductor would not 
let him. If the same thing had happened with the 
vacuum automatic, it would not have en a failure of 
the brake. Your excellent contemporary, the Railroad 
Gazette in its issue of April 18, winds up with ‘‘ When- 
ever American roads adopt an effective block system 
these ‘ accidents’ will be reduced in number immeasur- 
ably and people will not spend so much time and ink 
and paper in finding fault with a brake because it 
fulfils its purposes to perfection.” As to the Lynn 
accident, the four carriages of the train only were fitted 
with the Westinghouse che and this was a time before 
the 1889 regulations came out. If the train of carriages 
had been fitted with the vacuum automatic brake, not the 
engine, I really fail to see where there would have been 
power after the engine from which this train was taken 
was detached. In my opinion there would have been none, 
Not a single inch of vacuum would there have been on 
the four carriages. If any impartial and fair-minded 
person reads your valuable issue for November 24, 1884, I 
think he will come to the conclusion that only the West- 
inghouse brake would have saved the train from destruc- 
tion. Certainly there would not be any power on the 
train if a hose pipe bursts, and this quite as applicable 
to the vacuum automatic should it get out of order, as it is 
only on the lines converting their stock from simple to 
automatic that a cut-off valve is used. The improved 
form of vacuum automatic brake has no cut-off valve 
at present, and should anything go wrong the pipes 
have to be uncoupled and the train runs without 
any brake power. If it happens on the engine 
it is worse, as then the brake on the train is use- 
less. But should a hose-pipe burst on the engine, it could 
still be worked, as by turning the cock in the pipe that 
would prevent the escape of air. 

Now, Sir, I must say, that I think the accident at 
Moorgate-street in January, 1889, was far worse than the 
Leeds one, because the brake did act on the engine, and 
would have done so on the carriages behind had the 
front ones had pipes. This accident was caused not 
through frost but by failure of power, and this happened 
to a train fitted with the non-leak-off automatic vacuum 
brake, which is in every respect the vacuum automatic 
brake. The driver used one store of power, and before 
he could raise another a collision ensued with the buffer 


stops. 

With this letter, and seeing that the discussion on 
brakes is now becoming a personal one, also that corre- 
spondents on the vacuum side will not believe truthful 
statements when they are brought forward, and proceed 
to argue, and thus turn the discussion into a personal 
channel, I decline to answer any more questions on 
either side, and resign my pen to some one who will carry 
on a personal discussion. 

With regard to vacuum pipes bursting, I did not 
charge these failures to the vacuum automatic brake. 
Why I quoted them was to show that pipes burst with 
vacuum brakes whether they are simple or automatic. 
And, in fact, we do find one case out of those quoted on 
May 2, 1887, pipe burst on Great Western hose box. 
The Great Western use an automatic vacuum brake, and 
not the simple, 

Yours truly, 
CoMPRESSED AIR. 





To THE EpiTor OF ENGINEERING. 

Srr,—The severe strictures of Mr. Gobert on the 
vacuum automatic brake are not in accordance with the 
facts of the case. The theory of Rumney is not borne 
out by his evidence before Colonel Rich; he tells them 
how he did his utmost to stop the train, but his brakes 
would not act. Asked to what cause he ascribed the 
failure of the brake at Carlisle, he said he could not 





think, unless it was frozen up. They had frost all way, 
and frost down the bank from Shap as well. He men- 
tioned the case of failure at Northampton, where from 
the sudden acting of the brakes there, and his inability to 
oy them off, he knew that the pipe next the engine must 

frozen. At Bletchley a piece of ice a foot long was 
taken out of the pipe. 

Colonel Rich, here said, According to that your brake 
ought to have gone on this occasion? Yes, but it did not. 
No brake, the witness continued, could have acted better 
at Wigan and Preston, but he could hardly tell how it 
acted at Shap, the rising ient being so great. He had 
kept his small ejector blowing all the way. Under 
ordinary circumstances the vacuum would | away 
directly if that was not done. Colonel Rich here refers 
to the 17 in. of vacuum in the guards’ gauges, which was 
reduced to 13 in., by what he pages a to be the driver 
opening the splasher to test it. If that was so they had 
evidence that the automatic brake was in order. The ice 
could not do tips ag 

Also in reply to Mr. Whale, the driver said, so far as 
he was aware, the brake was in perfect order at the Shap 
summit (of course there could be no obstruction there or 
the brake would not come off). He was going ‘‘ at speed” 
—30 miles—before reaching Woodbank. The small 
ejector would not have maintained the vacuum. Here 
you will see that the driver has made a mistake, in his 
evidence he says he kept his small ejector blowing all the 
way. Now he says it would not have maintained the 
vacuum. The fact of his using the large ejector shows 
that the pipe was not blocked at the tender, for the 
smallest dani ejectors would have kept the vacuum in 
that distance. The statements of Colonel Rich that a 
stoppage in the simple vacuum by ice would keep the 
brakes off, whereas a stoppage in the automatic would put 
them on, is not so simply absurd as Mr. Gobert appears 
to think. His pts 0 Fs theory of Rumney will 
show him that. The statements do not require much 
explaining, they are in accordance with the driver’s pre- 
vious experience according to his evidence of the failure 
at Northampton. If Mr. Gobert wants to learn some- 
thing about vacuum brakes as to their usefulness and 
quickness, I will simply place before him an extract 
from the Manchester Evening News, of July 27, 1889. 
“Vacuum Brake Trials.--Some interesting trials 
with the vacuum automatic brake took place on the 
Manchester, Sheffield, and Lincolnshire Railway, near 
Doncaster on Sunday last, with the view of demonstrating 
the adaptability of this well-known brake to trains of 
_ length—a feature which appears to have been 

oubted by some of its opponents. The tests consisted 
of an emergency stop from the engine, ordinary station 
stops, and a slip stop, which were witnessed by a part 
of English and French engineers, and, we are teicnell 
gave complete satisfaction. Asa proof of the success of 
the experiments, we may state that a train consisting of 
40 six-wheeled coaches, four wheels braked, measuring 
over all 1586 ft., and weighing 684 tons, and travelling at 
a speed of 30 miles per hour, was brought to a stand in 
three coach-lengths.” 

I think this proves that the automatic brake is not such 
a useless encumbrance as ‘‘ Compressed Air” and others 
seem to think. 

Apologising for trespassing on your space, 


I am, yours trul 
May 7, 1890. : W! M. 








MINERS’ WAGES AND THE PRICE OF 
COAL. 
To THE EpiTor or ENGINEERING. 

Sir,—'‘ Colliery Manager’s” letter and statement in 
your issue of March 28 is, I consider, a fair way of showing 
the public the real state of affairs with regard to collieries 
and colliers. I believe different ways exist at different 
collieries with regard to getting out the averages ; perhaps 
* Collier a would not mind stating how he gets 
at his, whether he divides his cost by the get of coal 
and slack added together, or separately, or whether he 
ignores the slack altogether ? Yours truly, 

INQUIRER. 





NOTES FROM THE SOUTH-WEST. 
Cardiff.—The steam coal trade appears to be in a fairly 
satisfactory condition, large shipments having been made. 
The best qualities have made 14s. 9d. to 15s. 3d.; good 
dry coal, 14s. to 14s. 6d. ; and Monmouthshire, 13s. 6d. 
to 14s. per ton. House coal has been quiet, with little 
change in prices. No, 3 Rhondda has made 14s. per ton 
for large, and 12s. to 12s. 6d. per ton for small. Prices of 
tent fuel have been well maintained. The coke trade 
as shown little improvement. Spanish iron ore has 
ruled firm. The manufactured iron and steel trades are 
scarcely so active ; ype section steel rails have made 
5l. 5s. to 5. 10s., and light section ditto, 6/. 10s, to 7/. per 
ton. 


The Rhondda Tunnel.—The principal work on the 
newly-completed Rhondda and Swansea Bay Railway is 
the great Rhondda Tunnel. At the western mouth of 
the tunnel the line is 747 ft. above sea level, while over 
the tunnel the mountain cut through rises nearly 1000 ft. 
higher still. The tunnel is straight, the only exception 
being a slight curve about 50 yards from the Cymmer 
end. This, however, is not enough to make it impossible 
on a fine day to see from end to end. The width of the 
tunnel is 14 ft. 6 in. ; it is 16 ft. 3 in. wide at the spring- 
ing, and 16 ft. 3in. in height. The tunnel is ‘* bell ” 
mouthed, and for the 9 portion of its length it is 
built in segments of 18 ft. at a time, with brick arches 
and concrete side walls. It is thoroughly drained through- 
out. Colonel Rich, Inspector of the Board of Trade 
inspected this line on Friday. The gallant colonel 





the line from Cymmer to Blaengwynfi, but felt 

imself unable to = the Rhondda Tunnel until it is 

— + aaa his will delay the opening of the line 
or traffic, 


Gloucester and Birmingham Navigation.—The net re- 
venue account of the Sharpness New Docks and Glou- 
cester and Birmingham Navigation Company for the 
second half of 1889 showed an increase of 269/., as com- 
pared with the corresponding period of 1888. The com- 
pany has withdrawn its opposition to the Severn 

mprovement Bill. The Sharpness Lighthouse Trustees 
have, after consultation with the directors, applied to the 

of Trade for a provisional order, constituting 
themselves and the representatives of other bodies inte- 
rested, a harbour authority for the port of Gloucester. 
The directors have had under their consideration the 
improvement of the Monk Meadow property. Plans 
have been drawn for the construction of a proposed dock 
on this property, the development of which will further 
improve the railway systems in connection with Glou- 
cester Docks, while it will give the company increased 
accomodation. 

More Coal near Swansea.—On Saturday coal was struck 
at the Swansea Graigola Company’s new pit at Clydach. 
The pit is sunk 140 yards tothe Graigola vein, and it will 
be further sunk 140 yards to the Six-Feet and Three-Feet 
Seams. The pit has heen sunk for Messrs. L. and H. 
Gueret by Messrs. Beith and Jones, under the supervision 
of Mr. Capel A, Branfill. Mr. Trevor Thomas, Cardiff, 
acted as consulting engineer. 


Bristol Port Railway and Pier.—The directors in their 
half-yearly report return the outstanding liabilities of the 
company at 77,543/. An arrangement has been come to 
under which the Midland and Great Western Railway 
companies jointly will purchase the line for 97,500/., 
becoming liable for the rent charges now payable by the 
company. The directors had yey approached the 
creditors with proposals, which have been provisionally 
accepted, for a compromise of their claims. This com- 

romise includes the payment of the principal sum of the 
pn rt with 15/. per cent. to cover all interest up to 
the date when the sale of the line is completed, and a dis- 
charge of the judgment debt and all interest, on pay- 
ment of 5000/. The compromise thus agreed to will, after 
—s for the remaining liabilities of the company. 
eave for distributionamong the shareholders, a sum equal 
to nearly 4/. per share. 


Abergwynfi.—On Thursday the first sod was cut of a 
new pit to be sunk at Abergwynfi for Messrs. Perch and 
Co., of Cardiff. It is intended to sink three shafts, two 
of them 600 yards deep to the lower measures, and the 
third about 60 yards. The new pit is close to the Rhondda 
and Swansea Bay Railway, 


Landore Steel Works.—These works have been taken 
over by a large German firm for the manufacture of 
Mannesmann steel tubes. 


Burry Port.—Operations have been commenced at the 
Ashburnham Tin-Plate Works, Burry Port. The works 
are erected near the docks. The engine was supplied by 
the Bowling Iron Company, Limited, Bradford. The 
diameter of the flywheel, which was supplied by Messrs. 
R. Nevill and Co., Llanelly, is 24 ft., and it weighs 
40 tons. The works have four mills—two supplied b 
Messrs. Nevill and Co. and two by the late Mr. » Powell, 
Llanelly—and two boilers, 30 ft. long and 84 ft. in dia- 
meter, supplied by Messrs. Tinker Brothers, Hyde, 
Manchester. The ena fear egy was supplied by the 
Millwork Iron Company, Landore, and the tinning plant 
by Messrs. H. Marker and Son, Gowerton. The works 
are lit up by electricity throughout by Mr. J. C. Howell, 
Llanelly. Mr. D. Griffiths is the manager. 





Draycorr Szwack FarmM.—The sewerage works and 
sewage farm are now completed at Draycott, near Derby. 
The sewage was turned on the farm last week, and every- 
thing appears to be acting very satisfactorily. This 
may be regarded as a sample of what may be done in 
sewage disposal for a country district of 1200 inhabitants. 
Members of local authorities or others interested in 
sanitary work may see the farm at any time. The land 
is six acres in extent, and it has been properly drained, 
levelled, steam scufiied, and laid out with carriers. The 
sewers are flushed automatically every twelve hours with 
brook water. The engineer to the works is Mr. W. H. 
Radford, C.E., of Nottingham ; and the contractors are 
Messrs. Holmes Brothers, of Nottingham. 





A New Twin-Screw Atiantic Liner.—The steamship 
Normannia, which has been built by the Fairfield Ship- 
building Company, at Govan, for the Hamburg-American 
Company, was taken on trial on the Clyde last week. 
This vessel has been built in the space of ten months, a 
remarkably quick piece of work when one considers that 
she is 500 ft. long by 57 ft. 6in. beam, and measures 
8500 tons. The hull of the vessel is divided into seventeen 
water-tight compartments. The builders were given a 
very free hand by the owners, who only laid down the 
length, breadth, horse-power, and passenger accommoda- 
tion of the vessel, with the result that they have got a 
much superior boat to that bargained for, the indicated 
horse- power, for instance, being 16,000 in place of 
14,000 and the speed 204 to 21 knots in place of 19. The 
machinery consists of two pair of triple-expansion engines 
having cylinders 40 in., 67 in., and 106 in. in diameter, 
with a stroke of 5 ft.6in. Steam is supplied at a pres- 
sure of 160 lb. per square inch from nine boilers, placed 
in three separate seers compartments. The screws 
are 18 ft. in diameter, and on the trial ran at 93 revolu- 
tions per minute, though at sea this will probably be 
reduced to about 85, 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 1, 1890. 

Durine the past six days sales of steel rails foot up 
50,000 tons, a portion of this business having been 
taken at 33 dols. at eastern mills. A good many orders 
are coming along for light sections, ranging from 16 lb. 
to 40 lb. to the yard, at prices ranging from 35 dols. to 
43 dols. per ton. There are now inquiries on the market 
for about 100,000 tons of rails, orders for which will 

robably be placed during the month of May. Steel 
Pillets and blooms are low, but large buyers hesitate 
about purchasing, and will most likely hold off a week 
or two longer. The general impression is that a large 
amount of business will be done during May, for 
the requirements of the next three or four months. 
Some apprehension exists as to the possibility of a 
strike among rolling mill workmen throughout the 
United States. The ironworkers claim that wages 
have been advanced in other branches of the iron 
trade, outside of puddling and rolling, and that the 
prosperity of the trade affords a higher basis of wages 
than has ruled for some years past. Employers are 

reatly concerned over the possibility of a rupture, 
Contes the strength of the organisation with which 
they have to deal. Nearly all the strikes in the iron 
trade for years past have wound up in favour of the 
workmen, and as the supply of mill labour in this 
country is always at the minimum limit, the workers 
have the advantage. 

The iron trade in general is in excellent shape ; all 
mills are making full time, and there are no accumu- 
lations of stock. The average weekly aaron of 
furnaces is 175,000 tons. The extreme depression has 

ed, and even at the south, prices are firmer than a 
week or two ago. Large offerings of southern crude 
iron are being made in Philadelphia and New York 
markets, at 15 dols. for forge, and 16 dols. and 
17 dols. for No. 2 and No. 1 foundry. The great 
obstacles in the way of business in southern irons, are 
the delay of four to six weeks which must elapse 
between the placing of an order and the delivery of 
the material, and the fact that cars are very scarce 
on southern roads. The custom of northern iron users 
for months past has been to buy for immediate de- 
livery, and Pennsylvania furnaces having moderate 
stocks on hand, can make deliveries at any desired 
date. Most buyers dislike to purchase iron to be 
delivered four to six weeks hence, lest prices might 
tumble in the mean time. 

The bar mills throughout the country are doing 
well, as are, in fact, all branches of the iron trade ; 
the smaller industries are thriving ; agricultural im- 
plement works are crowded with orders. 

Advices from St. Louis are to the effect that a good 
business is being done by furnacemen and iron store- 
keepers. Barb wire is active. In other western 
markets nails are selling well, but at prices which 
leave manufacturers narrower margins than they have 
realised for at least a year past. Eastern steel manu- 
facturers are endeavouring to buy large quantities of 
Bessemer ore at Cleveland, which is the head-quarters 
of the Lake ore trade. The capacity of the mines is 
already pretty well oversold, and ore dealers are un- 
willing to accept further orders until assured that the 
increased demand can be supplied. Bessemer ores are 
in demand at 5.50 dols. to 6 dols. per ton. Non- 
Bessemer hematite sells at 4.50 dols. at Cleveland. 
Large supplies are now coming forward from the Lake 
regions, and heavy shipments will continue throughout 
the season. 

A very hopeful feeling prevails in manufacturing and 
general 5 A aig circles. The great May 1 has come, 
and no serious harm is likely to be done. Labour is 
pretty well organised, and is under the guidance of 
conservative leaders, 





THE WALLER-MANVILLE ELECTRIC 
TRAMWAY. 

Ir the tramway companies here enjoyed the privi- 
leges accorded in America, and could erect wires along 
the streets, it is certain that we should have seen very 
considerable developments in the way of electric street 
roads before this. ft is known that in many places a 
tramway locomotive can compete Ganconilidlly with 
horseflesh, and it is certain that an electric car, which 
carries neither boiler, fuel, nor water, could do so with 
still greater advantage, provided it were not beset by 
other difficulties peculiar to itself. When, however, 
an attempt is made to consider the wsthetic feelings of 
the townspeople by = the conductor from sight, 
it has hitherto been found that a very grave class of 
troubles is imported into the problem. Several plans 
of laying a conductor beneath the roadway have been 
brought forward, such as the system of Mr. Holroyd 
Smith, the Series system exploited at Northfleet, and 
Mr. Wynne’s plan, and others. The two former are 
in actual operation, but it is scarcely probable they 
will be repeated without modification. The latter has 
not yet been tried, we believe, on a working scale. A 


new method of connecting the motor on a car to a 
conductor below the roadway has lately been worked 
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out under the name of the Waller-Manville system of 
electric traction, and certainly bears the mark of 
careful design and a full appreciation of the conditions 
to be fulfilled. The conductor is laid in a conduit 
under the road, either in the centre or beneath one of 
the rails. An open slot extends its entire length, just 
as in the case of a cable tramway. If the conduit is 
beneath one of the rails the usual groove can be 
utilised to form the slot, and the roadway is not 
noticeably different from the usual track. ‘AL this, of 
course, has been done before. The novelty lies in the 
use of a flexible conductor inside the conduit in place 
of the usual rigid one. From this simple change there 
follow two very distinct advantages. First, the con- 
ductor can be inserted into the conduit and removed 
through the slot without disturbing the structure. 
Secondly, the conductor can be hung in long spans 
with few points of support, and these can therefore 
be insulators of the best form, and capable of acting 
efficiently in spite both of damp and mud. The insu- 
lation of the line thus becomes comparable to that of a 
telegraph, and a great source of loss is avoided. 

Since the number of insulators is small it becomes 
possible not only to make them of the best quality, but 
to provide over each a hatchway, or hand hole, through 
which it can be removed in a moment, or washed with 
a hose, ifdesired. Both the conductor and its supports 
being thus readily accessible, can be cleaned, repaired, 
or otherwise attended to in the interval between the 
traffic of one day and that of the next. With a 
flexible conductor there is no need to have a flexible 
contact maker. The latter can be made strong enough 
to deal with any obstructions in the slot, just as the 
gripper of a cable car does, and can be fixed to the car 
in such a way that it will always run in one exact 

th. The conductor will readily follow it in any 
direction. 

The arrangements are shown in the illustrations 
above. The slot is formed by the space between 
two rails, and at the same time acts as the part of the 
usual groove. The collecting arm is made narrow 
enough to run freely through this slot, and is formed 
of two steel plates inclosing a copper conductor. To 
the lower end of the arm there is attached a shoe 
fitted with a liner of soft metal which runs in contact 
with the flexible conductor. This liner acts the part 
of a brush to collect the current, and is connected 
with the conductor in the arm. The shoe can be 
detached at once from the arm by a man inserting his 
hand through a hatchway, and the arm can then be 
withdrawn through the slot. 

Each insulator, which is of the well-known “oil” 
pattern—that is which has a cup filled with mineral 





oil, the object of which is to defend a part of its 
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surface from damp and dirt—is attached to a bar 
(Fig. 2), the ends of which drop into recesses in the 
adjoining pair of frames which carry the rails. This 
bar can be lifted out of the recesses and withdrawn 
through the hatch. From the insulator there extends 
a long hook on which the conductor rests loosely. 
The conducting arm is of such a length that it passes 
clear over the insulator hooks (Fig. 1), lifting the 
conductor from each in succession, and then allowing 
it to drop back again gently. 

Ordinarily there would be one conductor (Fig. 3), 
the rails serving for the return, but it is possible to use 
two with this system (Fig. 1), or to adopt the series 
system. The difficulty of points and crossing is 
avoided by the ready expedient of placing a conducting 
arm at each end of the car, and straining the con- 
ductor up above the path of the arm just before the 
crossing is reached. For instance, if a car were 
approaching a junction at which the driver might go 
to the right or left, as the traffic demanded, both 
conducting shoes would .be rubbing on the conductor. 
A few feet before the points the conductor would rise, 
and the leading shoe would lose it; the near shoe 
would, however, continue to receive current, and the 
car would be directed to the one side or other by the 
point. <A few feet further the leading shoe would 
pick up the new conductor just before the rear one 
lost the old conductor, and thus the motion would be 
continuous. 

On curved portions of the line the conductor does 
not lie loosely on the hooks projecting from the in- 
sulators, but is made fast to arms, each attached to a 
spindle carried by a pair of insulators. Fig. 3 shows 
in dotted lines the normal position of the arm and the 
conductor, while in full lines it illustrates the passage 
of the collecting shoe, the arm rising just as far as is 
necessary, and then falling again. Fig. 4 shows the 
conductor raised. 

The Waller-Manville system, which is being ex- 
ee by Messrs. Foote and Von Bueh, of 11, Queen 

ictoria-street, E.C., deals entirely with the me- 
chanical aspect of electric traction, which is by far the 
most difficult part of the subject. Given a slot in the 
road the remaining arrangements are ‘exceedingly 

romising, and as the people of Birmingham and 
idinburgh seem reconciled to the use of the slot, it is 
evidently not so objectionable as one would expect. 





A 53-Hours Waces CatcuLaTor. — A new ready 
reckoner, in the form of a 53-hours wages calculator, has 
just been published by Messrs. Simpkin, Marshall, and 
Co., London, and Messrs. Beck and Inchbold, Basinghall- 
street, Leeds. The table has been compiled by Mr. J. 








H. Longstaffe, author of the ‘ Calculator’s Assistant,” 
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THE tube expander which we illustrate above is 
the invention of Mr. R. W. Taylor, of Abbey Hill, 
Bury St. Edmunds, and is manufactured by his firm. 
It will be seen that the expanding agents are steel 
spheres working in recesses in the cylindrical body or 
sleeve A. They are forced outwards by a coned 
spindle C situated inside the body, and having a 
screwed tail piece on which is an adjustable nut F, and 
a fixed nut G, which latter acts as a head for a wrench 
to be applied to. The nut F bears against the screwed 
end of the body A, drawing the cone back to expand the 
balls, The sides of this nut are numbered and are pressed 
upon by an adjustable steel spring H, which acts an 
index. Bis a guard which is tapped to fit the thread 
on the outside of the rear part of the body A ; it bears 
against the tubeplate. 

The object of the arrangement is to secure a uni- 
form expansion of the tubes, such that every one of 
a set shall be of the same internal diameter and per- 
fectly true. After the adjustments have been made 
the operation of uniformly expanding a set of tubes 
becomes exceedingly simple. The guard B is screwed 
back till it meets the stop-nut E, and the nut F is 
also screwed back until the balls will readily enter 
the tube until stopped by the guard meeting the tube- 
plate. Thenut F is then set up until the spring comes 
to the fiducial mark on the numbered face, when the 
balls are expanded to the full diameter. The wrench 
is then applied and the spindle is turned ; the friction 
of the guard on the tubeplate prevents it from rotat- 
ing, and the body is gradually screwed back through 
it until the balls emerge from the tube end. 

In a modified form the expander is made with a 
quicker thread on the body, so that it gets through its 
work more rapidly, while the guard is made only 
slightly larger than the tube in order that the ex- 
pander may be got into corners and awkward places. 

Jn re-expanding old or leaky tubes the use of the 
spring index is not required, the operator judging of 
the necessary expansion by the grip on the nut F. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 
Address by the President, Mr. JoseEPH TOMLINSON. 

Custom now for many years has imposed the duty that 

our President should deliver an address; and this duty 
t am far from desirous of in any way neglecting or 
attempting to evade, although I feel great diffidence in 
endeavouring to fulfil it, especially as it will be necessary 
perhaps, to give expression to opinions which it is not 
open to my hearers to debate and criticise. This fact, 
however, is a great relief to myself. 

The subject to address you upon was rather a difficult 
matter to decide ; so I began by looking over the records 
of what had been done by our former presidents. But 
after looking over a few of the volumes of our Proceed- 
ings, I closed the books, as I was afraid that I might be 
led into a line of —— not my own ; and I put on my 
considering cap, which developed the idea that the only 
fitting subject was a kind of résumé of my own personal 
experiences. Therefore, as a railway man of nearly all 
my working life, I determined that the subject should be 
principally ‘‘ Railway Locomotion” of the past and pre- 
sent ; filling up with a few general remarks on engineer- 
ing subjects of a mechanical nature, if time permitted of 
dealing with them. 

My recollection and practice lead me back t the early 
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days of the locomotive engine, not, it is true, to the very 
earliest, although I was born before any public railway 
was opened. My first knowledge of them as a boy dates 
back to the ~~ 1837 ; and I may say that I svon fell in 
love with a live engine, and from then to now have had 
a feeling of “‘first love” for it. My father being at 
the time passenger superintendent of the Stockton and 
Darlington Railway, it was nothing extraordinary that, 
with my predilection for mechanics, my desire to go to 
the old Shildon Works should be gratified. Mr. Timothy 
Hackworth, the then locomotive superintendent and also 
the contractor for the working of the railway, was pleased 
to agree that I should have the “‘ run of the shops ;” and 
thus I began my working life. 

The locomotive engines in use in the early days of the 
Stockton and aeragy. an Railway differed widely in 
every respect from those of to-day; and most of the 
engineers now in ee have but the remotest idea of 
what curious machines they looked when compared with 
the creations of the present. Nearly all, I dare say, have 
seen old ‘‘ Locomotion,” now on the pedestal in front of 
the North-road Station at Darlington. This engine was 
one of three which were first placed on the railway. Two 
only survived to thetime I first knew it. It is now as it was 
delivered to the railway ; but the boiler is not as I knew 
it at first. When first put to work it would not make 
steam ; and the fire tube had to be taken out and replaced 
by a return tube, similar to what is now or was till lately 
the kind of heating surface in the boilers of the north- 
country class of tugboats. When this had been done, its 
load was composed of 16 chaldron wagons, weighing empty 
about 27 ewt. each, or about 22 tons for the train. This 
was its load from Middlesbrough up the hill to Shildon ; 
and down the hill from Shildon to Middlesbrough it took 
the same number of wagons loaded, each carrying 53 cwt. 
of coal, or about 64 tons forthe train. The weight of engine 
and two tenders loaded with coal and water was about 15 
tons. There is unfortunately no record of the consump- 
tion of fuel (coal) for this early period ; but I think I 
may say, from having helped to put the coal on the tender, 
that 16 cwt. to 17 ewt. were consumed to travel 48 miles, 
orabout 40 lb. per engine-mile, the principal part of 
which was consumed on the up-hill journey, as the gra- 
dients were at that time all in favour of the load. I need 
hardly describe this engine, as it is well known. It had 
twocylinders 10 in. in diameter and 24 in. stroke, half 
of each being inside the boiler. It had a crosshead to 
each cylinder, and thus four connecting-rods, and two 
coupling-rods. It had four wheels 4 ft. in diameter 
coupled. There were only two eccentrics, which had to 
be changed in position for back and forward gear, 
and the engine had to be started by hand gearing. There 
was no brake on either engine or tenders. The steam 
pressure was from 30 lb. to 351b. Necessarily the engine 

ad no springs, and the axles ran in cast-iron plummer- 
blocks. The pistons were packed with a spun-yarn gasket 
plaited square, which was tightened by a piece of wood 
and a hammer whenever required ; this was done by the 
driver and fireman themselves. There was no gauge 
glass and no whistle, a bell being the signal of warn- 
ing; no hand lamps or head and tail lamps, as I shall 
describe further on. All this was continued for many 

ears. 
. The next type of engine was the “‘ al George,” with 
six wheels coupled, 4 ft. in diameter. Like its predeces- 
sors and many — besides, it had vertical cylinders, of 
about 11 in. in diameter, 18 in. stroke, steam pressure 
about 401lb. The boiler was of the return-flue type, the 
firedoor and chimney being at the same end. Tt had 
two 4-wheeled tenders, with ordinary chilled face wagon 
wheels keyed on their axles with wooden and iron 
wedges. One tender working first up-hill carried the 
water in one or two large barrels, the driver being on a 





footboard at the front end, near the gearing and cylin- 
ders ; the other tender carried coal, from which the firing 
was done. Like the first engine, this also had only two 
eccentrics. The leading axle, to which were connected 
the cylinders, had no springs; but there were springs to 
the two other pairs of wheels. The engine was carried, 
like its predecessor, in cast-iron plummer-blocks. The 
heating surface would be about 120 square feet, not count- 
ing the underside of the grate. The load up the hill from 
Middlesbrough to Shildon was 24 chaldron wagons 
empty, or about 33 tons; and down the hill the same 
number of wagons loaded, or 96 tons. The speed both 
up and down was about 7 to 8 miles an hour. 

The next type was, like the earlier engines, made with 
vertical cylinders, but with a new class of boiler. It had 
a boiler partly of tubes and partly a flue, of a description 
similar to what is now used for small engines, half the 
boiler having a flue, and then the tubes carried on to the 
end into a smokebox. This brought the chimney to 
the same end as the cylinders. These engines, of which 
I think there were six, were, as far as I remember, not 
favourites, and the load had still to be limited to 24 
chaldron wagons. Instead of the ordinary wheels of cast 
iron, it had wheels made with a cast-iron boss and wood 
spokes. The tyres were of iron, and of the same size, 
namely, 4 ft. 

The next type was also a departure from the old type 
in many respects. The boiler was greatly improved, and 
went by the name of the ‘‘ Napier” boiler; it had one 
straight flue for containing the grate, about 9 ft. long ; at 
the end was a combustion lien from which about 100 
tubes came back by the sides of the main flue to the 
chimney. The — too, was very much modified. The 
cylinders were still vertical, but worked on to an inde- 
pendent shaft fitted with cranks, and from thence the 
power was carried to the wheels by three coupling-rods 
on each side. The cylinders were about 14in. in diameter 
and 16 in. stroke. The steam pressure had also increased 
to 60 lb., and the load was increased to 32 wagons, 
or 44 tons up hill and 128 tonsdown. This engine had 
no slide bars, the piston-rod being guided by a parallel 
motion. The principal defect was that, owing to keep- 
ing the centre of gravity low, very short connecting-rods 
had to be used, not more than three lengths of the crank. 
Nevertheless this class of engine was always used to run 
the passenger trains when any accident or shortness of 
power rendered it necessary. This engine also had two 
tenders and only two eccentrics. 

The next type of engine was made with inclined 
cylinders of somewhat larger diameter and stroke, but 
with the same size wheels; this enabled springs to be 
used, and many engines of this class were added subse- 
r erga The boiler was mj though of the same type. 

his engine took the increased load of 32 chaldron wagons. 
Like the earlier engines, this had two tenders, one for 
water and the other for coal, but no brake. 

The wheels of all the classes I have described were of 
cast iron, and were made in two parts, namely, the boss, 
which was keyed on the axle ; and outside this was a cast- 
iron ring to take the tyre. This ring was secured to the 
boss by oak filling pieces ; and after being wedged tight 
with steel wedges, the wood was covered by a cap inside 
and out, and a small bolt was put through to prevent 
the wedges from coming out. This style of wheel was 
used nearly to the year 1850, and on some old engines 
after that date. 

I have hitherto spoken only of mineral and goods 
engines ; I now come to the class of passenger engines in 
use at the time I was alad. Several of the early engines 
were somewhat similar to the engines of the Liverpool 
and Manchester Railway, on four wheels; one pair of 
drivers, with 11-in. to 12-in. cylinders by 16in. to 18 in. 
stroke, and about 4 ft. 6 in. to 5-ft. wheels; but there was 
one engine, built, I believe, by Kitching, of Darlington, 
which doubtless was never seen by most of the engineers 
now living. It was called the ‘‘ Swift,” and was of small 
power, about 10-in. cylinders by 18in. stroke, with 4-ft. 
wheels coupled, and steam about 50lb. The cylinders 
were vertical between the two pairs of coupled drivers, 
and worked on to an independent shaft. When I knew 
it, the trains between Middlesbrough and Stockton were 
worked with it. It seemed to me subsequently to have 
been the model from which our late vice-president, Mr. 
Crampton, took the idea for his engines of the 
“ Latlache” class, which were put by him in later years 
on the Great Northern, the South-Eastern, and the Lon- 
don, Chatham, and Dover Railways, though he used a 
crankshaft and large wheels and greater power ; but the 
idea of the designer of the ‘‘ Swift” had doubtless been to 
take the shocks of working away from the power shaft. 

I have now also to describe another engine for pee 
train work, designed by the late Mr. Timot y Hack- 
worth, and the only one of its class ever made for England, 
though a somewhat larger one was made and sent to 
Russia. This engine, the ‘‘ Arrow,” was the first made 
at Shildon with what may now be taken as a locomotive 
boiler, that is, with a firebox and tubes. The pecu- 
liarities of its construction were that it had cylinders 
17 in: in diameter by 9 in. stroke, and 5 ft. driving 
wheels. It was a six-wheeled engine with single drivers. 
It was supplied with a cross-shaft, on which were hung 
two solid cast-iron wheels. On each end of this shaft a 
lever was attached, by which the driver and fireman could 
pull down the solid or friction wheels between the peri- 
phery of the driving and trailing wheels, thus temporaril 
connecting by friction the large drivers and the small 
trailing wheels; in other words, converting a single 
engine into a coupled one when needed by greasy rails. 
The engine, as will be clearly understood, was a bad 
starter, and never did any good service, Many years 
after it was built I happened to be in the North, and 
inquiring about my old friends I was informed that the 
* ies ” was still at work, but that the short crank had 
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been taken out, and a 9-in. put in, and this had been 
done while still keeping the same cylinders. It was 
effected by putting in a Had the top end of which was 
fixed on the boiler bottom; the piston-rod took hold of 
the middle of its length, and from the bottom end the 
small end of the connecting-rod was worked. I need 
hardly say that such a scheme did not emanate from the 
brain of Timothy Hackworth, but was, as I heard, the 
idea of a draper in Darlington. 

After this description of the early engines on the 
parent railway, it will perhaps interest most of you if I 
describe now some of the peculiarities of how the work 
was done by the men who were the pioneer workers of 
railway engines. 

In the first place, I will call your attention again to the 
fact that all the engines up to and including the “‘ Swift,” 
which was built in 1836 or thereabouts, had only two 
eccentrics, which of course necessitated hand-working to 
start in either direction. This of itself required a prac- 
tised hand to do, and would bother nearly every engine- 
man of to-day, inasmuch as, since the abolition of the old 
“Bury” engine of the 
Railway, that plan has become obsolete. 

There was no brake of any kind on engine or tenders, 
as [ have said. The only way of controlling the trains 
down the banks was to put the engine out of gear, or for 
the fireman to drop off the engine, and let down as many 
wagon brakes as & thought necessary ; and when they 
had to be taken off, he had to repeat the operation of 
getting off and lifting them, he himself then getting on 
the last wagon of which the brake had been down, and 
walking along the top of the coals back to his engine. 

In my early days the engines were worked by contract 
by the driver, who found coal, oil, and every requisite 
and was paid by ton of coal moved. The “ driver” had 
two men in his pay, one a ‘ driver-fireman” and ‘the 
other a ‘‘fireman.” The steam was got up on Sunday 
night by the fireman; and the driver and he ran the 
first train on Monday morning (as early as coal was there 
to take) from Shildon to Middlesbrough, the then port of 
shipment. On the return to Shildon in about eight or 
nine hours, the fireman went home, and the driver with 
his ‘‘driver-fireman” ran the second trip; and on the 
completion of the second trip the ‘‘ driver” went home, 
and the ‘‘driver-fireman ” took charge as driver, and the 
‘* fireman ” who had been resting resumed duty as fire- 
man, and this system was followed day after day. No 
trains were run on Sunday. 

The other duties of these men was somewhat as 
follows: On the return after a trip the engine was taken 
to the coal depdt, and coaled with a shovel by the men 
themselves ready for the next trip. If traffic was plenti- 
ful the stay was short, and after a meal the engine was 
off again. There was no time-table. After going about 
a mile from Shildon all the wagons had to be oiled, as 
there were no grease boxes; the engine was slowed down 
on the level to about three or four miles an hour, and the 
two men got down, one on each side, with his oil-can and 
a hazel stick about three feet long, at the end of which 
a piece of oakum was tied ; and with this the underside 
of each journal running in a cast-iron plummer-block was 
carefully oiled. After all were done, they got on the top 
of the last loaded wagon and walked back to the engine, 
and away —_ went. This was repeated after about 
twelve miles when going in both directions. There was 
no guard and no brake van, and so all depended on them- 
selves, As there was no van, it was necessary in the 
day-time to put a board up on the last wagon, so as to be 
sure they had not lost any of the train. At night a large 
pan of fire was affixed to the front of the tender and to 
the last wagon for the same purpose; and it was the 
duty of the fireman to keep both alight. There were no 
— and no pointsmen, each man taking care of him- 
self and his train, and keeping out of the way of the few 
passenger trains run. 

In page 577 is shown a fac-simile of an orginal time-table 
of the passenger trains run on week-days in 1836 on this 
railway, and you will see it is all on a sheet not larger 
than a page of note-paper. No passenger trains were run 
on Sundays, except between Darlington and Stockton 
once each way, which were worked by a horse. The car- 
riage was on four wheels without springs, and was made 
to carry six inside and fourteen outside, including the 
coachman. It was like an old ordinary road ‘stage 
coach” with two front ends, The ordinary passenger 
trains on week-days had one first-class with three bodies, 
which could carry eighteen passengers ; and one second- 
class, also with three bodies, which could carry twenty- 
four pasengers ; these two were attached at Darlington to 
the train which came from Shildon, and were put off at 
the junction at Stockton. The engine coming from 
Shildon brought a composite carriage with one first-class 
and two second-class bodies, or twenty-two seats, which 
was run onto Middlesbrough. The time-table shows that 
the speed, including stoppages, averaged say 16 miles per 
hour for the whole journey of 24 miles. 

One — not already described, which was also put 
on the old line, was the first goods engine with a crank- 
shaft, a firebox proper, and a tubalar boiler. It was 
built by Kitching, of Darlington, anout 1838, and was 
called the ‘‘Queen.” It had four wheels only, with 
cylinders below the level of the axles and inclined upwards, 
13 in. in diameter and 18 in. stroke, and outside frames, 
All the wheels were coupled, and were of wrought iron. 
This engine was very similar to engines made about 
1839 and 1840, and put on ge other railways ; it 

small wheels added 


was used for years, but with a pair o 
behind. 

The ‘‘Clarence” Railway, which is now, like the 
** Stockton and Darlington,” a part of the present ‘‘ North- 
Eastern,” had mineral engines at starting very similar to 
those I have described, and of which I show all that can be 
got of them in photographs. 


This line ran from Coxhoe to 
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Port Clarence, with a branch to the old line, and was a 
rival to it; and hence any coal from Shildon to Sim- 
pene the junction had to be worked by horses, as it 

ad no running powers, and the Stockton and Darlington 
would not supply engines. Four wagons were drawn by 
one horse’; pes there was attached to the end what was 
called a ‘* dandy cart,” into which the horse was trained 
to put himself when the loaded wagons would run by 
gravity. 

The first outside cylinder engine ever made with hori- 
zontal cylinders was put on this Clarence line, and was 
built by Hackworth and Downing on Shildon bank top. 
This Hes eames was a brother of Timothy, and after- 
wards started with Mr. Fossick the works at Stockton 
now known as ‘‘Blair’s.” The engine had the usual 
return-flue type of boiler, with six wheels coupled, and 
cylinders of 13 in. or 14 in. in diameter and 20 in. or 
22 in. stroke. Up to this time all the mineral engines 
were innocent of framing, as it is now understood ; all the 
parts for doing the work of drawing and carrying were 
segpoone o to the boiler, and hence all were as light as could 
made, 

About the time I first began to work, a stir was being 
made in the matter of railways, and several were almost 
simultaneously opened in England: The Manchester and 
Leeds, the Great Western, the London and South- 
Western, the London and Birmingham, the Derby and 
Birmingham, the Birmingham and _ Gloucester, the 
Gloucester and Bristol, the North Midland, the Grand 
Junction, the Midland Counties, the Eastern Counties, 
the York and North Midland, the Greenwich, the 
Croydon (atmospheric), the Blackwall (rope), &c. 

All the various locomotive superintendents of that day 
having had the experience to study of the three parent 
lines—the Stockton and Darlington, the Clarence, and 
the Liverpool and Manchester—it was not strange that 
many variations should be introduced, which it would be 
impossible to describe in detail in such an address as this. 
Sufficient to say that some, like Bury, adopted four- 
wheeled engines with inside cylinders ; some like Alexan- 
der Allan, John V. Gooch, and Francis Trevithick, 
adopted outside cylinders ; some had small drivers, and 
some had large; but all of them adopted, like Allan, 
single drivers for passenger trains, ar for many years 
all adopted four wheels coupled for goods, 

We have now arrived at 1841 to 1842, when railways 
had assumed proportions never dreamt of by the early 
pioneers and engineers, and the work was done by 
different types of engines, according to the ideas of the 
different men who had the control. The various designs, 
and who were the designers, and which was best, formed 
the subject of constant letter writing and paper war. An 
especially notable case was between tne firm of Bury and 
Co. and those who advocated six-wheeled engines ; but to 
go into this is no part of my task, neither is it to write 
about the ‘iscussions between George Stephenson and 
Timothy Hackworth as to the invention of the blast-pipe, 
and between George Stephenson and William Hedley as 
to who invented the locomotive. All honour, say I, to all 
who in any way assisted the beginning of what has de- 
veloped into the present system, and who unwittingly 
have done more to civilise the world than any other 
pioneers. 

One of the greatest moves in a progressive direction was 
made about the year 1845, when the battle of the gauges 
was fought, and when gigantic efforts were made by all 
to outvie one another—Stephensons, Hawthorns, Bury 
Curtis and Kennedy, Sharp Roberts and Co., Fairbairn, 
Fenton Murray and Jackson, E. B. Wilson, and others. 
Of those in charge of locomotive departments, like James 
Edward McConnell, Daniel Gooch, James Cudworth, 
John V. Gooch, Alexander Allen, Francis Trevithick, 
Thomas Russell Crampton, and many more, most have 
now passed away from the scenes of their labours. We 
have one notable instance of a man left to us to-day who 
took part in these struggles, and I am glad to say is still 
active and well, I mean Mr. Edward Woods. Another 
still with us, but retired, is Mr. Alexander Allen, my 
old chief. . 

The revolution in size of engine was then begun, with 
great diversity of design, and against all sorts of diffi- 
culties, chiefly those arising from want of endurance of 
material in rails and tyres ; and was carried on at all 
costs till the age of Sir Henry Bessemer, followed by Sir 
William Siemens, who gave the power to advance boldly 
and introduce engines of greater power and endurance 
than was possible before, when the endeavours of all 
locomotive engineers had been directed to keep down 
weight, and at the same time to construct machines that 
could do the work demanded of them. The relief came 
by the success realised in making durable, strong, and 
reliable material, which enabled the railway engineers to 
carry out their views, and to make the rolling stock what 
it now is, whereby speeds can be safely attained and loads 
taken which would have seriously disturbed the minds of 
our predecessors ; while still a profit is left after providing 
the increased accommodation demanded by the ever- 
exacting public. The details of what is now being done 
can be compared by you all with what I have spoken of 
as the early working of railways, and therefore I need not 
attempt the comparison. The creations of to-day are the 
work of many engineers, including Matthew Kirtley, Ed- 
ward Fletcher, Patrick Stirling, Joseph Armstrong, 
Daniel Gooch, John Ramsbottom, Charles F. Beyer, 
James Edward McConnell, William Stroudley, Samuel 
W. Johnson, Francis W. Webb, John V. Gooch, Henry 
Diibs, Walter M. Neilson, William Adams, Charles 
Sacré, and many others who are well known. 

Having given as clearly as I could an account of the 
early locomotive engine, and not attempted to go into 
details of what has been done during the last twenty or 
twenty-five years, which has been so fully and forcibly 
shown by innumerable publications, and so clearly illus- 





trated by the aid of photographs, I do not propose to add 
more, except to make a few general remarks in order to 
show by a few examples how in a locomotive engine, as in 
other things, wen has repeated itself. 

The first example I will pe is the bogie. Every 
modern engineer I think would say that this part of an 
engine, in its most simple form, was first adopted by Mr. 
Daniel Gooch in the engines built about the year 1848 for 
the South Devon Railway, as detailed in Mr. D. K. 
Clark’s volumeon ‘‘ Railway Machinery ;” and this plan 
was afterwards adopted by Mr. Pearson for his_ten- 
wheeled oy ye engine on the Bristol and Exeter Rail- 
way, and by others. That is not so however ; for the 
earliest bogie, in this country at least, was on an engine 
built by Carmichael, of Dundee, in 1833, for the Dundee 
and Newtyle Railway. The old engine was found by Mr. 
Alexander Allen when he was locomotive superintendent 
of the Scottish Central Railway about 1855; and before 
it was broken up it was photographed. 

Next we come to the radial axle-box as used by Mr. 
Webb, Mr. Worsdell, and others. This was invented, 
without doubt, by the late Mr. William Bridges Adams, 
and was applied by Mr. Crosson the St. Helen’s Railway 
in an exactly prs ta way to what Mr. Webb and others 
are now doing. The engine was called the ‘‘ White 
Raven,” and was on eight wheels like Mr. Webb’s, the 
two end pairs of small wheels being free to move radially. 
I need not say it was by no means so perfect as it has 
been made at Crewe and copied by others. The fact of 
the modern engine having inside bearings has greatly 
facilitated improvement and the making of a compact 
and useful design. 

To the use of an intermediate shaft for the first power 
in the old “Swift” I have already alluded. 

The position of the frames has also passed through 
many changes, beginning with inside and then to outside, 
and then backwards and forwards from one plan to the 
other ; until at last it has become almost universal that 
they should be inside, although in his last design of single 
engine Mr. 8. W. Johnson has once more come tothe outside 
and inside frame combined, as was for so long generally 
adopted. This double frame has undoubtedly the merit 
of enabling less weight to be carried by each square inch 
of bearing surface of the journals, 

Now to come to design of engine. In 1851 Mr. 
McConnell put on the London and North-Western Rail- 
way a class of engine called ‘‘ Bloomers,” which is without 
doubt exactly similar in general design to those made by 
Mr. Stroudley and known as the “‘ Grosvenor” class, the 
only difference being that the latter designer was not 
hampered as Mr. McConnell had been by the necessity 
for — down the weight. Some of these engines are 
still, after thirty years, doing useful duty on the North- 
Western Railway. 

The battle of the gauges brought to the front various 
types of engines. ss engine builder and locomotive 
superintendent made the greatest possible efforts to do 
something, and sometimes with conspicuous success. In 
1851 Mr. D. Gooch produced his ‘‘ Lord of the Isles ;” 
and this class of engine I think may be regarded as 
one of the most successful, for it continues to this day in 
its original form down to the minutest detail, and now 
working all the broad gauge expresses between London 
and Bristol. New boilers these engines have had, and a 
higher pressure of steam has been the only change. The 
express is run now, though of much greater weight than 
in 1846, at precisely the same speed, namely 53} miles per 
hour between London and Swindon, 

Stephenson and Co. also came to the fore with the long 
boiler type and outside cylinders; the drivers of the 
single engine being placed in front of the firebox, and 
two pairs of carrying wheels leading. 

Mr. Crampton, too, added his contribution in the shape 
of the ‘‘ London” and “ Liverpool,” both of them with 
the driving wheels behind the firebox and the carrying 
wheels in front, and with outside cylinders placed about 
midway along the barrel of the boiler. is class of 
engine was largely used on the Western of France and 
the Northern o} 7m, and some survive to-day. 

Mr. Francis Trevithick produced at Crewe the ‘‘Corn- 
wall,” with 8-ft. single drivers, 18-in. cylinders, and 24 in. 
stroke. To keep the centre of ey down, the boiler 
was placed wholly under the driving axle; which plan 
necessitated that the axle of the trailing wheels should pass 
through the firebox. It was not a good engine for steam, 
and about 1863 was supplied with a new boiler above the 
driving axle; and it is thus working at the present time. 
It is now forty-three years old, and is kept up, I suppose, 
for sentiment, as it cannot do main line work. 

Mr. John Viret Gooch too had a special engine made 
for the London and South-Western line, with outside 
cylinders and 7 ft. drivers, which did useful work for 
years; but he was tied in weight by the lightness of the 


Sharp, Stewart, and Co. constructed engines of large 
— or those days, which went by the name of ‘‘ Jenny 

harp.” They had 16in. by 22 in. cylinders, with 5 ft. 
6 in. single drivers, and inside and outside frames, and 
were very successful engines. They were from the design 
of thelate Mr. Charles Beyer. 

E. B. Wilson and Co., of Leeds, produced an engine 
which was called ‘‘ Jenny Lind.” Of this class many 
scores were built; they had 15in. by 20 in. cylinders 
with 6 ft. driving wheels. The drivers had inside bear- 
ings only, and the leading and trailing were 4 ft. wheels 
with outside bearings. They were largely used in the 
north, and as far south as Rugby on the Midland. These 
engines were principally designed by the late Mr. James 
Fenton. 

I could go on to almost any extent; but I think, as I 
have now got to a period when many others can give 
their experiences, I shall desist. I have done my best to 
render my address interesting at any rate to those of our 
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SUMMER 


OF 1836. 


STOCKTON & DARLINGTON RAILWAY 


COACHES. 





INCREASHD ACCOMMODATION. 





Separate Engines having been appointed for the Conveyance of Passengers and Merchandize, 


and a h attached to the latter 


n, the Opportunities of Communication between the Towns of 


Darlington and Stockton are doubled, and between Darlington and Shildon they are now four times 


a day. 





DARLINGTON & ST. HELEN’S AUCKLAND TRAIN. 
Fares: Inside, ls, 6d.—Outside, 1s, 3d. each way. 


STATIONS. 

From Shildon, at : - 
St. Helen’s Auckland quarter bef. 7 ‘ 
Do. - - - dl . 


TIMES OF STARTING. 
5 


-quarterbef.4 ‘ 


STATIONS. TIMES OF STARTING. 


o’clock. ; From Darlington, at - _ half past 8 o’clock. 
‘ Do. = - halfpastl « 
Do. : - halfpast5 “ 
Do. to Shildon - t Prey 


Do. : q : 
From the LANDS at a quarter past 6 in the Morning, and from DARLINGTON to the LANDS at 
i half past 5 in the Evening. 
N.B. The Train will leave Shildon half an hour after leaving St. Helen’s Auckland. A CAR from 
Bishop Auckland to St. Helen’s or New Shildon, meets each of thege Trains in going and returning. 


Fares to Shildon: Inside, 1s.—Outside, 9d. 





DARLINGTON AND 


STOCKTON TRAIN. 


First-class Fares: Inside, 2s.—Outside, 1s, 6d., each way. 
Second-class, or Merchandize Fares: Inside, 1s. 6d.—Outside, 1s., each way. 


From Darlington(Merchd.) at half past 6 o’clock. 
0. - - halfpasts ‘“ 
* Do. (Merchandize) pa 


% : half pastl  “ 
— (Merchaudize i 3 
0. ° 


) 
- halfpast5 “ 


From Stockton, at - 
Do. (Merchandize) 
Do. - - q 
Do. (Merchandize) 
Do. . - quarterpast 4 ‘ 

Do. (Merchandize) halfpast 6 ‘“ 


quarter past o'clock. 
uarter bef. 12 ‘ 
Pa 1 “ 


On MONDAYS and WEDNESDAYS, 2 Second class, or One Shilling Carriage, will accompany the 
First-class Coach Train. 





STOCKTON AND MIDDLESBRO’ TRAIN. 
Fares: Inside, 6d.—Outside, 4d., each way. 


From Middlesbro’ at 


half past 6 o’clock. | From Stockton, at : 


half past 7 o’clock. 


Do. half past 8 ‘* Do : - halfpast 9 “ 
Do. : : SS Do. - - halfpastll “ 
Do. -  halfpast12 “ Do. : -  halfpast 1 ‘“ 
Do. - > se Do. : - halfpast 2 ‘“ 
Do. : -  half-past 3 * Do. - - halfpast 4 “ 
Do. - - eG © Do. - - halfpast 6 ‘ 
* Do. : : 7 = Do. : - halfpast 7 “ 


All the Darlington and Middlesbro’ Trains are in immediate connexion with each other, excepting 
those marked thus 

The M&RCHANDIZE TRAIN will be allowed from One and a Half to Two Hours between Darlington 

and Stockton, whilst various applications having been made by Gentlemen in the Neighbourhood, to 

have the Coach Trains ee Lens nant Arrangements have been made to run the Darlington 


and Stockton Trip in FO VE MI 


UTES, a New Engine and Outside Coach are provided, and 


the Fares now charged for this Class are consequently about on the par of other Railways. 
All PARCELS (requiring haste and care) are to be left as under :— 


THOMAS REYNOLDS, Angel Inn, Bp. Auckland 
J. COXON, St. Helen’s Auckland 
R. THOMPSON, New Shildon 


JAMES TURNER, Northgate, Darlington 
GEORGE PEACOCK, Majestic Office, Stockton 
OHN UNTHANK, Middlesbro’ 


J 
General Merchandize for all Parts of the Kingdom, to R. ROBINSON, Merchandize Station, Darlington. 
Railway Office, Darlington, March 4th, 1836. 


members who are not old enough to know of what our 
early times consisted. To-day all is smooth sailing; a 
good road and strong good material to work with, and 
plenty of information to guide those who shall come after 
us ; and therefore I shall here bid good-bye to the loco- 
motive engine, with the hope that the ; easure I have 
derived from its study, its erecting and working, may 
be enjoyed by all those who love their work as I have done 
through life. I cannot close, however, without acknow- 
ledging with all sincerity the assistance that the writings 
of my old friend Mr. D. K. Clark have been to me; and 
I will add that students of railway locomotion will not 
find among all who have written on this subject a more 
faithful guide. I call Mr. Clark my old friend, because I 
did my best to assist his investigations more than forty 
years ago, when from lack of age and experience I was 
unable to realise the ultimate value of hisresearch. From 
— Colborn too I must confess to having learned 
much. 

The railway itself as a road, like the engine of which I 
have treated, has undergone in the course of years a con- 
siderable alteration and improvement, but the change 
cannot be called so radical as in the engine. The rails of 
which the pioneer railway was made at my time were of 
wrought iron, in about 15 ft. lengths, and about 35 Ib. per 
lineal yard, carried on very small cast-iron chairs, which 
were secured either to stone blocks or to light sleepers of 
larch timber, many of them of half-round section. The 
rails were of fish-bellied type, and the ends were a sort 
of half-lap, about 2in. long. They were secured in the 
chairs with a round cast-iron marble of about 1 in. in 
diameter, held in by a wrought-iron key about ? in. square, 
which was bent to prevent its coming out. In a few 

ears a parallel rail with a small bulb bottom was rolled. 

his soon gave way to a double-headed rail, which held 
its own for many years, and until 1870 was, I may say, 
the standard, and at last was increased to 841b. and 90 74 
per yard, and rolled of the section known as ‘‘ bullhead.” 

In the interval the form called the bridge rail was 
brought out, sirnilar to the rail used on the Great Western 
for the broad gauge; and this, increased in weight, is still 
used. About thirty-five years ago a rail, which was to 
dispense to a great extent with sleepers, was designed by 
Mr, W, H. Barlow ; but the road was hard and not last- 





Coates & Farmer, Printers, 


ing, and was soon discarded. Some of the Welsh rail- 
ways, notably the Newport and Abergavenny, were laid 
with it, as was also tha eeriantons and Derby. About 
the same time the Vignoles rail was produced, and a great 
deal of road was laid withit; but after some years 
it was practically given up in England, except for light 
branches and for contractors’ use. Foreign nations and 
America took it up however, and it is now almost the only 
railused. By the perseverance of Mr.C. P. Sandberg, who 
came over here as the inspecting engineer of the Swedish 
and Norwegian Governments, it was re-designed in detail, 
until it has now reached a weight of 105 lb. a yard. We 
in England have gone on increasing the weight of the rail 
to meet the greater weight of engine, and have added 
sleepers in proportion until 2 ft. 6 in. to 2 ft. 8 in. is now 
the distance from centre to centre ; but some of our foreign 
neighbours, notably the Germans, are still a long way 
behind us, notwithstanding they have equalled us in the 
weight to be carried on a pair of wheels, 

rought iron and steel are gradually replacing the old 
cast-iron arches throughout our country. The earliest 
wrought-iron bridges of long span were certainly not 
handsome, though strong; notably, the Menai, the 
Chepstow, the Saltash, &c. But the latest and the greatest 
ever made in the world, across the Firth of Forth, by Sir 
John Fowler and Sir Benjamin Baker, is not only enor- 
mous in size, but, now it is finished, looks a graceful 
structure, and in my mind is the atest work ever 
executed in this or any age. The bridge of Mr. Barlow, 
to replace the ill-fated bridge across the Tay, is also 
a beautiful piece of mechanical engineering. The fall of 
the old bridge and its consequences point a moral to all 
future engineers, and it is this, Do not let others ever 
cause you to deviate from true principles, or allow them 
to persuade you to let mere money the guide as to 
strength in your work. If Sir Thomas Bouch had not 
been influenced by such means, he would not have built 
the bridge he did, and his bridge would be across the Ta: 
to-day, and he in all probability might have lived till 
now. While on the subject of bridges, I cannot help the 
remark that Brunel’s bridge across the Thames at Maiden- 
head has “i been admired by me as the most —— 
LTever saw. The high-level bridge of Mr. T. E. Harrison 
at Newcastle must not be omitted from this record, for at 


the time it was erected it was ahead of everything, and 
still stands as as ever. 

To look back to former times and to think that on 
early lines there were no station buildings, and then to 
turn to the structures now existing, is sufficient in itself 
without comment ; and when we consider that so many 
of them, except in respect of being enlarged, are almost of 
the design of the original engineer, they are something to 
be proud of, both as mementoes of foresight and as tokens 
of progress, 


MARINE ENGINE TRIALS. 
Research Committee on Marine Engine Trials — Report 
upon Trials of Three Steamers, ‘‘ Fusi Yama,” ‘ Col- 
chester,” ‘‘ Tartar.”* 


By Professor ALEXANDER B. W. KEnnepy, F.R.S., 
Chairman. 


1. TRIAL or THE 8.8. “ Fusr Yama.” 

Steamer.—This steamer was tested as a good example of 
an ordinary trading vessel working under the usual con- 
ditions. She belongs to Messrs. Gellatly, Hankey, 
Sewell, and Co., to whom the Committee are much in- 
debted for giving them every facility for making the ex- 
periments. She is a vessel of 214.3 ft. in length between 
perpendiculars, 29.3 ft. beam, and 20.5 ft. depth. Her 
registered tonnage is 632 net, and her gross tonnage 994, 
under deck 899 tons. Her displacement on the day of 
the trial, when the mean draught was 18 ft. 11? in., was 
2175 tons. 

The trial was made upon November 14 and 15, 1888, on 
a run from Gravesend to Portland. The ship left Graves- 
end, where her compasses had been adjusted, about six 
o’clock on the afternoon of November 14, and the trial 
started at 8.51 p.m. on that evening. It lasted until 
11 a.m. on the 15th. The run was continuous, with the 
exception of stoppages amounting in all to twelve minutes 
between 3.10 a.m. and 3.25a.m. when landing the pilot 
off Dover. In addition to this the engines were runnin 
slow for about thirteen minutes between 3 a.m. a 
3.30a.m. The reading of the counter was entered at each 
change of speed or stoppage during this time. 

Engines.—The Fusi Yama is fitted with compound 
surface-condensing engines, made by Mr. Martin Samuel- 
son, of Hull, in the year 1874. They had been thoroughly 
overhauled by Messrs. Rait and Gardiner, under the 
superintendence of Mr. Frederick Edwards, immediately 
before the trial, and were in thoroughly good working 
order. The cylinders’ diameters are 27.35 in. and 50.3 in., 
measured from gauges. Their common stroke is 33 in. The 
diameter of both piston-rods is 4.9in. There areno tail-rods. 

The cranks are at right angles, the low pressure leading. 

The cylinders are not jacketted. The clearances of the 
high and low-pressure cylinders, as measured on the draw- 
ings, are respectively 7.6 and 5 per cent. 

tach cylinder is provided with a single slide valve 
worked by the ordinary link-motion gear. The throttle 
and stop valves and the link motion were sealed up at 
starting. The link motion, however, was opened out a 
little at 1.24 a.m., and remained in its new position during 
the rest of the run. The screw propeller is four-bladed, 
having a diameter of 13 ft., and a mean pitch of 16.37 ft. 

Boilers.—Steam is supplied by one boiler 13 ft. 32 in. 
mean diameter, 11 ft. long, and containing three furnaces. 
The total grate surface is 52 square feet, and the total 
heating surface 2257 square feet, the ratio between the 
two being 1 to 43.4. e mean diameter of the flues is 
2ft.114in. The firebars are of the ordinary description; 
and there are 17 bars in the width of each furnace, and 
therefore 34 in each grate. There are 232 tubes of 3? in. 
external diameter, and 7 ft. 5in. long between plates, 

uivalent to a total tube surface of 1689 square feet 
which is 32.5 times the grate surface. The internal 
diameter of the funnel is 4 ft. 6 in., and its total height 
is 43 ft. 2 in. above the centre of the lowest furnace. 

The total weight of the engines and boiler, including 
water in condenser pipes and boiler, and all mountings, 
is about 100 tons. The net volume of the boiler is akout 
1681 cubic feet. 

Duration of Trial.—The duration of the trial from start 
to finish was 14 hours 9 minutes. Deducting the 12 
minutes of stoppage, the running time was therefore 13 
hours 57 minutes, or 837 minutes. 

Coal Measurement.—The same method was used for 
weighing the coal as was employed upon the Metecr trial. 
About 701b. of coal were weighed in each bucket, and 
about nine buckets were weighed on to the stokehold floor 
atone time. The trial was started with a clean floor. 
The time was noted at which each lot of weighed coal 
was put upon the fire, and no more coal was weighed 
out until the floor was again clear. The line of coal con- 
sumption plots out as shown upon the diagram, Fig. 1.+ 

he fires were not cleaned during the run. The ashes 
were weighed after the trial was over. The coal was 
West Hartley Tyne coal, costing 15s. 9d. perton. It was 
somewhat irregular in quality, but a sample collected at 
different times durin the run, and afterwards well mixed 
and pounded, ex the following analysis, which has been 











made by Mr. Wilson : 
Coal as Used. Dry Coal, 
per cent. per cent 
Carbon ads ans i 70.85 77.52 
Hydrogen ... aa uP 4.71 5.15 
oisture ... : a 8.60 0.00 
Ash ... Pees fag 5.11 5.59 
Nitrogen, sulphur, oxygen, 
&c., by difference <a: | Te 11.74 
; ____100.00___100.00 
~* Paper read before the Institution of Mechanical 
Engineers. 


+ This figure and the other diagrams referred to will be 





given with the rest of the paper next week. 
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The calculated calorific value of this fuel as used is 
12,760 thermal units per pound, which is equivalent to 
the evaporation of 13.21 1b. of water from and at 212 deg. 
Fahr. The equivalent carbon value of this fuel as used 
is 0.878 lb. per pound. The total coal used was 13,768 lb. 
in 849 minutes. As out of the whole time of running the 
engines were stopped for 12 minutes, during which period 
of course the fires were more or less damped, it may be 
taken that the actual time of firing was equivalent to 
about 840 minutes ; but in order not to confuse matters 
the boiler time will be taken as equal to the engine time, 
that is to say, to the time during which the engines were 
actually running, namely, 837 minutes. The total coal 
was therefore 16.45lb. per minute, or 9871b. per hour. 
The weather was fair until reaching Dover, but became 
very rough during the last part of the trial, which was 
brought to an end somewhat sooner than was intended, 
because of the great difficulty of obtaining further accu- 
rate measurements. Up to the actual point of ceasing 
observations, however, the weather did not affect their 
accuracy, although it rendered difficult the estimation of 
the water level in the boiler at the end of the trial. The 
roughness of the weather at the end of the trial prevented 
accurate measurements being made as to the amount of 
clinker obtained from cleaning the fires. The actual 
amount of ash weighed off from under the grates was 
only 278 lb., or about 2 per cent. of the total weight of 
the fuel. 

Furnace Gascs.—The temperature of the chimney gases 
was observed fifteen times during the trial, and its average 
value was 578deg. Fahr.; the highest reading being 
617 deg., and the lowest (which was just after starting), 
500 deg. Two samples of furnace gases were collec 
and analysed ; the analyses of these by weight and by 
volume are given in the following Table : 

Percentage Composition of Flue Gases. 
No. 1. No. 2. 


By By | By 


By ry y 
Volume. Weight. Volume. Weight. 


Constituent. 


_ By | By 
Volume. Weight. 











Carbonic | 
acid 6.93 | 10.30 | g14 1204) 7.53 | 1117 
Carbonic | | 
oxide 0.00 0.00 | 0.00 0.00 0.00 0.00 
Oxygen 12.14 | 13.13 | 11.00 | 11.84 | 11.57 | 12.48 
Nitrogen ../ 80.93 | 76.57 | 80.86 76.12 | 80.90 | 76.35 
100.00 100.00 


100.00 100.00 | 100.00 | 100.00 
| ' 





The mean chimney draught, which was measured by 
a U gauge glass at the place where the furnace gases were 
collected, was 0.28 in. of water. 

Feed Water Measurement.—The feed water was mea- 
sured in the same way as for the Meteor, on its way from 
the hot-well to the feed a d of the engine. The tanks 
used for weighing it (which held about 260 Ib. each) were 
placed on the upper engine-room platform ; their contents 
were carefully tested by weighing water into them, and 
they were at the same time ascertained to be free from 
any leakage. The necessary correction having been made 
for the temperature of the feed, the total water used 
amounted to 109,800 lb. (its mean temperature being 
129.5 deg. Fahr.), over a total time of 850 minutes. The 
engine was actually running during 838* minutes of this 
time, so that the mean consumption of water per minute 
(engine time) was 131.0 1b., or 7860 1b. per hour. The 
continuous consumption of feed water is shown in 


Fig. 1. 

All the steam made by the boilers went to the main 
engine, steam being kept up in the donkey boiler for any 
other purposes that were required. 

Power Measurement.—Indicator diagrams were taken 
at about half-hourly intervals throughout the whole of the 
trial, twenty-six sets or 104 cards being taken in all. A 
pair of Darkes’ indicators were used on the high-pressure 
cylinder with one-thirtieth springs, and a pair of Richards’ 
indicators on the low-pressure cylinder with one-tenth 


springs. The following are the mean effective pressures 
in the two cylinders in pounds per square in : 
Cylinder. Top. Bottom. Mean. 
High-pressure... 31.06 30.41 30.74 
Low » ost 10.43 11.30 10.87 


These pressures correspond with the following indicated 
horse-powers : 


High-pressure cylinder... 168.2 
Low _,, - at 203.1 
Total indicated horse-power 371.3 


One set of cards was taken during the time when the 
engines were slowed down (13 minutes), and the proper 
allowance has been made for this in the preceding 
averages. 

The maximum indicated horse-power given by any one 
set of cards was 402.2, which occurred at 5.30 .a.m., with 
57.5 revolutions per minute, and 59.9 1b. of steam. The 
minimum indicated horse-power by any one set of dia- 
grams at full speed was 313.0 at 11 p.m., with 53 revolu- 
tions per minute, and 491b. of steam. From the 104 
diagrams which were taken during the trial a mean dia- 
gram has been plotted for each of the two cylinders, and 
these are given in Fig. 4. The continuous variations of 
boiler pressure and cylinder mean effective pressures are 
sows in Fig. 2; and of horse-powers and speeds in 

‘ig. 3. 
Speed. —The counter read 8507 at 8.51 p.m. when the 





< The “last feed tank was em tied at 11.1 a.m., or one 
minute after the last reading of the counter, 





trial commenced, and 55,033 at 11a.m. when the trial 
ended. The total number of revolutions made by the 
engines was therefore 46,526 in a total running time of 
837 minutes, which gives an average rate of 55.59 revolu- 
tions per minute. The maximum number of revolutions 
per minute for any half-hour was 57.5, and the minimum 
number (except when slowed down) was 53. 

Pressures, d&c.—The mean barometric pressure during 
the trial was 30.1 in. of mercury, or 14.8 lb. per square 
inch. The mean boiler pressure was 56.84 lb. per square 
inch above the atmosphere, measured on the gauge in the 
stokehold. On the engine-room gauge the mean pressure 
was 55.2lb. per square inch. It will be seen from the 
diagram that the pressure was fairly constant, except 
during about two hours towards the beginning of the 
run, and during the time when the engines were slowed 
down. The pressure gauge in the stokehold was read 
every quarter of an hour during the trial, and the other 
gauges were read every half-hour alternately with the 
counter readings, and at the same time as that at which 
the indicator cards were taken. The mean reading of the 
vacuum gauge was 25.40in. of mercury, or 12.48 lb. per 
square inch below the atmosphere. The mean initial 
pressure in the high-pressure po ee (from measurement 
of diagrams) was 50.3 1b. per square inch above the atmo- 
sphere ; and the mean back pressure in the low-pressure 
cylinder was 10.9 lb, per square inch below the atmosphere, 
which corresponds to an absolute back pressure of 3.9 Ib. 
in the cylinder. 

Boiler Efficiencies.—The rate of combustion in the fur- 
naces was 18.98 lb. of coal per square foot of grate surface 

r hour, or 0.437 lb. per square foot of total heating sur- 

ace per hour. The evaporation was at the rate of 7.96 lb. 

of water per pound of coal. As the feed entered the 
boiler at a temperature of 129.5 deg. Fahr., and as the 
temperature corresponding to the mean steam pressure 
was 304 deg. Fahr., each pound of steam must have taken 
up 1077 thermal units ; so that the equivalent evaporation 
from and at 212 deg. Fahr. was 8.87 lb. of water per 
pound of coal, or about 10.10 lb. per pound of carbon 
value in fuel. The equivalent amount of heat utilised 
per pound of coal was 8570 thermal units, or say 67.2 per 
cent. of the whole calorific value of the fuel ; which per- 
centage therefore represents the actual boiler efficiency. 

The total nominal calorific value of the fuel burnt per 
minute was 209,900 thermal units. Assuming that the 
two samples of furnace gases analysed gave a fair average 
value, it ——- that the weight of dry air per pound of 
coal was about 22.8 lb. The loss of heat in raising the 
temperature of the furnace gases from 55 deg. Fahr., 
allowing for the steam due to the combustion of the 
Spay in the fuel, works out to 2995 thermal units, or 

.5 per cent. of the whole calorific value of the fuel. 
There was no loss by formation of carbonic oxide. The 
loss due to evaporation of the moisture in the fuel would 
be 0.9 per cent. These quantities add up to 91.6 percent. 
of the whole heat of combustion, the balance of 8.4 per 
cent. including all losses by radiation. The weight of 
water evaporated per square foot of total heating surface 
was 3.48 agen hour. The average rate of transmission 
of heat through the material of the boiler was 3750 
gee units per square foot of total heating surface per 

nour. 

Coal Consumption.—The total coal burnt, namely 987 lb. 
per hour, corresponds to 2.66 Ib. per indicated horse- 
power per hour. This is equivalent to 2.33 lb. of carbon 
value per indicated horse-power per hour. 

Engine Efficiencies.—The measurement of feed water 
shows that the quantity used per indicated horse-power 

r hour was 21.17 lb. per hour. The actual heat received 

y the feed water per minute was 141,100 thermal units, 
or 880 thermal units per indicated horse-power per 
minute, which is 67.2 per cent. of the whole heat of com- 
bustion. The absolute engine efficiency, or ratio of the 
heat turned into work to the total heat received by the 
feed-water, was 11.25 per cent. 

Total Eficiency.—The combined efficiency of the boiler 
and engines, or the ratio of the heat turned into work to 
the total heat of combustion of the fuel, was 0.672 by 
0.1125, which is equivalent to 7.6 percent. 

Steam from Indicator Diagrams,—The following are the 
results of measurements made upon all the indicator 
diagrams taken to ascertain the proportion of steam 
accounted for by them. The actual weight of feed water 
used per revolution was 2.357 Ib. : 
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in Cylinder 

| as Water. 

Steam present in high-pres- | 
sure cylinder after cut- 
off, when the pressure} 
was 45,2lb. per square 
inch above the atmo- 
sphere a» ak “s 
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1.66 70.7 | 





(To be continued.) 





British GUNBOATS FOR THE ZAMBESI.—Messrs. Yarrow 
and Co. launched on Saturday, the 3rd inst., at ap a 
the first of the two shallow draught gunboats built 
to the order of the British Government for service 
on the Zambesi. Owing to the novelty in the design 
of these vessels, their trials wil! be watched with much 
interest. 


LAUNCHES AND TRIAL TRIPS. 

Two saloon paddle steamers have been launched on the 
Clyde for the Caledonian Steam Packet Company for ser- 
vice on the Firth of Clyde. One of these, the Duchess of 
Hamilton, has been built by Messrs. William Denny and 
Brothers, at Dumbarton. This vessel is 250 ft. long, 
30 ft. broad, and 10 ft. 6 in. deep. She will be fitted wit 

powerful compound engines by her builders. The other 
new Caledonian steamer is named Marchioness of Brea- 
dalbane; she has been built by Messrs. John Reid 
and Co., Port-Glasgow, and is similar to the Cale- 
donia, illustrated and described by us in our issue of 
May 5, last ae The engines for this boat will be con- 
structed by Messrs. Rankin and Blackmore, Greenock. 


Messrs. Laird Brothers, Birkenhead, have just launched 
a torpedo gunboat named the Espora; which they have 
built for the Government of the Argentine Confederation. 
The Espora may be shortly described as being of the Rat- 
tlesnake type, but having a higher speed, lighter draught 
of water, and various structural improvements suggested 
by recent experience; her length over all is 210 ft.; beam, 
25 ft.; depth, 13 ft. 6 in.; tonnage, o.m., 615 tons, and 
she will be fitted with twin screws driven by two sets of 
da cilgaee, yous engines having a collective power of 3250 
horses, and supplied with steam at 150 lb. pressure b 
four steel boilers of the locomotive type. The hull is built 
entirely of steel, with a ram stem, andis divided into up- 
wards of 30 water-tight compartments, and the coal bun- 
kers are arranged to afford protection to the machinery ; 
each set of engines and each pair of boilers are in separate 
compartments. The armament will consist of Nordenfelt 
quick-firing guns, two 14-pounders mounted one on each 
side the forecastle; each gun commands a range across the 
bow, and 75 deg. abaft the beam on its own side. One 
8-pounder is also carried at after end of the poop having a 
range of from 65 deg. before the beam on one side to the 
same on the other side. In addition to these there are 
two 3-pounders at the fore end of the poop, two Gatlin 
ns, and five to o tubes, one in bow and twoon eac 
roadside, fitted for discharging the new 18-in. White- 
head torpedo. 








A four-masted sailing vessel named Andromeda was 
launched on the 23rd ult. from the yard of Messrs. Robert 
Duncan and Co., Port-Glasgow. Her dimensions are: 
Length, 260 ft. ; beam, 40 ft. ; depth, 25 ft. moulded, and 
the register tonnage is 1900 tons. She will carry 3200 tons 
deadweight. The owner is Mr. George F, Smith, St. 
John, New Brunswick. 





Messrs. A. and J. Inglis launched from their yard at 
Pointhouse, Glasgow, on the 22nd ult., a steel screw 
steamer of 2400 tons, named Wodonga, and built for the 
Australasian United Steam Navigation Company, 
Limited, London. ‘The dimensions of the boat are: 
Length, 310 ft. ; breadth, 39ft., and depth, 25 ft. Triple- 
expansion engines are to be placed on board to work to 
3000 indicated horse-power. 





The new British India Steam Navigation Company’s 
steamer Kasara has had successful speed trials, preparatory 
to going on her station in the Indian coast. The vessel 
was built by the Ailsa Shipbuilding Company, and 
engined by Messrs. Dunsmuir and Jackson, Govan. She 
is 240 ft. long by 34 ft. broad by 17 ft. 6 in. deep to main 
deck and 25ft. to shade deck. The engines are of the 
triple-expansion type, with cylinders 25 in., 40in., and 
65 in. in diameter, with a stroke of 42in. Steam is sup- 
plied from two double-ended boilers working to 160 ib. 
to the square inch. On trial the power developed was 
2200 indicated horse-power, the average revolutions bein 
88? per minute, with a vacuum of 27 in. The vessel had 
800 tons of coal on board, and running against the tide 
she maintained a s of 14.137 knots, while the guaran- 
teed speed was 13} knots. With the tide the speed was 
fractionally better. ~- 





Messrs. Russell and Co., Port-Glasgow, launched on 
Friday, the 25th ult., a steel spar-decked screw steamer, 
nam rd Bangor, built for Messrs. Dixon and Sons, 
Belfast. The length of the vessel is 320 ft; breadth, 
424 ft. ; depth, 27 ft. 7 in., and her deadweight carrying 
capacity is 450 tons. The engines, which are cf the 
triple-expansion type, have been - by Messrs. 
Dunsmuir and Jackson, Glasgow. he cylinders are 
24 in., 39 in., and 64 in. in diameter, and the stroke is 
45 in. Steam is supplied from two boilers, 12 ft. 6 in. 
in diameter, by 15 ft. 6 in. long, having eight furnaces of 
3 ft. 4 in. inside diameter. The working pressure is 
150 Ib. to the square inch. The grate area is 146 square 
feet, and the heating surface 4480 square feet. 





The Allan Liner Sarmatian has been fitted with new 
engines and boilers by Messrs. James Howden and Co., 
Glasgow, and at the same time she has undergone con- 
siderable alterations to increase the cargo-carrying capa- 
city. The new engines have cylinders 25in., 42in., and 
684 in. in diameter, with a stroke of 48in. Steam is sup- 
plied from two single-ended boilers 15 ft. in diameter and 
11 ft. 9in. long, with three furnaces 3ft. 7}in. in dia- 
meter in each, the working pressure being 160]b. to the 
square inch. The grate area is 100 square feet, and the 
heating surface 4676 square feet. The power ‘i 
on trial was 2500 indicated horse-power, with the boilers 
working under Howden’s system of forced draught, now 
being used in all the new steamers of the Allan line. The 
engines were worked during a continuous em run 
of eight hours with smoothness and efficiency. Thespeed 
= = was 12? knots, and she left afterwards for 

anada. 
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STEAM ENGINES AND BOILERS. 


5146. J. Jackson, Liverpool. Gas-Fired Steam 
Generators. [8d. 12 Figs.] March 26, 1889.—This invention 
relates to a ‘‘ self-contained ” gas-fired steam boiler having a gas 
producer within an outer chamber, into which chamber the gases 
generated in the producer are introduced, and into which air is 
introduced through apertures to effect and support combustion of 
the gases; the lower tube-plate of the water-containing vessel 
of the boiler being arranged below the level of the upper part of 











the gas producer. The gases generated in the producer A are 
conveyed by tubes B up through the water and steam space of 
the boiler into the upper gas chamber C, thence down through 
the tubes D into the combustion chamber E, where combustion is 
effected by the admission of air, whence the gases pass up through 
a nest of tubes (not shown) up through the water and steam s 


1800). boiler into the waste gas chamber G. (Accepted March 26, 
8187. J. Haug, Philadelphia, Pa., U.S.A. Quad- 
ruple-Expansion Engines. (8d. 12 Figs.) May 16, 


1889.—The improvements consist mainly in the combination in a 
quadruple engine of four cylinders, of differential diameter pas- 
sages connecting the first and second cylinders D1, D2 of the set 
with the steam chest F, of passages connecting the first cylinder 
D! with the second and third, of passages connecting the second 
cylinder with the third and fourth, of seg connecting the 
third cylinder with the fourth and with the final outlet G!, of a 
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passage connecting the fourth cylinder with the outlet G1, and 
of valves for opening and closing the passages, whereby live steam 
may be admitted to the first: cylinder D! only and worked in the 
cylinders in succession before reaching the outlet. Or the live 
steam may be simultaneously admitted to the first and second 
cylinders D1, D2, the first cylinder D1 exhausting into the third 
D3, the second cylinder D2 exhausting into the fourth D4, and the 
third and fourth into the outlet Gl. G is the live steam supply 
pipe. (Accepted March 26, 1890). 

2050. H. J. Haddan, London. (J. H. Daw, Cleveland, 
U.S.A.) Ro Steam Engines. (8d. 6 Figs.] February 
7, 1890.—The double engine comprises a casing B inclosing sta- 
tionary discs C facing outward, and rotating discs E ams eh 
the latter being mounted on a shaft D in common. The stationary 
discs C each have series of curved chutes c on their faces, concentric 
with the engine shaft D. The rotating discs have series of curved 
buckets e on their inner faces, concentric with the shaft.. The 
different series of buckets are arranged to travel in annular paths 
between or-radially outside the series of chutes so as to leave 
annular steam ways. The chutes of the same series are slightly 
separated one from the other, and the buckets are similarly 
arranged, so as to have curved between the chutes, and 
reversely curved between the adjacent buckets. By 
means of these curved passages the steam is directed against the 





flow of the steam being reve from chute to bucket and from 
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buckets at the proper angle bn the latter, the direction of 
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bucket to chute outwards throughout the system. The steam 
enters at a” and passes out at A?. (Accepted March 19, 1890). 


20,310. A.J. Boult, London. (J. B. Stanwood, Cincin- 
nati, Ohio, U.S.A.) Steam es. [8d. 5 Figs.) Decem- 
ber 17, 1889.—This invention relates to reciprocating engines of 
the Corliss type, and the improvements consist mainly in the 
construction of the engine cylinder A with exhaust ports 2, zl 








located within the limits of the stroke of the engine piston B at 
the point desired for the beginning of the com ion, and 
verned by the piston B itself as a slide valve, and in the com- 
ination of the same with the usual inlet valves a, a! and exhaust 
valves b, bl, and a single eccentric and releasing gear. Eis the 
steam chest and F the exhaust. (Accepted March 19, 1890). 


PUMPS. 


11,428, E. C. Thrupp, London. Controlling the 
Speed of Reciproca ps, &c, (8d. 3 Figs.) 
July 16, 1889.—The pump-rod or piston-rod or parallel motion gear 
or beam or other convenient reciprocating part 22 of the pump 
or other machine whose motion is to be governed, is connected by 
means of a connecting-rod 19 and a link 10 to the rocking bar8, 
whose oscillations are controlled by acrank 2 upon a rotating fly- 





shaft 1, to which the rocking-bar 8 is connected by two connecting- 
rods 3 which meet on a motion block 4 fang | along a straight 
guide 5. The point 12 of connection of the link 10, with the con- 
necting-rod 19, is constrained to travel in a curved path a b for 
the purpose of imparting a more uniform rate of speed to the 
piston 23 throughout its stroke, by means of the rocking beam 
11 and radius links 15, 16. (Accepted March 19, 1890). 

16,920. R. Holt, Rochdale, Lancaster. Steam 
Pumps. (8d. 7 Figs.) October 26, 1889.—A large or low- 
pressure cylinder b is interposed between the sections c, cl of the 
pump cylinder, and divided therefrom by division plates d, d! 
which are provided with gland packinggg!. The piston f, situated 
within the cylinder b, is mounted upon the same piston-rod ¢ as 
the pistons 1,7. Steam orifices j, j1 lead from the steam chest k 
and terminate within the cylinder). Steam orifices /, [1 also lead 
from the steam chest and terminate in the sections c, cl. These 
orifices are covered and uncovered at the proper periods by the 








valve m actuated by means of a cain », mounted on shaft o and 
in engagement with the disc p, which cam, when the shaft is 
caused to rotate, operates the lever 7, by the agency of the slide 
bar 8, lever t, and rocking shaft. . In the position of the valve as 
illustrated steam is being admitted on to the piston 71 se the 
port 7 and expelled by the piston ¢ through the ports / on 
to the piston F, and is also being expelled from the cylinder b 
poor j! into the exhaust B, thence out to a condenser. (Ac- 


cepted March 19, 1890). 
2456, J. Desmond, Brooklyn, N.Y., U.S.A. Steam 
Injectors, [8/. 3 Figs.) February 14, 1890.—In this im. 


proved automatic injector @ is the steam inlet, G the steam inlet 
tube controlled by valve C operated by lever D, a! the water inlet, 
a? the overflow, and a* the delivery. An overflow chamber A? is 
arranged between the suction and combining tubes H and H!, anda 
sliding valve J is employed to present a continuous communica- 





tion between the mouth of the combining tube H! and the over- 
flow chamber h?2 during the working of the injector. K is an over- 
flow valve. Water is admitted to and cut off from the injector by 
means of the valve F operated by handwheel and spindle ¢. 
(Accepted March 19, 1890). 


PURIFYING WATER. 


5339. V. B. Lewes, Greenwich, Kent. Purifying 
Sea Water for Use in Steam Generators. (8d. 5 Figs.) 
March 28, 1889.—The improved method consists in mixing with 
the water a salt or compound, such as carbonate of la, 
capable of precipitating the calcium and magnesium salts con- 
tained in the water, heating the mixture to boiling in a closed 
heating vessel i separate from the steam generator in which the 

urified water is to be used, allowing the insoluble precipitated 
impurities to deposit in the closed heating vessel 7, and as 
the supernatant water on its way to the boiler to pass throug 
a pipe 7, having its open end above the bottom of the closed heat- 
ing vessel ¢ and through a filter 16 external to the heating vessel. 
1 is a cylindrical vessel provided at its upper part with an inlet 
pipe 3 and cock 4 for admission of sea water, and at bottom with 
an outlet pipe 5 and cock 6 for the discharge of impurities sepa- 
rated from the sea water. 7 is an outlet pipe for the treated 
water controlled by a cock 8 and with its inner end located above 


the bottom of the vessel 1 to allow of the deposit settling in the 
b bag 
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lower part of the vessel. 9 is an opening with steam-tight cover 
through which carbonate of soda can be introduced. 10 isa coil 
with inlet and outlet cocks. Through this coil high-pressure or 
superheated steam is for heating the sea water contained 
in the vessel 1 toa sufficient temperature and pressure to com- 
pletely separate in an insoluble form the calcium and magnesium 
salts present therein. The filter (Figs. 2 and 3) comprises a vessel 
16 with a removable filter 16a, and with a series of vertical i- 
tions 17 each formed with an opening 17a. 18 isa filter frame 
which may consist of two sheets of Ppa one metal, between 
which is placed filtering material such as asbestos cloth, These 
filter frames 18 are secured one over each opening 17a by bolts 
19, 20 is an inlet opening, whereby communication is established 
by any suitable connection between the outlet pipe 7 of the pre- 
cipitator and the interior of the filter, when the ae pase is in 
use. 21 isan outlet opening through which the purified sea water 
is passed to a hot-water well or feed- water tank. (Accepted 
March 26, 1890). 


7006. H. Desrumaux, Brussels. Apparatus for 
Water and other Liquid. (8d. 7 Figs.) 

April 26, 1889.—The water is received by a feed tank A anda 
small part of it is drawn off through a pipe ¢ to form lime water 
in the saturator E which contains an agitating or stirring device 
a all, the hollow shaft a of which serves also as a conduit to 
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carry the water into the bottom of the saturator. The greater 
volume of water in the feed tank A is made to fall upon and re- 
volve aturbine;B so that the fall of the water may be utilised for 
power to operate the agitating device in the saturator, the water 
passing from the turbine mainly into a mixing tank D, while a 
small part of the water is collected by another tank } and 





also goes to supply the saturator. The level of soda solution 
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in the reservoir C generally maiares as a reagent for 
supplying the mixing tank, is contro by a float valve, and this 
flont value is also connected with that of the water feed tank A, so 
that when the flow of water stops, the supply of soda also ceases. 
The water which has ed to the saturator rises through the 
lime milk and runs off as clarified lime water into the mixing 
tank, where together with the soda it is mixed with water to be 
purified arriving from the turbine. The mixed water passes into 
the depositor D, and gradually rises between spirally wound walls 
H in the latter, depositing therein the sediment and precipitate 
formed from the cokahie salts and the reagents employed. This 
di t collects in pockets P, whence pipes T carry it to the 
bottom of the depositor near to the sediment outflow valve S!. 
Accepted March 19, 1890). 


TREATING MATERIALS. 


6102. P. Cornish, Le 
stances, (8d. 4 Figs.) 
brickwork of the drying furnace. 





m, Essex. Drying Sub- 
pril 9, 1889.—A is the inclosed 
The substance to be treated is 


fed into the hopper a at the side of the furnace, and is conveyed 
through cylinders B by sections of screw conveyors C mounted on 
shafts D. Each shaft D revolves in an opposite direction to the 
one eon | 

from one en 


it, so that the substance is conveyed alternately 
of each cylinder to the other. The substance passes 
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into the topmost cylinder, and is conveyed to the opposite end, 
whence it falls through an opening b into the adjacent cylinder 
through which it is conveyed to the opposite end, where it passes 
through another opening } into the cylinder below. This opera- 
tion is repeated until the substance has through each 
cylinder, whereupon it finally emerges from tHe last of the tier of 
cylinders through the hopper f in a thoroughly dried state. 
(Accepted March 19, 1890). 


17,600. H. J. Haddan, London. (J. MacFarlane, 
Malden, Mass., U.S.A.) Machines for yf 
Strips of Wood for Converting them into a Cylinder. 
[8d. 8 Figs.) November 5, 1889.—For simultaneously winding 
two strips of wood X1, Y! upon the mandrel C! to form acylinder, 
the strips are coiled on reels placed in a carriage Al which is 
caused to travel at a suitable speed longitudinally of the rotat- 
































ing mandrel. The strips being clamped at one end to the man- 
drel, they are wound side by side upon the whole length of the 
mandre], whereupon the strips are severed, and the operation of 
winding is repeated until the cylinder to be formed has attained 
the desired thickness. Cement contained in a steam-heated tank 
H?! is applied to the strips by means of rolls K1, Ll, (Accepted 
March 12, 1890). 

1498. F. R. C. Struver, Pine Creek, Queensland, 

ustralia. Manufacture of Butter and Apparatus 
therefor. (8d. 15 Figs.) January 27, 1890.—According to 
this invention the cream from which butter is to be inade is tied 
up in bags A of moleskin, which will allow of the escape of the 
buttermilk but not of the cream, and is subjected to pressure by 














being placed under a heavy weight B within a perforated open- 
ended cylinder C contained in a vessel D, space being left to allow 
tho buttermilk to flow to the latter part of the vessel. Perfo 
plates E are placed between the bags of cream which are arranged 
one above the other. The lowermost 

stool F resting on the floor of the vessel D. (Acce; March 12, 
1890). 


MISCELLANEOUS. 


6129. S. Fox and E, Blass, Leeds. Altering the 
Proportions of Mixed Gases. [6d. 1 Fig.) April 10, 
1889.—The cylinder A serves for the compressors 1 and 2, the 
hollow piston-rod serving for the cylinder of compressor 3. The 
piston 5 in the cylinder A is in a state of equilibrium or there- 
about, and, when moving in the direction of the arrow 6, draws 
into the part 2 of cylinder A through the pipe B and valve B!, the 
mixture of water and gas of which it is desired to alter the propor- 
tions. On its return stroke in the direction of the arrow 7, the 





_- 5 delivers the same under pressure through the pipe C into 
he reservoir D. Assuming the mixture to water gas from a 
generator, the carbonic acid and sulphuret of hydrogen will be 
nearly all contained in the water, which, passing through the pipe 
F! in the hollow piston-rod 3, acts on the piston 5, in the direc- 
tion of the arrow 7. On the return stroke of the piston 5 in the 
direction of thearrow 6, the water passes out through the valve F* 
(which has not changed in position), and through the outlet J. 



































The water gas, after having been altered in the proportion of its 
constituent by being freed from the whole or part of the 
carbonic acid and sulphuret of hydrogen, passes from the reser- 
voir D through the pipe £, into the part 1 of the cylinder A, and 
acts on the annular = of the piston 5, and assists in its move- 
ment also in the direction of the arrow 7, and on the return 
stroke in the direction of the arrow 6, passes through the valve 
H (which has now changed in position), and through the pipe 1 to 
agasometer. (Accepted March 26, 1890). 


6675. H.G. Watel, London. Electrically-Driven 
F (6d. 4 ~~ April 18, 1889.—This invention relates to 
the driving of fans by electricity applied in such a manner that 
there is no strain of bands or other connections for transmitting 
power nor consequent friction of bearings, nor is there any torsive 
strain on the shaft. The rim of the fan is converted into the 
armature of an electro-dynamic machine, and the fixed framin 
within or against which the fan works is converted into fiel 
electro-magnets. The coils ofthe armature or those of the field 
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wagers are connected to a commutator on the axis of the fan, 
aud thus, when the machine is put in circuit with a source of 
electricity, the fan is caused to revolve by the magnetic action 
applied at its periphery. In Fig. 1 the stationary circular frame 
is coiled so as to present two polar fields N and 8S. The spokes of 
the fan, to which the blades can be secured in any convenient 
manner, are coiled with insulated wires ted to the plates 
of a commutator C on the axis. In Fig. 2 the rim R of the fan 
rok - connected to the commutator C. (Accepted March 26, 


7236. G. Collett, Ashton-under-Lyne, Lancaster, 
ort ks. hin 





J. Hollingworth, Dobcross, Yor Machines 
for Cutting Metals. (6d. 2 Figs.) May 1, 1889,—A is the 





of the hi a pot J the cutter spindle B, driven 
by gear wheel C. The radial arm D has a flange E in which is 
formed an annular groove F. Within the annular groove are the 
heads of three bolts G which pass through holes formed in the 
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forced back, but resumes its original position as soon as the car- 
tridge has passed from the breech cylinder into the barrel, so as to 
retain the remaining cartridges in the magazine until the breech 
case is closed again. (Accepted March 26, 1890). 

7670. T. Johnson, Nantwich, Chester. Eztnting 
Machines for Print in Two or More Colours a 
One cmpression or tion. (8d. 4 Figs.) May 8, 
1889.—Hitherto the printiug of two or more colours has usually 
been carried out by setting up the matter for each colour in sepa- 
rate formes of type or by using a separate stone, block, or cylinder 
for each colour. This invention consists essentially in applying 
two or more different coloured inks at the same time to a forme of 
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or other printing surface by means of a nuinber of adjustable 
lers H, I, J,which take the ink from the rollers H}, 11, J1, upon 
which itis distributed, and apply it in stripes to a cylinder G, and 
thence to inking or carrying rollers L, 2, which transfer the 
coloured inks on to an ink slab C, whence the ink is transferred in 
bands or stripes to the type-inking rollers E, and thence to the 
jt oad printing surface in the usual way. (Accepted March 19, 
1890). 


8370. J. M. Case, Columbus, Ohio, U.S.A. A ° 
ratus for Se ting Dust from Air. [8d. 3 figs.) 
May 20, 1889.—This apparatus comprises a cylindrical chamber A 
divided by a partition F into two compartments D,G, communi- 
cating with each other by an annular J provided between 
the periphery of the partition and the interior surface of the 
chamber. Dust-laden air is drawn through an opening E in one 
end of the chamber into the compartment D by the blades e of a 
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fan rotating in a casing Al in this compartment, and is forced by 
the fan through openings b? in the casing in adirection tangential 
to its circumference and thence through the annular passage f into 
the other compartment G, in which by reason of the centrifugal 
motion pte by the fan ¢ to the dust-laden air, the dust is 
separated and forced towards the periphery of the chamber, while 
the air in a comparatively purified condition passes through an 
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flange H of the headstock A. The headstock and the radial arm 
are held together by the bolts G and nuts I. On the bolts G being 
slackened, the radial arm D can be made to oscillate upon ite 
fulcrum to any angle required. The front end of the cutter 
spindle B is supported in the ordinary manner by the bracket J, 
so that when the radial arm is oscillated the bracket J is carried 
with it. (Accepted March 26, 1890). 
7490. A. J. Boult, London. 
Rifles, J 


(J. Schulhof, Vienna.) 


e [8d. 9 Figs.] May 4, 1889.—This invention 
relates mainly to an improved magazine consisting of a hollow 
drum a adapted to be firmly but removably attached to the under- 
side of the breech ehamber b underneath the inlet opening for the 
carteldges. _ The cartridge feeder consists of a “ry d carrying a 
wing d! which is constantly pressed upwards 
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h. Tocharge the magazine the fresh cartridges contained in an 
open frame c inserted at its lower end in the opening of the breech, 
are pressed down by the thumb into the magazine a. ‘Through 
the introduction of the cartri the cartridge feeder is turned 
back and the torsion of its spring A is increased. A spring f} 
serves to prevent the cartri from being forced back again by 
the feeder. When the breech is closed and the breech cylinder 
(not shown) takes the topmost cartridge with it, the spring jl is 





P gg in the end of the apparatus. (Accepted March 26, 1890). 


1437. H. H. Lake, London. (R. 7. Barton, New Haven, 
Conn., U.S.A.) Lamps. [8d. 1 Fig.) January 27, 1890.—The 
cover C of the lamp vessel D is provided with a screw-threaded 
collar J for the attachment of the lamp burner (not shown), and 
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with a depending perforated stationary wick tube K. The oil is 
contained in an inner vessel U, which sinks down by the weight of 
the oil, and is raised, as the oil is consumed, by the action of a 
Bene Al situated underneath the same. (Accepted March 19, 
1 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United _ of — — ssaflg Bg wey time, — 
reports of trials of patent law cases e tates, may 
consulted, gratis, at the cffices of ENGINEERING, 35 and 36, Bedford- 
street, Strand, 
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THE IRON AND STEEL INSTITUTE. 

In our last issue we commenced our notice of 
the annual meeting of the Iron and Steel Institute 
held on the 7th and 8th inst., and dealt with the 
first two papers on the list and the discussion 
which followed their reading. We now continue 
our report. 


EFFECT OF TEMPERATURE UPON THE PHYSICAL 
PROPERTIES OF IRON AND STEEL. 


The third paper taken on the first day of the 
meeting, Wednesday the 7th inst., was that of M. 
F. Osmond, of Paris, and was entitled ‘‘On The 
Critical Points in Iron and Steel.” The author 
commences by pointing out that if iron and steel 
are submitted to a gradual heating or a slow cool- 
ing between the ordinary temperature and that of 
fusion, and if the variations of some physical 
property in relation to the temperature are 
followed, it will be seen that these variations, 
besides being subject to a constant law, present 
remarkable phenomena at certain critical tem- 
peratures. The researches of the author have not 
been so much directed towards discovering new 
facts as towards collating those already known, 
and determining the positions of critical points, 
their causes, and relation to each other. 

In order to carry out this object a series of 
samples of suitable chemical composition were 
heated to a known temperature, and during their 
cooling accurate measurements were made of 
the times required for the temperature to be 
lowered an equal number of degrees. Every 
abnormal delay or acceleration in the fall of the 
thermometer should indicate a liberation or absorp- 
tion of heat, and it is this which the author refers 
to as ‘‘a critical point.” Le Chatelier’s thermo- 
electric prometer was used for the measurements 
of temperature, and is said to have proved very 
satisfactory. * 

The author first deals with phenomena observed 
during the slow cooling of iron, steel, and white pig 
iron between 1100 deg. Cent. and 600 deg. Cent. 
He takes six samples as follows: (1) Electrolytic 
iron, which, however, contained 0.08 per cent. of 
carbon ; (2) extra mild basic open-hearth steel, 
with 0.160 of carbon ; (3) mild basic Bessemer steel 
with 0.290 of carbon ; (4) medium acid open-hearth 
steel with 0.570 of carbon; (5) hard crucible steel 
with 1.250 of carbon ; (6) Swedish white pig iron 
with 4.100 of carbon. The author adopts Tchernoff’s 
point a, referring to the critical points that are 
associated with the hardening of steel. He shows, 
however, that a is not a single point, as the same 
perturbation is not distinctly developed at the same 
temperature when the thermometer rises as when it 
falls. The details of the experiments are given in 
the paper, and are presented also in graphic form. 
It is shown that the critical point or arrestation of 
cooling, observed between 660 deg. to 674 deg. 
Cent., goes on increasing from almost wil with 
electrolytic iron up to the hardest steel when it 
assumes enormous importance. Thus, the author 
says, a is a function of the proportion of carbon ; 
and it may be identified with the ‘‘recalescence”’ 
of Barrett, although there is a difference which is 
considered unimportant. The cause of liberation of 
heat which takes place is attributed to the change 
of hardening carbon into cement carbon. A more 
precise definition of recalescence is given by the 
author as follows: ‘‘The liberation of heat which 
produces recalescence is the result of the chemical 
combination of the iron with the carbon ; and con- 
versely the absorption of heat during heating corre- 
sponds to the dissociation of the carbide Fe,C0, a 
compound which is stable at low temperatures. 
The statement will be more fully appreciated by 
reference to the diagrams given by the author, in 
which the relation of time and temperature is 
shown. We can pretend to do no more here than 
give our readers an index of the details contained 
in the paper. 

The critical point, or arrest in cooling at the 
temperatures named, which increases, as stated, 
from extra mild steel up to the hardest steel, dimi- 
nishes, on the other hand, when passing from hard 
steel to white pig iron. It follows, therefore, that 
in the latter the greater portion of the carbon 
remains in the same state before and after recal- 
escence ; and the question arises whether it is the 





* This apparatus is described in the Journal de Physique, 
vol. vi., January, 1887, and in the Génie Civil, March 5, 
1887. It is manufactured by Carpentier, 20, Rue De- 
lambre, Paris, 





hardening carbon that exists in the cooled pig iron, 
or the cement carbon remaining combined at a red 
heat? The latter is, the author says, the case ; 
and he proceeds to give his reasons for arriving at 
such a conclusion. ‘* Even in steel,” he says, ‘‘car- 
bon never assumes one of its two forms, hardening 
carbon or carbide carbon, to the complete exclu- 
sion of the other. This may depend on the fact 
that the rate of cooling is never infinitely great nor 
infinitely slow, and also on the nature of the medium 
in which the reactions are effected. The fact is 
assumed that in a solid, where the molecular move- 
ments are very limited, all the atoms of carbon are 
not able to reach the atoms of iron necessary to 
combine with them.” We will add here the tem- 
peratures at which the maximum arrestation of 
cooling, or critical point, is shown: 


Degrees Centigrade. 
1. Electrolytic iron as 660 
2. Extra mild steel 662-655 
3. Mild steel ’ 660* 
4. Medium steel 661* 
5. Hard steel... tea 2 674 
6. White pig iron ee ee 695 


* Samples 3 and 4 contained a little more manganese 
than the rest. 


In the curve showing the rate of cooling of the 
electrolytic iron the most marked feature is an 
arrestation of cooling at 855 deg. Cent., where 
there is a prolonged stay of the thermometer. 
There is also a less defined break at about 
750 deg. to 690 deg. Cent. The former break 
is seen in a modified form at a lower tem- 
perature. In the harder steels the phenomena 
are still less marked. There are other points of 
arrestation which would require the aid of the dia- 
grams to make clear, but it may be noted that in 
the hard steel specimen all the critical points are 
united at a temperature of 674 deg. Cent. To sum 
up this part of the paper, in proportion to the 
increase in the amount of carbon, the second 
critical point to which we have referred is rapidly 
lowered ; it then merges into another point, to 
which we have made no special reference, and the 
two are then resolved into the first-named critical 
point. Since the latter is the more individualised 
thenearer the iron approaches to purity, it is 
evident that this point corresponds with a mole- 
cular modification of iron. Iron isa polymorphous 
element, like sulphur, silicon, &c. Carbon, in a 
state of hardening carbon, maintains iron in the 
hard condition, during slow cooling, up to a tem- 
perature which is in inverse proportion to the 
amount of carbon contained in the metal. It is 
evident, the author adds, that the sudden variations 
observed by different investigators in the physical 
properties of iron and steel may be referred to the 
critical points mentioned, i.e., the periods of arres- 
tation of cooling. 

The influence of initial temperature and of the 
rate of cooling on the position of the critical 
points next occupies the author’s attention. This 
involves the theory of hardening. The samples 
were submitted to a series of successive heatings 
and coolings, in which the maximum temperature 
of heating was gradually increased, and it was 
found that recalescence was lowered, fairly rapidly 
at first, then very slowly when the cooling started 
from a high initial temperature. The position is 
similarly lowered when the cooling is accelerated, 
as is shown by details of experiments which are 
quoted. During the hardening in water an arrest 
in the fall of temperature is no longer noticed ; and 
when the rate of cooling is fairly considerable the 
changes produced during slow cooling are not pro- 
duced, at least integrally. Hardened steel is a 
steel in which the iron and carbon have preserved 
more or less completely in the cold the condition 
which they possessed at high temperatures. The 
heat of the change that has not been effected 
remains disposable in the metal, and may be termed 
the latent heat of hardening. The paper contains 
descriptions of two experiments which support 
these opinions, the author coming to the con- 
clusion that the existence of the latent heat of 
hardening is abundantly demonstrated. He then 
proceeds to determine the respective shares of iron 
and of carbon in the new properties communicated 
to steel by hardening, and, in opposition to the 
opinions generally accepted, believes that it is not 
carbon, but the allotropic hard iron which is the 
principal cause of these new properties. This 
theory would be placed beyond doubt, he says, if 
it were proved that a steel containing much harden- 
ing carbon could be soft, and that a steel containing 





very little hardening carbon could be hard. Ex- 
periments in support of the truth of these proposi- 
tions are quoted ; the author’s general conclusion 
being that hardened steel owes its properties prin- 
cipally to the presence of allotropic hard iron. 
The influence of carbon is of the same character as 
that of the rate of cooling, and both combine to 
produce the final results. The rate of cooling alone 
is not sufficient under the ordinary conditions in 
which hardening is effected to maintain an appre- 
ciable fraction of the iron in the hard condition. 
But as, under the same conditions, it is easy to 
maintain the carbon in the state of hardening 
carbon, and as the hardening carbon imparts 
stability to the hard iron, it is evident in what 
manner that iron may be successfully preserved up 
to the ordinary temperature by the aid of carbon. 

The next subject is the phenomena observed on 
heating the samples between 600 deg. and 1000 deg. 
Cent. The experiments explain an important fact 
observed by Brinell, namely, that the temperature 
to which a steel must be heated to enable it to 
acquire hardness, and that at which it suffices to 
plunge it into water for hardening it during its 
cooling, are not identical. Heating and cooling 
below the temperature of 600 deg. Cent., comprises 
the theory of tempering. Iron and steel previously 
annealed do not present critical points in this 
region. This is, however, not the case with 
hardened steel. Hardened steel, reheated at in- 
creasing temperatures, loses by degrees the hard- 
ness and brittleness imparted to it by hardening. 
From this it may be concluded that the latent heat 
of hardening is liberated during tempering and 
should produce characteristic accelerations in the 
rate of hardening. These suppositions the author 
confirms by experiment, details of which are given; 
the hard iron returning during tempering to the 
soft condition, and the hardening carbon to the 
condition of iron carbide. The subject is further 
discussed in the paper, the author concluding by 
saying that before the brvad principles of the theory 
of tempering are developed the details must be 
worked out. 

The influence of foreign elements in respect to 
cooling is next investigated, a very large number 
of experiments having been made; the effects 
of boron, nickel, manganese, copper, chromium, 
tungsten, silicon, arsenic, phosphorus, and sulphur 
being investigated. Interesting as is this branch 
of the subject we can give but a brief summary 
of the observations, referring those of our readers 
more especially interested in investigations of this 
nature to the original memoir. The author quotes 
the passage in Professor Roberts-Austen’s lecture 
on the hardening and tempering of steel, delivered 
before the British Association at Newcastle* last 
year, in which the latter says: ‘‘In the case of 
iron it is difficult to say what property of the metal 
will be most affected by added matter. Possibly 
the direct connection with the periodic law will be 
traced by the effect of a given element in retarding 
or promoting the passage of ordinary iron to an 
allotropic state, but the future of steel will depend 
on the care with which we investigate the nature 
of the influence exerted by various elements on 
iron, and the thermal treatment to which it may 
most suitably be subjected.” All the experiments 
in reference to the influence of foreign elements 
fully confirm Roberts-Austen’s law. The author 
arranges the elements, the action of which on iron 
is known, in the order of their atomic values, as 
follows : 


I. Il. 





Name. (Atomic Volume.} Name. ‘Atomic Volume 
| | 

Carbon 3.6 Chromium  ..! 7.7 
Boron .. 4,1 Tungsten 9.6 
Nickel d 6.7 Silicon .. 11.2 
Manganese .. 6.9 |Arsenic .. ta 13.2 
Copper 7.1 ‘Phosphorus .. 13.5 

Sulphur.. “¢ 15.7 


| 





The elements in Column I., whose atomic volumes 
are less than that of iron (7.2), delay during the 
cooling, other things being equal, the change of 8 
iron (hard) into a iron (soft), and that of hardening 
carbon into carbide carbon. For these two reasons 
they tend to increase, with equal rates of cooling, 
the proportion of 8 iron existing in the cooled iron 
or steel, and, consequently, the hardness of the 





* See ENGINEERING, vOl. xlviii., page 377. 
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metal. They are, in fact, equivalent to 7 
a more or less energetic hardening. To 
this list hydrogen might be added, the 


>> 


> 










































































AST DS . 
atomic volume of which is very low, and 3 . { Fig. 3. 
which renders electrolytic iron hard and e opt SN 
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iron in the a condition at raised tem- 
peratures and a@ fortiori in the cooled 
metal, and are theoretically a source of - 
softness and malleablity like annealing. 96758 WS W 
If, however, several of them increase 
the tensile strength and hardness of iron, it is by | other, according as their atomic volume is greater, with a valuable bibliography, for the publication of 
reason of their personal properties or of that of or less than that of iron. In other words, foreign| which metallurgists are much indebted to M. 
their compounds, but not by reason of their increas- elements of low atomic volume tend to make iron | Osmond. 
ing the proportion of 8 iron. In short, they directly assume or preserve the particular molecular formin| The discussion on this paper wasof a brief and 
play the part of the hardening element which was | which it has itself its lowest atomic volume, the con- | uninteresting nature compared to the variety of 
reserved to 8 iron in carbon steels. verse being the case with elements of great atomic| range of the subjects dealt with by the author. 
Thus the foreign elements alloyed with iron act, | volume. That members present should have little to say on 
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first, in advancing or retarding, during the cooling, | These conclusions are in accord with what is|the questions brought forward by M. Osmond was 
the allotropic change of that metal, in rendering | known of the influence of foreign elements on the | perhaps natural. His a ag is one of those, the 
it more or less incomplete, in one direction or the | magnetic properties of iron. The paper concludes | influence of which is like 
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ing temperatures as those which the author of the 
yaper had used, but he was glad to see that in the 

e Chatelier pyrometer, physicists had placed 
within their reach a means of determining these 
high temperatures. He had ascertained the change 
of volume in his experiments by plunging an iron 
ball into molten iron. At first the ball would 
sink, but as it acquired heat it rose. By means 
of a delicate spring balance he was able to find the 
changes of volume that took place. He had an in- 
strument made by Messrs. Elliott, by means of 
which he recorded the changes of vclume diagrama- 
tically by means of curves, all of which had a strong 
resemblance. The volume of the ball increased 
until a certain point on the diagram was reached 
corresponding to a given temperature. Here a 
well-defined change took place, which he now per- 
ceived corresponded to the critical point or arresta- 
tion of cooling described by the author. At the 
time he had not, as he had said, the means of 
determining the temperature at which the pheno- 
menon in question was observed, but it was just at 
the point before the iron became plastic, or at a 
high red heat. This continued until the period 
when the iron was at a welding heat, or was just 
passing from the plastic to the liquid condition. 
The general characteristics of the diagrams he 
obtained corresponded to those of M. Osmond. 
It seemed to Mr. Wrightson that those who wished 
to study the behaviour of iron must do so on a 
temperature basis, and it was necessary to study 
electricity as well if it were desired to thoroughly 
understand the question in its critical aspect. In 
conclusion, he hoped that Professor Roberts- 
Austen, who had shown such a mastery of these 
subjects, would take the matter upand define more 
accurately the laws which govern these actions for 
the benefit of workers in iron and steel. 

Professor Roberts-Austen said he knew M. 
Osmond claimed that Mr. Wrightson’s diagram 
corresponded in some respects with those he had 
constructed. 

Mr. Hadfield had seen the apparatus used by the 
author when in Paris, and he had found it most 
interesting. He was satisfied that Le Chatelier’s 
pyrometer was an instrument by which the tem- 
peratures mentioned in the paper could be re- 
corded, and this opened up a most interesting field 
of research. So much depended on temperature, 
and different temperatures were referred to in text 
books without any very definite idea of the exact 
degree being known. In the pyrometer in ques- 
tion he had seen the temperature recorded degree 
by degree, which was very remarkable. Practical 
metallurgists especially should pay particular atten- 
tion to Le Chatelier’s pyrometer, which was now 
being used in France. By it the temperature of 
the Siemens furnace was ascertained, the records 
being very exact. The speaker himself had made 
arrangements to have one. He would draw atten- 
tion to the definitions M. Osmond had given 
of the terms ‘‘hardened,” ‘‘tempered,” and 
‘‘annealed” steel. The author had applied the 
term hardened steel (acier trempé) to steel which 
has been rapidly cooled from a red heat. Annealed 
steel (acier reciit) is steel that has been heated to a 
red heat and cooled slowly. Tempered steel 
(acier revenw) is steel that, after hardening, has 
been softened, more or less, by reheating to a tem- 
perature far short of that to which it was raised 
before hardening. The speaker would be glad if 
the Council of the Institute would turn its atten- 
tion to this question of nomenclature and give such 
terms something like official sanction, so that metal- 
lurgists might know what words to use. <A present 
there was much confusion. As to the change in 
the form of carbon, which the author had dis- 
cussed, there were many points which required 
explanation. A leading Sheftield metallurgist had 
told him that carbon in liqu.d iron was always of 
the same form. The speaker was not of this 
opinion, as the difference in carbon remained after 
melting iron and cooling it down again ; and the dif- 
ferences between grey and white iron negatived 
this assertion, and he thought that carbides retained 
their respective characteristics when the iron was 
molten. The author had said respecting manganese, 
in proportion to the increase in the percentage of 
manganese, the temperature of recalescence is 
lowered, and that of the allotropic change of the 
iron is affected in the same way. Ferro-man- 
ganese exhibits nothing more than doubtful 
traces of arrestation. Thus, the more manganese 
in the metal, the longer is the iron maintained 
in the hard condition, and the carbon in the 





condition of hardening carbon. This effect is very 
similar to that produced by a more rapid cooling on 
a non-manganiferous steel containing the same pro- 
portion of carbon. In fact the presence of man- 
ganese is equivalent to a more or less complete 
hardening, and this conclusion is in accord with the 
known properties of manganese steel. It is known 
that manganese lessens the malleability, increases 
the tensile strength, the tendency towards oxida- 
tion, the electrical resistance, and the ratio of the 
residual magnetism to the total magnetism. These 
properties, however, are due to hard iron, the pro- 
portion of which in the cooled steel increases with 
the percentage of manganese, and not to the man- 
ganese itself. Hadfield’s highly manganiferous 
steels, according to the researches of Barrett and 
Hopkinson, behave like ferro-manganese—that is 
to say they do not exhibit recalescence. In these 
metals all the iron is in the hard condition, which 
is the normal and stable form of iron above 860 deg. 
But hard iron above 860 deg. is not magnetic, 
and this should be the case with Hadfield’s man- 
ganese steels and with ferro-manganese. This 
being actually the case, there is a very striking 
experimental confirmation of the theory. He was 
glad to see what the author had said, as it confirmed 
the theory he had advanced, that manganese had 
not necessarily a hardening property in itself in 
steel, but induces other effects which lead to 
hardening. It was satisfactory to know that the 
author’s experiments had had a practical issue in 
metallurgy ; and by their application a steel had 
been produced which was extremely strong and 
tough. He regretted to say that the gentleman 
who had made these applications had lost his life at 
the Johnstown disaster. 

A letter from Dr. Gore, F.R.S., was next read. 
The writer said that it was satisfactory to him to 
find that researches he had made many years ago, 
and which seemed at the time trifling, into the 
molecular movements and magnetic changes in iron, 
steel, and nickel heated to redness and cooled, had 
led to so many eminent investigators following up the 
subject. He had stated that by simply heating a bar 
of iron to redness a whole series of changes occurred 
in its molecular structure, its magnitude, dimensions, 
extensive power, specific heat, thermo-electric 
capacity, and electric conductive power. Since 
then the whole of the phenomena mentioned had 
been demonstrated experimentally, and their re- 
lations referred to a fundamental fact which may 
form a basis of molecular treatment and practical 
application. The natural course of scientific 
research is first to discover a truth, then to take 
measurements of conditions and relations, and 
finally to apply the knowledge to industrial uses. 
The writer was of opinion that molecular change 
was of much more importance than chemical action 
in producing the phenomena noted ; and this was 
largely supported by the author’s experiments with 
pure electrolytic iron, which showed that the 
phenomena referred to were the result of action of 
the molecules of a single substance ; and could 
therefore only be explained by a mechanical and 
mathematical theory. As molecular change is 
attended by evacuation and absorption of heat, 
like that which occurs when two different substances 
chemically combine and then separate, the same 
theory will explain chemical union and decomposi- 
tion. It will thus lead to a mechanical and mathe- 
matical theory of chemical action in general. As 
iron is magnetic and possesses one set of properties 
at one temperature, whilst it is non-magnetic and 
has other properties at other temperatures, it is an 
example of the general truth that every substance 
becomes more or less a different substance at dif- 
ferent temperatures. 

Mr. Snelus said the paper was far too abstruse 
to take in at first reading, but required careful 
study. The thanks of metallurgists were, how- 
ever, due to the author and also to Professor 
Roberts-Austen, for without his aid they would 
not have been able to understand as much as they 
had done. One thing, however, was evident. 
The law that Professor Roberts-Austen discovered 
with regard to atomic volume exercising an in- 
fluence on a compound, puts the study of metallurgy 
ona more scientific basis, and gives a clue by which 
disjointed experiments could be worked into a 
definite whole. 

Sir Lowthian Bell said that the paper very clearly 
brought out the debt owed to men of philosophical 
training, and he trusted the President would con- 
vey, in the warmest terms, to M. Osmond and Pro- 
fessor Roberts-Austen the high appreciation in 





which their labours were held by the Institute. 
Some years ago the speaker had suggested the 
possibility that changes taking place in the cooling 
of masses of metal, particularly steel, had been the 
cause of unaccounted-for fractures in rails. A 
number of rails that had failed in this unexpected 
manner had been subjected to careful analysis, but 
no reason could be assigned for their giving way, 
and this led him to make the suggestion in question. 
It would be easily understood by any rail manu- 
facturer that an unequal rate of cooling might take 
place on the hot bank, where the rails might be 
closer together at times. There was nothing won- 
derful in the effect when one came to think upon 
it. There was, for instance, the case of phosphorus, 
which was well known, the allotropic phosphorus 
being quite different. He was glad to know 
that a pyrometer with some claims to accuracy 
had at last been produced, because the uncertainty 
in determining the temperature of bodies at high 
temperatures was one of the greatest difficulties 
with which inquirers after scientific truth had to 
contend. Mr. Hadfield had said he had been told 
that carbon in molten iron was always the same. 
He, the speaker, had had a 3 ft. cube of white cast 
iron made, and after cooling this was taken out of 
the sand and split by means of a wedge and weight 
falling on it, when the whole of the interior was 
found to be grey iron. This showed that it was 
possible to change the carbon from the combined to 
the graphitic form. 

A vote of thanks to M. Osmond and Professor 
Roberts-Austen was then moved by the President 
and carried with acclamation. Professor Roberts- 
Austen, in thanking the meeting, said that M. 
Osmond had been extremely anxious about the re- 
ception of his paper, and would be very much 
gratified by the remarks that had been made. 


CARBURISATION OF IRON BY THE DIAMOND. 

Professor Roberts-Austen next read his paper on 
“The Carburisation of Iron by the Diamond.” 
This contribution we print in full at page 607. 
The chief interest in Professor Roberts-Austen’s 
experiments lies in the fact that they were carried 
out in vacuo, so that only two elements, iron and 
carbon, were present. This is more interest- 
ing, as it tends to upset the theories of those 
chemists who assert that no chemical combination 
can take place between two elements unless in 
the presence of a third; just as it takes three 
people—the parson, bride, and bridegroom—to 
make a marriage. 


EFFECT OF THERMAL TREATMENT ON IRON. 


Dr. E. J. Ball’s paper on ‘‘ The Changes in Iron 
Produced by Thermal Treatment” was next read ; 
that and Professor Roberts-Austen’s paper being 
discussed together with a view to compressing the 
meeting within the two days’ limit. Dr. Ball’s 
paper we shall also shortly print in full. The 
author’s aim was to show that changes in the mag- 
netic capacity and tensile strength of steel which 
occur at definite temperatures may be made evident 
when the metal is rapidly cooled in water or in oil. 
The results were shown in graphic form, the curves 
plotted demonstrating that in steel quenched at 
certain temperatures the changes both in magnetic 
capacity and in tensile strength are most distinct. 

The discussion on these two papers was com- 
menced by Mr. Snelus, who stated that he had 
listened to Professor Roberts-Austen’s contribution 
with much interest. He thought, however, that it 
would be of value if the experiment of carburising 
iron by the diamond was made on a large scale and 
the alloy produced then analysed so as to find 
what proportion of carbon had been combined 
with the iron. He was afraid, however, that 
diamonds had become so precious that it could nct 
be hoped enough of them would be used. It would 
be worth while, however, to get enough diamond- 
carburised iron to make an analysis, for it was 
extremely important to know to what extent carbon 
could be dissolved in iron ; for he himself regarded 
it as a case more analogous to solution than to 
chemical combination. All solutions were to some 
extent chemical combinations, but with carbon and 
iron it appeared to him a case of solution of carbon 
in iron. In the case of ferro-manganese and other 
combinations where manganese was present, which 
enabled the carbon to go into the iron, the carbon 
was as much as 6 per cent.; but ordinary alloys of 
carbon and iron did not contain more than 5 per 
cent. of the former. In the experiments quoted there 
were no other elements present, such as silicon and 
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sulphur, which affected the relation of the carbon and 
iron. Another point that would be of interest, and 
which might be investigated, were the experiments 
carried out on a larger scale, was whether it would 
be possible to get the carbon back from the iron. 
The carbon in ordinary pig iron could be got by the 
hundredweight blown shams as kish when iron was 
remelted ina cupola, and large flakes of graphite 
were found between the crystals of highly graphitic 
iron; these could be removed by the thumbnail, 
although Dr. Percy had erroneously stated that 
they could not be detached by a penknife. He had 
found that these quantities of graphite were pure 
carbon. Dr. Bull’s paper was also an extremely 
important one, and would give some scientific 
guidance in an operation now carried on by rule of 
thumb, viz., the tempering of large masses of iron 
and steel, an operation which was now largely 
carried on. 

Sir Lowthian Bell asked Mr. Snelus whether he 
considered it necessary to have the iron in a fluid 
condition in order to make a solution of carbon and 
iron. Mr. Snelus said it need not be absolutely in 
a fluid condition, but there was no strongly marked 
limit even to fluidity, and he supposed that bodies 
might be dissolved in others which were not abso- 
lutely fluid. Sir Lowthian, continuing, said that 
he had made an experiment which might be of 
interest in connection with Professor Roberts- 
Austen’s paper. He wished to find out to what 
extent carbon could be made to pass from cast into 
wrought iron without fusion. He took two plates 
of similar size, one of cast and one of wrought iron. 
These he had planed and ground so as to obtain 
two plane surfaces which would give absolute con- 
tact, and thus, when they were screwed together air 
would be excluded and there would not therefore 
be a third element present. He then placed the 
plates in sand and the whole was putin a furnace 
fora month. When the plates were taken out 
drillings were taken from both, and it was found 
that there was a transfer of carbon from the solid 
cast iron to the solid wrought iron. Analyses were 
also made for silicon, phosphorus, and sulphur, but 
the samples were small, and it was not possible to 
say anything definite on these points ; but the 
transference of carbon was undoubted. 

Mr. Tosh had intended to put a question during 
the discussion of M. Osmond’s paper, but he was 
not able to ask it till now. It arose in connection 
with a remark of Mr. Hadfield’s as to the beha- 
viour of white and grey iron if remelted, and the 
statement made by Sir Lowthian Bell as to his 
experiment with a large block of white iron which 
had been transformed into grey iron. His ex- 
perience as an iron smelter was that if white iron 
is melted with grey iron under exactly similar con- 
ditions the white iron comes out white, and the 
grey iron will come out grey, evenif the white iron 
were cooled slowly and the grey iron rapidly. If, 
however, an iron near the border line of close and 
open-grained varieties were taken, the fins or edges 
would be found to be grey if examined through a 
lens. He thought, therefore, that both Mr. Had- 
field and Sir Lowthian Bell were correct, and it was 
a question of degree between the opposite ends of 
the scale rather than a matter of hard-and-fast fact. 

Professor Roberts-Austen said that Dr. Ball had 
isolated the points to which M. Osmond had 
referred in his paper, and had also described a 
third point at a higher temperature. With regard 
to what had been said respecting his own paper, 
older experiments had already shown that it was 
possible to get any degree of carburisation from 
steel up to cast iron. He had only tried to car- 
burise iron in a vacuum. He thought that both 
free and combined carbon had been present in the 
come of his experiment ; but this was a point 

e should not like to insist upon. What Sir Low- 
thian Bell had told them, and he quite agreed with 
the possibility of the experiment described having 
been successfully made, was that carbon could be 
transferred from one solid plate of iron to the 
other. In reference to what Mr. Snelus had 
said, he did not know whether the diamond 
could be recovered from the iron in the labo- 
ratory, but he was under the impression that 
it had been done by nature. He _ thought 
carbon in the diamond form had been found 
in meteoric iron. Dr. Bauerman, who was pre- 
sent, would be able to tell them whether that 
was the case. Dr. Bauerman said he thought 
there was no such case. Sir Lowthian Bell said 
that though carbon could not be made into a dia- 
mond, diamond could certainly be transferred into 





carbon. Dr. Bauerman said it was very curious 
that carburisation should take place much more 
readily with this dense molecular form of carbon 
than with lamp-black or charcoal. It might be 
supposed that the result would be quite the reverse. 

Dr. Ball, in replying to the discussion, said that 
he had received a letter from M. Osmond, who 
stated that he had observed the third point at the 
higher temperature in one of Mr. Hadfield’s series 
of steel and also in an alloy containing a percentage 
of copper. At this high temperature, however, the 
difference noted in the tensile strength might be 
due to the high temperature. The rods were 
covered with a thin film of oxide, which might 
affect the sand, and so delay the cooling. This 
might be accepted, but it would still be insufficient 
to account for the difference which took place. Dr. 
Ball quoted Mr. Wrightson’s experiments in sup- 
port of this, pointing out that at the point where the 
iron began to soften there was a great change, and 
that the temperature was higher than M. Osmond’s 
third point, which he, the speaker, thought was 
identical with the point he had shown in his paper. 
Hardening in oil, he wished to add, although it had 
not been stated in his paper, occupied an inter- 
mediate position between annealing and hardening 
in water. 

A vote of thanks to the authors of the papers was 
proposed and carried. 


Tue RosBert-BESSEMER PROCESS. 


The last paper read at the Wednesday’s sitting 
was a contribution by Mr. F. Lynwood Garrison, of 
Philadelphia, in which he described the Robert- 
Bessemer process of steelmaking. The author 
commenced by stating that this modification of the 
Bessemer process was originated in 1884, at Stenay, 
asthe Walrand-Delattre converter. The converter 
is elliptical in shape, having a flat surface in which 
the tuyeres are always placed on the same plane 
parallel to the axis. It swings on trunnions, and 
the tuyeres are so arranged as to impart a rotary 
motion to the bath, which brings all parts of the 
metal bath successively under the oxidising influence 
of the blast. The oblique introduction of the blast 
causes an intimate mixture of the gases. Combus- 
tion takes place at the very surface of the bath, 
causing at that point a maximum temperature. 
It is of advantage to be able to control the pres- 
sure of the blast, so as to regulate it at different 
periods of the operation. The pressure required 
is much less than in the ordinary Bessemer con- 
verter. The average pressure of blast is about 
4lb., being just sufficient to keep the slag out 
of the metal, and produce rotation of the bath, 
upon the surface of which the blast only im- 
pinges. The blow has three distinct periods—the 
first lasting from seven to eight minutes, the 
second from three to four. At the end of the second 
period the flame disappears, but the blow is con- 
tinued for one and a half to two minutes more, in 
which the flame reappears, after which the con- 
verter is turned down, and about 1 per cent. of 
70 per cent. ferro-manganese is added. If a basic 
lining is used rather more ferro-manganese is 
required. Acid linings must be highly refractory, 
owing to the high temperature employed. 

The use of both acid and basic linings is described, 
and the shape, dimensions, and disposition of the 
tuyeres, which are slightly conical in a longitudinal 
direction, a shape that enables them to be with- 
drawn and replaced more easily. In experiments 
made at Paris, the carbon was reduced from 3.50 per 
cent. to from 0.07 to 0.30 per cent. ; the silicon, 
which was present in the pig to the extent of 2.0 per 
cent., ranged from 1.60 to 3.90 per cent., and the 
manganese was the same in both. High-silicon pig 
gives a high temperature, but increases waste. 
With low-silicon pig, the period of decarburation is 
prolonged by uncovering the tuyeres, or rather 
decreasing the height of the metal over the tuyeres. 
The pig should be very hot when run into the con- 
verter. The author describes how the basic lining 
is made, gives analyses of the pig most suitable for 
basic working, and describes the basic slag. Tables 
are appended to the paper showing the tensile 
strength of basic steel made by the Robert process. 
The results of experiments made from specimens of 
acid steel are given in the paper, together with the 
consumption of material and the product. The 
author concludes by pointing out that Sir Henry 
Bessemer had suggested blowing at or near the 
surface of the bath in a converter. 

The discussion on this paper was commenced by 
Sir Henry Bessemer, who said that it was dis- 





appointing to find modern practice did not 
always produce advantages over the old which 
one would expect to discover. He found that 
very much the same thing had been done before. 
The rotation of the metal in the converter had 
been practised for many years in Sweden. There 
the converters were fixed vessels, with metal 
rising 2 in. or 3 in. above the level of the tuyeres, 
which were all horizontal, and could be blown by the 
blast engine which was used for the charcoal fur- 
naces. In working these shallow converters the want 
of heat was very much felt, and the metal on many 
occasions could not be run out of the converter. 
That was owing largely to the extreme purity of 
the Swedish charcoal iron, which was purer than 
our coke-smelted iron. A way out of the difficulty 
was sought in the following manner. The process 
lasted twenty minutes, during which time a certain 
quantity of carbon and other materials had to 
undergo combustion. Only a certain amount of 
heat was produced by the combustion and there 
was the loss by convection and by radiation from 
the sides of the vessel during the whole of the 
time. In order to overcome this it was deter- 
mined to use a much larger quantity of air, so the 
tuyeres were enlarged, and the effect was that 
the whole of the carbon was burnt in eight or 
nine minutes instead of twenty minutes, and there 
was therefore less time for radiation, and a corre- 
spondingly less waste of heat. The result was that 
avery fierce heat was obtained with this Swedish 
metal of great purity, and the ingots could be cast 
without difficulty, there being ample fluidity. In 
the early days of the Bessemer process he had to 
protect himself against those who might invent 
something too near his process by taking out 
patents for modifications which it might not be 
necessary to use, and amongst other plans was 
that of horizontal blowing with tuyeres slightly 
below the surface. There was, however, always an 
objection to these fixed vessels with surface tuyeres. 
During the time the metal was being tapped, it 
was necessary to continue blowing to prevent 
the metal entering the tuyeres. That objec- 
tion had been met by the Clapp-Griffiths plan 
of passing steam through the tuyeres during the 
period of tapping. In 1862 he (Sir Henry) took 
out a patent which described an arrangement of 
horizontal tuyeres placed round a _ converter 
mounted on its axis, and this admitted placing 
the tuyeres at any depth desired on one side 
at least. He placed the tuyeres round the 
vessel, or partially round the vessel, with the 
object of preventing any metal escaping into the 
tuyeres on the deep side of the vessel at the time of 
tapping. It thus came about that they had the 
shallow blowing used so successfully in Sweden, 
and the proposals he himself had put forward in 
blowing down on to the metal from above, and 
directing a jet so powerful as to plough into or 
burrow up the metal. Taking all these matters 
into account there did not appear to be a difference 
in the manner of working proposed by Mr. Robert 
which would be likely to produce any very marked 
results over that which had been obtained by the 
commoner methods. 

A member said he had had experience with 
the metal produced by the Robert process, and he 
found it possessed, as a commercial point, an 
advantage over other steels. It was that castings 
produced by it had the property of being weldable 
as easily as wrought iron, He had used castings 
made with this metal in engineering practice, and 
found them very convenient in intricate parts, as 
they took the place of forgings which might be very 
difficult to make. He was not aware whether the 
same result had been obtained by any other process 
in England. If so he would be glad to know, as it 
would be far preferable to get these things at home 
rather than have to go to Paris for them. He 
understood the cost of production was slight, very 
little above the ordinary cost of casting. They were 
small castings which he used ; about 101b. or 12]b. in 
weight. He was not aware whether they were made 
by the acid or basic process. 

The meeting then adjourned until the next day, 
Thursday, the 8th inst. 


(To be continued.) 





Sovutn AMERICA AND Evroprg.—Steamship lines plying 
between European ports and South America find business 
less profitable than it was a year since owing to a lack of 
return freight. The Hamburg South American Steam- 
ship Company reports profits in 1889 to the extent of 
89,030/-, as compared with 94,528/. in 1888, 
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MODERN FRENOH ARTILLERY. 
No. XIX.* 
Tue Gun Factory oF THE ForGEs ET CHANTIERS 
at Havre—concluded. 

Tue Forges et Chantiers Gun Factory at Havre 
offers a considerable contrast to the other manufac- 
turing departments of the same company, which, 
with the exception of the shipyard and foundry, 
adjoin it. This part of the works is of much older 
date, and has, in fact, grown out of a comparatively 
small engineering works purchased by the company 
and gradually extended as necessity arose. Exten- 
sive as the machine shops now are, they are so 
crowded from end to end with work in progress of 
many kinds, and with the machines required for 
doing that work, that there is but little room for 
handling the great weights which have to be lifted. 
Probably before long this condition of things will be 
altered by reconstructing the works and extendin 
them at the same time. A large amount of specia 
labour has to be done at these, as in most other 
large French works, that is avoided in corre- 
sponding English establishments, in the manu- 
facture of brass and iron fittings and numerous 
small parts which in England form the sub- 
ject of special industries, only partially known 
and followed in France. The boiler shops and 
foundry belonging to the works are very extensive, 











* On page 554 of our last issue, the titles of Figs. 188, 
189, are made to refer to a ‘‘33-centimetre gun,” ins 
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Jouét-Pastré is wrongly spelt, 
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and in the latter all iron castings required by the! 
company are produced, some of them of larger | 
sizes, it is claimed, than can be made elsewhere in 
France. The machine shop contains a considerable 
number of English tools, among which is con- 
spicuous an enormous lathe capable of taking on its 
faceplate the largest gun-carriages yet made by the 
company—those for the 66-ton guns built for the 
Japanese Government. All the carriages and 
mountings are made in this shop, an undesirable 
arrangement which will probably be altered before 
long, and this manufacture be converted into a 
separate department. 

In our last week’s article we gave some idea of 
the gun factory, which having been constructed | 
only about seven years ago, is in all respects | 
modern both in its arrangement and equipment. | 
All the heaviest machine tools, most of them com- | 
ing from England, are in the wide central bay, | 
where the larger guns are brought from the tule- | 
shrinking pits to be bored, turned, and rifled. As | 
there isa complete plant for finishing ordnance up to | 
100 tons weight, it may readily be imagined that 
a very large amount of space is absorbed for the) 
heavier work, and that the arrangements for hand- 
ling and transporting the guns must be very com- 
plete. The overhead cranes running from end to 
end of the central bay are of various capacities, and 
can be combined so as to deal with the heaviest | 
loads required. On our two-page engraving, Fig. 
191 gives a good idea of one of the largest lathes | 
with a 66-ton gun mounted on it. At the present 
time there are three of these great pieces of ord-| 
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nance in the shop,.one of them practically com- 
pleted, and the other two far advanced. The time 
required for completing such a gun, supposing no un- 
foreseen delay tooccur, is fifteen months. Rangedina 
row on the opposite side of the shop to that occupied 
by the lathes, are the boring and rifling machines for 
the largest calibres, the last-named operation for the 
66-ton guns just referred to, occupying for each, 
fifty days. Besides the various heavy machine tools 
required for the manufacture of guns of these large 
calibres and weights, are a large number of others 
for making smaller natures ; the main shop is not, 
however, employed for the lighter classes of 
ordnance. There are in all ten such lathes as that 
we illustrate by Fig. 191, capable of taking masses 
of steel up to 46 ft. in length and weighing 100 tons; 
and two rifling machines for similar calibres. For 
smaller sizes, there are twenty lathes taking in 
work from 20 ft. to 30 ft. in length, and weighing 
from 10 to 20 tons; two corresponding rifling 
machines complete this section of the plant. Of 
miscellaneous tools, for planing, screwing, and 
slotting, there are of course a large number. The 
smaller bays are devoted to lighter work ; field and 


/mountain artillery, small mortars and siege guns, 


and projectiles. A large special plant for this 
latter purpose occupies considerable space in one of 
the side bays; and this class of work gives employ- 
mentasa rule to many workmen; to give an idea of 
its importance we may say that the company has 
recently completed an order for the French Govern- 
ment for 30,000 finished projectiles. 

We publish (see Fig. 192) a section of one of the 
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for the quality of the steel supplied. This absolute 
independence and freedom from the heavy responsi- 
bility of manufacturing the steel itself, gives, it is 
claimed, to the company a very strong position with 
reference to the manufacturers from whom it pur- 
chases the raw material. There are but very few 
such manufacturers in France, or indeed in the 
world, and these are constantly striving to distance 
each other in the quality of the metal produced ; 
this competition of course works wholly to the 
benefit of the purchaser who, knowing the highest 
tests that can be obtained, is careful to make his 
specification so rigid that he is enabled to reject 
any steel supplied to him that does not reach the 
prescribed standard of excellence, which is, of 
course, advancing all the time. Another advan- 
tage of this system is that the purchaser is always 
able to buy from different makers the special 
qualities for which they have a particular reputa- 
tion ; thus from certain works are produced the 
best steel blocks for the heavy calibres, 12 in. for 
example, while these makers may not succeed so 
well as others with the steel used in making the 
smaller natures of guns; the same remark applies 
to the manufacturer of large and small projectiles. 
A good deal of special experience is evidently 
required to learn the strong and weak points of the 
different steelmakers, but once acquired, the know- 
ledge is invaluable when purchasing fresh materials 
for different purposes. 

We have already spoken in a previous article of 
the tests to which the steel, and afterwards the 
finished guns, are subjected, as well as of the special 
features of all the various types of ordnance made 
at the Havre gun factory, but we may conveniently 
say a few words here on the general process fol- 
lowed in the manufacture. 

The tests of the various parts of which the gun 
will consist—tubes, hoops, and jackets—are made 
by the accredited independent inspectors at the 
steel works; when such pieces as have been 
approved are sent forward to Havre, a fresh series 
of tests is made, and once definitely accepted, the 
work of turning and boring proceeds until the 
various parts are brought within 100th of a milli- 
metre of their ultimate dimensions. When this has 
been done, the operation of shrinking the rings and 
jackets over the central tube is proceeded with ; 
this is done in the shrinking pits already referred to, 
by means of gas furnaces ; the amount of shrinkage 
varies with the calibre and construction of the gun, 
but it may be taken as an average at 74jth of a 
diameter. After the central tube has been com- 
cnc reinforced, in other words after the gun has 

een built up, it is mounted in a lathe suitable to 
its proportions, and the various processes of fine 
boring, chambering, and outside fine turning, are 
completed ; after this the rifling is cut, the breech- 
block seating is chased, and the breech mechanism 
and other fittings are added. 

We may conclude this article with a list of 
the guns, carriages, &c., that have already been 
made at Havre, and it will be seen that the record 
is an admirable one, considering the short time 
that the works have been in active operation. For 
the French Government, 1800 guns have been con- 
structed ; of these 36 are of 32 cent. (12.60 in.) 
weighing 43 tons, and 14 of 27 cent. (10.63 in.) 
weighing 27 tons. For Creusét two of 15 cent. 
(5.59 in.) and 24 cent. (9.45 in.) were delivered ; the 
special object for which these were purchased by 
Messrs. Schneider was for testing armour plates. 
Twelve guns of various calibres have been supplied 
to China; and 12 to Japan, three of which are the 
66-ton 32 cent. bores which we illustrate in this 
number. Greece has taken 25 guns, six of which 
are of 12.60 in. bore, and weigh 32 tons ; Spain has 
bought 130 ; Portugal, 10; Hayti, 5; Chili, 24, of 
which 4 are of 9.45 in., 8are 5.90 in., and 12 
are 4.72 in. rapid-firing guns. Mexico has pur- 
chased 2, and 15 others hava been furnished to 
other customers. 

In addition to guns, a very large number of car- 
riages has been manufactured. To the French 
Government 1450 have been furnished, of which 
100 were for coast defence ordnance of 24 cent., 
27 cent., and 32 cent. ; 14 have been sent to China, 
14 to Japan, 5 to Hayti, 28 to Portugal, 130 to 
Spain, 21 to Greece, 16 to Chili, 2 to Mexico, 
besides others. All these are for coast defence 
or naval purposes. The number of gun mountings 
for turrets on board armour-clads is of course 
smaller, as this class « f carriage with all its supple- 
mentary appliances is very costly and in less de- 
mand. Four such carriages with their movable 





turrets on the Canet system for 27 cent. guns, have 
been delivered to the French Government for the 
gunboats Achéron, Styx, Cocyte, and Phlegeton ; 
four carriages and barbette turrets for the 34 cent. 
guns of the French ironclad Marceau. 

This French ironclad, now approaching comple- 
tion, is one of the latest and most perfected 
examples of the war vessels of the French Navy. 
She is 331 ft. in length, 65 ft. 7 in. beam, and 
27 ft. 3in. draught; her displacement is 10,581 
tons, and the indicated horse-power of her engines 
is 12,000 ; her maximum speed is 16.5 knots, and 
she can carry 800 tons of coal. The vessel is pro- 
tected with an armoured belt of 17.72 in. in thick- 
ness, and the batteries are shielded by 13.78 in. 
steel plates. The armament of the Marceau will 
consist of four 34 cent. (13.39 in.) guns ; seventeen 
14 cent. (5.51 in.) guns; eight revolving cannons, 
and twelve quick-firing guns. The carriages for 
the 34 cent. guns are on the Canet system, with 
central loading apparatus in every position of 
gun, were built at the Havre works of 
the Forges et Chantiers de la Mediterranée. 
They are of the usual type made by this 
company for guns of large calibre; the mode of 
attachment to the slides is not by trunnions, but 
by means of slots cut in a series of rings shrunk on 
the gun, and slotted away on each side opposite a 
groove in the slide ; a key driven into both grooves 
attaches the gun to the slides, which are pivotted 
to the forward part of the under carriage. Of 
course the manipulation of the carriage is effected 
throughout by hydraulic power. We shall in due 
time give a detailed description of these carriages 
and the ammunition lifts; meantime we may say 
that they have very successfully passed the French 
Government tests, and have been accepted ; three 
of these carriages were erected on the firing ground, 
tested, accepted, and removed in a fortnight. The 
gun mounted on them is of the 34-cent. regulation 
ordnance pattern, and the breechloading mechanism 
presents a striking contrast to that employed in the 
three 34-cent. 66-ton guns, now being completed 
for the Japanese Government at Havre. 

The Spanish ironclad Pelayo, built at the La 
Seyne works of the Forges et Chantiers Company, 
is now being fitted with four carriages for 28-cent. 
and 32-cent. guns. These guns were constructed in 
Spain. Three carriages have been made for the 32- 
cent. 66-ton guns above referred to as being built 
for the Japanese Government, together with the 
barbette turrets ; they are to be mounted in the 
coastguard ships built at La Seyne by the company 
—the Matsushima, the Itsukshima, and the Hashi- 
date. A barbette turret and carriage have been 
fitted on the Russian ironclad Gangoute for a 12-in. 
gun ; and four carriages and barbette turrets have 
been made for the 24-cent. guns of the Chilian 
ironclad Capitan Prat. All these are worked by 
hydraulic power, and an exceptional order is now 
nearly complete of three carriages and barbette 
turrets worked by steam power ; they are for the 
three 27-cent. guns on board the Greek ironclads 
built by the company at their Havre works, 

The Canet system of torpedo tubes, which we shall 
consider in detail later on, have found a large appli- 
cation. Thus 61 of these have been made for the 
French Government ; 30 for Japan; two for Turkey; 
two for England ; ten for the Roumanian cruiser 
Elizabetta, and the torpedo boats Naluca, Imeiil, 
and Sboriil ; six for the Russian boat Kornilow; 23 for 
the Chilian ships Amiral Cochrane, Capitan Prat, 
Presidente Errazuris, Presidente Pinto, Amiral 
Lynch, and Amiral Condell. Finally, four have 
been furnished to the Greek ironclads Spetzia and 
Psara. Thus, during the six years that this new 
department of the Forges et Chantiers Works have 
been in operation under the control of M. 
Canet and the immediate direction of M. Roger, 
over 2000 cannon of all calibres have been made, 
1700 carriages, and 140 torpedo tubes, the whole of 
this material being of the high standard of efti- 
ciency required to meet the present demands for 
high charges, great velocities, and long ranges. 

In our next article we shall describe one of the 
very interesting and important features of the Havre 
gun works ; the firing grounds at Hoc, which are 
admirably arranged and very completely equipped. 








RICHARDS’ ANGLO-AMERICAN LATHE. 

ON pages 582 and 583 we illustrate a lathe manufac- 
tured by Messrs. Geo. Richards and Co., Limited, 
Broadheath, near Manchester, and exhibited at the 
late International Exhibition, Paris, by the Société 
Continentale Richards, 12, Rue de l’Hépital, St. Louis, 





Paris. This lathe is intended to combine the best 
features of American and English practices, and pos- 
sesses many novel and interesting features. Figs. 1 
and 2 show the machine in elevation and plan, whilst 
Fig. 3 is a detail section of the fast headstock. This, 
it will be seen, has a peculiar arrangement of back 
gearing giving an extra set of speeds by equal pinions 
on the spindle and back shaft. The spindle has 
parallel necks, hardened and ground true, in which 
run taper brushes as shown, and wear can thus be 
compensated for. The thrust is taken up at the back 
end of the spindle, which is surrounded by a metal cap 
intended to be filled with oil and thus the thrust bearing 
is efficiently lubricated. The feed is taken from the 
spindle by the sliding pinion shown below it, and the 
rate of feed can be changed by causing this pinion to 
gear either with that on the spindle or that on the 
cone. The tool-carriage is shown in Figs. 4and 5. It 
is moved by a rack and pinion in ordinary work and 
by a screw in screw-cutting, this screw being well 
supported at intervals throughout its length. The 
feed motions of the carriage are very conveniently 
arranged, and by means of bevel gears all the motions 
can be reversed if necessary. All the gears are 
covered by an apron which protects them from dirt. 
The guiding surfaces, both back and front, are square 
and not bevelled as is usually the case. The slidin 
headstock is shown in Figs. 6, 7, and 8. It is arrange 
to set over slightly and thus allow long tapers to be 
turned. The arrangements for clamping the head- 
stock in place are exceptionally convenient, as a refer- 
ence to the figures will show. These lathes are made 
in six sizes, from 6 in. to 18 in. centres. Their beds 
are made any desired length but have no gap, and the 
section differs considerably from the common type, 
and is remarkably stiff and strong. We should add 
that all the gears are machine cut, and smooth running 
is thus assured, 





STERN-WHEEL GUNBOATS. 

A coop deal of attention is now being directed to 
the south-east of Africa, and for political reasons it was, 
a few weeks ago, considered desirable to fly the British 
flag on the Zambesi and Shiré rivers as speedily as 
possible. The accomplishment of this object presented 
considerable difficulties to the Admiralty authorities 
at first. Of course, allowing time enough, it would be 
possible for English builders to turn out any number 
of light-draught steamers; but speedy delivery was 
an essential condition. Under these circumstances the 
authorities summmoned to their counsel Mr. Yarrow, 
who submitted a system of construction which has 
been carried out in the building of the two vessels we 
are about to describe, one of which, the Mosquito, is 
illustrated on page 587. 

It will be seen that these latest additions to the 
Royal Navy are stern-wheelers, rather a curious type of 
vessel it may be thought for fighting purposes, but one 
which is admirably adapted for the object in view. 
We will first give particulars of the chief elements of 
design. 


Length overall... oe oe ess 89 ft. 

ee ue as wc EMbtes 
Beam... “ me He ee Ss is... 
Depth moulded _... io os nS. a 
Draught in working trim... es : 18 in. 


Speed ten miles (statute) per hour. 


The bow is spoon-shaped and the hull is divided into 
six independent floatable sections, and these are de- 
signed so that they can be bolted together in the 
water. A central longitudinal bulkhead divides each 
section into two water-tight compartments. The 
material of which the boat is constructed is, of course, 
steel. There are two balanced rudders placed along- 
side each other at the stern, and partly in front of and 
partly under the wheel. They render the boat re- 
markably handy, as it will turn in a circle of about 
twice its own length. The wheel is 10 ft. in diameter 
over the floats, which are radial for the sake of sim- 

licity. The machinery consists of a pair of ordinary 
Sasdematel engines of long stroke, running at the com- 
fortable speed of 40 revolutions per minute. The 
boiler is of the locomotive type, adapted for burning 
wood. It may be noted in passing that though these 
engines are of the non-condensing type, steam is made 
so easily, that no forcing from the steam blast is 
necessary. The exhaust is taken to the chimney, but 
it has no contracted nozzle; there is thus an absence 
of the unpleasant noise and other undesirable con- 
comitants usual with exhaust blast. There is duplicate 
feed apparatus for the boiler. 

The cabin accommodation is a notable feature 
in these craft, and as everything is above water, in fact 
all above the main deck, there is a good opportunity 
of providing comfortable and airy quarters for officers 
at crew. The cabin fittings are all of polished teak. 
The chief officer’s cabin is fitted with two bed-berths, 
and the petty officers’ cabin with three bed-berths. 
Both have table lockers, lavatories, &c. The crew’s 
cabin has eight bed-berths, and space in addition for 
hammocks. These are all on the main deck. A pilot- 
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house fitted with compass, telegraph, and chart table, 
with signal mast and locker, are on the upper deck. 

Thearmament consists of four Hotchkiss 3-pounder 

uick-firing guns on the main deck, and six 5-barrel 
Nordenfelt machine guns on the upper deck. 

Perhaps the most remarkable part of these boats is 
the quickness with which they have been built, and 
the rapidity with which they can be put together. 
The order was, we believe, given on the lst of April, 
and we had the pleasure of attending on a long trial 
on May the 5th, the vessel having been launched a 
few days previously. The total number of working 
days occupied in construction was 25. This trial, 
which was, of course, not the official trial, was made on 
the measured mile in Long Reach. Stern-wheelers are 
not expected to make a great speed, but the vessel on 
this occasion ran at over ten miles an hour, with open 
exhaust. The boats are to be capable of being run with 
wood fuel, and on this trial only wood was burnt, the 
pressure being maintained without difficulty. 

The vessels are, as already stated, to be composed of 
various sections, each one forming a pontoon capable 
of floating of itself. This is necessary in the present 
instance, as the banks of the river are Portuguese terri- 
tory, and, in spite of the fact that we have paid that 
nation the compliment of giving the first boat a Portu- 
guese name, the Mosquito, it would be perhaps putting 
politenesss to an undue strain to ask permission to 
erect the vessels on shore. There will be no trouble, 
however, in putting the sections together afloat, and 
Messrs. Yarrow have guaranteed that the time oc- 
cupied from the moment of commencing this opera- 
tion to starting under steam shall not exceed twenty- 
four hours. A trial, to prove this, was made yester- 
day, and only anole six hours and forty-five 
minutes, which is certainly a wonderfully rapid per- 
formance. 

The stern-wheel type of boat was selected by the 
Admiralty authorities on account of its peculiar ad- 
vantages for navigating unknown rivers. It is superior 
to the screw, because any form of propeller entirely 
below water would stand a chance of becoming 
seriously damaged by floating timber or by going 
ashore, and it would not easily be repaired unless the 
vessel were docked or hauled out of water. The stern- 
wheel can be got at most conveniently and repairs can 
be carried out with great facility. The stern-wheel 
has also advantages over side-wheels. The hull 
itself protects the wheel, as any floating substances 
are likely to be pushed on one side, but beyond 
this the total width occupied is all available for hull 
space, and thus a broad vessel can navigate narrow 
waters. The hull itself is made very shallow, and the 
requisite stréngth is secured by a system of trussing, by 
means of which the girder strength which would be 
lacking owing to the shallow sides is made up in a light 
and convenient way. As the principal weights—- 
engines at the stern and boiler at the bow—are at the 
ends, the bottom member, or hull proper, is in com- 
pression, and thus the sections have a tendency to 
keep together, even if not bolted to each other. In 
manceuvring, too, the stern-wheel has advantages. 
Thus if the bow be run upon a sandbank the wheel 
can be reversed. This has the effect of sending a stream 
of water on to the rudders, and a steering impulse is 
given, although the boat may not be progressing either 
way, just as a vessel at anchor may be sheered ina 
tideway. The spoon-shaped bow will not cut into the 
mud or sand so readily as the fore foot of an ordinary 
boat, and by throwing the paddle race on to the rudders 
and shifting them first to port and then to starboard, 
there are few conditions under which the stern-wheeler 
will not wriggle itself off backwards. 

The boat is intended to carry 10 tons of wood, the 
consumption at 94 statute miles an hour is 24 cwt. per 
hour, and at 7 miles, 1 cwt. per hour The wood 
growing on the banks of the Zambesi affords excellent 

uel, far better doubtless than that we saw burnt last 
week, which was largely soft wood. 

A trial of the Mosquito was made yesterday week in 
the presence of Admiral Morant, Mr. James Dunn, 
Mr. Melrose, and Mr. Pledge, representing the Ad- 
miralty. They expressed themselves highly pleased 
with the performance of the boat. 

After the good results obtained on the Nile with 
Messrs. Yarrow’s stern-wheelers, Lotus and Waterlily, 
there is little doubt that these later boats will render 
a good account of themselves. 





LYON’S SLIDE VALVE. 

WE give on page 586 engravings illustrating an 
arrangement of slide valve fitted to the low-pres- 
sure cylinder of a small set of triple-compound engines, 
having cylinders 14 in., 224 in., and 36 in. in diameter, 
with a piston stroke of 27 in., and working witha 
steam pitentts of 160 1b. to the squareinch. The inven- 
tion is by Mr. J. G. Lyon, of the firm of Messrs. Gourlay 
Brothers and Co., engineers and shipbuilders, Dundee, 
by whom the engines were constructed. The object 
of the arrangement is primarily to cushion the piston 
of the low-pressure cylinder, which in_ high-speed 
engines is difficult, if anything like a good vacuum is 





maintained in the condenser. The valve is arranged 
so that on the opening of the exhaust, which occurs 
before the piston ends its travel, there is no com- 
munication with the condenser itself from either end 
of the cylinder, the two ends being, however, in com- 
munication with each other for a moment, before com- 
pression commences in one ofthem. The exhaust steam 
is first and temporarily directed into a channel leading 
it to the bottom third part of the condenser, which is 
transformed into a feed heater, the feed water in 
through a series of tubes, and on these plays the steam 
released from the cylinder before it is allowed to pass 
to the condenser. This steam has a temperature of 
200 deg. Fahr., and heats the water proportionately. 
The result in the economy of fuelis put at 74 per cent., 
and of course the cushioning insures easier action. 
This method of working also warms the cylinder ports 
and piston at each stroke before steam is admitted 
from the steam chest. 

The steam, instead of being conveyed to the bottom 
part of the condenser, may be carried to an ordinary 
‘¢ jet” arrangement in the form of a pipe. 

The arrangement of the valve and cylinder may be 
gathered from the engravings given, so that it is not 
necessary to further describe the details. Fig. 1 shows 
the piston on top centre and the cylinder below the 
agg: in direct communication with the condenser ; 

ig. 2 shows the piston at the point of release, the 
top and the bottom of the cylinder, and the feed- 
heater being in communication at a temperature of 
200 deg. Fahr. due to release ; Fig. 3 shows the piston 
at the point where the communication is shut off from 
the bottom of the cylinder, but still open to the top of 
the cylinder, compression below the piston commenc- 
ing; in Fig. 4 the piston is on the bottom centre 
and the cylinder above the piston is placed in com- 
munication with the condenser; and Fig. 5 is a cross- 
section of the condenser and heater showing the lead 
of passages for steam from the cylinder. 

Messrs. Gourlay Brothers and Co., it may be added, 
have in course of construction three sets of engines, to 


which the patent arrangement of slide valve and feed 
heater is fitted, and several firms are arranging to 
attach it. We hope later to give some details of the 


working in ordinary service of this arrangement of 
valve. 





MISCELLANEA. 
THE new dock at Gibraltar is to be commenced before 
the end of the year. 


The Committee for Testing Smoke-Preventing Appli- 
ances will meet at the Mansion House, London, on May 
21 next. 


Mr. George Hodson, M.I.C.E., F.G.S., Westminster, 
has been appointed engineer to the new Mansfield Water 
Supply. 

It is intended to light the town of Sofia, Bulgaria, with 
electricity, using the water of the Boyena as the origin of 
force. The cost of the initial establishment is estimated at 
20,0007. to 24,0007. Tenders will be invited in August. 


Mr. Ketchum, one of the engineers of the Chignecto 
Ship Railway, has been asked by a New York syndicate 
to furnish an estimate for a ship railway for the 30 miles 
of the Panama Canal as yet uncompleted. 


The Westinghouse automatic brake is now in use on 
20,000 engines and 240,000 cars. In the latter are in- 
cluded 140,000 freight cars. Since December, 1887, orders 
have been received for 80,000 of the improved quick- 
acting brakes. 


Sir Edward Watkin intends to put the Channel Tunnel 
Bill down for second reading on Thursday, the 22nd inst. 
It is stated that Mr. Gladstone will again vote for the 
Bill. The Government will meet the motion for second 
reading with a direct negative. 

The gross receipts of the 23 principal railways in the 
United Kingdom, for the week ending May 4, 
amounted, on 16,159} miles, to 1,355,543/., and for the 
pg acai period of 1889, on 16,031 miles, to 1,302,576/., 
an increase of 128} miles, or 0.8 per cent., and an increase 
of 52,967/., or 4 per cent. 


The French Chamber has just passed a Bill imposing 
three months’ imprisonment on any master, overseer, or 
workman who by threats of dismissal or refusal of 
services on the ground of connection with a trade union, 
interferes with the liberty of the subject. An amend- 
ment to the Bill entitling a workman so dismissed to two 
months’ wages was however rejected. 


The a tae of coal brought to London by rail and 
canal during the month of April was 644,738 tons, and by 
sea 382,035 tons. For the same month last year the 

uantities were respectively 653,842 tons and 355,562 tons. 

or four months to date the quantity brought by rail was 
2,804,868 tons, as against 2,774,982 tons in the correspond- 
ing period last year, whilst the quantity brought by sea 
was 1,738,856 tons, as against 1,662,346 tons. 


The trade and nee returns for April show exports 
amounting to 20,344,367/., an increase i 709,652/, or 3.6 

r cent., on the corresponding month last year; the 
imports amounting to 35,680,242/., a decrease of 1,575,543/., 
or 4.2 per cent. The value of the iron and steel exports 
was 2,716,075/., against 2,458,413/., an increase of 10.4 
per cent., and of the coal and coke exports 1,460,978/., 
against 1,126,382/., an increase of 29.7 per cent. 


& | Engineering” was read by 





The single-turret ram Rupert has been placed under the 
shears at Portsmouth for the purpose of being relieved 
of her old engines, which were supplied by the Napiers 
in July, 1874. The new engines, which have been de- 
signed and manufactured in the dockyard, are to develop 
6000 horses with forced and 4500 with natural draught. 
The total refit, including hull, machinery, and guns, is 
estimated to cost over 84,000/. 


A meeting of the Institute of Marine Engineers was 
held on Tuesday, May 6th, when a paper on “ Electrical 
Mr. R. E. Crompton. The 
lecture was illustrated by several large diagrams. On 
Tuesday, May 13th, Mr. D. Phillips read a paper before 
the same society on the comparative corrosion of iron and 
steel, and on the 20th inst. Mr. Crompton is to give a 
second lecture on electrical engineering in continuation 
of the one already delivered. 


On Monday, “yy 12, at the Surveyors’ Institution, 
London, Mr. R. F. Grantham, M.Inst. C.E., read a 
paper on ‘‘ The Encroachment of the Sea on some parts 
of the English Coast and the best Means of Arresting it.” 
The paper suggested that in some instances where 
shingle travelled along the coast, inasmuch as groynes 
were necessary to protect sea walls, the sea walls might 
be omitted, and only groynes erected, and thus sub- 
stantial saving in the cost of protection n:ight be effected. 


It is stated that an immense deposit of limestone and 
cement clay underneath it has been found in the county 
of Grey, Ontario. The deposit is only two miles from 
the Grand Trunk Railway of Canada, and nine miles 
from the Owen Sound of the Georgia Bay. At the 
| ae time Canada imports about 100,000 barrels of 

ortland cement yearly, whilst the United States imports 
upwards of a million barrels. The new find may con- 
siderably decrease these figures. 


The river steamer Vaganu, built by the Bergsund 
Engineering Company, Sweden, for account of Mr. 
Adanoff, Baku, for naphtha transport on the Caspian Sea, 
was towed out from the works on Monday, May 7, in 
two pieces. It went through the sluices to Finsboda, 
where the two parts will be combined and the vessel 
finished. She is 252 ft. long, of 800 register tons capacity, 
has two engines of 160 horse-power, flat bottom without 
keel, and is only 11 ft. in the water when fully loaded. 
She has two propellers, one on each side of the rudder. 


The closing meeting of the sixth session of the North 
East Coast Institution of Engineers and Shipbuilders was 
this week held in the hall of the Literary and Philo- 
copied Society, Newcastle, when the papers read by 
Mr. Bergstrom ‘‘On the Structural Strength of Car 
Steamers of Different Types” and by Mr. Boyd on “ The 
Weight of Machinery in the Mercantile Marine,” were 
discussed. At the close of the meeting the ballot for 
the office-bearers for the ensuing session was taken, Mr. 
Wigham Richardson, of the Neptune Works, Low Walker, 
being elected president. 


_ It was stated some time ago that an order had been 
issued by the Admiralty that the Kirkaldy condensers 
were to be fitted with zinc strips and to be periodically 
reported upon. The first report has been received from 
the Nymphe, and has been despatched to the various 
steam reserves for their information. The chief engineer 
states that from the 12th of October last year to the 16th 
of January the distillers had been constantly at work on 
board, during which time they had made a total of 372 
tons of fresh water, which was sufficient for drinking and 
feed purposes, the density of the boilers on arrival at 
Coquimbo being nil. Since the improvements intro- 
duced before leaving Portsmouth the distillers required 
only ordinary care and attention. During the run out, a 
distance of 9000 miles, the apparatus, as fitted in the 
Nymphe, had proved efficient. 


From the returns just issued by the Imperial Railwa 
Board, it appears that the total length of German rail- 
ways open for trafficon April 1, 1889, was 24,643 miles, 
an increase of 240 miles during the previous twelve 
months. Of the total, 21,907 miles were either owned 
or worked by the Government. The total rolling stock 
consisted of 13,107 locomotives, of which 2680 were tank 
engines, of 24,386 passenger carriages, and 262,250 goods 
wagons, with an average capacity of 9.8 tons each, in 
addition to which there were also 1604 mail vans. The 
average cost of the engines was 2244/., of the passenger 
carriages 178/. per axle, and of the goods wagons 721. 
per axle. The total capital sunk in the lines was 
503,770,754/., equal to 17,3811. per mile. The gross earn- 
ings in 1888-9 were 58,331,077/., and the net earnings were 
er equal to upwards of 5 per cent. on the capital 
invested. 


The fourteenth and concluding meeting of the session 
of the Liverpool Engineering Society was held on Wed- 
nesday evening, May 7, at the Royal Institution, Col- 

uitt-street, Mr. Henry H. West, M.Inst. C.E., presi- 

ent, in the chair. The ballot for officers for the ensuing 
session resulted in the election of F. Hudleston, Assoc. 
M.Inst. C.E. as president. Mr. Henry H. West, the 
retiring president, in announcing the result of the ballot to 
the meeting, congratulated the members upon the growth 
and vigour of the society. There were 190 members of 
all classes on the books, and the income for the t 
financial year had amounted to 150/. Mr. West after- 
wards announced that arrangements would be made for 
excursions during the summer to the Thirlmere Aque- 
duct, Manchester Ship Canal Works, Menai Straits, 
Forth Bridge and Edinburgh Exhibition, Liverpool 
Overhead Railway Works, and Lancashire and Yorkshire 
Railway Works at Horwich. The adjourned discussion 
upon Mr, Thomas L. Miller’s paper, entitled ‘‘ The Effi- 
ciency of Gas Engines,” concluded the business. 
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MORGAN’S AUTOMATIC ELECTRIC 
SIGNALLING SYSTEM. 


Morean’s automatic electric signalling system is 
designed primarily for communicating between police- 
men on the beat and the inspector in the district 
station. To effect this end there are placed in the 
district a number of call stations each of which consists 
of a lamp-post with a locked box containing the sig- 
nalling mechanism, and each lamp-post is connected 
by a separate and independent wire with the police 
station. When the inspector desires to communicate 
an order to a particular policeman he connects the 
wire leading to the lamp in that man’s beat to the 
central instrument, and he turns an index, Carey's 
over a dial, on which are printed various orders an 
questions, until it points to the particular order which 
he desires to give. Immediately he does this the gas 
in the lamp is lighted, and a red glass is made to 
encircle the flame to call the policeman’s attention. As 
soon as the man sees this he proceeds to the post, opens 
the box, and inside finds a pointer marking the order 
or question which is to be laid before him. If a reply 
is needed he puts the pointer of a second dial to the 
reply, and immediately the pointer in the central 
station takes up a corresponding position ; or he may 
send the word ‘‘ telephone,” and then converse with 
his officer through the telephone which forms part of 
the equipment of his box. 

If it is the policeman who requires to make his wants 
known the process is equally simple. He opens the 
box and turns his pointer to the message he wants to 
convey, such as ‘* Burglary being committed,” ‘‘ Send 
ambulance,” ‘‘ Riot threatening,” or the like. Imme- 
diately a gong is sounded in the central office, a 
pointer shows the number of the box from which the 
message comes, and a second pointer indicates the 
message. Further remarks can then be exchanged, 
or the pointer may be merely returned to zero, which 
shows that the message has been received and under- 
stood, 

In order to secure vigilance on the part of a police- 
man he may be ordered to report himself from lamp- 
posts at different parts of his beat at frequent inter- 
vals. This is done by his first sending the word 
‘*Report,” followed by a Morse signal of dots and 
dashes, or dashes only. This latter signal is sent 
automatically by means of a little clockwork instru- 
ment which each man carries in his pocket, which 
when wound up can be made to rotate a commu- 
tator so as to work a Morse recorder in the central 
station in a way which gives a certain conventional 
set of signals. By this device the inspector is assured 
of the presence ob the policeman himself at the lamp- 
post. 

From this cursory description it will be seen that the 
inventor has produced a system which needs no ac- 
quired or technical skill in the working. Anybody can 
manipulate it after two minutes’ instruction, and it does 
not suffer from induction as it would if it were merely 
a telephone system. No one can doubt that it would 
greatly increase the usefulness of the police if they 
could be kept in touch with the station at all times, and 
if the inspector could communicate with them with a 
very short delay; of course the system is applicable to 
other purposes than sending messages to and from 
policemen. Instruments for the despatch of messages 
only can be placed in houses, shops, and public institu- 
tions, while, with a little modification, the bedrooms 
or corridors of an hotel might be connected to the 
porter’s lodge or the kar. 

The mechanical and electrical appliances used in the 
transmission of the signals are illustrated on the pre- 
sent and opposite pages, but before referring in detail 
to them we will give a general idea of their construc- 
tion. The wires entering a police station, say one 
hundred, end in a dient on which is a terminal 
knob for each wire; each knob is in contact with a 
spring carried on a pivotted frame. Each wire is 
mM connected to another terminal knob, of which 
there are one hundred arranged in a circle. Whena 
lamp box is opened and the sending index is set, the 
wire leading to the box is put to earth, and a current 
flows through it from a battery in the central station. 
This current energises an electro-magnet which trips 
a catch, releasing the pivotted frame with its springs 
from contact with the switchbcard, and setting into 
action a train of clockwork. 

The tripping of the catch breaks the circuit, while 
the clockwork moves a feeler around the circle of ter- 
minals until it touches that connected with the line wire 
in question, when the circuit is re-established, and the 
feeler is held fast; a pointer connected with this feeler 
now shows the number of the post with which com- 
munication has been made. <A second train of wheel- 
work now comes into action, sending electric impulses 
down the line to work an escapement in the lamp-box. 
This escapement carries the index round the indicator 
until it rests at zero, when the circuit is broken. The 
number of impulses sent shows the position at which 
the pointer originally stood, and as the clockwork is 
geared with an index, this position is reproduced on 
the dial of the central station, and thus the communica- 
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tion fromthe policemen is reproduced. Both indexes are 
then put back to zero by a crank handle, which also 
winds up the clockwork. 

When the central station wants to communicate with 
a lamp-post the corresponding wire is coupled to the 
instrument by a flexible connection. At the same time 
a much more powerful battery than the one previously 
employed is put in circuit, and impulses are delivered 
into the line by turning the index of the sending dial. 
These impulses work an electro-magnet in the lamp- 
box. At the first movement this trips a catch which 
allows a weight to turn the gas up full, and to raise the 
red glass. As it continues to work it moves the index 
of the receiving dial step by step with that of the 
sending dial, and thus the two point to the same 
message. 

Fig. 1 shows the apparatus at the central office, the 
upper part containing the two dials on which are read 
the number of the lamp-post from which a signal is 























| being received and the signal itself. At the lower part 
|is shown diagramatically the signal transmitter and 
| the telephone. Fig. 2 shows the receiving instrument 

in vertical section. Fig. 3 shows the instrument with 

the door opened, the Teft-hand side displaying the 

mechanism fixed to the back of the case, and the right 

that fixed to the rear side of the door. The number 

dial (Fig. 1) is divided into one hundred parts marked 
| with corresponding numerals, but it is capable of indi- 
cating any number up to 300. When the number 
| exceeds 100 one of the small apertures D D is un- 
|covered, and shows the figure 1 if the number is 
| between 100 and 199, and 2if it is between 200 and 300. 
| All the wires from the lamp-posts end at the terminals 
|L Lin the gang-switch at the upper part of the in- 
| strument (Fig. 2), there being as many terminals as 
| there are wires. Each terminal L is connected toa 
| terminal O, of which there are three circles, each con- 
; taining 100. In connection with the gang-switch there 
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is a contact maker i having spring contacts z, which in 
the normal position press against the terminals L, and 
connect them altogether. The contact maker is 
pivotted ; it is shown in dotted lines in the position it 
assumes when waiting for a message, and in full lines 
in the position when a signal has been received, and 
the clockwork is moving the indicators. When in the 
dotted position the long tail of the contact maker 
engages with the lever ¢, which is itself held by 
its other end being caught on a projection of the 
armature w of the electro-magnet Y. When a 
signal is received from one of the wires the cur- 
rent passes from a terminal L to the contact-maker #, 
and through its axis /, and a finger thereon, to two 
fixed contacts 2, 3, by which it is conveyed to the 
magnet 19 (Fig. 3). This magnet attracts its arma- 
ture, and draws the detent 16 out of the ratchet wheel 
17, thereby releasing the train of clockwork which 
operates the long indicator (Fig. 1). At the same 
time a new circuit is established through the con- 
tacts 20, 21 (Fig. 3), and the current is directed 
through the magnet Y. This magnet attracts its 
armature, releasing the trip lever ¢ and the tail of the 
contact maker. This latter moves into the position 
shown in full lines, striking the bell as it does so, while 
the finger on its axis breaks the contacts at 2, 3, and 
makes those at 4, 5 (Fig. 3). The left-hand clockwork 
train (Fig. 3) is now working, and through the clutch 
arm 7 and the pin 6 (Fig. 2) is driving the wheel Y. 
This wheel carries three brushes T, which trail over 
the three rings of terminals O connected with the line 
wires, Supposing that the wire along which the call 
has been sent is connected to a terminal in the outer 
ring, the moment the brush touches the terminal a 
fresh circuit is established. The current now flows 
through the magnet e (Fig. 3) and the magnet 27. 
The former trips the catch 6, stopping the long hand, 
with all the wheelwork connected with it, at the posi- 
tion corresponding to the number of the post from 
which the call has come. If the terminal happens to 
be in the middle or inner ring, one of the magnets 44, 44 
is also included in-the circuit, and trips a catch, which 
allows a shutter to rise and reveal the number on the 
corresponding dise D (Fig. 1). 

When the magnet 27 attracts its armature it releases 
the right-hand train of wheelwork by lifting the pawl 
29 out of the make-and-break wheel 33. This wheel 
then commences to revolve, and as it does so it sends 
sticcessive currents to the line through the contact 
spring 35. Each current acts upon a magnet in the 
lamp-post, and by means of an anchor and escapement 
wheel moves the distant index step by step round its 
dial until it reaches the zero point, when the circuit 
of the distant sending instrument is broken, stopping 





the current in the line and in the magnet 37. The 
detent 39 then drops back and stops the train. The 
short hand (Fig. 1) has been moving step by step with 
the make -and- break wheel, and when the latter 
stops the hand points to the same message as that to 
which the index of the sending dial had been placed. 
If the signal received should be ‘“‘ register,” the 
wheelwork is arrested at a point where a connection is 
made cutting the magnet 37 from the main line ; and 
the circuit is now from the sub-station to the relay 87, 
thence through the battery to the ground plate. In 
the local circuit of the relay is the register 88, which 
is a Morse receiver. The object of this is to receive 
and record the policeman’s number, as will be explained 
later. If the signal received is ‘‘ telephone” the 
operator at the central station fixes a flexible connec- 
tion between the line terminal and the telephone, and 
then he can speak with the policeman at the distant 
lamp-post or sub-station. At the conclusion of a 
signal the parts are put back into their original posi- 
tions by turning the handle 52 (Fig. 1). This raises 
the rod 45 (Fig. 3) on which are various projecting 
arms, such as 66, 67, 68, and these take hold of the 
* ager which have been moved and return them to 
their places ready to receive another signal. The 
motion of the rod also winds up the clockwork trains. 
The apparatus so far described is designed only to 
receive a signal at the central station from one of the 
sub-stations, that is, to enable the inspector to under- 
stand the information sent to him by his subordinates. 
If the inspector wants to communicate with one of his 
men on his beat, he employs the apparatus shown in 
the left-hand corner of Fig. 1. This is the variable 
signal transmitter, consisting of a magnet 75, the 
armature 76 of which acts upon an anchor-shaped 
pallet 77 gearing with an escapement wheel 79. Upon 
the axis of this wheel is an index moving over a dial 
divided into section, and each marked with a question 
or message, such as ‘‘ Has procession started?” ‘‘Do 
you want more help?” and the like. There is a com- 
mutator on the index spindle, provided with an insu- 
lated strip 83 let into its surface, and engaged with 
two spring fingers 84. When the index standsat zerothe 
insulating strip breaks the circuit of the instrument. 
There is a flexible connection and plug 86 by which 
the transmitter may be inserted in any of the spring 
jacks which are in the lines, forthe pu of cutting 
the receiver out of line, and of putting the transmitter 
into any of the lines leading to the sub-stations. In 
operating the transmitter the index spindle is turned 
until it points to the desired signal. The rheotome 85 
is then operated by its handle to make and break the 
circuit, so as to step the indicator of the transmitter 
back to its zero position. The indicator at the sub- 





station being on the same wire, shows the same 
motion, and as its dial is marked in the inverse sense to 
that at the central station, its index points at the end 
of the operation to the same message as that at the 
central station. 

The apparatus at the sub-station is shown at Figs. 4, 
5, 6, and 7. It is comprised within a lamp-post of 
special design (Fig. 7) provided with a red globe 92 by 
which the light can be surrounded as a call signal. At 
a convenient height there is a door 123 which can be 
opened by a key to disclose the parts shown in Fig. 4, 
in which 119 is the receiving indicator, 138 the send- 
ing instrument, 136 the telephone, and 163 the citizens’ 
call. The globe 92 is carried on a sliding tube which 
is eumanile urged upwards by the two weights 100. 
It is normally held down by the engagement of the 
finger 101 (Fig. 6) with the catch 103, this latter being 
l — by the armature 107 of the magnet 108. When 
a signal is received from the central office the arma- 
ture is attracted and releases the catch, allowing the 
red glass to rise and surround the flame. This arma- 
ture is likewise connected by a rod with an anchor 
engaging with an escapement wheel in the receiving 
instrument 119, and at every pulsation of the current 
the index is moved forward one division of the dial, 
until it points to the message which it is desired to 
send. When the policeman has opened the box and 
read the message he pulls down the globe by the hook 
125, and as he does soa projection on the slide encounters 
an arm projecting from the receiving instrument and 
puts its index hack to zero. If an answer is required 
the man may reply by telephone, or he may use the 
said dial just as if he were calling up the central office. 
He turns down the hasp 155 of the sending instrument 
breaking the circuit, and then adjusts the index to the 
required message. The replacing of the hasp completes 
the circuit, whereupon the indicators (Fig. 1) at the 
central station make their strokes. 

The ‘‘ citizens’ call” 163 is a special appliance to 
enable private persons to secure the presence of a 
policeman. It is operated by a key which can be in- 
serted from outside the box (Fig. 7) and turned, but 
which cannot be removed until the box has been opened 
by a policeman. The effect of this is to make the 
number of the sub-station and the words ‘“‘ citizens’ 
call” appear (Fig. 1) at the central station, whereupon 
the inspector causes the red light to be displayed to 
attract the nearest policeman. Each citizen’s key is 
stamped with a number and its owner registered in a 
book carried by the policemen of the beat. 

The apparatus by which the policeman registers his 
number is marked 196-197 (Fig. 6). These pieces are 
sections of a small split tube, and are secured to the 
inner faces of spring plates so that their edges will 
come together without touching. These two tube 
sections together form a spring jack and a holder, and 
receive the circular plug of a policeman’s pocket num- 
ber registering box. This plug is composed of two 
metallic strips, having their outer faces convexed and 
respectively adapted to be received with the two tube 
sections of the spring jack of the switch, the said strips 
being insulated from each other. The number box 
contains a spring which can be wound up, a train of 
wheelwork, and a number wheel. This wheel, which 
is in the circuit of the box, when this is plugged into 
the switch, engages, when it is rotated, with an insu- 
lated spring finger in the same circuit, and makes and 
breaks the circuit according to the number of teeth on 
its periphery. The policeman winds his box by a small 
lever, inserts the plug, and then draws a releasing 
catch, when the number is automatically sent to the 
central station and received on the paper ribbon of the 
Morse ink writer. 

If this description is clear it will be understood that 
no technical knowledge is required of the persons 
using the apparatus. All that is necessary is to set 
the index and to follow the very simple set of instruc- 
tions. The sending index at the sub-station is returned 
to zero by the simple receipt of the message at the 
central station, and this of itself shows that the 
message has arrived. If twoor more sub-stations tele- 
graph at once the one which first sets the apparatus in 
the central station in operation obtains the preference. 
As soon as the apparatus is returned to its normal 
position by the crank 52 the number hand again starts, 
and stops at the terminal of the first wire it reaches in 
which a current is running. If there be a third line 
working the apparatus will start again as soon as it is 
readjusted and soon. There is thus no chance of the 
messages conflicting, and the worst that can happen is 
a little delay. 

Recently Morgan’s Automatic Electric Signal System 
Syndicate, of 76, Finsbury Pavement, gave an exhibi- 
tion of this apparatus at the Westminster Palace 
Hotel. Signals were sent very successfully by the 
visitors, and the ingenuity of the apparatus was much 
appreciated. 





ENGINEERING IN Victor1a.—Mr. W. Davidson, engineer 
of the Melbourne Water Supply Department, has been 
appointed to succeed the late Mr. W. H. Steel, as 
Inspector-General of Public Works in Victoria, at a salary 
of 10007, per annum 
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HELIOSTAT FOR THE SMITHSONIAN 
INSTITUTION, WASHINGTON.* 


By Str Howarp GRvuBB. 


In a large heliostat which I have recently made for 
the Smithsonian Institution of Washington, I have 
introduced some modifications which may possibly 
be interesting to members of the Royal Dublin 
Society. Some of them were designed to meet certain 
peculiar conditions imposed upon me in the contract, 
and some were introduced in the hope of improving 
the efficiency of an instrument which from its neces- 
sarily unmechanical construction is unlikely ever to 
take rank as an instrument of precision. 

The heliostat, or siderostat, as it is sometimes 
called, is, as its name implies, an instrument carrying 
a mirror, or mirrors, which reflect the rays from any 
celestial object in a constant direction, irrespective of 
the apparent motion of that object due to the diurnal 
rotation of our earth. 

There are many forms given to these instruments 
according to the various uses to which they are 
intended to be applied, but all these modifica- 
tions may be classified into two essentially different 
forms, viz., the double mirror and the single mirror 
heliostat. 

The double mirror heliostat is a comparatively 
simple instrument. It consists essentially of an axis 
carrying a mirror at one end, the axis being mounted 
precisely parallel to the axis of our earth, similarly to 
the polar axis of any equatorial instrument. 

This mirror is so set as to reflect the light from the 
object under examination in the direction of the axis 
itself, i.c., towards the north or south pole. If now 
in the direction of this axis another mirror be placed 
capable of being set to any position, the light from the 
slectia’ object can be directed into the desired 
position, in which position it will remain constant so 
long as the polar axis is kept rotating at the same 
rate as our earth, and in an opposite direction. 

The simplicity of this arrangement is so great that 
it would no doubt be invariably adopted were it not 
that the second reflection causes some additional loss 
of light, which, for some purposes of research, is un- 
desirable. 

The single mirror heliostat is a much more com- 
plicated instrument. The best known arrangement is 
that called the Foucault heliostat. There are many 
modifications to suit particular conditions, notably 
that of Dr. Stoney’s, which has already, I think, been 
described at this Society, but the same general prin- 
ciple is embodied in all. . 

The single mirror heliostat consists essentially of 
two parts. One is a mirror mounted with a vertical 
and horizontal motion, and capable, therefore, of 
being placed in any angular position. It is carefully 
balanced, and attached to its box is a strong cylin- 
drical bar. In Foucault’s design this bar projects at 
right angles to the plane of the mirror; in Dr. 
Stoney’s the bar is in the same plane, or parallel to 
the plane of the mirror. 

The second portion of the instrument is similar to 
any ordinary equatorial mounting of a telescope. It 
has its polar axis set parallel to the pole of our earth, 
and carried by clockwork, on one end of this is 
mounted a declination axis, which generally carries a 
small telescope for finding purposes. Across this 
declination axis is mounted another, which is pro- 
longed into a fork-shaped casting at one end, in 
which is carried on a paic of trunnions a casting which 
slides on to the bar above described as attached to 
the mirror box, and which forms the connection 
between the two parts of the apparatus. 

If the equatorial portion of the instrument be accu- 
rately adjusted and placed in position, and the dis- 
tance between the centre of declination axis and the 
centre of motion of mirror be made exactly equal to 
the distance between the centre of declination axis 
and the centres on which the slipping pieces work in 
the fork, any object seen in the Title finder telescope 
is reflected from the mirror in a direction which is a 
prolongation of a line drawn from centre of declination 
axis to centre of motion of mirror. If then the polar 
axis be kept rotating at the proper speed and in the 
proper direction, the light from that object will be 
reflected in a constant direction. 

To any one who has used a single mirror heliostat 
or is familiar with its construction it is unnecessary to 
point out that while in some positions near the 
meridian, and with moderate altitudes, a fair amount 
of accuracy of motion can be obtained, in other 
positions the direction of the driving force acts at such 
acute angles that the greater portion tends to twist or 
bend some part of the apparatus, instead of driving it 
in the required direction, which in some extreme 
positions the mechanism often refuses altogether to 
work. 

As the geometric principles involved actually neces- 
sitate the existence of these very unmechanical con- 
ditions, there appears to be no opportunity of im- 





* Paper read before the Royal Dublin Society. 








proving the construction except by making the 
instrument in such a manner that the work to be done 
shall be as light as possible, while the driving portion 
of the instrument, which is to do the work, is as 
strong, rigid, and powerful as possible. 

In the present instrument therefore (see illustrations 
on page 594), the mirror is mounted on a pair of trun- 
nions, which bear lightly in Y bearings ; but 90 per 
cent. of the weight is carried on a pair of sectors which 
are equivalent to friction rollers of 4 ft. diameter. The 
frame in which these trunnions are carried, which is 
very massive and heavy, revolves on a strong steel 
taper spindle, and has a flotation tank attached, which 
nearly fits into a cast-iron cistern forming the base of 
that. portion of the instrument. Mercury is poured 
into this, and thus 90 per cent. of the weight of the 
whole mirror-carrying apparatus is actually floating 
on mercury; the result being that this frame, mirror, 
&c., which weighs some 200 lb. can be revolved, &c. by 
a force of less than 2 oz. 

On the other hand the equatorial portion which acts 
as the driver is made of a strength and solidity capable 
of carrying efficiently a 6-in. or 8-in. telescope, and the 
clockwork is of the same size and strength used with 
the instruments for the Photographic Survey, which 
each carry a 13-in. and 10-in. telescope. In this way I 
hope to attain an accuracy of movement greater 
than is obtained with instruments of the usual 
proportions. The clockwork is supplied with the 
newest form of electrical control, which from recent 
experiments with the photographic telescopes, we 
find we can thoroughly depend on to the one-fortieth 
part of a second. 

This particular instrument is intended for use with 
a large spectroscope placed at 50 ft. distance, the slit 
of which is always in the same position, and of course 
vertical. 

The slow motions in right ascension and declination 
are available to the observer at this 50 ft. distance by 
cords, &c.; but, besides, there are other motions 
necessary. 

As the slit is necessarily always vertical, it is some- 
times desirable to be able to give a purely vertical or 
horizontal motion to the image. When the object is 
exactly on the meridian, the slow motions in right 
ascension and declination do then give horizontal and 
vertical motions, but not when in any position off the 
meridian. It is necessary therefore to have another 
pair of slow motions which will cause the image to move 
in a purely vertical and horizontal direction, whether 
the object be at the meridian or off of it. 

The vertical slow motion is effected by the simul- 
taneous raising or lowering of the two vertical bars, 
which carry the bearings of the mirror trunnions. On 
the upper end, each of these bars has a screw cut upon 
it ; the nuts which fit these screws are cut into teeth, 
forming mitre wheels, and these two mitre wheels 
or nuts are coupled together by a horizontal shaft 
to which the 50-ft. slow motion rod is geared. 

The horizontal motion is effected by a tangent screw 
and nut which moves the whole mirror frame horizon- 
tally about a centre, which is vertically under the 
centre of the declination axis. In addition to the 
small horizontal motion required for this, the whole 
mirror frame can be ane about this same centre, 
through 45 deg. on each side of the meridian, so 
that for certain special purposes the reflected beam of 
light can be directed to the S.E. or S.W. instead of 
due 8. The vertical and horizontal slow motions men- 
tioned above are connected to shafts 50 ft. long to bring 
them under the control of the observer. 

The adjustments of these instruments are very 
numerous and delicate. It may be interesting to note 
how some of these were effected. 

A portion of the ‘‘ bushings ” carrying the trunnions 
of the piece which slides on the bar attached to the 
mirror was cut away to allow a striding or hanging 
level to be applied to these trunnions. 

By a series of testings and reversals, these trunnions 
were brought exactly at right angles to the shaft which 
carries the fork on which these trunnions revolve. By 
a second series the shaft itself was brought at right 
angles with the declination axis, and by a third series 
the declination axis was brought at right angles with 
the polar axis. 

The polar axis was then set to the correct inclination 
by an ‘‘inclinometer.” Thus the whole equatorial 
part was adjusted without aid of any celestial observa- 
tions, in every respect except azimuth, which can only 
be found by observation. Then a specially prepared 
plumb bob hung from centre of declination axis gave the 
exact position of the centre of rotation of the mirror 
frame, and finally (the slipping piece having been 
removed from its fork) the fork was raised until its 
centres coincided with the horizontal axis of the 
mirror. Bushings with small electrical holes were 
fitted into the bearings of mirror and of fork, and a fine 
silver wire stretched through all four holes ; this in- 
sured that the distance from declination axis to mirror 
axis was precisely similar to thatfrom declination axis 
to centre of motion of slipping piece, and this com- 
pleted the adjustment so far as it is possible to do it 
mechanically. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 9, 1890. 

Tue American iron trade is barely holding its own. 
Certain influences are at work to depress prices, and 
others to effect an advance. During the past few days 
large buyers of crude iron have been more liberally 
covering summer requirements, but the demand is not 
sufficient to cause any advance above 16 dols., 17 dols., 
and 18 dols. for northern makes of forge, No. 2 and 
No. 1 foundry. gg brands of No. | are in active 
request at 18.50 dols. to 19 dols. The furnace pro- 
duction is about 180,000 tons per week. Bessemer 
iron is weak, but makers are looking forward to the 
possibility of an advance of 50 cents to 1 dol. in the 
near future. They have all completed their contracts 
for a supply of cae ore for the season. The ore out- 
put for 1890 will exceed that of any previous year. 

The steel railmakers are to-day quoting 33 dols. for 
rails at eastern mills, and 35 dols. at western. In- 
quiries received within the past forty-eight hours cover 
50,000 tons. Most of these rails are wanted in the far 
west, and will be ordered at Chicago. Two rail mills 
in the west are temporarily idle, but repairs and im- 
provements are being made, in order to increase their 
capacity. The demand for all kinds of machinery 
exceeds anything known in our history. The 1st of 
May labour agitations have passed, and employers are 
now freed from apprehension on this account. The 
carpenters in nearly all of the larger cities struck, and 
have gained their point. Work is now generally 
resumed, and there is no probability of further ol 
tions, excepting in the iron trade; the ironworkers 
are discussing the wisdom of asking another advance. 

The railroad companies are ordering immense 
amounts of equipments, from locomotives and cars, 
down. The Pennsylvania Company has just ordered 
10,000 cars for its lines west of Pittsburg. The Union 
Pacific and the Missouri Pacific have ordered 8000. 
The B. and O. Company has orders out for 4000, and 
several other companies have placed orders ranging 
from 500 to 2000 cars each; 30-ton cars are now in 
general use, where 10-ton cars were employed ten 
years ago. The locomotive shops are all crowded 
with work. This movement upon the part of the rail- 
road companies will no doubt help the iron trade, 
directly and indirectly. They have been backward 
buyers for months past, and their more liberal course 
now points to hardening prices, and a more liberal 
placing of orders by the smaller manufacturing 
interests. 

Notwithstanding the appearance of ample crude iron 
producing capacity in the country, the projection of 
new furnaces continues. According to a recent esti- 
mate, thirty new and well-equipped furnaces will be 
blowing by the end of the year. 








INDUSTRIAL NOTES. 

QUESTIONS of — and labour are at present dis- 
cussed under the influence of the recent demonstrations, 
to a greater or less degree. By the working classes 
in a tone of congratulation and hope, by employers 
with a certain amount of uneasiness as to what it all 
means, and by the public, so-called, that is those not 
directly affected, in varying moods, from sympathetic 
apathy to indifference as to the result, or with distinc- 
tive favour to pronounced antagonism to the claims put 
forward, or to the means by which they are sought to 
beattained. The forces for and against are not at pre- 
sent ascertainable, not even amongst the working people, 
inasmuch as the various and numerous sections cannot 
yet comprehend how and to what extent the changes 
proposed will or would affect their own industry, 
wages, and the general conditions of their working 
lives. That the igulative demand for the eight hour 
day is making some progress, is undeniable. A number 
of members have actually or virtually pledged them- 
selves to vote for an Eight Hours’ Bill for miners. 
The demand for an eight-hour day for Government 
employés, and for those employed by municipal and 
local authorities, is not so distinctly supported. But 
an Act of Parliament day for any one class of work- 
men, involves the principle, which, when once admitted, 
cannot in justice be withheld from other employments, 
whether the workpeople are employed by the State, 
by local authorities, or by private firms, or public 
companies. 





The report of the Sweating Committee of the House of 
Lords is at last published. It is regarded as disappoint- 
ing on the whole, and halting in its recommendations, 
The report states that the evils of the sweating system 
arecomprised generally under three heads. (1) The 
rate of wages which the Committee think is inadequate 
to the necessities of the workers, or disproportionate 
to the work done. The earnings of the lowest class of 
workers are barely sufficient to sustain existence they 
say, an evil that can hardly be exaggerated. (2) The 
excessive hours of labour make the lives of the workers 
periods of almost ceaseless toil, hard, and often 
unhealthy. (3) The insanitary state of the houses 


wherein the work is carried on, and the conditions 
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under which the work is done, are not only injurious 
to the employed, but dangerous to the public. The 
Committee state that these evils, and their observations 
thereupon, are mainly confined to unskilled workers. 
The Committee think that the middleman is not the 
cause of the evils complained of, but the consequence ; 
and they further think that too much stress has been 
laid upon foreignimmigration. The Committee recom- 
mend more inspection and a larger number of inspectors, 
the extension of co-operation, aud well-considered com- 
bination. This is the first instance of a Lords Com- 
mittee recommending combination. Heretofore, all 
their reports have been adverse to combinations of 
workmen, as injurious to commerce, trade, and the 
general welfare of the community. 





Throughout Lancashire, in the engineering trades, 
there is very little slacking off in work, if any. Activity 
is well maintained in all branches, and in some depart- 
ments, particularly boilermaking, there is a consider- 
able weight of new work coming forward. Locomotive 
builders have plenty of work in hand to keep them 
fully employed for some time to come, but they 
complain of a scarcity of new orders. The shipbuilding 
industries in the Mersey are slackening off, as the 
vessels on order or on repair are being completed, 
while no new orders are to hand to fill their places. 
The machine toolmakers are busy, and have work 
enough on hand to keep them fully employed throughout 
the present year, while machinists generally have 
sufficient in hand to carry them far into next year. 
Still, in spite of the present activity, there is a feeling 
of uneasiness as no large new orders are coming 
forward to fill the places of those running out. The 
men in the different branches of the engineering trades 
recognise the difficulties looming in the distance, and 
consequently are not so elated as they were some 
months since. Labour disputes are few and far between, 
and of no special importance just at present. The 
leaders counsel moderation and prudence, and the men 
abide by their advice. In the iron trade the depression 
seems to increase, prices showing a downward tendency. 
Consequently business is restricted to present require- 
ments wherever possible. Purchases, it is said, are 
made below the nominal quotation, and makers show 
very little confidence in the future as to any important 
rise in prices. Meanwhile employment is plentiful, 
wages good, and the hours of labour are not excessive, 
except where overtime is still being worked in many 
branches. 


The Midland Iron and Steel Wages Board have held 
a meeting to consider the proposed revision of the 
sliding scale, and especially the question of the 1s. 9d. 

remium to which attention was called in these Notes 
in the last issue of ENGINEERING. Mr. B. Hingley, M.P., 
presided, and there was a full Board. He explained that 
the difference of 9d. per ton, or 74 per cent., existed 
between the prices mi by the North of England iron- 
masters and those represented on the Board; and, 
therefore, that notice had been given to the operatives’ 
section for the reduction of the sliding scale premium 
from ls, 9d. to 1s. per ton. This the masters con- 
tended would equalise the wages in the North and in 
the Midlands, and place the employers on a footing to 
enable them to compete. Mr. Hingley further re- 
minded the meeting that the employers had asserted 
that the premium was at least 3d. per ton too high, 
and that the operatives’ i had promised 
to reconsider the matter if a necessity should arise. 
The discussion which followed the speech, and the 
proposals it contained, was creditable alike to the 
representatives of the employers and of the men. 
The former deprecated the attempt on the part of 
some employers to neduce wages below the scale with- 
out the sanction of the Board ; and the men evinced a 
desire to meet the employers’ proposal in a fair and 
candid spirit. The feeling was general that the rates 
should be equalised, and it was thought that the ex- 
pected rise of 5 per cent. in the North, and a reduction 
of 24 per cent. in the Midlands would effect the object. 
The decision was adjoured until the 28th instant, when 
a modus vivendi will doubtless be arrived at. The 
meeting was most cordial and conciliatory on both 
sides. 


In the Cleveland district a dispute has arisen at the 
Eston Steel Works, whereby the whole of the manu- 
facturing department has been rendered idle. It appears 
that there are about a dozen firemen employed for 
lighting up the boilers. These men had usually started 
work on Sunday night at twelve o’clock, working until 
6 a.m. on Monday morning, for which they were paid 
as for one shift. Owing to the company running short 
time they were ordered to start on the Monday after- 
noon at one o’clock, for which they were to he paid 
half a shift ; the men refused unless they were paid a 
full shift. This, it is stated, is contrary to the sliding 
scale arrangement. The ‘‘mechanics” at the same 
works also struck, because the works were closed on 
the short day, Saturday, and claim for the extra 
half hours during the week that these constitute the 
working day on Saturday, instead of the portion of the 





fullworking week somadeup. The firm refused so to con- 
sider the matter, and the men struck. The miners in 
the Cleveland district, and all workers at and about the 
mines, are moving for an eight hours’ day for all 
workers. The views of the men are being ascertained 
by voting papers, both as to the reduction of working 
hours, and the means by which the reduction is to be 
obtained, whether by Act of Parliament or by combi- 
nation and strikes. They are further taking the 
opinion of the men as to the accumulation of stocks of 
pig iron, which the men allege injuriously affect prices, 
and indirectly wages. It is thought that the vote 
will be in favour of an eight hours’ day, and also of 
reducing stocks. The action thus taken supports the 
views of the blast furnacemen, the two bodies working 
in unison in these respects. The colliery strike at 
Messrs. Straker’s collieries is injuriously affecting the 
iron trade, as fuel is scarce at the works. 


In the Sheffield and Rotherham district trade con- 
tinues fairly good in most branches. The strike of the 
stove-grate makers still continues, but rumours are 
again afloat of some settlement being effected at an 
early date. The struggle has been more prolonged 
than was anticipated, both parties being determined 
not to give in. The potters’ strike, which has also 
been a prolonged one, has been settled by the conces- 
sion of 5 per cent. at once, and the second 5 per cent. 
on August 1, thus making the 10 per cent. originally 
demanded by the men. A good deal of dissatisfaction 
had for some time existed among some of the iron and 
steelworkers of the district with respect to puddling a 
special kind of iron, the men alleging that they could 
not keep up the furnaces for this special iron with 
those on the ordinary common iron, and lost heats on 
that account. The matter was considered by a special 
meeting and the manager was seen on the subject. He 
promised to distribute this special kind of iron among 
the men proportionately, and the committee thereupon 
advised the men to give it another trial, it being hoped 
that the mixture would be improved. The labourers’ 
organisations in the district are somewhat quieter in 
tone, though they are busy in extending their influence 
wherever possible. The stubborn fight in the stove- 
grate trade and with the potters has caused a little 
more reticence in the demands which were made a few 
weeks ago, as these two strikes have monopolised all 
their attention, and required all the help the men could 
=~ in the shape of pecuniary assistance. Some of the 

isputes which were threatened some time since have 
subsided ; their renewal will depend upon the state of 
trade. 





The strike of the ironfounders at Bolton is not yet 
settled, and steps are about to be taken to force it to a 
termination. It appears that certain firms affected have 
been getting their castings done at other firms by men 
who Tinea to the union, thus evading the strike. A 
few days since a meeting of delegates was held at Man- 
chester, at which 55 attended, representing 5000 
members, when it was agreed that the executive of the 
union in London should take steps to prevent the cast- 
ings being made, or other steps as may be deemed 
necessary to bring the strike to a successful issue. 

The monthly report of the Ironfounders’ Society for 
May states that there is a decrease of 79 on the un- 
employed list, the total being 1403, as against 1502 last 
month. Of these only 435 were on the unemployed or 
out-of-work benefit, the others being on the sick list 
or superannuation. The state of trade shows that in 
101 places, where 13,332 members were employed, the 
state of trade was either very good, good, or not so 
good, or moderate; in the previous month the same 
terms apply to 109 places, employing 13,925 members. 
Generally trade is good, and the members are well 
employed, but there are indications of slackening in 
14 places, as against five places in the previous report. 
The slackening is, it appears, more distinctly visible in 
the Tyne district, where the shipbuilding industry is 
falling off, new orders not coming forward to replace 
those nearing completion. The society has refused to 
employ an organising travelling delegate for propa- 
gandist purposes by a majority of nearly 4000. The 
total increase of members in the month was only 24, a 
falling-off compared with other months, 





Another strike has taken place among the dock 
labourers at Liverpool, against working with non- 
union men. The Employers’ Labour Association 
expressed their determination to import non-unionists 
soas to meet the difficulty. Whether they will suc- 
ceed or not remains to be seen, the discharge of those 
who went in previously does not encourage the ex- 
periment. The men further threaten to strike for 
other points in their union rules, which they allege 
were not conceded by the shipowners at the close of 
the previous strike, a short time since. 


The iron and steelworkers, locked out at the West 
Cumberland Iron and Steel Works, at Workington, 
have offered to return to work at 74 per cent. reduc- 
tion. This offer the masters have refused. The latter 
will open their works at a reduction of 10 per cent. 





if the men like to restart upon these terms. About 
800 workmen are ener at those particular works. 
Much suffering has been endured during the dispute, 
in which it is stated that a total of 12,000 persons have 
been thrown out of employment. 





The colliery enginemen of Durham, Northumber- 
land, Yorkshire, North and South Staffordshire, 
Shropshire, &c., have determined to make a effort 
to establish a uniform eight hours’ day in all 
districts. At the recent conference held at Dudley 
it was stated that the eight hours’ system was in 
operation in many districts, but they wanted it 
to be universal all over the country for engine- 
men working at collieries, and all other mines. The 
conference decided to support the movement for 
enforcing an examination and the granting of certifi- 
cates of efficiency to men in charge of engines, as a 
matter of public safety. 





The Durham miners have had an interview with the 
coalowners with respect to the demand for a further 
15 per cent. advance in wages. The employers decided 
that they could not at present concede the demand as 
prices would not allow of its being done, but if trade 
improved so as to permit of it they would meet the 
men in a month’s time to discuss the matter further 
with the Federation Board. 

The miners in South Wales have been holding a 
holiday—calling it St. Mabon’s day—in honour of their 
member, Mr. William Abraham. Meetings were held 
in all the chief districts comprised in the union. There 
is a movement in favour of giving notice to terminate 
the sliding scale arrangement on July 1 next. The 
men declare that they are entitled to 174 per cent. 
advance, and they allege that the sliding scale will not 
effect this. 

The Scotch miners are beginning to suffer reverses. 
The Maryhill miners have been reduced 6d. per day. 
The men in one of the collieries have determined to 
resist the reduction by going out on strike. A proposal 
to work only four days a week in Lanarkshire in order 
to restrict the output was rejected by the men. 

It is rumoured that some of the Lancashire coal- 
owners are contemplating a reduction in wages in con 
sequence of the lowering of prices; but no step in 
that direction has been taken as yet. In other mining 
districts there is little to report, some small disputes 
have been, or are being, arranged. But there are 
indications of an uneasy feeling arising lest some un- 
toward incident might lead to reductions in the near 
future. 

The shipjoiners’ strike has not yet been settled. 
Out of fifty-three firms fifty-one have conceded the 
men’s demands of 6d. per day advance in wages ; the 
other two firms remain firm in refusing to grant 
the advance up to the present. These two firms are 
the largest, namely, the Thames Iron Shipbuilding 
Company and Messrs. Samuda Brothers. The strike 
took a new turn a few days since, when a vessel which 
had been completed by non-union hands was ready for 
its trial trip the ‘‘ coalies” refused to fill the bunkers, 
and so the trip was postponed. 





The railway employés in various parts are dissatisfied 
with the Fs nae being made as regards hours of 
labour and increase in wages, and some appear to be 
in a condition of finding fault with their union. Asa 
result a new organisation has sprung up, called the 
General Railway Workers’ Union, which body organ- 
ised the meeting in Hyde Park on Sunday. All the 
advertised speakers are non-union men—and women—- 
not in the least degree connected with railway work 
in any department. 

The Amalgamated Society of Railway Servants 
have been holding a conference, at which much dis- 
content was expressed at the tardy way in which their 
reasonable demands were met by the several railway 
companies. The London men employed on the great 
lines have determined to throw in their lot with the 
Amalgamated Society, and to press for shorter hours, 
better conditions of labour, and higher wages in all 
legitimate ways. 








IRRIGATION IN AUSTRALIA.—Thereare at least six different 
systems of irrigation tenurein Australia. These may be 
enumerated as, first, the national system now being tried 
on a small scale at Pellaring Flat, near Mannum, where 
the South Australian Government is about to offer State 
reserved land and water rights under the conservator of 
water ; secondly, the shire system as followed by the 
Public Trust of Victoria; thirdly, the enterprises assisted 
both by land grants and bonuses, as at Mildura ; fourthly, 
those only aided by land grants as at Renmark ; fifthly, 
those under which the land will be bought specially for 
purposes of irrigation from the Government ; and sixthly, 
those which will depend upon the diversion of lands 
already purchased and utilised for agriculture and other 
ley mem to form irrigation settlements without any sort 
of dealing with the State. An Irrigation Trust Company, 
which has been started with a oe yr capital of 
1,500,000/., will, it is expected, be obliged to conduct its 
operations under the conditicns of the fifth and sixth 
systems. 
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THE CARLISLE ACCIDENT. 

IN the brief notices which we have already pub- 
lished of the disastrous accident which occurred to 
the West Coast Scotch express at Carlisle on March 4 
last, we stated that we should postpone any com- 
ments on the causes of this collision until after the 


ter- | publication of the report of the Inspector to the 


Board of Trade. This report, by Colonel Rich, 
has now been issued, and we publish it in full 
(with the exception of the evidence and appendices) 
on page 604 of our present number. A perusal of 
this report—a perusal which we recommend before 
the reading of the present article—and a com- 
parison of its conclusions with the evidence given 
during the inquiry will, we think, show that the 
views expressed by Colonel Rich are at least open 
to some discussion. 

The general occurrences during the journey of 
the train which met with the accident are so clearly 
stated in the early part of Colonel Rich’s report 
that it will be quite unnecessary for us to recapitu- 
late them here, and we may proceed at once to the 
deductions which may be drawn from these events. 
The subject naturally divides itself into two parts, 
namely, first the mishap to the brake of the Gou- 
rock van between Euston and Tring, and, secondly, 
the disaster at Carlisle. To a certain extent these 
two matters are entirely distinct, but neverthe- 
less, as we think will be seen, the facts relating 
to the one have a bearing on the other ; and both 
require notice at our hands. 

First, then, as to the mishap to the Gourock van; 
and here, for the benefit of those of our readers 
who are not conversant with the automatic vacuum 
brake apparatus, we may state briefly the nature of 
the arrangement, so. as to enable the subsequent 
references to gauges, &c., to be more readily un- 
derstood. In this brake apparatus, then, the brake 
is applied, by the movement of a piston in a cylin- 
der, the upper and lower ends of which are both 
in communication with the pipe extending through- 
out the train; but whereas the connection of this 
pipe with the lower end of the cylinder is direct, 
that with the upper end is intercepted by a ball 
valve which opens from the cylinder towards the 
train pipe, this valve moving horizontally away 
from its seating, so that a very small force is re- 
quired to open it. The effect of this arrangement is 
that when a vacuum is formed in the train pipe the air 
is exhausted from both ends of the brake cylinders, 
and the pistons are thus in equilibrium as far as 
air pressure is concerned; but when air is admitted 
to the train pipe, the ball valves prevent its access 
to the upper ends of the cylinders, and it thus acts 
on the lower side of the pistons only, and raises 
these pistons, thus applying the brake. In the 
brake vans two gauges are provided, one communi- 
cating with the train pipe and one with the upper 
end of the brake cylinder or reservoir, the differ- 
ence between the readings of these two gauges 
evidently measuring the difference between the 
pressures above and below the brake pistons, or, in 
other words, the effective pressure with which the 
brakes are being applied. During the running of 





the train the vacuum in the train pipe is maintained 
by a small ejector, which removes any air entering 
the pipes through leaky couplings, &c. 

In the simple—or non-automatic—vacuum brake, 
on the other hand, similar brake cylinders are em- 
ployed, but the brake is applied by forming a 
vacuum above the pistons and released by destroy- 
ing that vacuum in the train pipe, the mode of 
working being thus just the reverse of the auto- 
matic arrangement. The London and North- 
Western Railway Company are at present in a 
transition state as far as their brake equip- 
ment is concerned, and to enable their trains to be 


604|made up for either automatic or non-automatic 


brake working, the carriages are fitted with a five- 
way cock, which, as described by Colonel Rich, 
enables either type of brake to be used, or the 
brake to be put out of action altogether. 

In the case of the Gourock van, it was found, 
before starting at Euston, that the indicator of the 
reservoir gauge did not move when the driver 
formed a vacuum in the train pipe. This of course 
showed an obstruction between the train pipe and 
reservoir. Some oily waste was then burnt under 
the fiveway cock when the reservoir gauge began 
to move, and, according to the evidence of John 
Freeman, the foreman of the carriage department at 
Euston, ‘“‘ went round up to about 17 in. equal to 
‘“‘the train pipe gauge.” We have here clear 
evidence of the existence of an obstruction which 
was thawed away by the burning waste. 

The train was then started and the brake is re- 
ported to have acted well at Willesden (the first 
stop out of London), but at Tring the train was 
stopped by signal, in consequence of a ‘‘ stop and 
examine train’ message having been received from 
Northchurch, and it was then found that the brake 
of the Gourock van was hard on and the tyres and 
brake-blocks red-hot. Colonel Rich is evidently 
of opinion that this result was due to the fiveway 
cock having been placed in the position correspond- 
ing to ‘‘non-automatic” instead of ‘‘automatic” 
working, so that the taking off of the brakes of the 
rest of the train applied the brakes of this van and 
vice versd. The evidence, however, does not sup- 
port this view. Peter Armstrong, the rear guard 
of the train, stated that when he examined the van 
at Tring, ‘‘the quadrant on this van was at auto- 
‘*matic working,” while later on he confirmed this 
evidence as follows: 


When I examined the train at Tring all the levers on 
the coaches were standing in the position for the auto- 
matic brake to work. The lever handle on the Gourock 
van was in the same position as the rest, viz., for auto- 
matic working. I turned all the levers to work simple 
vacuum fevan ving to Rugby, but I had to get the con- 
ductor’s assistance to turn the one on the coach next to 
the tender. I think the night foreman at Tring did not 
reach the train until after I had reversed the levers on 
the Gourock van. 


Colonel Rich further remarks that ‘‘as soon as the 
‘*vacuum pipe at both ends of the van was detached 
‘*from the train, the brake-blocks came off,” but this 
appears to us to scarcely accurately describe what 
occurred as narrated in the evidence. Thus John 
Downie, the conductor of the train, stated : 


At Tring, where we could not get the brakes off No. 35 
van, the guard and I and two sleeping carriage attendants 
went along the train and moved the evers to change the 
automatic brake into the simple vacuum brake, but we 
could not release the brake on 35 van, so we drew the 
train on to Tring Station with the wheels of the van 
skidding, and the porter at the station released the pi 
and couplings at the back of the van from the rest arte 
train. This appeared to ease the brake-blocks, and when 
the driver drew forward, the trailing pair of the van 
wheels revolved, and as he backed it into the siding the 
front pair also revolved. The van was a six-wheel 
vehicle. The brake does not act on the centre wheels. 


We have also to consider that if the fiveway 
cock of the Gourock van had been put into the 
non-automatic position, the brake on that van 
should have come off when the other brakes were 
applied to stop at Tring, and should not have been 
found hard on ; while further there is the evidence 
of D. F. White, the engine-driver who was in- 
structed to bring the van from Tring to Wolverton 
on the following day. This witness stated that 
when he got to Tring : 


They did not appear to have ascertained what was 
wrong with the van ; it was coupled up to my engine and 
I blew up the vacuum to 20 in., but could not get the 
brake off. They then uncoupled a small pipe underneath 
the van and two or three drops of water came out. I held 
the pipe to the firebox to see if there was any ice in it, 
but there wasnone. Mr. Eaton, from Bletchley, and one 
of the carriage department men were there, and they 


all 
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then disconnected the vacuum pipe from the engine again 
and by this time the brake had come off, and I work 
the van to Bletchley. 

Altogether there appears to be abundant evidence 
for believing that the brake apparatus of the 
Gourock van was deranged by obstruction in the 

ipes, both before starting from Euston and again 

fore arriving at Tring, and thus that there is no 
occasion for assuming, as Colonel Rich has done, 
that the fiveway cock had been carelessly placed in 
the wrong position. As for the brake coming off 
gradually when the hose pipes were uncoupled, 
Colonel Rich appears to overlook the fact that 
according to Armstrong’s evidence the fiveway 
cock on the van had been turned into the ‘‘ non- 
automatic” position before this uncoupling took 
lace. 
: We now come to the more important matter— 
the disaster at Carlisle. It will be fresh in the recol- 
lection of our readers that the verdict of thecoroner’s 
jury (see page 485 ante) attributed the collision en- 
tirely to the failure of the brake and acquitted the 
driver of all blame. Colonel Rich, on the other 
hand, acquits the brake and condemns the action 
of the driver. The decision of the jury was based 
on the opinion that the brake had failed owing 
to the obstruction of the pipes or connections by 
ice, while Colonel Rich considers that the driver 
failed to work his small injector to maintain the 
vacuum in the train pipes between Shap Summit 
and Carlisle ; that when the brake applied itself, 


owing to this vacuum not being maintained, he ‘‘ran | 8 


through it,”—that is, he kept running until the 
brake had entirely or almost entirely leaked off ;— 
and that finally when he tried to apply the brake 
on nearing Carlisle, he had no vacuum available. 
Let us briefly examine the evidence bearing on 
these points. 

In the first place Colonel Rich considers that the 
driver (Rumney) shut off his small ejector on 
arriving at Shap Summit, and did not again apply 
it. This opinion appears to be based on the fact 
that another driver with whom Colonel Rich rode 
on another day, shut off the small ejector when 
making a stop, and further informed the colonel 
that it was the practice to do this at large stations 
to prevent noise. Rumney, in his evidence, how- 
ever, most directly denies shutting off the small 
ejector, not only at Shap Summit, but at any other 
stations with the exception of Wigan, where the 
train was parted to add vehicles. Further he states 
that he created the vacuum at Shap Summit by 
means of the small ejector. His statement of 
occurrences between Shap and Carlisle is as 
follows : 


Before leaving Shap I blew up the vacuum to 25 in. by 
means of the small ejector on my engine, and I maintained 
it at from 21in. to 22 in. all the way to Wood Bank, 
where I tested the brake before getting to Carlisle. At 
Wood Bank I tested the brake by opening the release valve 
on the splasher of the engine, and my gauge went down 


to zero, but I noticed that the brake did not seem to be 
acting. Before testing it I saw that my gauge registered 
22in. I then blew up again to 25 in. by means of the 


large ejector lever, and then, by pushing home the steam 
lever, I opened the release valve to apply the automatic 
brake and my steam brake to the engine. My gauge 

in went back to zero, but I did not feel any check on 
the train; the steam brake was on my engine. I then 
reversed the engine, and told the fireman to put his screw 
brake on and open the sand valves. At this time we were 
running between 40 and 50 miles an hour, to the best of 
my judgment, and were between Upperby Bridge junc- 
tion and the steam sheds. I whistled for the guards’ 
brakes on approaching the steam sheds, and again on 
entering the Citadel Station. I do not think we were 

ing more than oe | miles an hour when running 
through the station. We were going about the same 
speed when we struck the Caledonian engine. I never 
felt the automatic vacuum brake go on at all after trying 
to test it at Wood Bank; I had my hand on the large 
ejector lever when the collision occurred. 


Further, he subsequently added : 


When I used the automatic vacuum at Shap Summit 
my gauge went back to zero and returned to the vertical 
and worked w? again to over 20 by means of the small 
ejector while I was standing and oiling at the summit. 


In the inquiry before the coroner also, Rumney, 
in reply to questions put by Colonel Rich, gave 
evidence as follows : 


Do you recollect whether you noticed your gauge after 
leaving Shap before you got to Wood Bank?—I kept 
taking notice of the gauge all the way down the bank, 
both that and the steam. 

Will you tell the jury where you noticed it, and what it 
was recording when you noticed it at the different places. 
Clifton would be the first place you would 2—Yes. 

Did you notice it at Clifton’—I think it was between 
21 and 22 at Clifton, the same at Penrith, Plumpton, 





Calthwaithe, Southwaite, and Wreay. I noticed it very 
particularly at Wreay. 

You must have had a very good one, because when T 
ran the train up the other day it only made 17 instead ot 
21 or 22?—My engine vacuum pipe was very good. 

What do your regulations direct you to keep up; what 
pressure on the gauges ?—165 in. 

And you had 21?—Yes, but the more vacuum we keep 
the better the brake acts. 

Then you had 21 in. the whole way, till you got to the 
place where you tried to apply it?—At Wood Bank. 

And there you found the automatic brake did not bite ? 
No, I found it release itself too quick. 

hy did it not release itself coming down the bank ?— 
Ido not know. It would not release itself on my engine 
as long as my small ejector wasopen. The vacuum seemed 
to escape too quick when I opened the valve. 


Of course, this evidence, if accepted, would dis- 
pose of the supposition that Rumney shut off his 
small ejector at Shap and forgot to restart it, but 
Colonial Rich meets this by saying: ‘‘I place 
‘*no reliance on the driver’s evidence as to the 
‘* state of his gauge when descending Shap.” Let 
us then see how far other evidence bears upon the 
point. First we have the evidence of John Downie, 
the conductor of the train. He says: 


The train ran from Preston to Shap Summit all right, 
and stopped there at 2.50 a.m. to detach the pilot engine. 
It was thirty minutes late. After doing this we left at 
2.55 a.m., which was thirty-three minutes late. We then 
ran all right, and at about the usual speed to Upperb 
Bridge junction, where I applied my hand-brake, Pay 
usually do. I put it hard on and chained it. At the 
same time I saw that both the train pee and _ reservoir 

auges were standing at 13 in. (I had noticed on pass- 
ing Wreay they were both standing at 17 in. to 18 in.) 
Then I consulted my timepiece to see what time I 
would book the arrival of the train at Carlisle Station 
for the driver’s ticket, which had to ready on 
arrival at Carlisle. I then looked out just after pass- 
ing Upperby Bridge junction, say 300 yards north 
of the junction, and I thought the driver was run- 
ning too hard. Upperby Bridge Junction is about 
1} miles from the south end of the station. The 
driver had applied the brake a little on the south side of 
Upperby Bridge junction. I saw the gauge go back as I 
was standing watching it, but I did not feel the blocks 
rubbing, nor did I perceive any slackening. The speed 
was about thirty miles an hour as we passed Upperby 
Bridge junction. I did not attach any importance to 
this, use the driver only reduced the vacuum two or 
three inches. After looking out, as stated, about 300 yards 
north of Upperby Bridge junction, I turned round to put on 
the automatic brake, but found that the gauge showed 
zero for the train pipe. I held the lever down for about 
10 seconds. I did not, however, feel the brake taking 
any effect on the train. I concluded that the driver 
or some one else had put on the automatic vacuum 
brake, but I had not felt it. The gauge stood in that 
way until we stopped. I observed that the reservoir 

auge stood at 13 in. as we passed through the station. 

he driver whistled when about passing No. 5 cabin, and 
that was the first time I heard him whistle. I could then 
do nothing more, my hand brake being on at the time 
and chained up. We ran through Carlisle Station ata 
speed of about 30 miles an hour, I should say. I felt the 
train slackening when od van was about opposite the 
bookstall, about the middle of the station. It continued 
slackening until we struck the Caledonian engine, which 
was a little north of No. 4 cabin, which is at the north 
side of the station. I should think we struck it at about 
20 miles an hour. 


The evidence of Peter Armstrong, the rear 
guard of the train, is to the same effect. He said: 


After leaving Preston we first stopped at Shap Summit. 
The automatic vacuum brake was applied by the driver 
to stop the train and put off the assisting engine, and it 
worked all right. t did not feel the driver test the 
automatic vacuum brake on approaching Carlisle. I 
applied my hand brake before nen Srey Bridge 
junction, in accordance with my usua ameage and I 
never took it off afterwards. I did not hear the driver 
whistle, but I found that we were going too fast_ when 
passing the engine shed, which is a little north of No. 12 
cabin, and I applied the automatic vacuum brake. I did 
not feel it take any effect. I could not see the wheels of 
any of the carriages skidding except those of my own 
brake van, although I looked out for the purpose. We 
ran through Carlisle Station at from 30 to 35 miles an 
hour. e@ speed slackened after coming into the 
station. We pulled up fast on coming to the level part 
of the line in the station, but the train did not appear 
to do so until then, and we ran into a Caledonian engine 
at the north side of the station. . . . Iam quite satisfied 
the automatic brake took effect at Shap Summit. When 
2 steam | Upperby Bridge junction I had 15 in. of 
vacuum, which was reduced to zero in the train pipe, 
when I applied the automatic vacuum brake, at the south 
side of the engine shed. The reservoir gauge went back 
from 15 in, to 10 in., at which it remained while we ran 
through the station. I expected that I was applying the 
brake throughout the whole of the train, pis put it on 
for that purpose. I could not see that it took any effect. 
There was nothing unusual in the speed of the train pass- 
ing Upperby Bridge junction. It was about 45 to 50 
miles an hour. I think the speed was a little reduced 
when the train reached Upperby Junction. . . . . 

At Wigan both gau in my van showed 18 in. or 
20in., and remained the same to Shap Summit. Pass- 





ing Penrith I had about 16 in. in both 
stood the same until after we passed 
went down to 15in. 

According to the evidence we have quoted, there- 
fore, the vacuum shown by the gauge on the 
engine between Shap and Wood Bank was from 
21 in. to 22 in., while in Downie’s van (about the 
middle of the train) the train pipe gauge indicated 
on passing Wreay 17 in. to 18 in., and in the rear 
van (Armstrong’s) about 16 in. at Penrith, reduced 
to 15in. in passing Wreay. In running through 
the station at Carlisle the reservoir gauge in 
Downie’s van stood at 13in., and that in Arm- 
strong’s van at 10in. Downie also states that the 
train pipe gauge had gone down to zero about 300 
yards north of Upperby Bridge junction, when he 
himself also pressed down the lever to apply the 
brake, while Armstrong says that the train i 
pressure went down to zero when he applied the 
brake on the south side of the engine sheds which 
would be about the spot where Downie noticed the 
drop in pressure. Now this is all fairly consistent 
evidence, and it would, we think, require very strong 
evidence of a contrary character to warrant its 
rejection. 

As assisting to arrive at a conclusion on the 
matters at issue we must now refer to the evidence 
available as to the condition of the brakes on the 
train when it ran through Carlisle Station. First, 
Mr. John Robley, who was doing station-master’s 
duty at Carlisle on the night of the accident, stated: 
‘*T saw the tender brake on as the train was 
‘* entering the station, and, after the train passed 
‘* me, the rear brake. No others.” Next Thomas 
Harper, signalman on duty in No. 5 cabin, south 
end of Carlisle Station, deposed: ‘‘ The brake on 
‘the rear van and the brake on the tender of the 
‘* engine were the only brakes I saw on.” Next, 
William Potts, carriage examiner for the Caledonian 
Railway Company at Carlisle gave evidence as 
follows : 


I recollect the 4th March, when the accident happened. 
I got on the scene perhaps a minute and a half after it 
happened. I was on duty. I looked at the brake-blocks., 
I found two hand-brakes on, and two vacuums not hard 
on, only rubbing, one on the Caledonian composite No. 
30, and one on No. 43 West Coast composite. All the 
rest of the brakes were off. I did not notice whether the 
brake was on the engine or tender. I merely attended to 
the carriages as far as I could see what the brakes were 
like. I understand the brakes partly. All the lever 
handles were standing at ‘‘automatic,” standing on the 
A side. Idid not examine the wire pulls that take off 
the brakes for shunting. The only two I did anything at 
were No. 30 and 43. leaked the vacuum off these two. 
I turned one of the handles to simple vacuum. The 
brakes then relieve themselves, and the other I leaked off 
by - wire. I could not pull the lever over; it was too 
stiff. 


William Kelly, lampman, who was standing on 
the Carlisle platform waiting for the train to come 
in, also gave evidence on this point. He said: 


All the brakes that I saw on were on the north van and 
ontherear van. 1 saw thisas the train passed me — 
through the station. Standing on the platform I coul 
see the coaches as they passed. The Bristol carriage was 
slightly rubbing, but very little. It was the second 
carriage behind the north van, about the middle of the 
train. 


auges, and they 
reay, when they 


The ‘‘ Bristol carriage” mentioned by Kelly wa 
the ‘‘ Caledonian composite No. 30” referred to by 
Potts in his evidence already quoted. As to the 
condition of the brakes further south as the train 
was approaching Carlisle, Anthony Hudson, the 
signalman at No. 13 box—that at Upperby Bridge 
junction—stated that when the train passed him 
‘*the rear van wheels were skidding and sparks 
‘* were flying from the rails. No other brakes were 
‘fon.” John Hall, also, the signalman on duty at 
the next box northwards—No. 12—said that when 
the train passed he ‘‘ noticed that the tender brake 
‘* and the rear van brake were hard on. The front 
‘* van brake may have been on, but I did not notice 
‘* that it was.” Here again we have a consistent 
mass of evidence showing that the only brakes hard 
on were those of the vans and tender—which had 
all been applied by hand—while only two other 
vehicles of the train had the vacuum brake applied 
at all, and these apparently lightly. 

Next we must say a few words on the evidence 
as to possibility of the brake pipe between engine 
and train having been blocked by ice. It was stated 
in evidence that water could under certain circum- 
stances collect in this pipe ; and further, Mr. Tre- 
vithick, who examined this pipe after the accident, 
gave evidence as follows: ‘‘ I found about half a 
‘* pint of water in the vacuum pipe between the 
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‘* engine and the tender. It was in the lower portion 
‘* of the pipe.” During the inquiry there seems to 
have been some difficulty in making the arithmetical 
calculation as to what length of pipe this half a pint 
of water would fill, and as to whether it would be 
sufficient to block the pipe if frozen. Inasmuch, 
however, as the pipe is about 2 in. in diameter the 
above named quantity of water would fill it for a 
length of about 6 in., it would be sufficient to 
almost, if not quite, block the bend on the pipe 
between engine and tender. 

Having stated the chief facts brought out during 
the inquiry we are now in a position to examine 
how they bear upon the rival explanations of the 
cause of the accident arrived at by Colonel Rich 
and the coroner’s jury respectively. In the first place 
Colonel Rich’s theory that the brake was all right, 
but that the small ejector was not in use after leav- 
ing Shap Summit necessitates the rejection not only 
of Rumney’s evidence as to the gauge pressures—on 
which the Colonel says candidly he does not place 
reliance—but also of much of his other evidence as 
well. For if the train pipe was clear, and the 
vacuum had merely leaked off after leaving Shap 
Summit, then it ought to have been re-formed when 
Rumney used the large ejector after first testing 
the brake, and the brakes should have gone on 
properly when re-applied before reaching the Car- 
lisle steam sheds. Concerning this attempted re- 
application of the brakes, Colonel Rich appears to 
us to have, in his report, completely misconstrued 
a very important part of theevidence. On the last 
day of the proceedings before the coroner, Mr. 
George Whale, the assistant locomotive superin- 
tendent at Crewe, in the course of his examination, 
pointed out that, in his opinion, Rumney, when he 
found the vacuum brake was not acting, should 
have stuck to his steam brake, and not have made 
further attempts to work his vacuum brake, and 
this led Rumney to subsequently interpose with the 
remark : 

There is one thing I wish to say. When I was trying 
to create vacuum I pulled the pin out and pulled the lever 
right back, so as to put the steam brake on the tender at 
the same time as I was creating vacuum; so I did not 
take the brake off the engine at all. 

It is this statement (the italics are ours) which 
Colonel Rich appears to have misunderstood, for 
in the early part of his report he says: ‘‘ This 
‘* statement cleared up the confusion which existed 
“up to this time. By doing this he altered 
‘*the engine to ‘simple’ vacuum working, and 
‘*took the brake off all the coaches in the train 
‘except the screw brakes in the front and 
‘‘rear vans, which the guards stated they put 
‘*on at Upperby Bridge junction.” Further, in 
the course of his conclusions, he adds: ‘‘ The 
‘“‘driver then became anxious, and instead of 
** carrying out what his rules direct him to do, and 
‘¢ whistling for the guards’ brakes, he took out the 
‘* pin and alters his lever, so as to work simple 
‘* vacuum instead of automatic. By doing this, he 
‘* took off whatever brake power he had left, 
‘* except the steam brake on his engine and the 
‘* screw brakes on the vans, which may not then 
‘* have been applied by the guards, and he also must 
‘* have taken the steam brake off his engine during 
‘* the time when he first tried to obtain automatic 
‘¢ brake power by blowing up his vacuum with the 
‘large ejector, and before he took out the pin.” 
Judging from these remarks Colonel Rich appears to 
have overlooked the words which we have italicised 
in Rumney’s statement, and to have supposed that 
Rumney kept the ejector lever permanently in the 
position in which it had been placed after the 
removal of the pin. Far from this being the case 
Rumney expressly stated in his evidence quoted in 
the earlier part of this article that after using the 
large ejector until the gauge showed 25 in. he again 
tried to apply the brake by pushing the ejector 
lever over, and that his gauge then dropped to zero 
but that he noticed no effect on the train. 

To estimate at its full value this remark of 
Rumney’s as to the removal of the pin, some little 
explanation may be necessary. In the arrangement 
of brake lever now in use on the London and 
North-Western, the vacuum in the train pipe is 
destroyed by pushing the lever from you, this action 
of course applying theautomatic or releasing the non- 
automatic vacuum brake. Further, if thus pushed 
home the lever applies the steam brake as well as 
the automatic vacuum. On the other hand by 
pulling the lever towards you a vacuum is formed 
in the train pipe, thus releasing the automatic or 
applying the non-automatic brake. But, inasmuch 





as the non-automatic brake is still in use, it is neces- 
sary to provide for the application of the steam brake 
simultaneously with it, and this is done by so arrang- 
ingthe details that by the removal of a pin the 
lever can be pulled still further over, with the 
result that it then causes the application of the 
steam brake as well as the formation of the vacuum. 
Fully realising the necessity of utilising the steam 
brake, Rumney when re-creating the vacuum instead 
of pulling the lever into the position it would 
ordinarily occupy when creating a vacuum during 
automatic brake working, removed the pinand pulled 
the lever into its extreme position. By this means 
he kept his steam brake in use at the same time that 
he was creating a vacuum preparatory for an attempt 
to reapply the automatic vacuum brake. That he 
adopted this course appears to us to indicate that 
instead of becoming confused as Colonel Rich hints, 
he acted with great coolness and presence of mind, 
and fully justified the opinion on his conduct ex- 
pressed by the coroner’s jury. 

This explanation of Rumney’s action has led 
to a digression from which we must now re- 
turn. We have said that the adoption of Colonel 
Rich’s theory as to the cause of the accident neces- 
sitates the rejection of most important portions— 
in fact nearly the whole—of Rumney’s evidence ; 
but not only this, it necessitates also the rejection 
of much of the evidence of the conductor Downie 
and the rear guard Armstrong. Colonel Rich’s 
contention is that owing to the small ejector not 
being in use the vacuum in the train pipe would 
leak off after leaving Shap Summit, and that this 
would lead to the application of the brakes, this 
application being, however, he suggests, un- 
noticed on the falling gradient with greasy rails 
and the engine steaming hard. But in order 
that this programme should be carried out, there 
must arise a difference between the train pipe and 
the reservoir gauge pressures, and that any such 
difference existed during the run between Shap 
Summit and the point where Rumney first tried 
the brakes is contradicted by the evidence of both 
Downie and Armstrong. Moreover, it is most 
difficult to believe that the brakes could have been 
in action in this way over a considerable distance 
without evidence as to the fact being forthcoming 
from either guards or passengers. Altogether we 
consider that Colonel Rich’s theory necessitates 
too great a rejection of the available evidence— 
evidence too of employés bearing excellent charac- 
ters—to be fairly tenable. 

But it will be said that the evidence of Downie 
and Armstrong shows that the vacuum in both the 
reservoirs and train pipes diminished after 
leaving Shap Summit, while according to Rumney 
the vacuum gauge on the engine remained 
practically unaltered until he attempted to apply 
the brake. This undoubtedly is so, and it 
is this evidence, coupled with the statement of 
Downie, that when the driver tried the brake he 
(Downie) only saw the gauge in his van fall two 
or three inches, which, to our mind, clearly indi- 
cates the cause of the failure. Our belief, in the first 
place, is, not that the train pipe between engine and 
tender was completely blocked by ice, as has been 
assumed in some quarters, but that, when the 
train left Shap Summit the ~ was blocked to such 
an extent that the air could only pass it with very 
considerable resistance, while we further believe 
that this obstruction increased during the run from 
Shap Summit to the point where the brake was 
first tested on approaching Carlisle. In this way, 
while giving entire credence to Rumney’s evidence, 
we should have a perfect explanation, not only of 
the fact that the train pipe gauges in the vans 
showed a less vacuum than that on the engine 
when the train left Shap Summit, but also of the 
gradually decreased vacuum shown by the van gauges 
as Carlisle was approached. The effect of the 
gradually-increasing obstruction would in fact, as 
far as the effect on the train pipe vacuum is con- 
cerned, be practically equivalent to a gradual 
shutting off of the smallejector. We should also have 
—although this is less evident at first sight—an 
explanation of the evidence that both the train pipe 
and reservoir gauges in the vans showed a simul- 
taneous loss of vacuum. On this point it may be 
necessary to say a few words. It is evident from 
the general particulars of the action of the auto- 
matic vacuum brake, which we gave in the early 
part of this article, that if the pistons and ball 
valves were perfectly tight a reduction of the 
vacuum in the train pipe, however gradual, would 
result in an application of the brakes. But neither 





pistons nor ball valves are in practice—nor could 
they reasonably be expected to be—absolutely free 
from leakage, and thus if the pressure in a train 
pipe be reduced very gradually the vacuum may leak 
off from the upper sides of the pistons as fast, or 
nearly as fast, as from the undersides, so that the 
brakes may either not be brought into action at 
all or act very lightly. In the case of the ball 
valves, especially, the tightness is naturally 
to some extent dependent upon the pressure 
forcing them on to their seats, and thus while a 
fairly rapid admission of air into the train pipe 
(resulting in a considerable difference of pressure on 
the two sides of the ball valves), may at once force 
the valves into firm contact with their seatings, a 
very slow reduction of the vacuum would be insuffi- 
cient to do so. It will be remembered that, as 
we have already stated, the ball valves move hori- 
zontally from their seatings, so that their weight 
does not maintain them in contact with the 
latter. Now the train with which we are 
dealing left Shap Summit at 2.55 a.m., while it 
passed Upperby Bridge junction at 3.28 a.M., so that 
fully half an hour was occupied in reducing the 
vacuum (as indicated by the van gauges) from 
17 in. or 18 in. to 15 in. according to Armstrong’s, 
or 13 in. according to Downie’s evidence. Which- 
ever figures are taken it is clear that the loss of 
vacuum was extremely slow, amply slow enough in 
our opinion to accountfor the two sets of gauges fall- 
ing together for the reason we haveabove explained. 
Of course we do not suppose that the action was 
uniform throughout the train. On some vehicles 
the ball valves, &c. would be tighter than on others, 
and on such vehicles the brake would to some extent 
be applied. This is probably what occurred on the 
Caledonian composite No. 30, and the No. 43 West 
Coast composite mentioned in Pott’s evidence 
already quoted. 

The fact that when the brake was first tested by 
the driver, the conductor Downie noticed the 
vacuum in the train pipe only diminish 2 in. or 
3 in., although the gauge on the engine fell to zero, 
would be in entire agreement with the partial 
obstruction of the pipe which we have assumed, 
but we have still to explain why Rumney’s subse- 
quent endeavours to create a good vacuum in the 
train pipe had apparently no effect whatever. Our 
belief is that this is perfectly explicable by the very 
reasonable assumption that the flow of air due to 
the attempted application of the brake, coupled 
with the attempt to re-exhaust the air by the use 
of the large ejector, would be sufficient to com- 
— the stoppage of the train pipe by carrying 
oose particles of ice into the already seriously 
obstructed portion. Once this stoppage was effected 
of course the driver’s subsequent efforts to work 
the brake would have no effect, while, on the other 
hand, this stoppage would perfectly explain why, 
after Downie and Armstrong had opened their 
brake valves, the train pipe gauges in both vans 
remained at zero. That the brake when thus 
applied by the guards had no appreciable effect is 
of course accounted for by the extent to which 
the vacuum in the reservoirs had by that time 
deteriorated. There is also the possibility that in 
the case of some of the vehicles, there may have 
been an obstruction by ice between the train pipe 
and the brake cylinder, or in the fiveway cock, as 
was the case with the Gourock van before starting 
from Euston, but there is no direct evidence on 
this point, and we therefore merely mention it as a 
possible additional reason for the brakes not acting . 
when such vacuum as remained in the train pipe 
was destroyed by Downie and Armstrong opening 
their brake valves. 

We have to apologise for the great length to 
which this article has extended, but the matter 
with which it deals is a most important one and 
could, we think, scarcely be fairly treated in less 
space. In examining the features of the Carlisle 
accidentand deducing an explanation which we think 
will be found in full agreement with the facts stated 
in evidence we have endeavoured to steer clear of 
all controversial matters, and especially to avoid 
making comparisons between rival brakes, which 
to our mind are entirely out of place when carrying 
out investigations of this nature. That in making 
this investigation we have been unable to arrive at 
a conclusion agreeing with that of Colonel Rich, is 
to us a matter of much regret. The painstaking 
character of Colonel Rich’s inquiries and his long 
experience as an inspector under the Board of 
Trade render his opinions of much importance and 
value ; but after giving full weight to these facts 
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we cannot help feeling that his explanation of the 
Carlisle accident needs too wholesale a rejection 
of evidence to be accepted without stringent 
inquiry, while such an inquiry appears to us to 
show that the explanation we have indicated above 
is in every way a more probable one. 








THE SCOTCH RAILWAY AMALGAMA- 
TION SCHEMES. 

THE interest of railway authorities has not for 
years been so keenly awakened in any Parlia- 
mentary inquiry as that in connection with the 
an absorption of the Glasgow and South- 

estern Company by the North British Company 
and the Caledonian Company, not jointly but seve- 
rally. Scotch interests are more directly involved ; 
but the English lines are very closely allied with 
the railways to the north, so that the interest in the 
proceedings was widespread. The story of the 
**wooing ” is briefly told. The Glasgow and South- 
Western is not of itself a strong concern. The 
capital does not exceed 15,000,000 sterling, but it 
has always paid fairly good dividends. The line, 
however, for a number of years has been practi- 
cally in the hands of the Midland, with which it 
connects at Carlisle. Indeed, the Midland has 
often had the desire to annex the Glasgow line ; 
but Scotland did not care about the invasion, and 
there was threatened another ‘‘ Bannockburn.” 
The Midland, however, continued to dominate the 
Scotch line, and, in the opinion of railway experts, 
the connection, which was made strong by a 
working agreement and by the presidency of both 
companies being vested in the same person, was not 
regarded as very satisfactory to the Sco Wotnen, 
The management, in effect, was too English, and 
the directors at Derby were not cognisant or ig- 
nored the requirements of Scotland. The Cale- 
donian Company profited by this, and opened lines 
almost in aoe served by the Glasgow and 
South-Western. The Midland and North British 
subsequently got into closer working intimacy, and 
it was thought better that the North British should 
take over the South-Western line. Desirous of 
securing a needed connection in the south-west of 
Scotland, the North British agreed to this proposal, 
offering the South-Western shareholders 4 per cent. 
guaranteed stock. The decided prospect of keener 
competition in Ayrshire and district made the 
Caledonian a strong opponent of the coalition, and, 
to defeat the scheme, * promoted a Parliamentary 
Bill to acquire the South-Western line, protesting 
the while their sincerity. This was necessary, for 
not only did the South-Western view the counter 
scheme with something like scepticism, and there- 
fore with disfavour, but the general public could 
not exactly appreciate the value of the Caledonian 
being owners of two lines practically serving iden- 
tical districts. For three weeks the contending 
parties have each tried to convince a committee of 
the House of Commons of the fairness of their 
respective claims, and the decision come to is, in 
the circumstances, neither surprising nor un- 
satisfactory. The Caledonian, when before the 
committee, practically admitted that they did 
not want the South-Western lines unless 
the North British were prepared to go as part pro- 
i. and thus public opinion was relieved of a 

ifficulty in analysing the lee to be sole owners. 
The admission, of course, revealed much to the 
members of the committee and presumably greatly 
facilitated them in coming to a decision. It seemed 
a that the Caledonian scheme was only to 
checkmate the movement of the North British. The 
committee agreed to the North British acquiring 
the South-Western, under certain conditions, in- 
cluding hag powers and other facilities to the 
Caledonian. These conditions are considered very 
favourable to them, and it would rot be surprising 
were the Caledonian to accept the terms. It is 
equally possible that the North British may object 
to the conditions, as too onerous, when the clauses 
of the Bill come to be adjusted. Of course the Bill 
has yet to go before the House of Lords’ Committee. 





THE MILITARY EXHIBITION. 
THERE is an advantage about a military exhi- 
bition that it includes within its proper sphere all 
productions of art and nature ; at least that is the 
impression one is likely to come away with after a 
visit to the show now being held at Chelsea. If 
the stern warrior wends his way thither expecting 





to meet only with the grim implements of his craft 
he may be somewhat taken aback by such peaceful, 
not to say feminine exhibits as woolwork slippers, 
crochet mats, specimens of satin painting, satin 
cosy, cushion (lilies), patchwork bed rug, basket 
of wool flowers, child’s christening robe, and other 
relics of the softer side of ordinary domestic life. 
As, however, there appears to be a little of every- 
thing at the Military Exhibition, there is a little 
that appertains to the mechanic arts, both of peace 
and war, but very little that is new. 

On passing through the first door, which is the 
natural entrance from Sloane-square Station, the 
first thing that attracts attention is a couple of 
Gatling guns shown by the Gatling Arms and 
Ammunition Company, of 11, Queen Victoria-street 
and Perry Bar, Birmingham. The larger of these 
is a 10-barrel gun fitted with the positive feed, 
which is the latest addition to the design of these 
weapons. With the feed used in the earlier types 
of Gatling gun it was possible for the cartridges to 
jam, a fact which is very well known. It would 
be impossible to make the mechanism clear without 
the aid of diagrams, so we will content ourselves 
with stating the claims of the makers. It is, they 
say, impossible for the gun to fail in its operation, 
even when worked by men unacquainted with its use ; 
in fact, the positive feed is positive. It increases 
the rapidity and certainty of operation, and 
enables the gun to be fired at the rate of 1200 shots 
per minute at all degrees of elevation or depres- 
sions. By firing the gun at proper elevations, the 
bullets can be discharged so as to fall upon men 
behind entrenchments at all distances from 200 
yards to 3500 yards. The Gatling can be elevated 
to 88 deg. and depressed to the same extent, and 
can be fired at any intermediate angle. Experi- 
ments have been made which show that musket 
balls, fired from a Gatling gun at high angles, will 
strike the ground with sufficient force to penetrate 
from 2 in. to3 in. of timber. The possibilities that 
are opened up by this further development of high- 
angle fire, form an interesting study for military 
tacticians. 

The smaller gun shown is known as the Police 
Gatling. ‘‘It is designed,” we are told, ‘‘to fill 
the place in local troubles that the larger guns fill 
upon the field of war. For the clearing of mobs 
from streets, for use in revolts in penitentiaries, 
for the protection of buildings containing great 
amounts of money or other property, and for many 
similar emergencies, this little gun is a terrible 
engine of defence and destruction. It occupies a 
space only 20 in. long and 6 in. wide—a Liliputian 
battery, the little steel barrels of which, only 1 ft. 
long, will land a bullet into a target at 1000 yards, 
and will kill a mana mile distant with its 1-oz. 
missile and 70 grains of powder. For police use 
in suppressing riots one or more of these guns may 
be placed in a police wagon, or may be carried by 
a strong man (it weighs only 78 lb.), a 40-lb. 
tripod by another, while a third carries the 
ammunition. These three men with their little 
Gatling would have all the destructive force 
of a company of soldiers. Had these guns been 
available in some of the recent riots in America and 
England they would have saved in property losses 
their cost a thousand times over. It is believed the 
Police Gatling will come into general use all over 
the world.” It is evident that the Gatling Com- 
pany have a cheerful anticipation of extensive poli- 
tical troubles, as we are now in the habit of calling 
what they designate by the old-fashioned name of 
riots. There is no ‘‘sickly sentimentality” or 
‘** modern humanitarianism” about the Gatling Gun 
Company. 

The next object that attracted our attention was 
the exhibit of Hadfield’s Steel Foundry Company 
of Sheffield. The most prominent feature on this 
stand is a 13.5 in. armour-piercing shell for a 63- 
ton breechloading gun, flanked by two 12-in. 
common shells. Arranged in a trophy are other 
sizes down to the neat little 4-in. shells, all of cast 
steel. There are cross-sections and longitudinal 
sections of these projectiles, made so as to show 
the regularity and homogeneity of the metal and 
the smoothness of the core. Perhaps, however, 
the most interesting features on this stand are the 
photographs of armour taken after it had been fired 
at. Some of these show a 9-in. compound plate 
after having been penetrated by a 6-in. armour- 
piercing shell. As views of both the hard front 
and soft back are given a very good idea of the 
effect may be obtained. On the steel side is 4 
shallow depression, in the middle of which is the 





hole punched by the shot, the face of the plate being 
fractured off in wedge-shaped pieces. On the back 
the projectile has caused a bulge, the soft metal 
being forced upward. A photograph of the shell, 
taken after it had penetrated the plate, is also 
shown. Nearly the whole of the conical part has 
been broken off apparently with a clean fracture, 
but the point is entirely uninjured. It is very 
difficult to realise that this shell can have gone 
through the plate without showing more signs of 
wear and tear. Photographs taken from a com- 
pound plate after penetration by a 12-in. Hadfield 
projectile, which broke after penetration, are per- 
haps still more instructive, as the radial cracks, also 
seen in the other plate—are strongly marked. Here 
the frontof the plate hasa flat depression caused by the 
splintering off of the hard metal, the wedge-shaped 
pieces being shown on the ground in the photo- 
graph, but on the back the metal is not only 
pressed out, but has apparently also been broken 
away. In short the back of this plate has apparently 
a crystalline nature compared to that of the other, 
where the metal has the ductile character one 
associates with wrought iron. With regard to the 
radial cracks, to which reference has been made, 
they seem to be as strongly developed on the back 
as on the front. They roughly correspond to each 
other in position as if the cracks went right - 
through. These photographs, which, however, are 
not entirely new, are well worth studying by those 
interested in the subject, and cannot get access to 
original sources of information. There is also a 
photograph of a 9.2-in. cast steel shot, which is 
said to have gone through 24$-in. of wrought iron 
and 12 in. of wood. 

Turning to more peaceful features in this exhibit 
we find dredger buckets, and most interesting test- 
pieces of manganese steel in which the arrangement 
of crystals set with axes perpendicular to the faces 
of the piece, show the flow of heat to the surfaces 
in a very beautiful manner. This distribution of 
the particles which induces planes of weakness is 
removed by forging, as is shown by a fracture 
across a part drawn down under the hammer. The 
test-piece affords a most useful object lesson in 
crystallography. 

Messrs. Barnett and Foster have a display of 
aérated water machinery. A description of their 
apparatus will be found in our accounts of the 
Health Exhibition of 1884. The same firm also 
show, on another stand, diving apparatus, of 
which they have been makers for forty years. 
Military bicycles and tricycles abound; and the 
Elastic Horse Collar Company, of Birmingham, show 
how metal is superseding other materials in so 
many branches of industry. This collar is made 
from two similar halves of thin steel plate forged 
into U shape. The collar opens by a spring catch at 
the throat. Special attention is paid to fitting the 
shape to the anatomy of the horse, and as the 
collar does not have to be passed over the head this 
can be done. 

The Royal Carriage Department has a not very 
attractive stand. They show some small and very 
ordinary models of three guns, viz., a 9-in. rifle, 
muzzle-loading gun mounting for high angle fire, a 
hydro-pneumatic disappearing garrison carriage, 
and a 10-in. breechloading gun. The most interest- 
ing objects are the various parts of a 5-in. breech- 
loading gun. These consist of a jacket, hood, 
B hoop, A tube, &c. These are shown in the 
rough forgings, and the finished pieces ready for 
shrinking. 

In the Royal Artillery Section there are a few 
interesting exhibits; as to the remainder, the 
interest must be largely confined to the exhibi- 
tors themselves and their immediate friends. 
As examples of this class we noticed a silk 
cushion (worked), five-o’clock tea-cloth (crewel 
worked), patchwork quilts—which seem to have a 
peculiar fascination for the military mind—and 
other examples of soft goods such as abound 
throughout the Exhibition. Amongst the more in- 
teresting features, or, at any rate, those more ger- 
mane to the title of the Exhibition, are a couple 
of field guns fully mounted; one of these is a 
machine gun by Krupp, which was captured at Tel- 
el-Kebir, whilst the other is a service 12-pounder 
breechloading rifled Gardner gun. The comparison 
between the two is interesting, although we must 
remember that the German gun was for the African 
market. The Artillery College show a Royal Artil- 
lery ammunition wagon at one end of the stand, 
and a 0.45 machine gun on a field carriage at the 
other. There is also near here a 5-in. 40-cwt. 
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breechloading gun on an overbank carriage of 
lattice pattern. 

In the Royal Engineers’ Department there are 
no exhibits of an imposing nature, but models of 
military bridges, rafts, pontoons, wagon equip- 
ments, &c., abound. There is a model of a redoubt 
which was constructed in one day. The dimen- 
sions are not given, but it appears to have been a 
very creditable example of rapid work. The First 
Middlesex Engineer Volunteers have quite an ex- 
tensive collection of models. 

The army clothing department has a working 
exhibit in which a number of female operatives 
dressed in the most violent scarlet costumes, very 
trying to the complexion, go through various pro- 
cesses by aid of sewing machines, of special con- 
struction, and other apparatus. Messrs. Merry- 
weather show ‘‘ Valiant” pumping engines close by. 

Messrs. Newnham and Howells, of Kingston-on- 
Thames, have an interesting exhibit in a garrison 
cart adapted for camping purposes. This inge- 
nious vehicle is, in appearance, an ordinary dog- 
cart of substantial build when used in its usual 
vehicular capacity. At night, however, by aid of 
folding tailboards, seats, and footboards, the cart 
is transferred into a double tier sleeping arrange- 
ment, carrying three on the top tier and two on the 
bottom. There is an awning above, whilst for 
draught purposes there is a Tonga pole or shafts. 
The Tonga pole has a very neat attachment to the 
body by means of springs, which prevent any motion 
from the horses being conveyed to the cart, and 
also give an easier draught to the animals. Much 
ingenuity has been displayed in packing, in cook- 
ing apparatus, &c., so as to make the cart self-con- 
tained, and on the whole the exhibit is suggestive 
of most delightful excursions in unfrequented parts. 

Next to this pleasing exhibit, Messrs. Adams 
and Sons, of Golden-square, show a Warren’s army 
cooking apparatus, which is well worth attention 
as an example of niultum in parvo, and as embody- 
ing all the points in the report on soldier’s dietary 
of 1889. It will cook for 150 men and burns 
150 lb. of fuel a day. The cookers are heated by 
the steam generated in a boiler, and this allows 
of them being taken out of their jackets, so that 
the food can be put before the men on the field 
when quite hot. A hot-plate has also been added, 
which is a great advantage. The apparatus is 
about 43 ft. across at its widest part and 54 ft. 
high. The bar surface is 12 in. by 10 in. 

The above are some of the objects which attracted 
our attention during a visit we paid tothe Exhibi- 
tion. Probably there are other exhibits of interest 
from an engineering point of view ; in which case 
we shall notice them in due course. 

For the rest there are the usual features which 
are indispensable to make a successful exhibition. 
Military bands abound; there is a dairy—with 
strawberries and cream in due course—shooting and 
picture galleries, sweetstuff stalls, and the electric 
light. 

On the whole the Military Exhibition promises 
to afford an agreeable distraction for London dur- 
ing the coming summer. 





? 
THE SOIREE OF THE ROYAL SOCIETY. 

THE annual conversazione of the Royal Society 

was held on Wednesday evening in the Society’s 
rooms at Burlington House, on which occasion Sir 
George Stokes entertained a very distinguished 
company ; and a number of experimental demon- 
strations and objects of scientific interest were 
shown by members of the Society and by other 
contributors. Of these exhibits, to which we 
shall refer more fully in our next issue, the 
most remarkable were contributed by Mr. 
V. Boys, F.R.S., Mr. G. J. Symons, F.R.S., 
Mr. Shelford Bidwell, F.R.S., Lord Rayleigh, 
Sec. R.S., Mr. W. G. Gregory, and Professor 
Roberts-Austen, F.R.S. 

Mr. C. V. Boys showed a very elegant modifi- 
cation of Dr. Lodge’s method of demonstrating 
the oscillating character of an electric discharge 
spark. Images of a spark taking place between 
the terminals of a condenser of considerable 
capacity (charged by a Wimshurst machine) are 
formed upon a screen by a series of lenses arranged 
around a disc which is rotated at an enormous 
velocity by suitable gearing. The moment that 
the spark occurs a series of concentric bands 
are projected on the acreen which are made 
up of striations corresponding to the oscillations 
of the spark and allowing the whole history of 





the spark from its commencement to its finish 
to be observed and, if desirable, photographed. Mr. 
Boys showed also a very interesting series of in- 
stantaneous photographs illustrative of the forma- 
tion of drops and their behaviour before and 
after separation from the source from which they 
are falling. A very remarkable proof of the correct- 
ness of the photographs of the series was furnished 
by fixing them on a thaumatrope or ‘‘ wheel of 
life,” when the effect of dropping liquids was 
exactly reproduced with all the interesting pheno- 
mena of the elastic vibration, not only of the fall- 
ing drop itself, but of the pendant drop from which 
it was detached and of the liquid surface into which 
it falls. 

Mr. Symons showed a fine instrument con- 
structed by MM. Richard Fréres for recording the 
various meteorological phenomena taking place 
during thunderstorms, and which are too rapid and 
transitory to be recorded on the ordinary me- 
teorographs. In this apparatus the variation of 
the barometer, the velocity of the wind, the 
duration and intensity of rainfall and hail, the 
instant at which flashes of lightning occur, and 
the time and duration of the corresponding 
claps of thunder, are all recorded on a sheet 
of paper moving under the recording pens at 
the rate of 6 ft. per hour, so that it is perfectly 
easy to read the time record to half a second ; 
and, as the pen of the barograph moves through a 
distance of 30 in. for a corresponding variation of 
lin. of the mercurial column, an extraordinarily 
accurate and unprecedented record is kept of the 
minute and rapidly varying changes of pressure 
which have been observed to take place during 
thunderstorms. 

Mr. Shelford Bidwell showed his remarkable 
experiment illustrating the effect of electrification 
of a steam jet, which would appear to explain 
the exceptional density and lurid appearance of 
thunder clouds. Lord Rayleigh showed an interest- 
ing instrument for testing colour vision by means 
of polarised light, and also an instrument whereby 
he demonstrated the polarisation of light by means 
of crystals of potassium chloride. 

Mr. Walter Gregory attracted considerable atten- 
tion by his electric-radiation meter, by which 
quantitative measurements of the intensity of the 
radiations emitted by an electric oscillator may be 
made. In this demonstration the Hertz effect is 
produced on a stretched platinum wire, which is 
thereby heated, its variations in temperature being 
indicated by the movement of a spot of light on a 
screen, reflected by a mirror attached to an Ayrton 
and Perry spring, which is attached to, and in 
electrical connection with, the stretched wire in 
which the phenomenon is induced. 

Professor Roberts-Austen showed an _ experi- 
mental illustration of the recent investigations of 
M. Osmond on the molecular changes which take 
place during the cooling of iron and steel whereby, 
during the cooling process, the moment that a 
critical temperature is reached, the cooling is sud- 
denly arrested, followed immediately by an in- 
crease of heat, after which the cooling goes on 
steadily until equilibrium is established. We 
must, however, defer until next week the more 
detailed consideration of the Royal Society ex- 
hibits. 








NOTES. 
REORGANISING THE TRANSCASPIAN RaLway. 

A REVISING commission sent two months ago to 
Central Asia has recommended a general improve- 
ment of the entire line in order to render it better 
adapted for the wants of the extensive traffic now 
running between Turkestan and the Caspian Sea. 
The permanent way in many places is to be entirely 
relaid, wooden portions of the Oxus Bridge are to 
be replaced by iron, and Krasnovodsk is to be 
adopted as the starting point of the line instead of 
Azoun Ada. The report that the line was to be 
taken from the control of the War Department 
and placed under the charge of the Ministry of 
Railways is contradicted. For the present it is to 
be treated mainly as a military line, and military 
objects are to be paramount. The proposed branch 
to Meshed is for the moment suspended, owing to 
the opposition of the Shah. 


ELECTRICITY IN TANNING. 
Last Wednesday the British Tanning Company, 
Limited, of Rothsay-street, Bermondsey, London, 
gave a demonstration of a process of tanning 





in which electricity is employed to hasten the 
conversion of the hides into leather. The pre- 
liminary operations of removing the hair are 
carried on in the accustomed manner. The tan- 
ning is accomplished in a revolving drum of wood 
11 ft. Gin. in diameter, and 8 ft. ong: rotating at 
eight revolutions per minute. The hides are placed 
in this drum, together with a quantity of tannic ex- 
tract and water sufficient to fill the drum about one- 
fourth full. About 1 per cent. of turpentine is 
added, and then the drum is closed and put into 
revolution. While it is revolving a current of 
electricity of about 8 ampéres, with a pressure of 100 
volts, is caused to flow from a metal band which 
runs round the interior of one end of the drum to a 
corresponding band on the other end, these bands 
being connected by insulated wires through the 
trunnions to exterual rings and brushes. At in- 
tervals more tannic extract is fed in through the 
trunnion and at the end of five days the process 
of tanning is said to be complete, the saving in 
time, as compared with the ordinary process, being 
several months. On Wednesday a drum which had 
been revolving five days was opened, and specimens 
of its contents were exhibited, the process being to 
all appearance complete. No explanation of the part 
which the electricity plays was given, and we have 
none to offer. All that the electricitycan do is to act 
by electrolysing the liquid, but it is not clear how 
the changes that might be expected to follow from 
this could give rise to any increase of action. The 
process is being carried out on a commercial scale, 
and the specimens of finished leather which were 
shown appeared to be of good quality. The paten- 
tees are MM. EF. Worms and J. Balé, of Paris. 


Ort Discoveries IN INDIA. 

The discoveries of petroleum in India continue. 
Since the beginning of the year extensive deposits 
have been brought to light in new districts near 
Quetta, in several places close to the Khyber Pass, 
in the Punjab, and again in Upper Burmah, quite 
remote from the well-known oil fields at Yenang- 
young. Those near the Khyber Pass are to be 
shortly investigated, as they promise to provide 
fuel for the railway that sooner or later will run 
from India to Cabul. A survey of this line, as we 
stated a short time ago, has been ordered by the 
Indian authorities. Meanwhile, it is interesting to 
know on the authority of Mr. Boverton Redwood, 
our ablest technical expert in petroleum in this 
country, that the supply of oil at the Khatun 
petroleum fields is ample for the requirements of 
the Quetta Railroad. Five wells have been bored 
up to now, yielding each 400 to 600 barrels of oil 
a day, and the supply of any one of the 
five would be ample for the present fuel de- 
mand of the railway. In a lecture before the 
Society of Chemical Industry a few days ago Mr. 
Redwood declared the Beluchistan petroleum fields 
to be the best, as regards copiousness, in all India. 
The oilfields there belong to the State, the wells 
have been sunk at the expense of the Government, 
and already have given such satisfactory results in 
regard to fuel that the saving will more than cover 
all the expenses incurred in well-sinking up to now. 
The Beluchistan petroleum is heavier than the 
Baku oil, and by the present methods of distilla- 
tion does not yield so much illuminating oil ; but a 
recent discovery by Mr. Redwood and Professor 
Dewar in distilling heavy crude and waste oils has 
rendered it possible for the Beluchistan oil to yield 
40 per cent. of kerosene, as compared with the 30 
per cent. obtained from Baku petroleum. This 
discovery, the result of years of chemical research, 
promises to occasion a complete revolution in 
petroleum by bringing into use vast quantities of 
heavy crude oils hitherto considered too difficult for 
the refiner to deal with. This applies to Burmah 
quite as much as to Beluchistan. While drilling 
operations have been successfully progressing near 
Quetta large supplies have been tapped in Assam, 
and the American wells sunk in Upper Burmah have 
struck oil to an extent that would be considered 
most satisfactory either in Galicia or in the United 
States. The enormous gushers at Baku, however, 
have excited the appetite for similar abnormal wells 
elsewhere. It is forgotten that the real criterion 
of the value of a well is not the quantity of oil that 
flows up from it, but the market available for it 
on reaching the surface. In this respect the 
Caspian oilfields are so handicapped by difficulties 
of transport that a fifty-barrel well in the States is 
a better one to own than a well yielding 5000 
barrels a day at Baku, 




















600 


ENGINEERING. 





[May 16, 1890. 








THE ACCIDENT AT CARLISLE. 
To THE EpiToR OF ENGINEERING. 

Srr,—The report of Colonel Rich to the Board of Trade 
is, to my mind, most unsatisfactory, teeming as it does 
with what may be called incidental remarks on the defects 
in both the simple and automatic brakes in use on various 
portions of the fatal journey, and yet failing to give effect 
to these remarks by blaming the responsible officers of the 
London and North-Western, who, after several years’ ex- 
perience of the brake question, and repeated ‘‘ whips up” of 
the Board of Trade, advise their directors to use a second 
or third-rate brake when there are better ones in use on the 
Great Eastern, North-Eastern, and Brighton lines. An 
unprejudiced person would have thought that the killing 
of four passengers and the wounding of several others, 
would have drawn down upon the company the severest 
censure of a Government officer for using such an unsatis- 
factory and inoperative brake. A brake that failed three 
times in one journey of less than 300 miles! I suppose 
that such a record of failures is unparalleled. The changes 
are rung upon the two brake systems, simple vacuum 
and automatic vacuum, that it is no wonder that the 
driver was confused, even if Colonel Rich’s opinion is the 
correct one. 

I venture to think that the verdict of the jury is far 
more satisfactory than the verdict of Colonel Rich. Whose 
fault was it that made it possible for an engine-driver not 
to know whether he was working automatic or simple 
vacuum ? Surely the responsible advisers of the company. 
One would have thought that the right thing to be 
done was, judging from the weight of the evidence, to 
condemn the vacuum principle altogether as a failure. 
Here in one journey two re oa of it occurred through 
freezing undoubtedly. The third failure, and most 
fatal, according to Colonel Rich, being because it was 
possible to mistake one method of working vacuum brakes 
from another. I decidedly think the remark of the 
Pe is the most sensible of the whole inquiry, they 

ing of opinion that the London and North-Wes- 
tern Railway Company are incurring a very grave re- 
sponsibility in using a brake of such an uncertain and 
unreliable character. This goes straight to the point. 
According to Colonel Rich the company is not to blame, 
the brake is not unreliable, and everything is as good as 
it should be except the confusion of the driver. Poor 
consolation this for the relatives of the slain passengers. 
To my mind, vacuum is the cause of the trouble right 
through from beginning to end. At Euston sufficient 
vacuum could not be obtained in one of the reservoir 
— in the Gourock van until some oiled waste had 

en burnt under the five-way cock and air pipe. Again 
at Tring the wheels of the Gourock van were found to be 
red hot and jammed to the brake blocks, which could not 
Bo off, so it was arranged to leave the van behind at 
ring. 

Colonel Rich considers that this van was being worked 
by simple vacuum, while the rest of the train was worked 
by automatic vacuum, because as soon as the vacuum pi 
at both ends of the van was detached from the train, the 
brake blocks came off. And yet Colonel Rich has little 
to say in condemnation of a brake system in which it is 
not known for certain whether a vehicle is working on 
the automatic or simple vacuum system. He states that 
the five-way cock for changing from one system to the 
other is actuated by a lever handle in a quadrant which 
is placed at the side of the coach, and has three positions, 
simple,” ‘cut off,” and ‘‘automatic.” In addition to 
the names the latter is marked with a large white A, yet 
with these precautions, if the Colonel’s theory is correct, 
it was possible for no one in the train to know which 
system was in use on this particular vehicle. 

A mild sort of condemnation of the simple vacuum 
system is, however, made when Colonel Rich recommends 
the company to put a stop to the confusion between the 
two systems by doing away with the simple vacuum as 
fast as possible. This is good advice as far as it goes 
but it is very mild for a company who have just killed 
four people. Of course, when this is done the decks will 
be cleared to a certain extent, and there will be no 
shuffling between the two systems, and whatever happens 
in the future can unmistakably and without question be 
laid to the door of the automatic system. 

If it was not such a serious matter, a few more accidents 
and a few more inquiries would be of advantage to the 
railway companies, and help their mechanical advisers 
to move a httle quicker in adopting improvements in 
their brake system. 

The lessons which I hope have been learnt, and will I 
trust be acted upon rapidly, are : 

1. To do away with the confusion between the two 
systems of vacuum as fast as possible. 

2. To work at a higher pressure, or as the inspector 
puts it, to increase the vacuum up to 25 in. instead of 

3. To have some better means of procucing the vacuum. 
If done by an injector, the exhaust pipe should be taken 
working it at an average of about 17 in. 
through the boiler, which will prevent the steam con- 
densing as it does when the pipe is outside. The London 
and North-Western Railway are now fitting their engines 
with air pumps. 

4. The drip trap with a valve should be placed at the 
bottom of a vertical down pipe and close to the ash-pan 
to prevent the valve freezing. 

No doubt when these improvements are made the 
vacuum brake will be a better instrument than it is now 
at the present time, but it is no credit to the mechanical 
advisers of the company that it should require a fatal 
accident and the professional assistance of a colonel of 
the Royal Engineers to enforce these improvements. It 
remains to be seen whether, if after all the combined 
efforts of mechanical advisers, inspectors of the Board 
of Trade, and fatal accidents, anything better than a 








second-class brake will have been produced. To my 
mind the conviction is forced home that the Westing- 
house brake will still be a better brake than the re- 
modelled automatic vacuum brake. And I think the 
London and North-Western Railway Company and the 

rd of Trade inspector are to blame in shutting their 
eyes to the existence of this brake, which has now stood 
the test of actual working for so many years and which 
has seen the death of, first, Mr. Webb’s chain brake, and 
now it is to be hoped of the simple vacuum brake which 
is on its last legs. The automatic vacuum brake may, 
by the advice and 5 oe of the Government physician, 
have a new lease of life granted to it, but for everyda, 
work, speed, and reliability it will not hold its own wit 
the compressed air brake. 

Taking the four lessons referred to above, in the 
Westinghouse : 

1. There is noconfusion between automatic and simple. 

2. It works at a higher pressure than can ever be 
»ossible by any system of vacuum, however improved. 
i doubt whether in actual work so much as 25 in. of 
vacuum can be regularly attained. 

3. The Westinghouse already employs air pumps to 
produce its motive power. 

4, There is no danger through frost rendering the brake 
inoperative. 

I wish Colonel Rich had had more courage to speak 
out decisively upon the relative merits of the two great 
brake systems. Possibly he may have considered it out 
of his province to go beyond the limits of the single 
inquiry, or possibly he may have felt imperceptibly 
biassed by the action of another Government department 
in selecting the automatic vacuum brake as the official 
one for India, It conclusion, Iam ata loss to understand 
the return on continuous brakes for the two years 1888 
and 1889, appended to the report without remark. Is it 
that Colonel Rich is governed by mere numbers of inci- 
dents? Does he mean to imply that a burst hose involving 
a few minutes’ delay, is of the same serious character as 
the fatal eccident at Carlisle ? 

Yours, &e., 
HicH PRESSURE. 





RAILWAY BRAKES IN INDIA. 
To THE Eprror OF ENGINEERING. 


Str,—I have read and entirely agree with your article 
on railway brakes in India. I have also read the letter 
in your columns from ‘‘One who Knows,” and consider 
that it strengthens your position. 

It having been open to the Government of India to 
decide the question of brakes either with or without local 
experiment, they decided on the former course, and the 
intention of Government was, undoubtedly, that the trials 
should be of a practical character, calculated to test 
efficiently the merits of the brakes used. They were, on 
the contrary, as high officials have admitted, quite 
worthless, 

‘One who Knows” thinks to get over this by saying 
that they were only intended as an exhibition. He thus 
accuses the Government of India of a deliberate breach 
of faith, for it is quite certain that the public and those 
interested in she lasihes were given to understand that 
the experiments were to Le honestly conducted, and were 
not M4 be mere shams for the purpose of hoodwinking the 
world, 

I do not and cannot believe that there was any such 
intention. Still, when it was found that the experiments 
had been so conducted as to be worthless, Government 
was bound, in my opinion, to order new trials of such a 
character and for such a period as thoroughly to test the 
brakes in India before a decision to adopt either was 
come to. 

Instead of doing this, a committee with no new facts 
before them, decided hastily to adopt the vacuum brake. 
The Government of India cannot under these circum- 
stances be astonished at the imputations of not fulfillin 
the expectations that they had raised. Even if fres 
trials had led to no different decision, it is much to be 
pe that they were not undertaken. 

know that the consulting engineer to the Government 
of India for railways, at Calcutta, urged orally and by 
letter a suspension of judgment for fresh and adequate 
trials, but quite unavailingly. 

Sir G. Molesworth was leaving India, and the Govern- 
ment of India wished to decide the question before his 
departure, and so a committee of three, of which he was 
the greater part, hurriedly disposed of it. 

Yours obediently, 
ANOTHER WHO Knows. 


To THE EpirorR Or ENGINEERING. 

Sir,—1. I regret having been misrepresented in yourlast 
issue as having stated that ‘‘16 to 830” coaches were the 
average number of vehicles hauled by the railway in 
India that has the longest passenger trains. For ‘16 to 
30,” please read ‘‘16.30.” This average length has been 
much exceeded by both ‘‘Westinghouse” trains and by 
‘*vacuum ”-fitted trains in India; and the complete 
success of the trial near Doncaster, in J wef last year, on 
the Manchester, Sheffield, and Lincolnshire Railway. 
with a “vacuum ”-fitted train of forty six-wheeled 
coaches, 1586 ft. long, in the presence of a great many 
English and foreign engineers, shows, in my opinion, 
that the Director-General of Railways in India was not, 
after all, very far wrong as to the capability of the 
‘*vacuum ” brake to control any long passenger trains 
likely to be run in that empire. 

2. The Queensland, New South Wales, and South 
Australian authorities, who by canvassers have been 
worried into another ‘‘ Westinghouse ” trial, will see b: 
Captain Fairholme’s letter, in your last issue, that if air 


pressure (pneumatic) brakes are to ke tried, the ‘‘Car- 
penter,” as used on the whole of the Prussian fast trains, 
and the ‘‘Schleifer,” as used on the Saxon railways, 
should be included in the colonial programmes, the 
inventors of both the latter pretending that they have 
improved on the ‘‘ Westinghouse” pressure brake, and 
have got their types adopted in Germany in preference 
to the Westinghouse type. 

The present writer’s statement that Captain Fair- 
holme’s (Heberlein) brake was to be seen in India, arose 
from the undersigned having seen indents made out for 
‘*Heberlein ” fittings, both in the department of State 
railways and in a native state. These orders must either 
have been disproved of, shunted, or gone direct to Ger- 
many instead of to Captain Fairholme. 

As to Captain Fairholme’s statement that, from the 
very first, the Director-General of Railways laid down 
the sine qué non condition that fifty vehicle trains should 
be used at the Quetta trials, I beg to say that no such 
condition was exacted; but it was volunteered by the 
secretary of the ‘‘ Westinghouse” Company to run a 
trial train of that length, of which, I repeat, the 
** Vacuum Company ”had no notice until about May or 
June, 1888, while the original invitation sent to the latter 
company did not say one word about such long trains, 
leaving it, therefore, quite natural for the same company 
to suppose that the average length of the trains hauled 
by the railway running the longest trains in India would 
be the correct length to provide fittings for. The ques- 
tion of expense, I understand, was the real reason why 
Heberlein Company did not put in an appearance at 

uetta, 

OnE wHo Knows. 





THE BATTLE OF THE BRAKES. 
To THE Epitor oF ENGINEERING. 

Sir,—In asking you to be good enough to publish a 
final letter from me upon the above subject, I desire to 
thankfully acknowledge the obligation under which you 
have laid your correspondents by unreservedly placing at 
their disposal the necessary space for its full and com- 
plete discussion. 

The accident which occurred at Carlisle on the 4th 
March last was not unnaturally seized upon by the 
advocates of the Westinghouse brake as a raison d’étre 
for an attack all along the line upon the brake with which 
the London and North-Western train was fitted, and in 
the face of the report of Colonel Rich, which absolutely 
clears the brake in question from the slur which has so 
generally been cast upon it, it must, I am sure, be a 
cause for satisfaction to yourself as it is to your sub- 
scribers, to remember that ENGINEERING did not follow 
the example set by the Times, the Scotsman, and even by 
some of your professional contemporaries, of expressing 
an opinion of he cause of the accident whilst the subject 
was as yet sub judice. 

Your correspondents “A L. B. and S.C. Pas- 
senger,” ‘‘A Railway Man,” Mr. E. Gobert and ‘‘ Com- 
pressed Air,” are placed in a somewhat difficult position 

y the publication of the report of Colonel Rich, which 
is altogether antagonistic to the opinion they had formed 
and expressed of the cause of the accident. With no 
desire to enhance the difficulty of their present position 
upon this question, it is perhaps not unreasonable to look 
for a withdrawal of the charge of the unreliableness of 
the vacuum automatic brake, based upon an accident 
which it is now demonstrated was not caused by the 
failure of the brake referred to. 

I am afraid ‘“‘ Compressed Air” has not followed this 
discussion very closely, or he would not have made the 
curious blunder of stating that the attacks made upon 
the Westinghouse brake have been greater than those 
made upon the vacuum automatic brake. A reference 
to your issues of 14th and 21st March will at once show 
him that the correspondence arose out of the Carlisle 
accident, which was made the occasion for an attack 
upon the vacuum automatic brake. I am entirely of the 
opinion of ‘‘Compressed Air” that if his statements will 
not bear the test of argument it would have been better 
not to have made them, and his tardily-arrived-at de- 
cision to ‘‘resign his pen” is under these circumstances 
not only commendable but almost obligatory. He admits 
that six out of the seven instances which he quoted of 
burst hose pipes occurred, not to the vacuum automatic 
brake, which is, and has been, the only form of vacuum 
brake under discussion, but to the simple form of that 
brake. He is, however, still unwilling to part with his 
seventh case—that of the Great Western horse-box on 
2nd May, 1887, and if this were a mere matter of senti- 
ment I should hesitate to rob him of his one pet case, of 
his one ewe lamb, but, as a matter of fact, the Great 
Western horse-box was running in a North-Western train, 
which was fitted only with the simple vacuum brake. He 
will find it somewhat difficult to explain in what way the 
fact that the Great Western Railway were using the 
automatic form of vacuum brake could affect their horse- 
box, which was being worked in a North-Western train 
fitted with a simple vacuum brake. 

Mr. Gobert is, I fancy, beating the air in his en- 
deavours to convince the public that the Board of Trade 
returns are unreliable, and that his classification of brake 
failures must be accepted in preference to that of the 
officials whose duty it is to prepare them. For this, it 
will be observed, is practically the only difference which 
now exists between us on the brake question. Mr. 
Gobert, no doubt, considers it a deplorable lack of 
judgment upon my part to prefer the decisions which the 
Board of Trade have arrived at with regard to the failures 
of the Westinghouse brake to his ex parte versions of the 
same circumstances, but he can scarcely expect the 
public to take the same exalted view of his discrimina- 
tion or even of his disinterestedness. I am satisfied that 
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the railways, as well as the general public, have the 
fullest confidence in the of Trade upon this matter 
and will be perfectly content to accept the decision of 
that department in the selection of a brake fulfilling all 
the requirements of their general order. 
Yours truly, 
‘An ENGINEER. 





To THE Eprtor oF ENGINEERING. 


S1r,—I was highly amused at Mr. Haggard’s letter. 
It is but_a condemnation of the brake manufactured and 
sold by hiscompany. Thien we are decidedly tobelievethat 
the brake is not to be relied upon. The remarks of Mr. 
Haggard respecting the cases of burst hose are a con- 
demnation of automatic brakes in general, for if they are 
the cause of collision as this gentlemen says, they hi 
better be dispensed with altogether. If we are to have 
automatic brakes we must put up with this so-called 
cause of failure. But if all trains were fitted without 
exception with continuous brakes and efficient signalling 
adopted, no such collisions would ever take place ; in any 
case, the burst hose is not the cause of the collisions as Mr, 
Haggard would have us to believe it. The Bleanor acci- 
dent on the Midland Railway was not caused by the 
failure of the brake, the real cause has been given so 
many times before now that it really becomes sickening 
to have to repeat continually the same thing to people 
who will not listen to the language of reason. 

With respect to the trials in Sadia any unprejudiced 
mind acquainted with the facts will admit that they were 
but a farce. As is stated by Mr. E. Robertson, the result 
of these experiments have no value as far as accuracy is 
concerned. (General Gordon Conway stated, too, that the 
trials could not pretend in any way to be of a complete 
and decisive nature. .. . The automatic vacuum brake 
was repeatedly beaten; a fact acknowledged by the 
vacuum brake people themselves. How it is that they 
were not allowed to have their new quick brake tried 
officially, and how it is that, despite this, their usual 
form of brake has been after all adopted, is a mystery. It 
cannot be said that these trials were of a fair and equitable 
character. For instance the train trials mentioned by Mr. 
Haggard cannot be said to be of any value, for the train 
measured 265 yards, its weight 341 tons, against 500 yards 
and 573 tons for the Westinghouse train. For India the 
brake = is one of patriotism, one which should be 
decided by thoroughly impartial and experienced men. 
The concluding paragraph. of Mr. Haggard’s letter 
sounds like a confession of inability on the part of 
the company to compete with the Werlnehenss brake. 
There can be no doubt that 120 1b. per square inch is a 
suitable pressure to work an air brake; perfectly flexible 
metallic hose-pipes are now made which will withstand 
this pressure and more. The increase of pressure will 
reduce the size of the brake apparatus and its weight. If 
railway companies who adopt vacuum brakes are tied to 
a maximum pressure of 1241b. per square inch, it is simply 
because they choose it, and not the fault of the people 
who manufacture or prefer air pressure brakes. But Mr. 
Haggard’s complaint: has no foundation, he knows well 
that by suitably enlarging the diameter of the brake 
cylinders he can obtain the same total pressure as in the 

estinghouse, 

A ‘*M.I.M.E.” speaks of what he has seen at the 
Frontier trials, the accuracy of which is of a doubtful 
nature. I am, however, in a g position to speak 
about the controlling power of the Westinghouse brake, 
as I have had a long experience with it on long grades, 
lin 40 generally, and I can assure you that ‘“‘ M_UM. E.’s” 
statements are all fanciful. I have had drivers who have 
mene trains without the least difficulty, nor were 
they long either in finding out how to manipulate the 
brake, so as to keep a practically constant speed. With 
a carefully proportioned main reservoir and pump the 
brake-blocks never come off. .I did not find that the 
brake-blocks left the wheels; the time elapsing between 
a release of the air from brake cylinders and a re-applica- 
tion being too short. It is easy to run five miles and mare 
without touching the brake valve. The retaining valve 
is no doubt ingenious, but we have dispensed with it, 
—- the engines and trains I refer to were fitted 
with it. 

No doubt ‘‘ M.I.M.E.” will be able to tell me why the 
automatic vacuum was not after all adopted on the 
St. Gothard Railway and the Westinghouse preferred. 

I have no knowledge of the accident in Australia re- 
ferred to by yourcorrespondent. I, however, havea strong 
suspicion that it is the Peats Ferry accident ; if so, we 
have here another proof of the dishonesty of the adherents 
of the vacuum brake in their attacks against the Westing- 
house air brake. It is well known that this accident was 
due to neglect of servants and not to inability of the brakes 
to control the speed over an incline. it as it may, it 
would be well for our opponents to be more precise in their 
accusations. 

I must confess I do not quite understand the letter of 
‘*W.M.” What does this mean for instance? ‘“ Under 
ordinary circumstances the vacuum would leak away”... 
and further on, ‘‘ The fact of his using the large ejector 
shows that the pipe was not blocked with ice at the 
tender, for the smallest of small ejectors would have kept 
the vacuum in that distance”... * 

Whatever cause Colonel Rich may attribute the colli- 
sion to, whatever the driver may have done or not done, 
there remains one indisputable fact, namely, the failure 
of the automatic brake at Wood Bank. Had the brake 
been all right, as Colonel Rich maintains it was, it is 
certain that it would have acted on the driver pushin 
the lever home after he had blown up his big ejector, an 
there is no evidence that he shut off the small ejecter on 
reaching Shap Summit. The fact that Rumney took the 
pin out of the slide is not supported in any way by the 
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evidence of the other witnesses, in fact their evidence is in 
strong contradiction with it. 

The accident at Carlisle was_caused, in the first place, 
by the failure of the brake at Wood Bank, and the cir- 
cumstances of the case aggravated by the complicated 
though transitory arrangement of the brake on the 
engines. The test made by Colonel Rich with a special 
train run to Penrith is not a fair one, as it did not take 
place under the same conditions as those previously on 
the day of the accident. The examination of the train 
after the accident could not prove whether the brake was 
frozen or not, and,was perfectly without use in this respect. 
The whole of the report shows, however, plainly one 
thing, namely, the automatic vacuum brake is of a 
thoroughly unreliable character in wintry weather, and 
the sooner a more trustworthy one of a more straight- 
the better. The whole 
blame lies on the shoulders of the London and North- 
Western Railway Company; their singular policy in 
— with the brake question has resulted in this acci- 

ent. 

‘*W. M.” mentions a trial on the Lancashire and York- 
shire Railway, but gives us no particulars. What brake was 
it, the new or the oldone? The Manchester Evening News 
is not an authority on such matters, and the trials had not 
it appears, an official character. Perhaps “Ww. M.” will 
be kind enough to supply us with further details? 

Yours faithfully, 
E. GoseErrt. 

P.S.—Since writing the above I have been informed 
that the accident referred to is more likely the one which 
took place at Hawkesbury, N.S.W. As you well know, 
this accident was not due to the brake becoming short of 
air, but to the neglect of servants, who, in re-arranging 
the train at Hornsby, did not see that the 1 in. cock in 
the rear of the first vehicle was closed. As you see, Mr. 
Editor, this accident has nothing to do with the alleged 
want of controlling power of the brake on long inclines. 
Tf, then, such is the case referred to, the statement of 
is .” affords us once more a proof of the most unjust 
manner in which the adherents of the automatic vacuum 
brake are wont to attack their rival. Either ‘‘ W. M.” 
is ignorant of brake matters or he wilfully disguises 
truth to mislead the public. This is the usual practice 
of the supporters of vacuum brakes, as these columns 
have aneuy amply testified.—E. G. 





NOTES FROM THE NORTH. 
Giaseow, Wednesday. 

Glasgow Pig-Iron Market.—Thursday’s market at the 
opening in the forenoon was quiet and prices were very 
flat, but they improved. he afternoon market was 
steady, and at the close it was found that on the day there 
was an advanceof 3d. per ton on the price of Scotch, 14d. on 
the price of Cleveland, and 1d. on that of hematite iron. 
The closing settlement prices were—Scotch iron, 44s. 9d. 
per ton ; Cleveland, 43s. 44d. ; hematite iron, 53s. 9d. per 
ton. There was a somewhat depressed feeling in the 
market on the following day, as the Board of Trade 
returns for last month, when examined carefully as to 
the shipments of iron and steel, were not considered 
as satisfactory as had been expected. While the values 
of manufactured iron, &c., were higher, the quantities 
exported were smaller, but there was a slight improve- 
ment in the quantity of pig iron shipped during the 
month of April. At the close of the forenoon market 
Scotch warrants were 44d. per ton under the closing 
rice of the preceding day, while the price of Cleveland 
had receded 5d. perton, and that of hematite iron 34d. per 
ton. Inthe afternoon prices weakened still further, and 
the settlement rates were—Scotch iron, 44s. per ton; 
Cleveland, 42s. 6d. ; hematite warrants, 53s. 14d. per ton. 
It was remarked that the price of Cleveland iron was 
lower than at any time since last August, while the clos- 
ing quotation for Scotch iron was the lowest since the 
month of July. Monday’s market was very quiet at the 
opening, and for a time there was an indisposition to do 
any business. The trade reports for the week did not 
show much new business coming to hand, although 
there were more small orders reported as booked than for 
some time past. Some ——— was also caused by the 
report as to smaller withdrawals of pig iron from the 
warrant stores, subsequently followed, however, by an 
improvement owing to an increase in the past week’s 
shipments. Scotch iron with the price 1d. per ton down, 
at 43s. 114d., at which a certain amount of business was 
done. Buyers then came in and prices rose steadily to 
the extent of 5d. per ton, the closing quotation 44s. 44d., 
being 4d. over last week’s final quotation. Cleveland 
iron was very flat, the price falling to 41s. 9d. cash— 
a decline of 9d. for last week’s close, and 2s. 74d. 
r ton below the price of Scotch iron. Hematite 
iron recovered 24d. of last week’s decline in prices. 
The closing settlement prices were—Scotch iron, 44s. 
4hd. per ton; Cleveland, 41s. 9d.; hematite iron, 53s. 
44d. per ton. There was no particular feature in Tues- 
day’s forenoon market, the business done being mostly 
confined to brokers, the investing public having evidently 
ceased for the present to take any interest in iron warrants. 
Prices were a shade firmer, Scotch finishing 3d., Cleve- 
land 13d., and hematite warrants 3d. per ton dearer. At 
the afternoon meeting of the market, warrants were much 
firmer in price, the close showing an advance of 6d. on 
Scotch iron, 9d. per ton on Cleveland, and 74d. on hema- 
tite iron on the day. The settlement prices at the close 
were—Scotch iron, 44s. 104d. per ton; Cleveland, 42s. 6d.; 
hematite iron, 53s. 104d. per ton. There was a fairly 
active market this forenoon, and prices became stiffer. 
Scotch iron opened at 45s. cash per ton, but the price gave 
way on realisations. The price of Cumberland hematite 
iron advanced 7d. per ton, and that of Cleveland receded 
74d. per ton. Business was done in the afternoon in 





Scotch warrants at 44s. 74d, and at the close buyers were 
offering 44s. 6d. with sellers asking 1d. per ton more. 
The following are the quotations for several makers’ 
brands of No. 1 iron: Gartsherrie, 62s. 6d. per ton; 
Summerlee, 64s.; Glengarnock, 65s.; Langloan, 66s.; 
Coltness, 66s. 6d.; Calder (at Port-Dundas), 68s.; Shotts 
(at Leith), 65s.; Carron (at ey ee 71s. 6d. The 
shipments of pig iron from all tch ports last week 
amounted to 14,245 tons, as compared with 7593 tons in 
the corresponding week of last year. They included 650 
tons for the United States, 715 tons for Canada, 427 tons 
for India, 785 tons for Australia, 120 tons for France, 
1315 tons for Italy, 2320 tons for Germany, 1460 tons for 
Holland, 113 tons for Spain and Portugal, 360 tons for 
China and Japan, smaller quantities for other countries, 
and 5487 tons coastwise. ‘There are now 87 blast furnaces 
in actual operation, against 76 at this time last year. Up 
to last Saturday the year’s imports of Cleveland pig iron 
into Grangemouth amounted only to 46,989 tons, as com- 
pared with 134,745 tons for the corresponding period of 
1889. The stock of pig iron in Messrs. Connal and Co.’s 
public warrant stores yesterday afternoon stood at 768,377 
tons, against 777,137 tons yesterday week, thus showing 
a decrease amounting to 8760 tons. 


Shipments of Machinery, &c., from the Clyde.—The 
ps pn of machinery, &c., from the Clyde to foreign 
and colonial ports, reported last week, included the fol- 
lowing: Locomotive engines for Santos, of the value of 
3900/. ; sugar-crushing and other machinery for Melbourne 
Peru, Demerara, Bombay, Cuba, and Barcelona, value 
at 22,150/. ; blooms, billets, plates, sheets, bars, and other 
steel goods, chiefly for Chili and Peru, Canada, New 
York, Sydney, India, the Mediterranean, Melbourne, 
and Boston, of the value of 8174l. ; sewing machine parts 
for Rouen, Oporto, and Peru, valued at 2918/. ; pipes and 
other castings, plates, sheets, bars, tubes, girders, and 
miscellaneous iron manufactures, valued at 43,980/. 


The Spanish Iron Ore Trade.—During the month of 
April forty steamers landed 58,664 tons of iron ore in 
the Clyde from Spanish ports—being an increase of 
10,947 tons over the imports during the corresponding 
month of last year. For the four months of this year 
121 steamers brought 176,753 tons of Spanish ore, an in- 
crease of 26,405 tons, as contrasted with the imports for 
the same period of last year, and of 76,350 tons, or 76 per 
cent., as contrasted with the imports in the same four 
months of last year. 


Lord Blantyre and the Clyde Trustees.—On Monday 
the House of Lords gave judgment in the original and 
cross appeals from the decision of the Court of Session in 
an action raised by Blantyre, with the view of 
obtaining a remedy against the alleged injurious results 
to his lands on the banks of the Clyde produced by the 
operations of the Trustees of the Clyde Navigation. 
Lord Blantyre submitted that the Trustees’ statutory 
operations had resulted in raising the level of the river 
opposite his lands, flooding them and causing great 
damage ; and he claimed that the banks should be raised, 
strengthened, maintained, and repaired; but the Lord 
Ordinary and the First Division of the Court refused to 
order that to be done, on the ground that the pursuer had 
failed to ae that the water had been raised by the opera- 
tions of the Clyde Navigation Works. The Lord Ordinary 
oe that the changed condition of the shores was not 
attributable to those operations, but the Inner House took a 
different view, and, subject to some modification, decided 
the second conclusion of the summons in Lord Blantyre’s 
favour. The object of the third conclusion was to pre- 
vent the Trustees from entering upon or dredging his 
lordshp’s lands without his consent. The Clyde Trustees 
denied Lord Blantyre’s allegations and resisted his claims, 
and asked that the judgment of the court below, so far as 
adverse to them, should be reversed in their favour. At 
Monday’s sitting of the House of Lords, as the final 
Court of Appeal, the Lord Chancellor moved that Lord 
Blantyre’s appeal be dismissed with costs, and that the 
Clyde Trustees’ cross appeal be sustained. Lords Wat- 
son, Bramwell, and Herschell concurred, and judgment 
was given accordingly. 


Northern Lights Commissioners’ Operations. — The 
Northern Lights Commissioners have issued plans and 
schedules for the erection of two lighthouses, with fo 
signals, on the Fair Isle, half way between Orkney an 
Shetland. These lighthouses are to be placed, one at 
Skadan in the south and the other at Skroo in the north 
of the islands, the former being upon a site of 40 ft. and 
the latter upon one about 100 ft. above high-water level. 
Each will contain dwelling-houses for three keepers and 
their families. The usefulness of those lights will be 
understood when it is remembered that the whole of the 
trade for the Continent passes between Orkney and Shet- 
land, while a large amount of the home ship ing prefers 
this route to going through the Pentland Firth. 
cart road is to be , Bees between Southhaven and the 
Skroo, a distance of about half a mile. With the view of 
saving the expense of ccnveying material, an effort will 
be made to build the towers with the stone in the island. 
The construction of the whole work will take about two 

ears. Plans have been prepared by Mr. D. M. A. 
tevenson. The commissioners have just completed the 
lighthouse at Girdleness, near Aberdeen. At present 
there are two fixed lights, one above the other, but there 
is shortly to be put in a group flashing light, which will 
ive two flashes in quick succession every half-minute. 

e new light will be rendered much stronger than the 
former by the use of a mar designed dioptric appa- 
ratus, which dispenses with metal reflectors. The new light 
was tried last week, and found to act very satisfactorily. 


Scotch Bills in Parliament.—The Bill for the Glasgow 
District Subways scheme was passed last Wednesday by 
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the Select Committee of the House of Lords presided 
over by Lord Romilly, but on the understanding that a 
clause should be introduced providing that the promoters 
should agree with the Caledonian Railway Company for 
building the subway in Argyle-street and the immediate 
vicinity before the Glasgow Central Railway is begun at 
that place. The Bill for the acquisition of the Glasgow 
and South-Western Railway by the North British Rail- 
way Company, after being before Sir John Dorington’s 
Committee of the House of Commons for sixteen days, 
was passed yesterday, and the Caledonian Company’s 
Bill connected with the same subject was thrown out. 
A number of satisfactory clauses, however, must be intro- 
duced for the purpose of safe-guarding the London and 
North-Western and Caledonian Companies as to running 
powers over various portions of the South-Western 
system, and providing for maximum fares. The draft 
clauses are to be laid before the Committee next Tuesday. 
Owing to the inability of Mr. Wolfe gf C.E., to 
attend this week to give evidence, Sir John Dorington’s 
Committee will not sit for the consideration of the Edin- 
burgh Underground Railway Bill, of the Caledonian 
Railway Company, till after the Whitsuntide holidays. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Parkgate Iron and Steel Company, Limited.—The report 
of the directors for the year ending March last has been 
issued. It states that the whole of the works and machi- 
nery have been maintained in good working order. 
The new steel works are now practically complete 
in all departments, and consist of four 25-ton Siemens 
melting furnaces. Large quantitiesof marine boilers, 
locomotive and general boiler plates, have been 
manufactured during the year, and have stood the 
Admiralty, Board of Trade, Lloyd’s, and other tests 
in a most satisfactory manner, so that the products 
of the new works have already obtained a high reputa- 
tion. The directors have written off 10,000/. for deprecia- 
tion on plant and works. The net profit is 21,937/., which 
has been appropriated as follows : Depreciation of plant, 
10,0002. ; reserve fund, 2000/. ; dividend at the rate of 3/. 
per share. 


Variations in Trade Prices.—The following are the 
revised prices of goods in South Yorkshire: Locomotive 
and tender tyres, 13/. perton ; carriage and wagon tyres, 
111. ; carriage and wagon axles, 111. ; springs, 10/. 10s. ; 
special Bessemer billets, 7/. to 7/. 5s. per ton. In the 
steel rod trade German manufacturers appear to be out- 
marketed, as orders are again coming in heavily. In the 
wire trade inquiries are also heavy. 

Heavy Fall in the Price of Coke.—The decline of 11. per 
ton in sheet iron has had a reflex action in the coke trade. 
Derbyshire coke is now offered at the ovens at 14s, per 
ton. This is a drop of 4s. in a single week, and a fall of 
10s. since the opening of the year. The price is yet 
almost double that of a year ago. 


The Yorkshire Coalowners and Wages Question.— A 
resolution of very great importance to the coal trade and 
one which must have a marked influence on the existing 
relations of employer and employed has been passed by 
the South Yorkshire Coalowners’ Association. It is as 
follows: ‘That in future all local wages questions, all 
local advances whatever, shall be decided through the 
South Yorkshire Coalowners’ Assurance Association.” 
This is a resolution which means more than on the face 
of it appears. Behind the resolution there is a fact which 
in future will be apparent. It means that in wages dis- 
putes in the coal trade in this district, where the union 
of men ‘‘set down” a pit, this action will be met by the 
associated coalmasters as a body, each member being 
assured against a loss, 


The Coal Trade of South Yorkshire.—The coal forwarded 
to Hull during last month amounted to 174,368 tons, as 
compared with 136,332 during thecorresponding month of 
1889. From January to April of the present year 605,192 
tons have been sent as compared with 571,000 tons during 
the four months of 1889, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.esBroucH, Wednesday. 

The Cleveland Iron Market.—Yesterday the attendance 
on ’Change was not large, but the tone of the market was 
cheerful. First thing in the day inquiries were more 
numerous than has recently been the case, but not much 
business was done; afterwards, however, several pretty 
large orders were placed, and throughout the day prices 
steadily advanced. Altogether prospects are now brighter 
a good deal than they have been of late, and several well- 
informed people largely interested in the iron trade express 
the belief that we shall now see a good steady legitimate 
trade for some time to come. They point to the fact that 
Scotch iron has once more become dearer than Cleveland, 
and say that this is the most satisfactory feature which 
has been noticed in the market for some months. The 
quotation for Scotch iron is now over 3s. per ton above 
that of Cleveland, and if it only maintains this lead we 
may probably see some of the customers return to this 
market we oe, as been placing their orders elsewhere of 
late, simply because they could buy cheaper in other 
markets. Early yesterday morning buyers offered 
42s. 3d. for prompt f.o.b. delivery of No. 3 g.m.b. 
Cleveland pig iron, but sellers were unwilling to take less 
than 43s., and makers were reported to have booked 
orders at the last-mentioned figure. Middlesbrough 
warrants opened at 41s. 104d., and gradually rose to 
42s, 6d, cash buyers, which was the closing quotation. 


To-day the market was once more flat. Probably the 
chief reason for this was that a maker was repo to 
have done business at 42s. for No. 3. This had the effect 
of greatly depressing the market, and causing prices to 
fall. Although quotations drop a good deal to-day 
the outlook is still pretty healthy, as Scotch iron main- 
tains its lead over Cleveland, and orders are going direct 
to makers. It was difficult to-day to obtain 42s. for 
No. 3, and Middlesbrough warrants fell to 41s. 14d. cash 
buyers, but sellers as a rule would not dispose of war- 
rants under 41s. 44d., and some holders asked a higher 
figure. 

Seneeeret Iron and Steel.—Producers of manu- 
factured iron still complain of the lack of new orders, and 
if fresh work does not come more readily to hand ere 
long several firms will be unable to keep their establish- 
ments so fully occupied as they are at present. Common 
bars are quoted 61. 2s. 6d. per ton; ship plates 6l.; and 
ship angles 5l. 17s. 6d. ; all less 24 per cent. discount for 
cash. ith regard to the steel trade there is little of 
interest to note. Asin the manufactured iron industry, 
new orders are difficult to secure. 
restarted at the Eston Works of Messrs. Ickow, 
Vaughan and Co. on the short-time scheme. _ Prices are 
nominally the same as when last quoted, viz., heavy rails 
5l. 5 chip plates 7/.; and ship angles 61. 17s, 6d., all at 
works. 


Cleveland Miners and Restriction.—Nearly all the lodges 
of the Cleveland Miners’ Association have expressed 
themselves in favour of sending their executive to meet 
the mineowners with a view to taking joint action to 
materially reduce the warrant stores. he men are 
unanimously in favour of an eight hours’ day. 


The Fuel Trade.—The fuel trade is pretty steady, and 
prices, thou neg like what they were a little while 
ago, are still high. Blast furnace coke can now be bought 
at 18s. per ton. 








AMERICAN Rams.—The United States Navy Depart- 
ment has commenced plans for a harbour defence ram 
authorised by the last Congress. The law provides for a 
ram of the type approved by the Naval Advisory Board 
in its report of November 7, 1881. This is what is known 
as the Awmen ram, having been designed by Rear- 
Admiral D. Awmen. Calculations are being made for a 
vessel of 2700 tons displacement, 262 ft. long on the water 
line, with a 17-ft. ne ram below the water line, 
46 ft. beam, and 17 ft. draught. The speed contemplated 
is 18 knots per hour, which would require engines of about 
6000 horse-power. 


Suitw’s Gotp Exrractinc Apparatus.—Mr. R. E. 
Shill, of 118, Great Russell Street, London, is introducing 
a new gold-extracting apparatus of a simple construc- 
tion. It consists of a circular vessel of mercury, filled to 
the brim, and surrounded by an annular recess, the edge 
of the vessel forming a weir, which is used in separating 
heavy particles in the gangue. The whole is covered by 
two concentric and parallel cones, the quartz entering 
through the inner one and escaping outside it. The pulp 
(finely powdered quartz and water) is forced down a 
number of small tubes, the lower ends of which are half 
an inch below the surface of the mercury in the vessel. 
It there rises to the surface and flows towards the edge 
of the vessel, where the heavy particles go over the weir, 
and are left in the annular recess. A steady current of 
water is kept up through this recess to prevent light 
particles falling into it. The lighter particles are swept 
upwards by the current of water, which at the edge is 
confined between the two parallel cones. The tailings 
can be passed through another apparatus, and again 
through a third if desired. It is considered that the free 
gold is caught by the mercury, and the rusty gold falls 
into the recess. The mercury is kept in constant agita- 
tion. 





THE JUNIOR ENGINEERING Socrety.—At a meeting of 
this Society, held at the Westminster Palace Hotel on 
the 9th inst., a paper was read by Mr. W. J. Tennant, 
Grad. Inst. P.A., chairman, on ‘‘Slide Valve and 
Radial Valve Gears.” The author introduced the subject 
by considering the elementary principles underlying the 
action of the slide valve, and thence proceeded to a 
deduction of the proportions and setting of slide valves 
and eccentrics as commonly practised. The effect upon 
steam distribution of external and internal Japs and 
leads and of variations in the setting of the eccentric 
and proportioning of the ports was illustrated by a special 
model, the invention of the author. The trick, Thom, 
Brock differential, double-ported marine, and other types 
of flat and piston slide valves were next referred to, and 
general considerations having reference to reversing and 
expansion gears were followed by an explanation of a 
graphical method of determining the speed of a valve or 
piston at every position in its travel. A demonstration 
with the aid of models, diagrams, and lantern slides of 
the principle and mode of operation of the Hackworth, 
Marshall, Joy, and Morton radial valve gears brought 
the paper to a close. The — in the discussion 
included Messrs. B. H. Joy, Bruce, and Marshall. On 
the foliowing afternoon, by special arrangement with the 
authorities, a party of members visited the marine engi- 
neering section of the South Kensington Museum for the 
purpose of inspecting the collection of models of various 
types of valve gears, the construction and action of which 
were fully explained by the author of the paper, to whom 
on both occasions a vote of thanks was unanimously 
accorded for the explicit manner in which he had treated 





the subject, 


Operations have been | O 





NOTES FROM THE SOUTH-WEST. 
Cowbridge and Aberthaw Railway.—The works of this 
line are stated to be —— good progress. About 500 
men are at present employed upon them. 


Cardif.—Steam coal has exhibited a weaker tone, some 
concessions being made with regard to prices. The de- 
mand for house coal has considerably declined, as is 
usually the case at this period of the year, and prices have 
shown a downward tendency. Inquiries for patent fuel 
have been —— limited ; foundry and furnace 
coke have also been in moderate demand. 


Barry Dock.—Last week’s shipments of coal and coke 
from the Barry Dock amounted to 62,808 tons. The 
number of vessels in the dock on Monday was 82, viz., 
13 steamers and 19 sailing vessels. Arrangements are 
being made for the erection of coal cranes, similar to 
those in Roath Dock, on the north side of the dock, and 
in all probability these will be ready in a few months. 
Movable cranes cannot be adopted, owing to the fact that 
the bn gg of the dock are not built with masonry, as at 
ardiff. 


Brynmawr.—On Tuesday the Black Vein Steam Coal 
Slope, owned by Mr. 8. Jones, was opened. A pair of 
coupled engines, made at the Brynmawr Foundry, were 
put in motion by Mr. T. Vachell, C.E., of Newport, the 
agent of the Nantyglo and Blaina Company, on whose 
estate at Nantyglo the colliery is situated. Mr. Vachell 
brought up the first tram of coal. 


Rhondda and Swansea Bay Railway.-—The section 
between Cymmer and Blaengwynfi has been opened for 
rate traffic. Another section was also opened on 

aturday so that passengers and goods can now be con- 
veyed from Aberavon direct to the mouth of the Aberg- 
wynfi tunnel. Hitherto the company’s traffic could be 
carried no further than Cymmer, where it had to be 
transferred to the Great Western Railway and taken over 
a steep gradient to the terminus at the foot of the Blaeng- 
wynfi Mountain. The inconvenience and delay will now 
be obviated, and the Rhondda and Swansea Bay Com- 

ny will run their trains straight into their station at 
laengwynfi. 


Welsh Railway Enterprise.—A light railway has been 
projected between Bala district and Newtown. The pro- 
posed route will lie in a direct line through Montgomery- 
shire and Merionethshire, and will connect the Great 
Western with the Cambrian. The object is to provide 
more direct and easy facilities for tourists from South 
Wales and the English Midland Counties. The esti- 
mated distance is 324 miles, and the cost of construction 
is set down at 120,000/, 


Blaenrhondda.—The improvement in the coal trade has 
given an impetus to enterprise at Blaenrhondda. Three 
new levels are being opened at the London and South 
pene Colliery. The quality of the coal is stated to be 
good. 

Great Western Railway.—A committee of the House of 
Commons has approved a Bill now being promoted in 
Parliament by the Great Western Railway Company. 
The object of the Bill is, inter alia, to authorise the com- 
pany to make a short railway at Cardiff, to carry out a 
widening at Cardiff, to acquire additional lands at Cardiff, 
and to vest in the company the undertaking of the Whit- 
land and Cardigan Railway Company. 








**PrrrRoLEA No. 1.”—This vessel, of novel construc- 
tion, has just commenced her first passage upon the 
Rhine. She is intended for the transport of petroleum 
from the depét at the mouth of the river, where the oil is 
received from ocean-going tank steamers. She was built 
from the specifications and under the superintendence of 
Messrs. Flannery and Blakiston, of London and Liver- 
pool, for the economical distribution in the upper reaches 
of the Rhine of imported oil. The vessel is 226 ft. 4 in. 
long, 31 ft. 2 in. broad, 7 ft. 6 in. deep, and has a draught 
of water of less than 7 ft. when fully loaded with nearly 
1000 tons of oil. She has masts and sails and apparatus 
for towing, and is of very light scantlings suited specially 
for river traffic. She is fitted with a complete set of pipes 
and pumping arrangements and water ballast to enable 
her to be readily trimmed on even keel to secure the 
minimum of draught. The vessel was built by Messrs. 
Ewald Berninghaus and Co., and has externally most of 
the appearance of the ordinary Rhine barge for general 
cargo. 

THE River PoLiution QuEstion.—On Tuesday, Col. 
Ducat, R.E., and Dr. Barry, held an inquiry at Leeds 
with reference to an —_ne made by the Leeds and 
Bradford Town Councils for power to appoint a Conser- 
vancy Board, in order to prevent the pollution of the 
Aire. The town clerk of Leeds at great length opened 
the case on behalf of the Leeds authorities, and speaking 
of what that borough had done to mitigate the evils com- 
plained of, he said that 57,000/. had been spent on sewage 
works at Knostrop, 449,000/. had been spent on sewerin 
and convertens the becks, many sources of pollution h 
been diverted, and destructors for dealing with town 
refuse had been erected in various parts of the town. If 
a Board of Conservators were appointed, he believed it 
would be found that there wasan earnest desire on the part 
of the local authorities to mitigate evils now complained of. 
The town clerk of Bradford also addressed the inspectors 
on behalf of that pao x The views of neighbouring 
authorities having been fully discussed, the inquiry ter- 
minated, and the inspectors will report in due course to 
the Local Government Board, whose decision will then 
be announced, 
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THE ROLLET PROCESS. 


By Mr. A. Rottet, Paris. 


Pic iron or castings, steel and iron, generally contain 
more or less sulphur, phosphorus, silicon, and other sub- 


of steel or of iron. 

In refining so-called pure castings for iron or steel in 
the presence of an acid slag by aT of the ordinary pro- 
cesses, products are obtained whic 
part of the sulphur and all the phosphorus contained in 
the castings treated. It even happens in the Siemens 
furnace that the refined (decarburised) product is more 
sulphurous than the bath at the commencement. When 
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| qualities of steel, its object being to eliminate sulphur, 
| phosphorus, and silicon from the castings. It consists in 


On the Rollet Process for Producing Purified Castings.* | 


melting castings or pig, or maintaining them at a very 


high temperature under a double action, slightly reducing 


and slightly oxidising, in the presence of a slag obtained 
by admixtures of limestone or lime, iron ores, and fluor- 


| spar, in proportions depending on the quality of the pig 
stances tending either to improve or to deteriorate their | 
qualities. Sulphur and phosphorus are usually the only | 
impurities that are taken into consideration in castings | 


or castings employed. 
The apparatus I employ for this serene is a blast 
furnace or modified cupola, using coke and hot blast. 


The burdens are introduced in the same way as in blast 


furnaces and cupolas. 
It consists of a part A, an independent shaft C, several 
FF F, a syphon arrangement S S for 
arating metal from slag, and a front chamber D. 
xternally, it is composed of sheet iron and steel ; in- 
ternally, at the bottom it is lined with any suitable 
refractory material, preferably with magnesia. It is 
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phosphoric castings are refined for iron or steel in the 
presence of a basic slag by one of the ordinary processes, 
the products obtained contain much less phosphorus than 
either the castings or the bath at the commencement. 
They retain, however, a notable portion of the sulphur. 

In either case, the steel or iron obtained is of mediocre 

or indifferent quality. 

It is, moreover, well known that steels obtained in the 
resence of an acid slag have special qualities, different 
rom those of steels containing the same percentage of 

sulphur, phosphorus, and other impurities obtained in 
the presence of a more or less ferruginous basic slag, and 
that crucible steel, which is obtained in the presence of 
the most acid and least ferruginous of all slags, possesses 
properties peculiarly its own. 

erefore special steel, such as is employed in certain 
industries, ¢.g., for the manufacture of ordnance, tools, 
&c., is preferably, or rather exclusively, made by melting 
on an acid bottom (or hearth), or in crucibles, such pure 
materials as are comprised in the same category as char- 
coal irons and the best brands of Swedish iron. 

The process of fining castings, as here described, is 

intended to be auxiliary to the manufacture of special 








* Paper read before the Iron and Steel Institute, 








cooled externally at all parts liable to injury by currents 
of cold water. 

The tuyeres are arranged in several rows, above one 
another. They are water tuyeres, and project into the 
furnace. The hearth is situated as near as possible to 
the lower row of tuyeres. A single hole serves for tap- 
ping both the metal and the slag. In tapping, the metal 
is separated from the slag by means of the syphon SS, 
which is so arranged in relation to the hole as to prevent 
the blast from blowing through. The metal flows out at 
O, and the slag at 8. ’ 

The tuyeres are arranged in several rows, to facilitate 
the melting of all the substances charged. They are 
arranged one above the other, so as to ra‘se the tem- 
perature along a line passing in front of their nozzles, 
and so insure good working. They project inwardly, so 
that their ends may not get clog, by the colder and 
more decarburised matters which descend along the 
walls, 

The approximation of the lower row of tuyeres to the 
hearth is intended to prolong the action of the blast upon 
the slag, which at that point is light and frothy, and 
upon the metal which flows down through it, so as to 
insure a greater elimination of phosphorus. The separa- 
tion of metal from slag, as soon as both are removed 


from the action of the blast, is carried out so as to prevent 
the phosphorus already eliminated from going back into 
the metal, a result which would be produced by the 
reduction of the phosphoric acid of the slag by the action 
of the coke and the metal. Another object of the separa- 
tion is to prevent too great a recarburisation of the metal. 

The temperature of the blast is as high as possible, viz., 
400 deg. at least, so as to insure the = action of the 
tuyeres. These would otherwise get clogged by the slag, 
which is always very refractory and stiff, or by the de- 
carburised metal which forms at their ends. 

The furnace being in operation, metallic iron is formed, 
by the action of the blast and the iron ore upon the cast 
iron or pig, on the bottom part of the walls, where it 
adheres, thus forming, after working twenty-four to 
thirty-six hours, a substitute for the original ining. The 
furnace may thus be run for an indefinite period of time. 
But it will be preferable, after two or three months’ 
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| working, to reline the upper portion, as the bricks will 
then be worn out by attrition. 
The production is from 50 to 75 tons per day of twenty- 
|four hours. The product obtained a has a white, 
] 


|Spongy appearance. The slags are yellowish white. 
| They contain almost all the phosphorus eliminated from 
‘the cast iron or pig in the state of phosphoric acid, and 
| only a part of the sulphur in the condition of sulphide. 
he elimination of the sulphur is complete up to 99 
per cent., and even more. That of the phosphorus 
| amounts to 80 or 85 per cent., in exceptional cases to 90 
| per cent., and more. And as the recarburising action of 
| the coke sets a limit to the decarburisation of the cast 
| iron, a casting once treated may be treated again in the 
same manner; by which means, beginning with any sort 
| of castings, a carburised iron purer than the best Swedish 
iron used for cementation can be obtained. 

The carburised iron thus obtained may be used in 
Siemens furnaces with acid bottoms, where it may be 
employed to a greater extent than cast iron or pig, and 
| so diminish the weight, if wrought iron be required. It 
| may be puddled, in order to produce iron destined for 
melting on acid bottoms, for crucible melting, or for 
cementation. It can also be used as cement steel for 
| crucible melting, mixed with iron, 








604 


ENGINEERING. 


[May 16, 1890. 








THE CARLISLE ACCIDENT. 
TuE following is Colonel Rich’s report on the accident 
which occurred at Carlisle on March 4 last. We have 
commented upon this report on another page : 


Carlisle (Citadel) Station, 
Board of Trade (Railway Department), 
April 21, 1890. 

Sir,—In compliance with the instructions contained in 
your minute of the 5th ultimo, I have the honour to 
report, for the information of the Board of Trade, the 
result of my inquiry into the circumstances, which 
attended the collision, that occurred on the 4th ultimo 
at the north end of Carlisle Station on the London an 
North-Western and Caledonian Joint Line. 

The engine driver lost control over the 8 p.m. train 
from Euston as it approached Carlisle, after descendin 
the incline from Shap Summit. The train ran ramon 4 
Carlisle Station, and was not stopped until it struck a 
Caledonian engine, which was moving along the railway to 
the siding, where it was to wait for the 8.50 p.m. mail 
train from Euston. 

The Caledonian engine was driven forward about a 
quarter of a mile by the collision. 

The London and North-Western engine and tender 
were damaged ; the second carriage, a heavy sleepin 
carriage, was telescoped into the leading coach, which 
was a third-class, and both left the rails, and two other 
coaches partly left the rails. The leading compartment 
of the third carriage of the train was also brokenin. The 
damage to the stock and permanent way, and the com- 
pany’s rules which apply to Carlisle Station and to work- 
ing the automatic vacuum brake, are given in the 
appendix to the evidence. 

‘our passengers were killed and eleven were injured, 
besides the drivers and firemen of both engines. 

The train, when it reached Carlisle, consisted of a com- 
pound tender engine, a third-class, a sleeping composite, 
a saloon, a brake van in which the conductor was riding, 
a composite, a sleeping composite, a composite from 
Bristol, one from Manchester, and one from Liverpool, a 
third-class with brake compartment, another slesping 
saloon, another composite, anda brake van at the tail of 
the train in which the guard was riding. 

The vehicles were coupled together in the order in 
which they are given. The train was fitted throughout with 
the automatic vacuum brake, which could be applied b 
the guards, and by the engine driver in conjunction wit 
or without the steam brake on the engine. 

The vans and the tender were also fitted with screw 
brakes. 

The London and North-Western Railway Company 
have of late years adopted at different times several kinds 
of brakes, which are continuous, or partially so. The last 
brake the company tried was the simple vacuum brake 
with automatic arrangement in the vans. They have now, 
and for some time past, adopted the automatic vacuum 
brake, and have fitted some of their stock with a fiveway 
cock, to enable them to work their trains with either 
brake while the change is being effected. This cock is 
laced under the carriages. It is actuated by a lever 
handle in a quadrant, which is placed at the side of the 
coach, and has three itions, ‘* simple,” ‘‘ cut-off,” and 
“automatic.” In addition to the names, the latter is 
marked with a large white A, and it is the carriage 
examiner’s duty, before the train starts, to see that the 
quadrant lever is in its proper position for whatever brake 
1s to be used. 

The examiner at Euston stated that he had done this 
on the evening of the 3rd ultimo, but before the train 
left, his attention was called to the reservoir gauge in the 
Gourock van not acting, after the engine-driver blew up 
the vacuum. This van was at the time the seventh vehicle 
from the engine and the fourth from the tail of the train ; 
there was ice on the cylinder, air pipe, and fiveway cock, 
under the floor of the van, which was caused by the splashed 
water from theengine water troughs having frozen, and the 
assistant examiner proceeded to thaw it, by burning some 
oiled waste under the fiveway cock and air pipe. The 
brake blocks were not touching the wheels at the time. 
After the heat was applied for about 14 minutes the gauge 
acted, and the train started, but before it reached Trin 
it was epee by the Tring signalman, who had receive 
a message from the signalman in North Church cabin, to 
** stop and examine train.” When the train stopped at 
Tring, the wheels of the Gourock van were found to be 
red hot and jammed to the brake blocks, which could not 
be got off, so it was arranged to leave the van in the siding 
at Tring. 

As soon as the vacuum pipe at both ends of the van was 
detached from the train, the brake-blocks came off. This 
would happen if the van was worked by simple vacuum, 
while the rest of the train was worked by automatic 
vacuum, and I am of opinion that this was the cause of 
the mischief, 

If the small air pipe which leads from the main air pipe 
to the brake cylinder and reservoir though the fiveway 
cock had frozen, so as to be blocked with ice and keep the 
brake on, it must have become frozen while the train was 
stopped for about two minutes at Willesden, as if it had 
frozen after leaving Willesden, it would have frozen with 
the brake off, supposing that this van was working on 
the automatic principle, and Mr. Eaton, foreman of the 
locomotive department, who took off the pipe to examine 
it next day, stated that he found only about half a tea- 
spoonful of water in the pipe, which would not, if frozen 
have been sufficient to block the pipe, and if the pipe had 
been blocked, the brake would not have come off : the 
main air-pipe being uncoupled, as the air could not have 

t to the brake cylinder to relieve it, if it had been 

locked with ice. 

The train was delayed at kip | about twenty-seven 
minutes, and then went forward to Rugby with the simple 





vacuum brake acting on all the vehicles, as the quadrant 
levers had been moved to work ‘‘ simple,” while the train 
wasat Tring, in the hope of releasing the brake on the 
Gourock van without detaching it, and it was not thought 
desirable to lose any more time in altering them again 
before leaving Tring. 

At Rugby the quadrant levers were again altered to 
work automatic, and the train proceeded on _ its journey. 
It stopped at Crewe to change engines, at Wigan to add 
some coaches, and at Preston, where a bank engine was 
sag in front to assist the train up to the summit of 

hap, where it again stopped, to put off the bank engine. 

The train was stop at the proper spot at all these 
~~ by the automatic vacuum brake, which acted well. 

t reached Shap Summit twenty-eight minutes late and 
left thirty-three minutes late. 
he driver stated that while running from Shap Summit 
to Wood Bank, near Carlisle, his gauge showed 21 in. to 
22 in. of vacuum, 

The distance is about 28} miles, and the gradients, 
except for about 54 miles midway, where it varies slightly 
from the level, fall ; the inclines Mal from 1 in 125 at 
the steepest part to 1 in 229, of which there is a short 
piece ; the average fall for the 23 miles being about 1 in 
157, and the speed of the train, calculated from the times 
registered by the signalmen, heing from about 50 to 64 
miles an hour. The driver stated that he shut off steam 
at Wood Bank distant signal, and thatat Wood Bank he 
tested the vacuum, by opening the release valve on the 
splasher of his engine, that his gauge fell to zero, but he 
did not feel the brake take effect, so he blew up his 
vacuum till the gauge showed 25 in., and then, by push- 
ing the lever home, 4 put the steam brake on the engine, 
but his vacuum gauge again fell to zero without his feel- 
ing that the automatic vacuum brake went on the car- 
riages, as it should have done, and he ran past Upperby 
Bridge junction, which is 1193 yards further than Wood 
Bank, at a speed of 40 to 50 miles an hour. Before he 
reached the Carlisle steam sheds, which are about 680 
yards further, he said, that he reversed his engine, told his 
fireman to put on the tender brake, and applied sand. 
Just before the close of the coroner’s inquest he further 
said, ‘‘ When I was trying to create a vacuum, I took the 
pin out of the slide and pulled the lever right back, so as 
to keep thesteam brake on the engine and tender, and at 
the same time create a vacuum.” This statement cleared 
up the confusion which existed up to this time. By doing 
this, he altered the engine to ‘‘ simple” vacuum working, 
and took the brake off all the amma in the train except 
the screw brakes in the front and rear vans, which the 
guards stated that they put on at gts 4 Bridge junc- 
tion. The train passed No. 5 cabin, which is 1320 yards 
at the Carlisle side of the steam sheds, and entered 
Carlisle Station at a speed of 30 to 40 miles an hour. It 
ran through the station and struck the Caledonian engine 
about 84 yards north of No. 4 cabin at a speed variously 
estimated at from 20 to 30 miles an hour. No, 4 cabin is 
582 yards beyond No. 5 cabin. 

The gradient falls 1 in 130 from Wood Bank to Upperby 
Bridge junction cabin, which is No. 13, and then to the 

oods shed cabin, which is No. 12. Between No. 12 and 
oo 5 cabins, the gradient falls 1 in 118 for 280 yards. 
The line is then horizontal for 680 yards, and then falls 
lin 110 for the next 280 yards, until close up to No. 5 
cabin, when it becomes level for 520 yards through 
Carlisle Station, and then falls again 1 in 100 to No. 4 
cabin, and to the Caledonian yard at the north side of 
the station. 

The conclusions that I have drawn from the evidence 
and from what took place are given below. 

Conclusion. — This collision, which occurred about 
3.30 a.m., was caused by the mismanagement of the 
engine-driver and consequent want of brake power to stop 
the train, which ran down the incline from Shap Summit 
at a speed of about 60 miles an hour, and approached 
Carlisle Station at a high speed. 

If the engine-driver had obeyed his instructions, 
whistled for the guards’ brakes, and kept the steam brake 
on his engine and tender from the time that he said 
that he tested his automatic vacuum brake at Wood Bank, 
and thought it did not act, I am of opinion that he would 
have stopped his train before he reached Carlisle Station. 
The train was then more than two miles from the point of 
collision. I think that it must have been much nearer 
Carlisle when he tested and thought that the automatic 
vacuum brake would not act. 

It is impossible to make the driver’s evidence agree with 
what the train would or should have done under the cir- 
cumstances stated, and more particularly so, from what 
occurred when I ran an experimental train from Carlisle 
to Penrith and back, which was made up of similar 
vehicles, with similar brakes, and in the same manner. 

I found that although the rails during my experiments 
were particularly dry, that by keeping steam on the 
engine I could run for many miles when the small ejector 
was shut off, and that, although the train vacuum pipe 
pare | leaked off to zero, the reservoirs only leaked off 

in, to 4in. of vacuum in about ten minutes, and kept 
the brakes on, but not tight on, and that the brake by 
this slow leaking on acted more on some coaches than on 
others. Although the ejector would blow up the vacuum 
to 22in., 19in. was the highest vacuum I maintained, 
and 17 in. about the standard vacuum. The van wheels 
alone heated after running a considerable distance, 
although the friction as the & &. leaked on, must have 

m more severe during my trials, when the rail was 
perfectly dry, than on the morning of the accident, when 
it was pes age sleet and rain, and was considerably 
warmer at the north than at the south side of Shap 
Summit. 

When I made a very quick stop at the north side of 
Penrith Station, I observed that the driver shut off his 
small ejector at once, and on asking him why? he said 





they were directed to shut it off in the large stations to 
prevent noise ; but on my remarking that the train was 
not at a station, I gathered from his reply that it was his 

ractice to do this. It appears to be the rule to do so. 
This rule should be altered and the practice discontinued. 

Taking this practice into consideration I think the acci- 
dent was caused in the following manner : 

The engine-driver shut off his small ejector on arriving 
at Shap Summit, and forgot to open it before proceeding 
on his journey. 

If so, the brakes would ually and partially leak on, 
but they would not stop the train on a steep falling gra- 
dient, while the engine was steaming hard, and particu- 
larly on a y rail, such as existed on the — in 

uestion. en the driver tested his vacuum at Wood 

ank there would be little or none in the pipe, he would 
feel no further check to his train than was already applied 
by the leaking on, and the guards would find the same 
when they tried to apply the vacuum brake by opening 
the valves in their vans. The driver then became 
anxious, and instead of carrying out what his rules direct 
him to do, and whistling for the guards’ brakes, he took 
out the pin and alters his lever, so as to work simple 
vacuum instead of automatic. By doing this he took off 
whatever brake power he had left, except the steam 
brake on his engine and the screw brakes on the vans, 
which may not then have been applied by the guards, 
and he also must have taken the steam brake off his engine 
during the time when he first tried to obtain automatic 
brake power by blowing up his vacuum with the large 
ejector, and before he took out the pin. He appears not 
to have whistled for the screw brakes until he got close 
to the station, but the guards put them on when they 
were at Upperby Bridge junction. After the train 
stopped, the wheels of two coaches were found to be 
heated. They must have been so heated while runnin 
with the automatic brake on between Shap Summit an 
Wood Bank, as there was not time or brake power put 
= between Wood Bank and Carlisle Station to heat 
them. 

The same effect would have been produced by the 
vacuum pipe between the engine and tender becoming 
stopped with a plug of ice after the train left Shap Sum- 
mit, but in this case the automatic brake would have 
leaked on, and could not have been taken off by the driver 
so long as the ice remained, and I think that as the 
driver shut off steam at Wood Bank, the train would have 
been stopped with this brake power, the guards’ screw 
brakes, and the steam brake on the engine and tender 
before it reached Carlisle. 

When the automatic vacuum brake machinery was 
examined after the accident it was found to have been in 
goodorder. About half a pint of water was found in 
the belly of the pipe between the engine and tender, but 
this quantity of water, if frozen, would not be sufficient 
to plug the pipe and stop the air-way. From the evidence 
of the signalman it appears doubtful whether the engine 
wheels were braked when the train passed the station 
and the signal cabins at the south side of the station. 
This would be the case if the engine-driver had only 
pulled his lever into the notch in the slide, instead of 
pulling it right over, as he said he did. If he pulled it only 
to the notch, he would take the brake off his engine and 
every vehicle in the train, except those to which the screw 
brakes were recy which the witnesses who saw the 
train pass, said was the case. I think that there was 
nothing the matter with the brake, but that the driver, 
by shutting his small ejector at Shap Summit, lost a great 

art of his vacuum, and that he did not notice this before 

e reached Wood Bank. He then got thoroughly confused 
and omitted to do what he should have done if he had 
acted as hisrulesdirect, and did what he ought not to have 
done, by altering his engine to work simple in place of 
automatic vacuum. I thing that great allowance should 
be made for the mistakes that he made, as it must be a 
most confusing thing to have both the simple vacuum and 
the automatic vacuum brake to deal with. The simple is 
put on by pulling a lever towards you, and the automatic 
vacuum brake is puton by pushing the same lever from you. 
I recommend the London and North-Western Railway 
Company to put a stop to this confusion by doing away, 
as the company have some time since determined, with 
the simple vacuum as fast as possible, and I would further 
recommend the company, as they have now adopted the 
automatic brake, to carry this out in the best manner, 
and to work it with a proper amount of vacuum. The 
ys | now work it at an average vacuum of about 
17 in. This is not enough. It should be worked up to 
25 in., and not allowed to go below 20 in. when running. 

This should be done by means of an air-pump or an 
ejector. If done by an ejector the exhaust pipe should 
be taken through the boiler, which will prevent the steam 
condensing as it does when the pipe is outside, and drivers 
should not shut the small ejector while their engine is 
attached toa train. I understand that the London and 
North-Western Railway Company are now fitting their 
engines with air pumps. The his trap with a valve 
should be placed at the bottom of a vertical down pipe, 
and close enough to the ashpan to prevent the valve 
| 

The driver of the Caledonian engine did what he could. 
He had fortunately time to reverse his engine and get 
steam on, to run in the same direction as the London and 
North-Western train, before the collision occurred. The 
conductor and guard with the London and North-Western 
train appear to have done their duty ; and as to the state 
of their gauges, these would be affected by the driver’s 
action in working his big ejector. When they opened 
their release valves to put on the automatic vacuum 
brake it was impossible for the brake to act, as the driver 
was pulling it off with his large ejector. I place no re- 
liance on the driver's evidence as to the state of his gauge 
while descending the Shap. I think that he probably did 
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not observe it till he wanted to use the brake when the 
train arrived near Carlisle. 

I recommend that the crossing to the sidings at the 
north end of Carlisle Station should be reversed, so that 
engines may run directly across the main line when going 
to the sidings. have, &c., 

The Assistant Secretary, F. H. Ricw. 
Railway Depart., Board of Trade. Colonel, R.E. 








MARINE ENGINE TRIALS. 
Research Committee on Marine Engine Trials — Report 
upon Trials of Three Steamers, ‘‘ Fusi Yama,” “‘ Col- 
chester,” ‘‘ Tartar.”* 


By Professor ALEXANDER B. W. Kennepy, F.R.S., 
hairman. 
(Continued from page 578.) 
2. TrIaAu or THE S.S. ‘‘CoLCHESTER.” 

Steamer.—This vessel is the latest of those built for the 
Great Eastern Railway Company, for carrying their passen- 
ger traffic between Harwich and Antwerp. The Committee 
is very greatly indebted to the Great Eastern Railway 
Company, and especially to Mr. Holden, the locomotive 
superintendent of the line, and to Captain Howard, the 
company’s marine superintendent, for the facilities which 
they gave throughout for the carrying on of the trial. 
The Colchester, which is driven by twin screws, is a ves- 
sel of 281 ft. in length, 31 ft. beam, and 15.2 ft. in depth. 
Her gross registered tonnage is 1160, her net registered 
tonnage being only 517 tons; the remainder of 643 tons 
representing space occupied by machinery, seamen, &c. 
Her draught at Harwich at the end of the trial was 13 ft. 
7 in. aft, and 10 ft. 6 in. forward; corresponding to a 
displacement of 1675 tons. 

he trial was made upon the 9th of November, 1889, on 
a run from the Humber to Harwich. The ship had been 
lying in the Humber, where her machinery had received 
a thorough overhauling by the makers, Messrs. Earle’s 
Shipbuilding and Engineering Company, Hull. Steam 
was got up on the morning of the 8th November, and the 
engines were turned round about 3 p.m. on that day. 
The steamer left her moorings about 3 a.m. on the 9th 
November, and the trial started at 5 a.m. on that morn- 
ing. It lasted until 4 p.m. exactly, the boat being taken 
a little south of the Stour estuary in order to prolong the 
trial somewhat. The furthest south point was reached at 
3 p.m. on 9th November. he engines were stopped 
about seven minutes during this time to allow the pilot 
to leave the ship, and they were also slowed down for five 
minutes about thesame time. The counter was read at 
each of these changes of speed, all of which occurred 
before 5.40 a.m. 

Engines.—The Colchester is fitted with two compound 
surface-condensing engines driving the two screw shafts. 
The engines are entirely separate, and are placed slightly 
inclining from the vertical, the space between them being 
taken up by a condenser which is common to the two. 
They were built by Earle’s Shipbuilding and Engineering 
Company in 1888-89, The vessel had been on her station 
running to Antwerp and back twice every week from the 
end of February to the middle of September, 1889, and 
had run a total distance of about 16,530 miles during that 
time; and had undergone her first overhaul at the 
makers, as already mentioned, during the week before 
the trial. The engines and boilers therefore were in 
thoroughly good order. The diameters of the cylinders 
are 30 in. and 57 in. respectively. An opportunity has 
not occurred to gauge them. Their common stroke is 
36 in. The diameter of all piston-rods is 6 in., and of 
all tail-rods 4.5in, The cranks of each engine are at 
right angles, and the high-pressure cranks lead. The 
cylinders are not jacketted. The clearances of the high 
and low-pressure cylinders as given by the owners are 
9.39 and 6.23 per cent. 

The valve-gear is of the ordinary link-motion type. 
The surface-condenser contains 3000 square feet of tube 
surface in 1176 tubes, 1 in. external diameter, and 9 ft. 
11} in. long over plates. The screw propellers have cast- 
steel blades and boss; each is 11 ft. 6 in. in diameter, 
and 20 ft. 45 in. pitch, with a surface of 454 square feet. 

Boilers.—There are two iron boilers, each double-ended, 
13 ft. mean diameter, and 18 ft. 3in. long; each boiler 
having 6 furnaces of 3 ft. 4 in. internal diameter. The 
total grate surface is 220 square feet ; the length of each 
surface on bars being 5 ft. 6in. The total heating sur- 
face is 5820 square feet, of which 4770 square feet is tube 
surface. There are 784 tubes, a in. external diameter, 
and 6 ft. 9 in. long over plates. The total heating surface 
is therefore 26.5 times, and the tube surface 21.7 times 
the grate surface. The boilers have been designed to work 
safely with a pressure of 90 Ib. of steam, but are ordinarily 
worked, as during the trial, with a pressure from 5 lb. to 
10 lb. less. There are two double funnels, one for each 
stokehold ; the internal diameters of their outer and 
inner shells are respectively 6 ft. 7 in, and 5 ft. 5 in., and 
the total height of each funnel is 47 ft. above the centre of 
the wing furnaces. 

The total weight of the oaiens and boilers, including 
water in condenser, pipes, and boilers, and all mountings, 
is about 395 tons. The net volume of the boilers is about 
4980 cubic feet. 

Duration of Trial.—The duration of trial from start to 
finish was 11 hours exactly. Deducting the 7 minutes of 
stop, the running time was therefore 10 hours 53 minutes, 
or 653 minutes. 

Coal Measurement.—The coal was weighed in each 
stokehold by spring balances as before. From 500 Ib. to 
700 lb. of coal was put down at one time on each side of 
each stokehold. The trial was started with clean floors 





* Paper read before the Institution of Mechanical 
Engineers, 





in each stokehold. The time was noted at which each lot 
of weighed coal was put upon the fire, and no more coal 
was weighed out until the floor was again clear. The 
line of coal consumption plots out as shown in Fig. 7. 
The fires were not cleaned during the run. The ashes 
were weighed after the trial was over ; but the weight of 
the ashes given below includes the ash formed while steam 
was being raised during the time the fires were banked 
up before the start, and during the two hours’ run before 
the trial actually commenced. The firegrates were fitted 
with Henderson’s firebars, with the object mainly of 
rendering possible a somewhat large rate of combustion, 
so as to get the greatest possible pe out of the boilers. 


The coal used in the forward stokehold, and during the 


first half of the run in the after stokehold, was Monk 
Bretton (Yorkshire) coal. For the second half of the 
run a mixed coal, chiefly Hucknall and Shireoaks (Not- 
tinghamshire), was used in the after stokehold. Coal 
samples were taken frequently during the run from both 
stokeholds, and mixed together, and finally pounded ; so 
as to obtain as representative a sample as possible for 
analysis. The analysis was made as before by Mr. C. J. 
Wilson, who gives it as follows : 


Coal as Used. Dry Coal. 





Per cent. Per cent. 

Carbon Sas ra ss 71.89 75.08 

Hydrogen ; os 5.42 5.66 

Moisture 4.25 0.00 

Ash ... as aa ee 4.08 4.26 
Nitrogen, sulphur, oxygen, 

&e., by difference aug 4.36 15.00 

100.00 100.00 


The following is an analysis made by Mr. Wilson of a 
sample of the clinker and ash : 





; Per cent. 
Loss on ignition (=carbon) 43.73 
Mineral matter ; sia 56.27 

100.00 


The ash therefore contained about 43.7 per cent. of 
carbon. 

The calculated calorific value of the fuel as used is 
13,280 thermal units, which corresponds to the evapora- 
tion of 13.751b. of water from and at 212 deg. Fahr. The 
equivalent carbon value of 1 lb. of the fuel as used is 
0.913 lb. The total coal used was as follows : 





After stokehold, port side ae 16,020 
‘a ue starboard side 15,426 
Forward stokehold, port side ... 15,509 
os ‘s starboard side 15,536 
62,491 


This amounts to 95.7 lb. per minute, or 5742 1b. per 
hour, taking the running time of 653 minutes. As a 
check upon the coal consumption it has also been worked 
out from a time after the stoppage, at about 5.40 a.m., to 
the end of the trial; and over this period it comes to 
95.9 lb. per minute, that is to say the same as before 
within the limits of measurement. 

The weather was very fine during the whole of the trial, 
but a little foggy towards the end; which made the 
captain of the steamer reluctant to continue the run 
= as it was originally intended to do, 

he actual amount of clinker and ash weighed off under 
the conditions already mentioned was 2890]lb. It may 
be taken roughly that of this quantity 2200 lb., or 200 lb. 
per hour, was made during the actual run, which is about 
33 per cent. of the total quantity of coal. 

Furnace Gases.—A sample of the furnace gases was col- 
lected over mercury by Mr. Wilson each hour from each 
funnel, there being twenty samples in all. The analyses 
of these samples are given in the Table. This set of 
analyses and the corresponding set for the Tartar trial 
are perhaps the most important and complete which have 
ever been made under such conditions, and merit very 
close examination. The ‘‘mean” figures in the Table 
show that 3.8 per cent. by weight of the dry furnace gases 
is carbon, from which it follows that allowing for the com- 
bustion of the hydrogen of the fuel 18.5 Ib. of dry air 
passed through the furnace per pound of coal burnt. 

The chimney temperatures were read in each funnel 
every quarter of an hour during the whole of the trial, 
from a mercury thermometer containing compressed 
nitrogen over the mercury. This thermometer reads up 
to 860 deg. Fahr., but in a very large number of cases 
(about three-eighths of the whole) the temperature rose 
somewhat above the maximum reading of the thermo- 
meter. It was obvious from the motion of the mercury 
that the true temperature was not much above the limit of 
the thermometer, but of course its exact value is unknown. 
Assuming that the mean value of these readings was 20deg. 
Fahr. above the limit of the thermometer, or 880 deg. 
Fahr. (which is probably true within an error of 10 deg. 
either way) the mean temperature in the forward funnel 
was 828 deg. Fahr., and in the after funnel 842 deg. Fahr., 
the mean of both being therefore 835 deg. Fahr. 

The mean chimney draught measured by U gauges was 
0.38 in. of water in the forward, and 0.34 in. in the after 
funnel. 

Feed Water Measurement.—The feed water was measured 
in the two tanks, of which details of construction are shown 
in Figs. 5 and 6. These tanks have been made specially 
for feed measurement in a form as adaptable as possible 
to the conditions of various steamers; and in parts of 
such a size that they can be readily got down into the 
engine-room of a steamer, and erected and jointed there. 
If was found possible to put them together in an ex- 
tremely confined space in the Colchester, and in in 
the Tartar at a somewhat later date; and it is thought 
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Analyses of Funnel Gases Analyses of Funnel Gases 
by Volume. y Weight. 
| D 
3 é eS Pi .|3 
2 : 2 &./8¢ 
Beau igs & | 8 |383(8 2] 2 | Ss 
Ba lesiss 2 | & |$esz 2] & | 23 
22/889 § | 2% |8* 89 5 | & la 
| | 
p.c. |pP-c. p.c.| pc. | pc. pc. p.c. | p.c. | a.m, 
1 | 8.13 0.00, 11.20 | 80.67 | 12.02 0.00 12.05 | 75.93] 5.20 
1 oe | 10:55 1.84 6.59 | 81.02 | 15.50 1.72) 7.04] 75.74| 6.20 
ZS} 5 | 12.47|0.00 6.43/ 81.10 | 18.14 0.00 6.80} 75.06! 7.20 
| 7 | 7.98 (0.00 11.79 | 80.23 | 11.80 0.00) 12.68 | 75.52] 8.25 
5|/ 9 | 12.37 |1.64) 5.39) 80.60 | 18.03 1.52 5.71| 74.74] 9.40 
™! 11 | 9.890.090) 9.72 | 80.39 | 14.52 0.00) 10.38 | 75.10 | 10.40 
E 13 aoe po 8.30 | 80.52 | 16.33 0.00) 8,82 | 74.85 | 11.40 
| j .m, 
z 15 | 10.60 |0.00, 9.17 | 80.23 | 15.52 0.00 9.76 | 74.72 B40 
&| 17 | 11.80 0.00) 6.45! 81.75 | 17.22 0.00) 6.85| 75.93) 2.5 
19 | 11.27 0.00! 7.67 | 81.06 | 16.47 0.00) 8.15| 75.38| 3.5 
i. eae 0.35, 8.27 | 0.76 15.56 [0.82 8.82 | 75.30 
| | a.m. 
2 | 7.75 |0.00 11.27 | 30.98 | 11.48 0.00, 12.15 | 76.87} 5.50 
4 | 8.93 0.00 10.66 | 30.41 | 13.16 0.00 11.43 | 75.41| 6.50 
6 | 8.72 /0.00 11.21 80.07 | 12.86 0.00! 12.02 | 75.12| 7.55 
.| 8 | 6.18 0.00 13.46 | 80.36 | 9.21 0.00 14.59| 76.20] 9.10 
@| 10 | 6.33 |0.00 13.69 | 79.98 | 9.42 (0.00 14.82 | 75.76 | 10.10 
§| 12 | 3.01 |0.00! 17.66 | 79.33 | 4.54 = 19.36 | 76.10 | 11.10 
5 | } | p.m. 
™! 14 | 9.97 0.00) 9.72 | 80.31 | 14.63 0.00, 10.37 | 75.00 12.10 
8} 16 | 12.08 /115' 5.90! 30.87 | 17.62 |1.07) 6.26} 75.05 | 1.35 
| 18 | 9.90 |0.00, 10.37 | 79.73 | 14.52 0.00 11.06 | 74.42 | 2.35 
20 | 5.94 (0.00 14.09 | 79.97 | 8.85 (0.00 15.28 | 75.87 | 3.35 
Mean| 7.88 0.12 11.80 | 80.20 | 11.63 0.11. 12.73 | 75.53 
Mean of | 
both | 
Funnels.| 9.25 (0.23 macs [ones | tase 0.22 10.78 | 75.41 











that the details of their construction may therefore be 
interesting to members. Each tank held about 2200 Ib. 
of water at 64 deg. Fahr. between the upper and the lower 
cocks. Their contents were carefully tested by weighing 
water into them when jointed and connected before plac- 
ing them on board the steamer. Each tank lasted in the 
Colchester about three minutes. The total amount of 
water used was 468,845 lb., over a total running time of 
654 minutes.* This amounts to 717 lb. per minute, or 
43,020 Ib. per hour, the mean temperature of the feed 
being 113 deg. Fahr. The continuous consumption of 
feed water is shown in Fig. 7. The feed pump of one of 
the engines only was employed to pump throughout, the 
other pump not being used. Allthe steam made by the 
boilers went to the main engines; the steam for the 
circulating pump engine, the steering engine, and dynamo 
engine, and any steam for heating that was required, was 
taken from the donkey boiler, to which special steam con- 
nections were made for the purpose. The water level was 
practically the same at the beginning and end of the trial. 

Power Measurement.—Indicator diagrams were taken 
every half-hour from each engine. There were thus 
22 sets of diagrams, or 176 single cards taken in all. The 
six indicators used were all made by Messrs. T. S, 
M‘Innes and Cairns, of Glasgow, and kindly lent by 
them tothe Committee. These indicators are very simple 
in construction and handy in use, and their vulcanite 
sheathing is attended, at sea especially, with much con- 
venience in manipulation. The following are the mean 
effective pressures in the cylinders in pounds per square 
inch : 





Top. | Bottom. | Mean. 





Cylinder. 
Port; high pressure 43.34 | 47.96 | “45.65 
» low pe “a 13.25 | 13.58 | 13.42 
Starboard ; high pressure 38.456 | 45.68 | 42.07 
low 11.68 13.15 | 12.42 


” ” } 
These pressures correspond to the following indicated 
horse-powers : 





Port engine ; high-pressure cylinder 490.3 
3 low Pe 532.2 
—1022.5 
Starboard enginé ; high-pressure cy- 
linder ... naa af ma --- 457.9 
Starboard engine ; low-pressure cy- 
linder ... ee aa ied - 499.3 
— 957.2 
Total indicated horse-power ... 1979.7 


The maximum indicated horse-power given by any one set 
of cards is 2194.2, which occurred at 10.15 a.m., with a 
mean speed of 88.6 revolutions per minute, and 86 lb. of 
steam. The minimum indicated horse-power by any one 
set of cards was 1699.6, at 5.45 p.m., with a mean speed 
of 83.2 revolutions per minute, and 73 lb. of steam, From 
the 176 diagrams which were taken during the trial, two 
mean diagrams have been plotted, one for the two high- 
pressure and one for the two low-pressure cylinders, and 
these are given in Fig. 10, The continuous variations of 
boiler pressure and cylinder mean effective pressures are 
_ in Fig. 8; and of horse-powers and speeds in 
‘ig. 9. 

Speed.—The counters for the two engines were entirely 
separate. The total number of revolutions made by the 
port engine was 56,136, and the total number of revolu- 


* The last feed tank was finished at 4.1 p.m. instead of 
4 p.m, 








606 ENGINEERING. [May 16, 1890. 

































































































































tions made by the starboard engine was 56,857; which|the results of measurements made upon the indicator | ; ; p.m. 
totals correspond respectively to 86 and 87.1 revolutions | diagrams taken to ascertain the proportion of steam Shipwash Light 1.25 140 
per minute. The maximum number of revolutions per | accounted for by them. The actual weight of feed water | Sunk ae ee 2.20 151 
minute for any half-hour was 89.9 for the port, and 91.7 | used per revolution was 8.28 Ib. Long Sand Head Light 2.40 1584 
for the starboard engine; and the minimum number, wee of Vessel.—The following notes from the log-book | Cork Light sit 0 173 
except when slowed down, was 82.9 for the port, and 84| of the ship may be of interest : | Parkeston Quay 4.35 
or the star engine. : ; : P 
7 Frendmseney et mean barometric pressure during| Fig./._ Trials of the S.S.“Fusi Yama" Fig. 3. Trials of the S.S."Fusi Yong. 
the trial was 30.6 in. of mercury, or 15 lb. per square a sitte! Coal, Water, & Revolutions. | PE ee ee f == 0 Mo 
inch. The mean boiler pressure was 80.5 Ib. per square| js w 2 2 4 6 @ W@ dato lbs. bY 
inch by the pressure gauge in the stokehold, and 78.2 lb. , Tas | TT 4-H 
ver square inch by the pressure gauge in the engine-room. 350 I ce a i 5 950 
t will be noticed from the diagram (Fig. 8) that the pres- in, 
sure was falling both at the commencement and at the 90,000 90,000 300 |/¢all shdicate Horpe Panes || Ig00 
end of the trial. The mean vacuum by gauge was 25.4 in. 
of mercury, corresponding to 2.5 1b. per square inch of mn 
absolute back pressure. The mean pressure in the re- 70,000 250 “rat 250 
ceiver of the starboard engine was 8 lb. per square inch - —— 
above the atmosphere, and in that of the port engine 60,000 oot tt ttt TT Tt bog 
8.8 lb. per square inch above the atmosphere. he ga0ee I 
mean initial pressures in the high-pressure cylinders ‘ Revs. ¥ 
were 64.3lb, per square inch above the atmosphere in 40.000 150|-+-+ 4++441150 ay 
the port engine, and 59.4 1b. in the starboard engine. 
The mean back pressures in the low-pressure cylinders 30,000 a Wa 
were respectively 4.4 lb. and 4.5 Ib. per square inch os ie rey id | 
absolute. 2 ibs r O 
Boiler Efficiencies. —The mean rate of combustion in the 10,000 50 Hfepahttonls +1 bak Thi 0 
furnaces was 26.1]b. of coal per square foot of grate 
surface per hour, or 0.987]b. per square foot of total 2 
heating surface per hour. The evaporation was at the 8-51 PM HAM. Je Se es ct 4 joe 
rate of 7.49lb. of water per pound of coal. The feed SSP. M Aid 


entered the boiler at a temperature of 113 deg. Fahr., and 
the temperature corresponding to the mean boiler pres- 
sure was 324 deg. Fahr., so that each pound of steam 
must have taken up 1100 thermal units; hence the equi- 
valent evaporation from and at 212 deg. Fahr. was 8.53 Ib. Fig. 2 
of water per pound of coal, or about 9.34 lb. per pound of ; ee i * 
carbon value in fuel. The equivalent amount of heat Trials of the S.S.“Fusi Yama 
utilised per pound of coal was 8240 thermal units, or sa — 
62.0 per cent. of the whole calorific value of the fuel, 
which percentage therefore represents the actual boiler 
efficiency. 

The total calculated calorific value of the fuel burnt per 
minute was 1,271,000 thermal units. 

The weight of dry air per pound of coal, calculated 
from the furnace gas analyses, works out to 18.5 lb., so 
that the total weight of furnace gases per pound of coal 
would be about 19.4 Ib, Their specific heat may be taken 
as 0,238, and they have been raised in temperature from 
say 55 deg. Fahr., the temperature of the outer air, to 
835 deg. Fahr., the temperature of the chimney gases. 
This corresponds to a loss of 3714 thermal units per pound 
of coal, or 28 per cent. of the whole calorific value of 
the fuel, including the raising through the same range of 
temperature of the steam formed by the combustion of 
the hydrogen in the fuel. The loss due to evaporation of 
the moisture in the fuel works out to 0.4 per cent., and 
that due to imperfect combustion to 1.3 per cent. These 
quantities add up to 91.7 per cent. of the whole heat of 
combustion, leaving a balance of 8.3 per cent., which 
includes all losses by radiation unaccounted for. The 
weight of water evaporated from and at 212 deg. Fahr. 
pe square foot of total heating surface was 8.42 lb. per 

our. 
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‘or 0 : 
The average rate of transmission of heat through the -5) pl 4 AM. 9962 A 
material of the boiler was 8130 thermal units per square eich oe 
foot of heating surface per hour. Fig. 8. . Fig.10 
Coal Consumption.—The total coal burnt, namely Trials of thé S.S. “Colchester Trials of the S.S.Colchester” 


57421b. per hour, corresponds to 2.90 lb. per indicated 
horse-power per hour. This is equivalent to 2.65 lb. of 
carbon value per indicated horse-power per hour. 

Engine Efficiencies.—The total indicated horse-power 
being 1980, and the total feed water used per hour being 
43,020 lb., the feed-water used per indicated horse-power 
per hour was 21.73 1b. The actual heat received by the 
feed water per minute was 788,700 thermal units, or 398.4 
thermal units per indicated horse-power per minute, 
which is 62 per cent. of the whole heat of combustion, 
The absolute engine efficiency was 10.7 per cent. 

Total Efficiency.—The combined efficiency of the boilers 
and engines, or ratio of the heat turned into work to the 
total head of combustion of the fuel, was 0.62 x 0.107, 
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which is equivalent to 6.6 per cent. & 
Steam from Indicator Diagrams.—The following are| ~ 
= +. 0 10 = 40 50 75» 90 100° 
| s (9982 ¢ It e. 
Proportion of Steam Pounds | Percentage | Passemiege a, (9882 ¢) centage of Stro 
accounted for per of Total |, °, 3: ° 
- Indic: Jiagrams. KRevolution.; Feed. in Cylinder | x The mean speed between Dudgeon and Cork Lights 
pideonrmmeaae vaimmacwia Wea as Water. | = 3 which includes nearly the whole of the trial except that 
8 ean ae Ty Ol a ie g portion when the vessel was slowed down and stopped, 
"preseure cylinder, port é | was therefore 14.4 knots. ; ; : 
engine, after cut-off, e The Colchester is a vessel built rather to attain a maxi- 
when the pressure was |mum of power and speed over a short journey than a 
51 lb. per square inch |maximum of economy. Looked at from this point of 
_ chore te etna $11 view, it may be interesting to compare the relation 
ee lin ae | | between power developed and the size of the machinery 
Coast engine after cut- 71.7 28.3 | in her case, and in those of the other steamers tested. 
off, when the pressure rT | The net volume of her boilers is about 4980 cubic feet, or 
was 51 Ib, per square inch | at arate of 2.5 cubic feet per indicated horse-power. 
above the atmosphere .. 2.83 | This ratio in the case of the Meteor, Fusi Yama, and 
Steam eppee oe an | Tartar, is respectively, 2.7, 4.53, and 4.34 cubic feet per 
pressure cy it . . . a 
engine, near end of ex | indicated horse power. 
pansion, when the pres- : | (Zo be continued.) 
sure was 7 Ib. per square 4 0 4PM. 1 
inch below the atmo 7“ | (3982 8) NOON A.M. moon PM. | 
Deca = | Time. Distance in | 
Steam a ~. a.m. Nautical Miles. | CaTaLocur.—Messrs. Hayward bs ps and Co., of 84 
cant enaian near end 53.0 47.0 Left Hull Roads = 3.15 0 j|and 85, Upper Whitecross-street, ndon, send us a 
of expansion, when the Spurn Light... 4.40 24 | copy of their catalogue of aérated water machinery. It 
pressure was 7lb, per Dudgeon Light ... 7.45 54 is quite a book and contains illustrations of many kinds 
square inch below th Cromer ,,_ ... ova 754 of machines for making soda water, for bottling and 
atmosphere =... ss) 2.20 oS \ iris 1 97 corking, besides all the accessory appliances needed for 
Corten eee “= AD 108 | carrying on the trade, 
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THE PHYSICAL SOCIETY. 

Ar the meeting of the Physical Society held on May 
2, Professor W. E. Ayrton, President, in the chair, 
Mr. C. A. Carus-Wilson read a paper on ‘“‘ The Distri- 
bution of Flow in a Strained Elastic Solid.” The author 
pointed out that when a bar is subjected to tensile 
strain the elements of the bar are distorted by the 
resulting shearing stresses which attain maxima in 
planes at 45 deg. to the axis. If the bar be su 
to be divided into elements such as P or Q, then if 

















the shearing stresses are equal in the two directions 
parallel to the sides of the elements, the bottom points of 
the strained elements will be directly below their top 
corners, whereas if the stresses be different in the two 
directions, there will be a displacement to one side or the 
other, depending on which side the greater stress occurs. 
Since each inclined section is subject to the same total 
shearing force, the shearing stress along any section such 
as EF may be taken ‘as inversely proportional to the 
length of the line E F, the bar being supposed of uniform 
thickness. From these considerations it may be seen that 
an element P will be subject to equal stresses, for A B= 
CD, hence the lower point of P will remain vertically 
below its upper point. In this region, therefore, a hori- 
zontal straight line drawn on the unstrained bar will 
remain horizontal and straight on the strained bar. An 
element at Q, however, will be subjected to unequal 
stresses, for E F is<G H, hence the lower points of the 
elements will be displaced towards the axis. This dis- 
lacement will increase as the distance beyond d and ¢ 
rom the axis increases, and an originally horizontal line 
will become curved at the ends c d and ef, whilst d e will 
remain straight. In a similar way it was shown that 
horizontal lines should assume the sha indicated at 
ghi,jklimn, opq, rst, and uv in their respective posi- 
tions, whilst vertical lines should become pinched inwards 
above and below the shoulder as shown by the curve 
wa xyz. To test whether the reasoning, by which the 
above conclusions were arrived at, was satisfactory, a 
copper bar was carefully prepared, ruled, and subjected 
to permanent strain. e curvatures of the various lines 
clearly show the characteristics predicted by theory. 
Professor Perry inquired whether it was correct to 
assume the stress uniform over the plane sections inclined 
at 45 deg. to the axis. He also said that the general 
character of the flow somewhat resembled that of a 
viscous fluid passing from a wide toa narrower channel. 
Professor Herschel thought Mr. Carus- Wilson justified 
in assuming the stress uniform over the diagonal sections ; 
the latter said he only made the — as @ pro- 
visional hypothesis, but the results of his experiment 
agreed so closely with his theoretical deductions that he 
thought the hypothesis correct. ee ir 
Mr. C. V. Boys made two communications : (1) “‘ On 
Photographs of Rapidly-Moving Objects ;” and (2) “‘ On the 
Oscillating Electric Spark.” A collection of apparatus by 
which he had been able to photograph drops of water in 
their various stages of formation was exhibited. It con- 
sisted of a lantern and lenses by which a trough in which 
the drops were formed could be strongly illuminated, 
combined with a camera and revolving disc with one 
perforation. By this means exposures of about g}sth of 
a second could be made about twenty times a second. 
The slide of the camera was about 3 ft. long and could be 
moved across the field by hand so as to take the consecu- 
tive impressions on different parts of the plate. The 
resulting ren oa show with remarkable clearness the 
formation, breaking away, the oscillations of the drops, 
and their rebounding in the liquid into which they fall. 
By cutting the photographs into strips, each strip repre- 
senting a single exposure, and mounting them on a disc, 
Mr. Boys had arranged a kind of thaumatrope which 
represented the phenomena in a very realistic manner. 
He also exhibited photographs of small water fountains 
broken up into drops by musical sounds, which he had 
taken by the electric spark without the aid of lenses. The 
shadows of the drops were sharply defined even when 
magnified considerably, and the various stages of transi- 





tion from the liquid column to the detached particles 
were well shown, Finding it possible to obtain such good 
results from a simple spark it occurred to him that he 
might get a succession of photographs from the inter- 
mittent light of an oscillating spark, and in this he was 
fairly successful. 

An apparatus devised to show the oscillatory character 
of a discharge was next exhibited in operation. It con- 
sisted of a disc carrying six lenses arranged in two sets 
of three. The members of each set were at different dis- 
tances from the axis, so that the images of the spark on 
the screen do not coincide. The disc can be revolved at a 
high speed, and the successive sparks are seen as bright 
patches on the screen. By this apparatus a single is- 
charge can be examined, whereas with Dr. Lodge’s appa- 
ratus it is desirable to have a fairly rapid succession of 
sparks. Photographs of an oscillatory discharge taken 
with the apparatus were exhibited, and these show that 
the duration of the illumination is a considerable fraction 
of a complete period. 

Lord yleigh said he was greatly interested by Mr. 
Boys’ apparatus. He (Lord Rayleigh) had photographed 
water fountains both when broken up, and when made to 
coalesce under electrical influence, but it had never 
occurred to him that it would be possible to get enough 
light or sufficient sharpness from a single spark. r. 
Boys’ success he believed to be owing to the fact of his 
using no lenses, which would absorb the ultra-violet rays. 
He also thought the method , e be developed so as to 
give shaded pictures instead of mere representations in 
black and white. 

Mr. Gregory asked Mr. Boys if he had tried to get 
greater potentials for his oscillatory discharges by using 
Dr. Lodge’s ‘‘ impulsive rush” arrangement. 

Mr. Trotter inquired whether the single sparks used to 
photograph the water fountains were as large as those 
required to show oscillations. 

r. Boys said he had not tried Dr. Lodge’s “impulsive 
rush” arrangement, because of the enormous capacity of 
the condensers required. The sparks used to photograph 
the broken-up fountain were very small, being only about 
4 in. long and from a few jars. 

Professor Perry asked Lord Rayleigh whether it would 
be possible to compare the shapes of the water dro 
shown in the photographs with the shapes of the liquid 
surfaces of revolution given by Sir W. Thomson at the 
Royal Institution some years ago, or whether the chan 
of shape were too poss! to permit of the surface tension 
being all-important. 

Mr. Boys thought the motions of the drops would be 
too rapid, and that inertia would play an important part. 

Lord Rayleigh pointed out that by forming a drop slowly 
enough the effect of inertia might be made negligible 
until such time as the unstable state was reached ; after 
that, however, inertia must have considerable influence on 
the shape. 





THE CARBURISATION OF IRON. 
On the Carburisation of Iron by the Diamond.* 
By Professor W. C. Roperts-AvusTEN, F.R.S. 

Tuat the presence of carbon determines the physical 
properties of iron is universally recognised. It is, how- 
ever, a singular fact that the mass of recent work, both 
theoretical and practical, which has clearly shown the 
importance of the presence in iron of elements other than 
carbon, and has enabled the nature of their action to be 
defined, has in no way lowered the position which carbon 
holds as the element which confers upon iron the wide 
range of properties characteristic of steel. It is also 
strange that, notwithstanding the weslth of literature 
which relates to the history of the extraction of iron from 
its ores and its conversion into steel, but little has been 
written with reference to the historical experiments by 
which the true nature of steel, as distinguished from iron, 
was established. ; 

I do not propose to do more than briefly allude to the 
writings of what may be called the critical period of the 
history of theoretical views concerning the constitution of 
steel. The period was a brief one, as it only extended 
over the seven years that intervened between 1774 and 
1781. In 1774 Rinman showed that a drop of nitric acid 
simply whitens wrought iron, but leaves a black mark on 
steel ; while in 1781 Bergmant clearly stated that steel 
mainly differs from iron by containing 3% per cent. of 
carbon, while iron doesnot. The great professor at the 
University of Upsala was, as I have elsewhere shown, 
not only one of the earliest workers in the field of thermo- 
chemistry, but a believer in the polymorphic nature of 
iron. The history of the metallurgy of iron at the end of 
the eighteenth century is, in fact, an epitome of the his- 
tory of chemistry at that period. Bergman tenaciously 
held to the phlogistic theory in relation to steel; it was 
inevitable that he should. The true nature of oxidation 
had been explained by the school of Lavoisier ; no wonder 
that the defenders of the phlogistic theory should seek to 
support their case by appealing to the subtle and obscure 
changes produced in iron by apparently slight causes. 
Bergman’s view was, however, combated by Vauder- 
monde, Berthollet, and Monge,§ who showed, in a report 
communicated to the Académie des Sciences in 1786 that 
the difference between the main varieties of iron is deter 
mined by variation in the amount of carbon, and further, 
that steel must contain a certain quantity of carbon in 
order that it might possess definite qualities. 


* eee read before the Iron and Steel Institute. | 
+ De Analysi Terri Opuscula Physica et Chemica, 
vol. iii., 1783. - e 
t “On the Hardening and Tempering of Steel,” Nature, 
November 7-14, 1889. : : 
§ Histoire de Academie Royal des Sciences, 1786 
printed 1788), page 132 





Bearing in mind the nature of Black’s work, it was 
only natural that he, writing in 1796,* should have attri- 
buted the hardening of steel to the “ extraction of latent 
heat ;” ‘‘the abatement of the hardness by temper being 
due,” he says, ‘‘ to the restoration of a part of that heat.” 
Osmond in the last few years has shown that such evolu- 
tion and absorption of heat is the thermal evidence of 
molecular change in iron, which lends additional interest 
to the observations of Black ; but to return to the period 
at which he wrote, it is quite evident that the great 
English chemist did not see that the work of Bergman had 
entirely changed the situation, and even we are apt to 
forget how necessary it was at the time to establish the 
fact that carbon is really the element which gives to steel 
its characteristic properties. 

With this object in view, Clouet in 1798 melted a little 
crucible of iron weighing 57.8 grammes containing a dia- 
mond weighing 0.907 gramme, and obtained a fused mass 
of steel. Guyton de Morveaut reported upon this classical 
experiment, which was repeated by many observers in 
this country, none of whose results were free from the 
doubt which arose from the fact that furnace gases could 
always obtain access to the iron, and might, as well as the 
diamond, have yielded carbon to the metal. The ques- 
tion, however, of the direct carburisation of iron by the 
diamond has never been really questioned since 1815, 
when a working cutler, Mr. Pepys,t employed the 
electric current to heat iron wire and diamond dust 
together, and obtained steel. Nevertheless, as his experi- 
ment was performed in air, the possibility of the forma- 
tion of a gas containing carbon was not entirely eliminated. 
The question whether the presence of gas as well as of 
solid carbon is really necessary to effect carburisation 
seems to have had singular attraction for experimenters. 
Margueritte,§ for instance, in 1865 repeated Clouet’s ex- 
[ape and showed that, although carburisation can 

effected by simple contact of carbon and iron in a 
gaseous atmosphere, it is nevertheless true that in the 
ordinary process of cementation the gas carbonic oxide 
ee: an important part, which had until then been over- 
ooked. 


Graham|| insisted upon this fact in his classical paper 
on the ‘‘ Occlusion of Gases by Metals,” in which he de- 
scribed the discovery of the occlusion of carbonic oxide by 
iron. 

The journal of this Institute for 1885{] contained a re- 
ference to the interesting experiments of Hempel** who 
found that the diamond form of carbon unites more readily 
with iron than either the graphitic or the amorphous 
form. He employed pure colourless diamonds, which 
had previously been heated in an atmosphere of nitrogen 
and one result of this experiment was to show that soli 
carbon does not carburise iron at a temperature below a 
red heat, provided the carbon and iron be heated in an 
atmosphere of nitrogen perfectly free from oxygen. 

It has, however, been asserted that nitrogen is a 

werful agent in the conversion of iron into steel, and 
or reasons which cannot be dealt with here, I am inclined 
to think that it isso. But the question as to carburisa- 
tion was reduced by Hempel’s experiments to very narrow 
limits, and I determined to repeat Clouet’s experiments, 
using a vacuum instead of an atmosphere of gas. The form 
of the apparatus used renders it possible not only to use the 
electric current for heating pure electrolytic iron in vacuo 
in the presence of diamond, but to heat the iron itself in 
vacuo before contact with the diamond is effected, and 
thus to deprive the iron of its occluded gas. 

I am satisfied that combination of iron and diamond 
does not take place until a full red heat is reached, which 
agrees with Hempel’s statement as regards the experi- 
ments conducted in an atmosphere of nitrogen. It would, 
however, be well to repeat my experiment, making accu- 
rate thermal measurements by the aid of Le Chatelier’s 
pyrometer. 

It may be pointed out that these simple experiments 
derive their theoretical interest mainly from the assertion 
that no two elements can react on each other unless a 
third element or substance be present. It would appear, 
however, that a mere “‘ trace” of such additional element 
is sufficient to insure combination; for in the experi- 
ments I have described, carbon and iron, in their purest 
obtainable forms, were used, and the only additional 
matter which could have been present was the trace of 
occluded which the iron may have retained. 

It is pak ag tor thy to conclude that carbon can com- 
bine with iron in vacuo at a full red heat. I have thought 
it well to bring this fact forward at the present time, for 
we have seen, from M. Osmond’s paper, that, after more 
than acentury of research, carbon still retains its place 
as the chief element which modifies the properties of 
iron. The interest in its action is now more intimatel 
connected with the molecular changes in the iron whic 
it is capable of producing than with its own direct assu- 
ciation with the metal. 





THE SCREW PROPELLER. : 
At the twenty-second ordinary meeting of the session 
of the Institution of Civil Engineers, held on Tuesday, 
May 6, Sir John Coode, K.C.M.G., President, in the 
chair, the pat read was on “The Screw Propeller,” 





by Mr. Syd. Baraaby, M Inst. C.E. Nineteen years 
* Lectures on the Elements of Chemistry, vol. ii. (1603), 
page 505. 


+ Ann. de Chim., xxxi. (1799), page 328. 

t Phil. Trans. Roy. Soc., 1866, pages 390-439. 

§ Ann. Chim. et Phys., t. vi. (4), 1865. 

|| Phil. Trans. Roy. a 1866, pages 399-439, 

{| Journal Iron and Steel Institute, 1885, page 298. 

** Ber. der deutsch-chem. Gesellschaft., vol. xviii., 
page 998. 
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ago, when the subject of the screw propeller was last 
brought before the Institution, Sir Francis Knowles came 
to the conclusion that there must be some fixed form of 
helix better than any other. There did not now appear 
to be much reason to suppose that there was an ad- 
vantage in adhering to a fixed relation of pitch to dia- 
meter. Not form, but dimensions were of importance, 
and the determination of the best dimensions was sub- 
ject to so many conditions that the problem was one of 
great complexity. 

The oer abeaiteed the results of recent experimental 
research, so far as they bore upon the solution of this 
problem. The experiments made by Mr. Thornycroft 
with model screws were described, and the author’s 
method of tabulating the results was explained. This 
method consisted in the construction of constants express- 
ing the relation between disc area, power, and s , and 
also between diameter, ye and revolutions. 

They depended upon the propositions that 

1 e a9 area was proportional to the indicated 
la and inversely proportional to the cube of the 
speed. 

2. The revolutions per minute were proportional to the 
speed, and inversely proportional to the diameter. The 
constants were of the form 


Cx 


disc area xX e 
H.-P. 


and 


Cr 


revolutions x 4 


where V=speed of screw through the water, D=diameter 
of screw in feet, H.-P. = effective horse-power in the 
screw shaft. 

Series of constants, corresponding to different amounts 
of slip, were placed in their proper relative positions 
under a curve of efficiency. The results of the trials of a 
number of models of different pitch ratios were thus 
treated, each series being assigned its proper position 
under the curve. In this manner a table was formed 
comprising the whole of the experiments with a particular 
type of screw. It was possible to select from it such a 
pair of disc area and revolution constants as would give, 
within limits, any desired number of revolutions per 
minute for any speed and any indicated horse-power, and 
the efficiency could be seen at a glance. Instead of pre- 
senting the constants in the form obtained directly from 
the models, they were so modified that indicated horse- 
power could be used instead of horse-power in the shaft, 
and speed of ship instead of speed of food water. 

Corrections could be made for exceptional speeds of 
wake and ratios of i *, and also for two or three- 
bladed screws. Since Mr. Thornycroft’s experiments, 
Mr. R. E. Froude had been working in the same direc- 
tion, and had made so complete a set of trials that the 
author had obtained his permission to treat them in the 
manner described, and a table of constants compiled 
from them was given in an appendix. As regarded the 
relative efficiency of large and small screws, if considera- 
tion were confined to the propellers alone, apart from the 
vessels they were designed to propel and the services they 
were intended to perform, efficiency was independent, 
within certain limits, of the absolute size of the screw. 
According to Mr. Froude, the screw for a vessel of 500 
indicated horse-power, and 10 knots speed per hour, might 
be 10 ft. in diameter, 0.8 pitch ratio, and run at 138 revo- 
lutions ged minute; or it might be 154 ft. in diameter, 
2.5 pitch ratio, and run at 334 revolutions. Both screws 
would be credited with an efficiency of 69 per cent. ; but 
the large screw was at a disadvantage when placed in 
a following stream on account of the greater difference in 
the velocity of wake currents which it experienced, and 
also because of its greater liability to emerge from 
the water. To maintain a high speed against head 
winds and sea, a relatively large screw was desir- 
able; the case was analogous to that of a tug. For 
such a purpose increased diameter should not be associated 
with increased pitch ratio. The propeller of 154 ft. 
diameter and 2.5 pitch ratio woul probably waste as 
much power when working —— head seas as the 10-ft. 
sropeller of 0.8 pitch ratio. The best proportion would 
be obtained by designing for a speed less than the maxi- 
mum smooth-water speed, but such as the vessel might be 
expected to maintain over an average passage. An 
account was given of some interesting trials made last 
year by Mr. Murk Lels for the purpose of ascertainin 
the thrust of a screw as shown by adynamometer attache 
to the thrust-block. The results were set out in the 
appendix. The overlapping screws of the Teutonic were 
described, and stated to be a success. The author ex- 
pressed some surprise that _— screws had not been 
more extensively adopted in high-speed ships of war, and 
suggested a combination of two screw turbines with one 
common screw between them. They would not occupy 
a greater width than two screws of equal power, and 
the screw turbines were well protected by their cas- 
ings. The centre screw only would be used for going 
astern, and the port and starboard engines would require 
no reversing gear. A feathering screw had been designed 
by Mr. Vogt, in which the blades automatically adjusted 
their pitch until the — on each was equal, A 
feathering screw should be more efficient than one with 
fixed blades behind a vessel. It also augmented the 
manceuvring powers. <A screw with rigid blades offered 
considerable resistance to lateral movement, because the 

yressure on the blade, which was moving in the same 
Rirection as that in which the stern of the vessel was turn- 
ing, was increased, while that on the blade, moving in the 
opposite direction, was reduced. The feathering screw 
would offer no resistance to lateral. movement. It might 
be expected to greatly increase the manceuvring power, 





but at the same time to render a vessel somewhat less 
steady on its course, and more dependent upon the helm 
for maintaining it. An adjunct to a screw had been pro- 
posed, which consisted of a ring surrounding it, furnished 
on the inner surface with a number. of helical blades 
forming a counter screw. The object was to utilise the effect 
of revolving currents outside the screw’s disc. Mr. Froude 
had last year laid down the proposition that there could be 
no such thing as suddenness of change from velocity of feed 
to velocity of discharge, in thecase of asubmerged propeller; 
however short a time a propelling surface acted upon the 
water, the acceleration must be gradual. Starting with 
the conception of an advancing surface of instantaneous 
change of pressure, which he called an “‘ actuator,” he 
showed that the suction in front would be equal to the 
thrust behind; or that, of the whole acceleration pro- 
duced, one-half would take place in front of the actuator 
and one-half behind. Mr. Froude saw no reason why 
the result should be different with a helical propeller, 
in which case a screw of uniform pitch wed have the 
same qualities as an ideal gaining pitch screw. Mr, 
Thornycroft had given reasons why it would not hold 
g in the case of a helical propeller, but would 
be modified by the rotation impressed upon the 
water, the modification depending upon the amount 
of rotation. The greater the vo a of the race, 
the greater would be the suction in front of the pro- 
peller. Sir Francis Knowles had said, in his — of 1871, 
that negative slip was an impossibility unless the screw 
were assisted by sails, and other writers had expressed the 
same view ; but Mr. W. Froude had shown that apparent 
negative slip was possible, and might be expected in 
certain circumstances. His explanation, however, was 
intended to apply only to a propeller of increasing pitch, 
and depended upon the fact that the speed of advance of 
such a screw was assumed to be equal to the mean of the 
pitches of the forward and after edges, and negative slip 
would disa aged if the speed of advance of an increasing 
pitch propeller were calculated from the pitch of the after 
edge instead of from the mean. Moreover, it did not 
explain how negative slip could be obtained with a 
screw of uniform pitch. But the author was aware 
of authentic cases with screws of uniform pitch’ of 
small pitch ratios. It was not until Mr. E. Froude 
read the paper last year that the author was able to 
find for himself a _ satisfactory explanation of this 
phenomenon. The demonstration then given, that 
under certain conditions one-half the acceleration would 
be produced behind and one-half before a propeller, seemed 
to supply what was wanting for the construction of a 
complete theory of negative slip. Although it had been 
shown to be true only in the limiting case, still a screw of 
uniform pitch of very small pitch ratio, which would 
cause but a small amount of rotary motion, might 
approach sufficiently near to this condition, and give 
enough acceleration behind the screw. In other words, 
it might impart a sternward velocity to the race suffi- 
ciently greater than the product of its pitch into the 
number of revolutions to produce apparent negative slip. 





LAUNCHES AND TRIAL TRIPS. 

Tue steamer Hankowas launched on Monday, April 21, 
from the Oker Engineering and Shipbuilding Company, 
Norway. She is the 124th boat launched from that yard 
and built for account of a syndicate at Frederiksstad. 
Principal dimensions are: ange 135 ft.; breadth, 
19 ft. ; height, 15 ft. 10 in. to top deck. It has two fixed 
decks right through, and will be fitted as a first-class 
passenger steamer. There will be a handsome saloon, 
with good accommodation. The engine is a triple-expan- 
sion, and the contract speed 124 to 13 knots. he 
boiler is made to 160 lb. working pressure, and has 
forced draught arrangements. 


The ae Dominion, belonging to the Mississippi 
and Dominion Steamship Company, of Liverpool, has 
just been fitted with triple-expansion engines by Messrs. 

avid Rollo and Sons, of that city. The vessel is 335 ft. 
long by 384 ft. beam by 25? ft. depth of hold, and the 
new engines have cylinders 26 in., 41 in., and 66 in. in 
diameter by 45 in. stroke. Steam at 160 ]b. is supplied 
from two boilers 12 ft. 3in. in diameter by 17 ft. Gat 
fitted with four of Brown’s patent furnaces. On a trial 
speed of 114 knots was attained, the engines running at 
63 revolutions per minute. 


The s.s. Prince, which has been built by Messrs. John 
Fullerton and Co., Paisley, and engined by Messrs. Muir 
and Houston, Glasgow, to the order of Messrs. J. and J. 
Hay, Glasgow, went on her speed trials on the Clyde on 
Thursday, the 1st inst., and attained a speed of 9 knots 
an hour. The dimensions of the vessel and of the engines 
were given in our issue of April 25. 


An addition was made to the City Line of Messrs. G. 
Smith and Sons, Glasgow, by Messrs. Workman, Clark, 
and Co., Limited, Belfast, on Saturday, 3rd inst., of a 
steel screw steamer, named City of Dundee, for this firm. 
The dimensions of the boat are: Length, 361.7 ft.; 
breadth, 42.6 ft.; depth, 29.4 ft. ; gross tonnage, 
tons. ‘The engines are of the triple-expansion type, 
having cylinders 25 in., 42 in., and 684 in. in diameter, 
by 48 in. stroke. The boilers are to be worked at a 
high pressure and under forced draught on Howden’s 
— The machinery is being constructed by Messrs. 

ames Howden and Co., Glasgow. 





Messrs. S. M‘Knight and Co., Ayr, launched recently 
a steel screw steamer named Talbot, built by them tothe 
order of John Bacon, Limited, Live l. The dimensions 
of the vessel are as follow : Length between perpendicu- 
lars, 180 ft.; breadth, 27 ft. 6 in. ; depth of hold to main 





deck, 13 ft. 6 in. ; while the gross measurement is 550 tons. 
The engines are of the triple-expansion type and have 
been supplied by Messrs. Muir and Houston, Kinnin 
Park, Glasgow. The cylinders are 16 in., 22in., an 
42 in. diameter respectively, with a stroke of 30 in. 
Steam is supplied at a pressure of 160 lb. by a steel boiler 
14 ft. in diameter by 10 ft. long. 





A new paddle steamer for passenger service between 
London and Clacton-on-Sea, went on her speed trials on 
a inst., on the River Clyde. She is named 
Clacton Belle, and has been built by Messrs. William 
Denny and Brothers, Dumbarton. er dimensions are 
246 ft. long, by 26 ft. 6 in. beam, by 10 ft. deep moulded 
to main deck. The engines are of the compound type, 
and on extended trials gave a speed of about 17 knots. 





Messrs. Fleming and Ferguson, shipbuilders and engi- 
neers, Paisley, launched on May 6 the paddle tug steamer 
Mana, which has been built to the order of the Timaru 
Harbour Board, New Zealand. The Manais to be fitted 
by the builders with two sets of independent compound 
surface-condensing and disconnecting engines to indicate 
600 horse-power. 





Messrs. Laird Brothers launched from their works on 
~~ 6, the second of the two torpedo gunboats they are 
building for the Government of the Argentine Confedera- 
tion. The vessel is named Rosales, and is a steel twin- 
screw ;vessel of the Rattlesnake type but of greater 
dimensions and power, and is intended to attain a higher 
speed. Her tonnage is 615 O.M., and her machinery is 
— to develop 3250 indicated horse-power collec- 

ively. 





On Tuesday, May 6, the s.s. Yumuri, a steel screw 
steamer, which has been built by Messrs. Raylton, Dixon, 
and Co,, Middlesbrough, proceeded from the Tees on her 
trial trip. This vessel, which has been built for Mr. P. 
G. Patterson, of Bergen, is of the following dimensions: 
Length, 204 ft.; breadth, 28 ft. ; depth moulded, 21 ft. 
10 in. ; with a carrying capacity of about 1070 tons. Her 
engines have been Se a by Messrs. Westgarth, 
English and Co, Middlesbrough, and have cylinders 
174 in., 29in., and 47in. in diameter by 33 in. stroke. 
On trial a speed of 114 knots was attained. 


On Wednesday, the 7th inst., Messrs. Richard and 
Henry Green launched from their shipbuilding yard at 
Blackwall the first of two paddle passengers steamers 
building by them for the Bosphorus Steam Navigation 
Company. This vessel measures 165 ft. by 21 ft. by 10ft., 
and will be fitted with compound oscillating paddle 
engines, by Messrs. John Penn and Sons, ‘i, 
Greenwich. 





On Tuesday, May 6, the screw steamer Matteo Pre- 
muda, recent. y launched by the Blyth Shipbuilding Com- 
pany, Limited, at Blyth, for Austrian owners, was taken 
to sea with a full cargo of coals on board for the usual 
trial trip. The Matteo Premuda is 228 ft. long by 32 ft. 
broad, and 16 ft. 4 in. deep. The engines have been 
built by the North-Eastern Engineering Company, 
Limited, of Wallsend, and are of the triple-expansion 
type, with cylinders 164 in., 263 in., and 434 in. in dia- 
meter, by 33 in. stroke. 


The new s.s. Réaumur was successfully launched from 
the yard of Messrs. William Doxford and Sons, at 
Pallion, on Monday, May 6, and has been built to the 
order of Messrs. A. d’Orbigny and Faustin Fils, of La 
Rochelle, France. Her principal dimensions are : — 
between perpendiculars, 250 ft. ; breadth extreme, 35 ft. ; 
depth moulded, 18 ft. 6in. The — are of the triple- 
expansion type, and built by Messrs. Doxfords, the 
pes being 21 in., 33 in., 54 in., by 56 in. stroke. 





THE GrEAT NortTHERN TELEGRAPH ComMpANy.—This 
company held its annual meeting at Copenhagen on 
Saturday, April 26th, when the distinguished chairman 
of this and many other large companies, M. Tietgen, 
read the report. The number of interruptions last year 
had been quite unusually great, nineteen altogether 
on the European and seven on the east Asiatic cables. 
The bulk of the European interruptions had been on the 
following three cables, the Danish-French, the Danish- 
English, and the Swedish-Danish-English cable. The 
company’s two repairing steamers, the H. C. Orsted and 
the Store Nordiske (that is, ‘‘ Great Northern”), had been 
engaged in repairing work respectively in Europe (165 
days) and Asia (171 days), but the latter steamer had, 
however, out of that time been employed close upon three 
months by the Eastern Extension Company. Everything 
had of course been done to counteract the effect of the 
many interruptions, but the company was seriously con- 
templating the laying of two new rey cables across 
the North Sea, one a duplicate of the Danish-French 
cable, and the other a direct Swedish-English cable, a 
connection which the company did not yet possess. 
These two cables, as to which some uncertainty yet existed, 
would entail an expenditure of some 225,000/., but_the 
reserve fund was in a very satisfactory state, and no loan 
would be required. In spite of the numerous interruptions 
last year, the receipts for telegrams had been very satis- 
factory; better than for the last four or five years. The 
negotiations with China could not be said to have pro- 
gressed much, and what was called the Chefoo agreement 
remained virtually in the same state as the previous year, 
although the company had done all in its power to and 
chewed its willingness to make a sacrifice in order to 
arrive ata definite arrangement. The balance sheet was 
a satisfactory one. 
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**ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Comritep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883. 

The number of views given in the ification Drawings is stated 
paper othe feed ogee pg none are mentioned, the 
Specification is not illustrated. 

Where Inventions are communicated from abroad, the Names, 

e ée., 4 the Communicators “s —_ oe italics. 

Specifications may tat: at 38, Cursitor-street, 
Caanneahann, E.C., either , ~ ; 


nv cm 6 or by letter, enclosing 
amount A / spew and postage, addressed to H. READER LACK, Esq. 
The date of the advertisement of the acceptance of a complete spe- 
ey ts, in each case, given after the abstract, unless the 
atent has been sealed, when the date of sealing is gi 
ar Eps may at py op within mag pean ‘rom the date of 
’ rtisement acceptance of a complete specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 
STEAM ENGINES, &c. 

5719. W. R.. moun, Berlin. Tramway Locomo- 
tives, [8d. 5 Figs.] April 3, 1889.—The frame a of the vehicle 
is carried by springs on axles p, pl. The driving axle p is driven 
by gearing from the engine crankshaft. The engines comprising 
the cylinders, crosshead guides, and crankshaft bearings, and the 
gearing, are fixed on aseparate frame h which is pivotted at one 
end on the driving wheel axle p and at the other on trunnions o 
working in bearings fixed to the main frame a. There is thus no 
variation in the radial position of the crankshaft relatively to the 





Fig.1. Fug. & 
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driving axle, and consequently the engagement of the gearing 
remains constant. The boiler consists of two separate boilers 
c, cl connected by aeross-tube b. Each boiler has a firebox f, and 
inclined cross-tubes ¢ of graduated sizes. The exhaust steam 
from the engine is led through a passage ¢ down through the 
casing g1 of the chimney g, and mixes at k with the products of 
combustion, so that as it escapes with the latter no visible cloud 
of steam is formed. (Accepted April 2, 1890). 

2648. H.H, Lake, London. (A. Schinid and J. C. Beck- 
field, Allegheny, Pa., U.S.A.) Air Engines. [8d. 2 Figs.] 
February 18, 1890.—Compressed air is admitted from the main E 

ast the valve F into the cylinder A, driving down the piston B. 
he supply of air is cut off, and then communication is established 
past the valve F between the cylinders A and C. The compressed 
air expanding forces down the piston D and exhausts past the valve 
F at P. In its downward movement the piston D compresses the 
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air in the cylinder J, raising its temperature, the heated compressed 
air passing up through the pipe M and chamber N, whence it enters 
the main E to pass through the engine cylinders together with 
the main supply. Each time the piston D rises, a fresh supply of 
air is drawn past the valve binto the cylinder J, and with it the 
spray of water induced by a jet of compressed air from a branch f 
of the main E opening into a water tank c. This water is, on the 
descent of the piston, converted into steam, which is utilised by 
expansion in the motor. (Accepted March 26, 1890). 

2649. T, Summerton, Jun., Christchurch, and J. 
Brown, Mangere, New Zealand. Steam es. 
{6d. 5 Figs.) February 18, 1890.—The pistons p, p!, p? which 
work in the cylinders 4, 2, and 3, respectively, are rigidly con- 
nected together and have a piston-rod d common to both. The 
three valves e, f, g have acommon valve-rod and operate in such 
a manner that high-pressure steam is admitted from the boiler by 
the valve f into the middle compartment of the lower cylinder a, 
and expanded steam is withdrawn from the upper compartment 2 
of cylinder a to do further work in the lower compartment 3 of 
cylinder a, both —— acting in an upward direction. On the 
return stroke of the piston the steam from the middle compartment 
is expanded in compartment 2 by the operation of the valve f, and 
at thesame time the steam from compartment 3 can be exhausted 
intoa condenser by means of the slide valve y. The cylinder 4 can 











also be supplied with a small amount of steam from the boiler or 
from a receiver supplied by compartment 2 on the downward stroke 














by means of the valve c, and be afterwards condensed to produce 
a vacuum on the upstroke. (Accepted March 22, 1890). 


2691. J. W. Brown and W. W. Sutcliffe, New Or- 
leans, U.S.A. Steam Engine Governor. (8d. 4 Figs.) 
February 19, 1890.—The improved engine governor comprises a 
casing 16 through which the steam on its way to the engine is 
caused to before reaching the double cut-off valve 5, 6 
arranged in the engine steam supply pipe 1. In the casing 16, in 
an inner casing 17, is mounted a horizontal wheel 20 provided 
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with curved blades 21. The steam entering at 15 passes through 
ports 19 in the inner casing and impinging upon the blades of the 
wheel 20, imparts a high velocity to the latter, whereby the 
governor balls 36a connected therewith by a sleeve 23, are caused 
to rotate rapidly and thus operate the valve stem 7 to move the 
valve 5, 6 towards or away from its seat and thus regulate the 
supply of steam to the engine, (Accepted March 22, 1890). 
LARGE TOOLS. 

8371. J. M. Case, Columbus, Ohio, U.S.A. Roller 
Mills. [6d. 1 Fig.) May 20, 1889.—A is the first driven roller, 
the periphery of which is serrated in the usual manner, and B is 
the other or slowly driven roller provided with longitudinal teeth, 
ribs, or projections b according to this invention. The relative 
speeds of rotation of the rollers A and B are arranged so as to give 
our revolutions of the roller A to one revolution of the roller B. 





The ribs b are formed on the surface of the roller B, } in. apart. 
The ribs may be as at b, or may be subdivided or recessed longi- 
tudinally as at b2, or may be arranged in clusters as at b3, spaces a 
} in. wide being left between each cluster of ribs. The recesses or 
spaces between the ribs form receivers or reservoirs for the accu- 
mulation of middlings, so that in their reduction they are not 
crushed or reduced to flour. (Accepted March 26, 1890). 


8496. C. Faulkner and W. E. Lloyd, Edgbasto 


Wi ery for e 
Metallic Tubes. [8d. 4 Figs.] May 22, 1889.—The improve- 
ment consists in combining a series of rolls slightly inclined to 














one another, one or more of the rolls having on its or their acting 
surface or surfaces a helical or spiral groove or grooves, the rolls 
and their driving mechanism being constructed and arranged so 





that the short, thick, hollow cylinder to be operated upon may be 
introduced between the rolls endwise at the ends of the rolls most 
distant from one another, the hollow ingot being caused by the 
action of the rolls to rotate, its external diameter being uced 
and its length increased. The tube is delivered from between 
those ends of the rolls opposite to the ends at which it has been 
introduced, the advancing motion of the partiy-made tube being 
effected by the helical groove or grooves on the roll or rolls, 
(Accepted March 26, 1890) 


16,686. C. A. Piat, Paris. Hydraulic Presses. 
[8d. 3 Figs.) October 22, 1889.—A hydraulic cylinder A is sup- 
ported by a shoulder E upon the collar K of a swing frame C 
carried by a vertical pillar H adapted to rotate in fixed bearings 
p, pi. The pressure water is supplied to the cylinder by a pipe s 
passing up through the pillar H. The material to be treated is 
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compressed between the piston head M and a plate G supported 
by hooked bars T, T! from pivots D carried by the lower portion 
of the cylinder A. A lever L serves to move the pair of bars T! 
out of the vertical for the purpose of placing the plate G in 
position. The points of suspension of the swing frame C have 
only to support the weight of the a: ery and are not affected 
by the pressure exerted. (Accepted March 26, 1890). 


SMALL TOOLS. 


7317. J. G. Plater, London. Screw Spanner. [6d. 
3 Figs.] May 2, 1889.—This adjustable screw spanner comprises 
a metal frame a formed inwardly with Y slides for guiding the slid- 





ing jaw b, which is ry ang to be moved towards and away from the 
fixed jaw (constituted by the upper inner side of the frame a) by 
the rotation of the screw-threaded portion of the handle d, work- 
ing in the extension c of the frame a. (Accepted March 26, 1890). 


8735. C. L. H.de Hundertmark, Paris. Screw Keys 
and ers. (8d. 8 Figs.) May 27, 1889.—Referring to 
Figs. 1 and 2, the jaws a, b are pivotted at c and d respectively on 
the handle g. The jaw a is guided parallel to the jaw b by means 
of a pin a2 working in a curved slot b2 in the neck of the jaw 6. 
The jaws are formed with tail-pieces a!, b1 acted upon respectively 
by a lever e pivotted at f to the handle g and a spring g! attached 
to the latter. By pressing upon the end e! of the levere, the jaws 




















are turned on their pivots and caused to move apart. The pres- 
sure of the spring g! returns the jaws to their original position. 
In the modification illustrated in Figs. 3 and 4, the jaw a is pivotted 
at c to the handle g, and the jaw b is mounted in slides in the jaw 
a. The jaw b is connected by a link h pivotted to a fixed stud d 
in such a manner that when the jaw @ is turned on its fe e by 
the action of the lever e operated against the pressure of the spring 
g or released, the jaws a, bare moved apart or towards each other 
in a parallel manner. (Accepted March 19, 1890). 


GAS. 
2647. H. H. Lake, London. (J. C. Beckjield and A. 
Schmid, Allegheny, Pa., U.S.A.) Gas es. (8d. 3 Figs.) 


February 18, 1890.—The improved engine comprises a large power 
cylinder E with differential piston H, and a smaller explosion 
cylinder D with piston G. Both pistons act through the ordinary 
connecting-rods upon the crankshaft C. The controlling valve R! 
is operated through the medium of the bent lever J, rod al, and 
eccentrie aon the crankshaft. Steam is first admitted through 
the pipe R above the cylinder to force down the piston H. The 
explosive mixture of air and gas under the piston H is thereby 
forced past a valve e through a pipe M into a receiver (not shown) 
cooled Goce circulation, and at the same time the piston G is 
moved up, and the supply of steam is cut off and the exhaust S is 
opened. The charge of compressed air and gas in the receiver 
then operates through the pipe O and past the valve R! to drive 
down the piston G. When the latter has reached the end of its 
stroke the gaseous mixture above it is ignited and exploded. At 
this time communication is established between the cylinders D 
and E, hence the piston H is again driven downward. When, by 
this means, the engine is fairly started the steam is shut off, and 
the engine continues to operate by the force due to the explosion, 
the piston H being impelled forward by the direct force of the 
explosion and the piston G being driven forward by the energy 
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stored in the gas compressed in the receiver on the downstroke of 
the piston H. The piston H in its upstroke draws a mixture of 
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air and gas 7 through the pipe L, past the valve c into the lower 
part of the cylinder E. (Accepted March 22, 1890). 


2811. F. O. Prince, London. (I. W. Parker, Chicago, 
U.S.A.) Valves, Pistons, and Piston Connections of 
Gas Pumps. (6d. 3 Figs.) February 21, 1890.--A spring V+ 
makes an elastic connection between the piston and crosshead. 
A spring W! in the piston makes an elastic connection between the 
piston and the piston-rod. The cylinder A has a lower contracted 
end. The hollow head J has valves J and H, and connecting = 
sages L, K, M, and N, and discharge and supply . hi 
cylinder A has a supply pipe P, an annular passage D and holes 
B Band CC arranged at such a distance with reference to the 
size of the piston head, that the supply normally opens into the 
lower part of the cylinder and the piston is at this extremity in a 





lower position. When the piston is in the position shown, 
the cylinder A is full of gas in the pipe P, for its interior chamber 
is connected with the pipe P by means of the apertures B, B and 
the annular way D. When the piston begins its upward stroke, 
the gas in the cylinder A is immediately compressed until the 
valve H is elevated and the charge of gas contained in 
the cylinder A is discharged into the aperture M, way N, and pipe 
O, On the upward stroke, that portion of the cylinder beneath 
the piston 8 isfilled with gas and in the descending stroke this 
charge of gas is discharged through apertures C and annular way 
D, way L, and aperture R, and valve G in the upper portion of the 
cylinder above the piston 8. (Accepted March 22, 1890). 


CHEMICAL PLANT. 


5578. J. H. Pollok, Glasgow. Wet Method of Ex- 
tracting Gold. (8d. 1 Fig.) April 2, 1889.—The improve- 
ments consist in the application of continuous hydraulic pressure 
to the revolving cylinder, wherein the wet method of extracting 
gold by chlorine, bromine, or iodine, is conducted by means of a 
pipe C passing through the centre of rotation of one end of the 




















5578. 





cylinder and connected to the end by a suitable packing-box, so 
as not to interfere with the rotation of the cylinder. E is an 
automatic valve allowing of the free flow of water into the cy- 
linder, but preventing the ore or solution from finding its way 
into the pipe C. F isa filter and G a tank for precipitating the 
gold. (Accepted April 2, 1890). 


1653. G. Kennedy, East Ham, Essex. Saturators 
for Sulphate of Ammonia Plant. (6d. 2 Figs.) January 
30, 1890.—According to this invention the whole saturator is cast 
in two or more parts of lead or an alloy of lead and antimony, so 
as to withstand the action of the acids or agents employed. The 
body 8 is cast in one with the bottom plate B, and the walls ¢ of 
the front trough T. An arched rib ¢ is cast solid with the walls 





t, and the curtain C of the opening in the bottom part of the 
front wall of the body 8S. Stiffening ribs f are provided to 
strengthen the walls t and the coned cover R. The usual sulphu- 
retted hydrogen pipe h is bolted to the upper opening H. The 
ammonia pipe P is fitted with an internal perforated lead distri- 


buting pipe p. The acid supply pipe ye shown) can be fixed in 
any convenient part. (Accepted March 22, 1890). 


ELECTRIC LAMPS. 


5010. F. V. Andersen, Catford, Kent. Galvano- 
meters. [Sd. 8 Figs.] March 22, 1889.—In this instrument a 
comparatively long and consequently powerful magnetic needle is 
suspended within the deflecting coils in such a manner that these 
coils intercept practically all the magnetic lines of the needle in 
whatever position ittakes. Inthe arrangement shown for measur- 
ing the difference of potential between any two points of an elec- 





tric circuit, the needle is composed of a thin blade 1 of soft iron to 
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which is secured a non-magnetic spindle 2 making a small angle 
with the direction of the length of theneedle. 19 are the exciting 
coils supported by an insulating reel 18, and 20 are the deflecting 
coils wound upon the non-magnetic tube 8. The circuit of the 
instrument is from the terminal 21, through the plate 22, deflect- 
ing coils 20, exciting coils 19, and plate 23 to the terminal 24. A 
pointer 16 moving over a dial 17 indicates the difference of poten- 
tial in volts. (Accepted April 2, 1890). 


6544. A. A. Goldston, Middlesbrough, Yorks. 
Electric Incandescence Lamps. (8d. 10 Figs.) April 
16, 1889.—-a is the lamp globe or bulb, b is the head of the lamp, 
c,c are the leading-in wires, and d is the light-giving conductor 
secured to the ends of the latter. e, e are the fixed contacts, f is 
a movable contact affixed to the large end of a supporting piece 7 
of insulating material in the shape of a cone between the fixed 
contacts ¢,e. To the small end of the cone g is attached one end 
of a spring h, the other end of which is connected to the head 0 
the lamp. This spring normally tends to draw the contact 





pieces f on the cone y into contact with the contact- 
— ¢,e, but is prevented from doing so while the carbon or 
ight-giving conductor d is intact, owing to the fact that the 
carbon or conductor is sufficiently strong to prevent the leading- 
in wires from expanding to allow the cone to be moved by the 
spring h. Should however the carbon or light-giving conductor 
be destroyed, the cone g and contact f are moved under the action 
of the said spring and so complete the circuit through the cut-out. 
(Accepted March 26, 1890). 


6578. G. Hookham, Birmingham. Arc Lamps. 
(8d. 2 Figs.) April 17, 1889.—A is the upper carbon-holder con- 
nected by multiplying gear, with a copper disc B. The disc B 
would, if left uncontrolled, rotate at great speed under the 
influence of the weight of A. C is an electro-magnet through 
whose coils the main current passes, its poles N S generating 
powerful currents in the disc B. These currents retard the rota- 
tion of the disc, and cc tly the d t of the upper carbon. 
D is a clamp which arrests the motion of the disc when no current 
is passing in the high resistance shunt magnet E. The weight of 
the up r carbon-holder, and the brake strength of the magnet C 
are ai Tasted by trial till with normal current the rate of descent 
of A approximately compensates for the waste of the carbons ; 
the retarding action of C being in all cases very great as compared 
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with the friction to be overcome by the weight of A in its descent. 
If the carbons are not in contact when the lamp is switched on, 
the clamp Dis raised, no current is passing in C, and the disc B 
races till the carbons touch. Current now , G is attracted, 
and the are is struck. The rapid rotation of B is immediately 
arrested by the action of the magnet C, and the rate of descent of 
A tends to be normal. Ifthe rate exceeds the normal, and the 
carbon points approach too closely, the current in C increases 
and the disc is retarded; if the carbons recede too far one 
from the other, the current in C diminishes and the feed is 
accelerated. Thus the action of the magnet on the disc brings 
about a rate of feed which is normal within narrow limits. (Ac- 





cepted March 26, 1890). 


MISCELLANEOUS. 


5592. W. Lloyd Wise, London. (Escher, Wyss, and 
o., Zirich, Switzerland.) Manufacture of Clear Ice 
and Apparatus Employed therein. [8d. 15 Figs.) 
April 2, 1889.—This invention relates to the method of producing 
clear ice by causing motion to be imparted to the water through 
the medium of the wall of the cell in which the water is being 
frozen. In Fig. 1 the arrangement is such that, by means of a 
reciprocating rack b and pinion a! turning on its axis, the cell is 
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caused to rotate a certain number of times in one direction, and 
then a similar number of times in the opposite direction. The 
rotating wall of the vertical cell A which contains the liquid to be 
frozen is surrounded by the freezing mixture in a reservoir B. 
The pivots d are journalled in bearings c. Figs. 2 shows a cell 
whose axis of rotation intersects its entire line or geometrical 
axis at an angle so that the movement is to a certain extent hyper- 
bolic. (Accepted April 2, 1890). 

8191. J. Kristen, Brunn, Austria. eing Hides. 
(8d. 2 Figs.) May 16, 1889.—The table A, on which the hide to 
be dyed is stretched, is provided with a projecting rim fixed round 
its edge for preventing the liquid from being thrown off horizon- 
tally, and rests on a plate a, which is supported by a vertical 
shaft a1. A bevel wheel A3 mounted on the shaft a! and in gear 
with a bevel wheel a4 upon a horizontal driving shaft a5 enables 
the vertical shaft to be rotated. As soon as the hide to be dyed 
has been stretched over the table A and primed with a mordant, 
the table A is set in motion. A pipe cfrom the colour reservoir 





C has its outlet above the middle of the table. The centrifuga 

force created by the rotation of the table causes the dyeing liquid 
to be thrown from the centre in all directions towards the circum- 
ference of the table, whereby the dyeing liquid is uniformly dis- 
tributed over the surface of the leather. The dyeing liquid thrown 
beyond the edge of the table is received in the tank Dsurrounding 
the table A, and by means of a pipe is conveyed into a vessel E, 
from which it is forced back into the colour reservoir C by means 
of a pump F, geared with the driving shaft a5, the delivery pipe f 
of the pump opening into the colour reservoir C. (Accepted 
March 26, 1890). 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the cffices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. 





Bringing THE On10.—A great bridge across the Ohio at 
Wheeling will be completed about June 1. The main 
span, built by the Edgemoor Company, is 524 ft. lon 
and weighs 4,000,000 Ib., being the largest in the Unit 
States, 

BREAKWATERS.—At a meeting of the Society of Engi- 
neers, held at the Town Hall, Westminster, on Monday 
evening, 5th May, Mr. Henry Adams, President, in the 
chair, a paper was read by Mr. F. H. Cheesewright, 
Assoc. M.Inst., C.E., on “‘ Breakwater Construction.” 
The author touched upon the origin of breakwaters, 
showing that the earliest system employed in their con- 
struction is virtually the system in use at the present 
day. He then described some of the modifications that 
have taken place, and briefly demonstrated the inefficiency 
of this system by pointing out some of its most salient 
defects. This was followed by a short descriptive account 
of some of the typical breakwaters of the world, both at 
home and abroad, with a view to proving, that even the 
best constructed leave a great deal to be desired. Some 
expert evidence before Select Committees of the House of 
Commons was quoted as a further proof that up to the 
present day no perfect breakwater has been constructed, 
and that improvements in the direction of obtaining a 
vertical wall structure would lead to the best form of 
breakwater. The author then went on to show that all 
the suggestions of these eminent experts are embodied in 
the Lewthwaite system, which he fully described. It is 
claimed for this system that it produces a perfect vertical 
wall on any bottom, that it possesses perfect continuity, 
that most desirable of qualities in a breakwater, and that 
in cost it is cheaper by three-fourths than any other known 
system. In conclusion, the author pointed out the possi- 
bilities that lie in the — of this new system, not 
only in the construction of breakwaters, but also for the 
erection of deep sea semaphores, probably the complete 
suppression of lightships, certainly the protection of our 
coast lines from the encroachments of the sea, and the 
erection of sea walls and docks. He believed that its 
utility for national Lai pond was very great in the con- 
struction of works which have hitherto been impossible, 
as for instance fortifying such places as Bombay, an 
constructing a harbour of refuge at Dover, the latter 
being a work which has defied the ingenuity of the 
greatest experts in breakwater construction. 
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MODERN FRENCH ARTILLERY. 


| facturing company, to be added to the price of! 


production, and paid for gradually by the pur- 
No. XX. ; chasers of these costly weapons. To the successful 
Tue Firinc Grounps oF THE FoRGES ET 'gunmaker a well-equipped polygon possesses the 


CHantiERS CoMPANY At Havre. 
Tue Forges et Chantiers de la Mediterranée is 


the only private company manufacturing ordnance | 


in France that possesses a complete and well- 
equipped firing ground. The importance, or 
rather the absolute necessity of such an addition 


same importance as a good laboratory to the suc- 
cessful scientist. 

The plan, Fig. 193, gives an idea of the location 
of the firing grounds of the Forges et Chantiers, and 
its position relative to the rest of the company’s 
works. They occupy a large area on the north 


toa gun factory, may be readily imagined. With’ bank of the estuary of the Seine, here of very con- 
the ever-increasing demands for more powerful siderable width, not far from the va pan and 


weapons, and the rapid strides being made with connected to the ordnance and genera 


works of 


the new explosives, the art of heavy gunmaking , the company by a line of railway laid partly on the 
becomes less than ever dependent upon theory, | high road, crossing the Tancarville canal that ter- 


and more dependent upon practice. And apart from 
the fact that principles of design can now be often 
confirmed or refuted only by experiment, there are 


minates a little to the westward in its own system 
of docks and basins that connect it with the port 
of Havre. Two other lines of railway belong to 


numerous details of the highest importance, the | the company, one joining the main system of the 
value of which can only be ascertained on the firing , Western Railway Company to the east, and the 








PLAN OF THE WORKS AND FIRING GROUNDS OF THE FORGES ET CHANTIERS DE LA 
MEDITERRANEE AT HAVRE, 


ground. The efticiency of fuzes; the best method 
of making up and exploding charges ; the testing of 
each detail of breech mechanism, and of different 
forms of obturators ; the examination of the be- 
haviour of hydraulic brakes, and the carriages to 
which they are attached ; all these and many more, 
form subjects for continuous and anxious trial during 
the long and tedious work of perfecting a new de- 
sign, or modifying standard types to withstand more 
severe conditions. It often happens that the most 
carefully conceived plan breaks down utterly under 
test, not from any fundamental defect in the design, 
but for want of proper proportions that can be only 
decided by the ordeal of fire, which determines that 
this geared wheel must have a certain amount of 
play, that that one must have none, that such a pin 
must be a tight fit, and such another must be slack, 
and so on through a series of slight changes which 
would not have been thought desirable by the most 
careful engineer, and which no prevision could have 
suggested. Results otherwise unattainable are thus 
rendered possible by a system of trial and error, 
in which the most minute features of every experi- 
ment are carefully recorded by a trained staff, and 
practice has to be modified according to the direc- 
tion which the results obtained, indicate. Of course 
this experience is very costly to acquire ; gunnery 
experiments at the present time can only be effec- 
tively pursued by very wealthy manufacturers or 
by governments. Some of the smokeless powders 
now employed in France cost no less than 15 franes 
the kilogramme, so that a 6-in. quick-firing gun 
will readily consume more than 50/1. worth of 
explosives alone during a minute’s firing, and the 
charge for the larger calibres often exceeds 100/. 
for powder. To this has to be added the cost of 
projectiles, fuzes, &c., to say nothing of damage, 
deterioration, and the heavy wear and tear in- 
separable from the terrific shocks resulting from 
firing heavy charges. A trained and costly staff is 
also an absolute necessity, otherwise the lessons 
taught in this expensive manner may be thrown 
away. Yet all this must be regarded as a part of 
the establishment charges of an ordnance manu- 


other running down to the great docks on the west. 
Everything required for testing at the Polygon has 
therefore to be taken on trucks from the ordnance 
works to a junction, and there switched on to the 
service line that terminates in the firing ground. 
As the weights to be carried often exceed 60 tons, 
special trucks are required for the purpose of trans- 
porting them. The Polygon occupies a long strip 
of coast land considerably above the level of the 
sea, the edge of it looking down on the broad fore- 
shore of the estuary, which is always uncovered 
except during periods of exceptionally high tides. 
Sometimes it happens—once in a century it is 
said—that a combination of tide and wind sub- 
merges the land along the coast to a depth of several 
feet. Such a tide occurred about four months 
since, when the whole of the firing ground and its 
equipment was submerged for 4 ft. or 5 ft., causing 
disaster to the powder stores, measuring instru- 
ments, and everything else that could sustain 
damage. Thespecial advantage of the site selected, 
and known as the Pointe du Hoe, is that it possesses 
the four classes of range necessary for ordnance 
experiments, all four being available from the same 
row of firing platforms. Immediately opposite 
the middle of these platforms, and at a sufticient 
distance from them, is a double covered way pro- 
tected by ample earthworks, and filled with sand 
for a length of 50 or 60 yards ; this covered way 
serves to receive projectiles fired into it across the 
screens connected with the chronographs. From 
the same platforms, guns can be trained to fire 
across the estuary when target practice is required, 
while by directing them to the south-west, long- 
range firing out to sea isavailable. Fig. 201 (see page 
616), gives a very good general idea of the firin 
grounds. On the right hand are shown the cover 
ways and protecting earthworks, and immediately 
er them towards the left, are the firing 
platforms. The railway from the works runs 
parallel to the northern limit of the Polygon, 
and terminates beside a long traversing pit at 





riglt angles to the railway and parallel to the line 
of platforms. In this traversing pit, which is long 


enough to extend beyond the last platform, rails are 
laid to receive the numerous wheels of a heavy 
traverser, to the platform of which, rails are 
bolted ; the level of the traverser corresponds to 
that of the ground. At this level and on both 
sides of each platform, other rails are laid, in such 
a way as to form an extension of the lines on the 
traverser; at the end nearest the railway an 
additional pair of rails is laid. These arrange- 
ments are necessary for moving heavy weights from 
the railway to any one of the firing platforms. For 
this purpose a travelling crane capable of handling 
80-ton loads is provided ; it is illustrated in Fig. 
194 (page 612), where it will be seen to consist of a 
strongly framed derrick mounted on four wheels 
and carrying on the top a platform and winch. 
When a truck loaded with a gun has been brought 
down from the factory (see Fig. 202, page 616) it is 
run under the crane and raised ; the truck is then 
removed and the loaded crane is placed on the 
traverser and hauled along to any of the platforms 
that may be desired. It is then shifted off the 
traverser over the platform, and the gun is lowered 
on to the carriage previously prepared for it. An 
extension of the rails laid in the traverser pit is 
made to the edge of the coast where an isolated 
firing platform is fixed; this is used for testing 
guns at various angles, the elevation of the shore 
above the sea being sufficient to give the neces- 
sary amount of depression. Fig. 202 gives a very 
good idea of the range of firing platforms, with the 
protecting bank behind, a locomotive and gun 
truck on the left-hand side, the traverser and 
travelling crane, and the traversing pit in front 
of the row of firing platforms. 

These platforms call for some description ; they 
are very simple and efficient, and are admirably 
arranged for their purpose. On a rigid foundation 
of concrete and piles, is secured a large circular 
bedplate of cast iron, in the face of which are a 
number of slots converging to the centre. All the 
bedplates—one for each platform—are identical 
in form and dimensions ; they are of course 
made very strong and heavy to withstand the 
strains to which they are subjected. The car- 
riages, whether they serve as supports to guns 
under tests, or are themselves being tested, are 
secured to the bedplates by bolts that can be 
moved in the slots, passing through holes in the 
bedplates of the carriages and secured above .by 
nuts. To complete the system the holes in all 
types of carriages, which serve ultimately to receive 
the holding-down belts on boardship or in forts, 
are drilled insuch positions that when a carriage is 
placed on a platform the bolt holes coincide with 
the slots ; there is, therefore, no difficulty in making 
the connection rapidly and securely. 

Every precaution is taken to prevent accident 
to those engaged on the firing ground ; imme- 
diately at the back of the range of platforms is 
a long and high embankment, access to the top of 
which is gained by a stairway at one end, where 
an observing station is established provided with 
instruments for noting results obtained with long- 
range firing (see Fig. 201). At each end of this 
earthwork is formed a proof chamber entirely 
screened from the firing Rl A simple and 
ingenious device has been adopted for observing 
the general effects of the rounds fired when the 
guns are directed against the sand-filled covered 
way ; a large mirror mounted on trestles, so as to 
be portable, is placed opposite the entrance of 
either proof chamber, and by giving it the neces- 
sary angular adjustment, all that takes place at any 
of the platforms can be minutely observed. Fig. 195, 
page 613,shows this arrangement clearly. On the 
caution signal being given that a round will be fired, 
every one on the ground retires, either to the 
chamber or behind the embankment, and it is only 
after a second signal that the lanyard is pulled, or 
the electrical connection completed by the firing 
number, whose place also is behind the embank- 
ment. By a strict observance of these precautions 
and by military discipline everywhere, the tests 
that are constantly being carried on at Hoc have 
been unattended by any accident. In a light 
shed at the back of the embankment is a 
powder store containing only a limited supply of 
explosives for the day’s requirements, the main 
store being in a suitable magazine. It is in this 
shed that cartridges are made up of such weights 
and proportions as are called for by the special ex- 
periments being made; the smokeless or semi- 
smokeless powders now chiefly used, are practically 





free from danger of premature explosion, unless, 
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indeed, they were incited thereto by the uninten- 
tional discharge of the black powder, of which a 
certain quantity is at hand for making primers for 
the cartridges. 

In another part of the Polygon is a large quad- 
rangle inclosed by heavy earthworks, from the 
inner slope of which project banks of similar 
sections cutting up a part of the space into a series 
of recesses, but leaving a large central space clear. 
In each of these recesses is a light wooden and iron 
shed, and a tramway runs around the quadrangle 
connecting all the sheds together and terminating 
in a magazine. This is the place where cartridges 
of various calibres are made up for store; the 


| will be seen that they are made of sheet copper, 


experiment. As the cartridges are completed they | 
are filled into light iron cases of different types, 

according to varying calibres. Figs. 197 to 200, page | 
614, illustrate their construction ; fromthese views it | 
rectangular in section with rounded corners, and | 
finished at the top and bottom with flanged joints. 
In the top of each case is a circular opening stiffened 
with a brass ring over which a second ring is 
screwed ; the top of the inner ring forms a seat for 
the brass cover to this opening which is hinged as | 
shown and secured by a bayonet joint that is, 
operated by turning a lever attached to the centre 
of the cover to and fro. Figs. 197 and 198 are re- 


‘uninfluenced by any shock or vibration. 


left-hand side of Fig. 201) ; the instruments comprise 


Le Boulengé chronographs and the Peigné tele- 
meters, to which we shall refer in a subsequent 
article. These instruments are of course sufli- 
ciently removed from the firing platforms to be 
Besides 
these rooms is the dwelling-house for the men em- 
ployed at the Polygon ; various signalling towers 
and ranging stations complete this very important 
installation. 

The relations of the Forges et Chantiers Com- 


| pany with the French Government are such that a 


company of artillery privates with their officers 
remain constantly at the Polygon under the 
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arrangement will be understood by reference to 
Fig. 196. Thework, whichis more or less dangerous, 
is thus carried on by a man isolated in each recess, 
and if an explosion did occur the lightness of the 


TABLE X.—DETAILS OF 


ate 


‘cartridges for a 15-cent. gun. 


FIRING TESTS WITH A CANET 15-CENT. NAVAL GUN, 36 CALIBRES, 















EIGHTY-TON TRAVELLING CRANE AND TRAVERSER AT FIRING PLATFORMS ; 


spectively a section and plan of a case to hold four’ 
half cartridges for a 27-cent. gun, and Figs. 199 and 
200 are corresponding views for one containing six 
Handles for moving 














THE HOC POLYGON, 


control of the company, the same men remain- 
ing for a term of years before being exchanged. 
All the manipulations connected with the test- 
ing of guns and carriages are carried out pre- 
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PROJECTILES. CARTRIDGES, CHRONOGRAPH SPEEDS, CRUSHER GAUGES. g 

bees] x Distance from Recoil. Heights. Pressures. | & 

SE 2 sat Base of Pro- |paywap, | Weight of | . ae ’ | 2 

ES = | Weights. jectile to anes Charge. | Length. No. 82. No. 85. — ENE! [6S Ree ako 3 

oa) 2 | 3reech of Gun. | 

a" | % | Breech of Gun | ete | di . | | Top. Bottom. Top. | = 

1d, kilos. in, m. B.N. | Ib. | kilos. | in. {mm in. mm) ft. m. ft. m. | i , | in mm Ib. per | kilos. per Ib. per | kilos. per ft, { m, 
| | | sq. in. . cent. . in. ‘ | 
1 48 | 94.51 | 42.960 | 50.00 1.270 5 — see 22 10 | 22.84 | 580 19.65 499) 1047 5931) .. | .. | | das | 11.4 17,836 metre 17, 3 “1354 , | 609 
, 70 | 93,83 | 42.650 | 49.80 1.265 5— 1890) 24.2 11 | 23,62 | 600 20.08 510 2089 637 | 2083 637.9 | 428 | 10.9 | 22,172| 1559 22,172 1559 | 2149 | 655 
3 | 34 | 93,80 | 42.640 | 49,80 1.265 5—1890/ 26.4 12 | 28.35 | 720 20.40  518| 2211 674.6 2205 671.7 | | 27,976 1967 29,043 2042 | 2270 692 
4 7 | 94.73 | 43.060 50.00 1.270 5—1890| 28.6 | 13 | 32.29 820, 20,56 522) 2356 718.2 | 2004 710.7 | 32,955 | 2317 34,149 2401 | 2411 | 735 
5 | 42 | 94.49 | 42.950 | 49.88 1.267 5—1890| 30.8 14 | 33.47 850) 20.87 530) 2487 758 | 2474 754.2 | 37,434 2632 36,808 2588 | 2549 777 
6 | 58 | 94,78 | 43.085 | 50,11 1.273 5—1890/ 28.6 13 | 33.08 840 20.79 528) 2352 717.7 | 2004 710.7 | 33,552 2359 34,149 2401 | 2408 | 734 
7 74! 98.94 | 42.700 | 49.84 1.266 5— 1890| 30.8 14 | 33.86 860 20,95 532 2461 749.9 | 2444 744.7 40,122 2821 37,804 2658 | 2519 | 768 
8 60 | 94.71 | 43.050 | 49.88 1.267 5—1890/ 30.8 14 | 33.86 860 20.95 532) 2467 752 | 2461 749.9 36,325 2554 37,434 2632 4§— 2532) 772 
9 88 | 98.04 | 42.700 49.96 1.269 5 1890) 26.4 12 | 28,35 720) 21.84 6542) 2206 672.5 | 2205 672.1 | 31,688 | 2228 a a 2270 692 
10 37 | 93.80 | 42.620 50,00 1.270 5— 1890) 33.1 15 | 33.86 | 860) 21.50 | 546) 2576 785.1 | 2572 783.9 | 47,375 | 3331 43,848 3083 =: 2648 807 
11 | 61 | 94.48 | 42.920 | 50.07 1.272 5—-1890/ 33.1 15 | 83.86 | £60) 21,54 547) 2587 788.6 | 2589 789.2 | | 41,414) 2912 45,754 3217 2661 811 
\ | | t | 





Fuzes: Obturating fuze, naval model. Obturation: Good, Breech manipulation: Quiteeasy. Angle of fire: 0 deg. 


shed and the heavy banks on each side of it would, 
it is hoped, direct the explosion upwards without 
affecting the adjoining sheds ; this theory has not 
up to the present been confirmed or refuted by 











these cases are attached to the sides as shownin the cisely under the same conditions as at a State 
; / ' factory, and all observations and records are taken 
_ Beyond the various protective earthworks are | by the officers in charge, and by the inspectors 
situated rooms for the ballistic observers (see the | employed by the purchasers of matériel, prior to 


diagrams. 
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acceptance. All reports are framed upon a series| the schedules employed by the company ; Nos. IX. | these strips are bound loosely into fagots which fit 
of type schedules, and are filled up so that corre-| and X. refer to some very interesting tests recently | easily into the powder chamber, and are packed one 
sponding tests can be immediately compared.) made with a 15-cent. naval gun ona forward pivot- | on top of another in a canvas bag, the length of 
Thus, excepting for their own private information, | ting carriage that will form part of the armament which, of course, varies with the weight of charge. 
the directors of the gun factory take no part in of the new Greek ironclad recently completed at | In the open air this explosive burns, but without 
preparing any of the reports which are in every | Havre. The explosive used was one of the newsemi- | much intensity, and it cannot be fired without a 
case of an ofticial character ; by this arrangement | smokeless powders, the base of which consists of | comparatively heavy priming charge of gunpowder ; 























Fic, 195, ARRANGEMENT OF MIRROR AT THE HOC POLYGON FOR VIEWING FIRING TESTS FROM PROOF CHAMBER. 














Fic. 196. Protected INCLOSURE FOR CHARGING CARTRIDGES AT THE HOC POLYGON. 


they are entirely cleared from any suggestion that | dissolved gun-cotton mixed with nitrates to check the| an ordinary percussion fuze is then sufficient to pro- 
might be made of regarding results in too favour- | Velocity of combustion, so that it forms one of the so- | duce ignition. The small quantity of smoke produced 
able a light, and can accept with more confidence | called slow-burning powders, though, as a matter of | with this explosive possesses but little density, and 
the records obtained than if they were made by ‘fact, the combustion is almost instantaneous. As de-| lasts but for a very short time, falling to the ground, 
their own employés. livered for making up into cartridges, this explosive| and quickly clearing away. Of its energy the 

We reproduce in the accompanying Tables some of | is cut into strips about 8 in. long and } in. thick ; annexed Tables give a sufficient proof; we think 
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TABLE 1X.—Forges et Chantiers de la Mediterranée. 





Direction de l’Atelier de Government, 
l’Artillerie. 
Firing experiments made on May 7, 1890, at the Polygon of Hoc. 


Order No. 438. 





Summary of ee 
Object of Reception firing tests of 15-cent. Canet gun No. 11, 
experiments. and of forward pivotting carriage No. 8. 
Summary of Results. 
Car- 
Gun riage. 


Gun. Gun of 15cent. and Numberof Before the 
36cal., model 1887, rounds rial 
No. 11, Canet red. During 
system, Havre, trial. 8 8 
1889, 


Total .. oe 8 8 


0 











Carriage and Carriage for 15-cent. gun, No. 8 with forward 
platform, pivot and hydraulic brakes, Platform No. 5. 
Projectiles. Nature. Cast iron special strength. 
Date. Supplied March 18, 1889. Finished 
September, 1889. 
Powder. Nature and factory. B.N 


.N. Sevran Livry. 
Specimen No. 5. 1890. 





mm. 
Cartridges. Nature of envelope, asbestoslinen. Diameter 178 
Weight of charge, 10, 11,12, 13, Length 1200 

and 14 kilos. 

Nature. Application. 
Ballistic apparatus Two Boulengé chronographs. Two screwed in 





employed. Three crusher gauges. breech-block, one 
One velocimeter. free on left side 
of carriage. 
Chronographs. Chronograph Chronograph 
Distance from muzzle of gun to No. 82. No. 55. 
first screen. 50.18 m. 51.18 m, 
Distance from muzzle of gun to 100.18 m. 101.18 m. 


second screen. 





Barometer 760. Thermometer 15 deg. Hygrometer 0. 
Wind: Direction north. Force light. 
Persons present at trials. 
Present MM. 


TABLE XI.—Comparative Results with Armstrong and 
Canet Breechloading Guns. 
Nature of Gun: 




















Armstrong... 6 in. quick-firing 
Canet os 5.90 ,, naval 
Weight: 
Armstrong... ° oe ee 110 cwt. 
Canet ee ‘es ee ae 114 _,, 
Length of bore : 
Armstrong... ee i oe 40 calibres 
Canet oo os oe os 34 0 
| | 
a S J|/edie 
a | 28|\2%/|>. 
2s | Class of Gun. | Nature of Charge. | oa £2) a2 
gs | we SE 28 
ze | | |\eo se | ES 
| | Ib. | lb. | ft. 
1 | Armstrong ..| Brown prismatic 55 =6©| 100 | 2110 
e Canet Semi-sinokeless | 92 | 94.51 1998 
2 | Armstrong .. Brown prismatic | 60 | 100 | 2256 
2 | Canet ae Semi-smokeless | 24,2 93.83 2149 
3 | Armstrong ..| Smokeless prismatic | 35 100 | 2230 
3 Canet a Semi-smokeless 26.4 93.80 2270 
4 Armstrong ..| Smokeless prismatic | 37.5 100 | 2320 
4 Canet a Semi-smokeless 28.6 94.73 2411 
5 | Armstrong ..; Smokeless prismatic | 38 100 | 2336 
5 | Canet ..| Semi-smokeless 30.8 94.49 2549 
6 | Armstrong ..| Smokeless prismatic | 39 100 | 2383 
6 | Canet - Semi-smokeless 28.6 94.78 2408 
7 | Armstrong ..; Smokeless prismatic | 40 | 100 | 2422 
7 | Canet ..|  Semi-smokeless 30.8 93.94 2519 
8 | Armstrong ... Smokeless prismatic | 40.5 100 | 2454 
8 | Canet | Semi-smokeless 30.8 94.71 2532 











TABLE XII.—Comparative Results Obtained with Smokeless 
Powder in 6 in. and 5.9 in. Guns, 














| 
1. 2. | .. 
on . Canet 
fmm Canet. | uick- 
ring. 
Bore .. as oe ax oo 6 59 | 5.9 
Weight of gun - Ss -» cw. 110 114 | 100 
Length of bore... es -» cal 40 34 | 40 
Weight of projectiles .. -» Ib} 100 94.798; 88.892 
an charge .. - rs ») & 30.86 | 33.069 
Nature of powder .. ..| Smoke- | smoke- | smoke- 
| less less less 
Initial velocity ra ne * ft.) 2340 2533 2749 
Total energy .. <n cs foot-tons| 38797 4215 4655 
Foot-tons energy per ton of gun.. ; | 626.8 | 751.3 951.6 
ae me pound of powder..| 97.28] 136.6 140.8 
Strain on gun os tons persq.in. 16.5 | 16.5 18.4 





weare correct in saying that nosuch resultshave ever 
before been obtained with a gun of the same calibre 
and length of bore (36 cal.). For the sake of compari- 
son we give in Tables XI. and XII. therecordsof one 
round from an Armstrong quick-firing 6-in. gun of 
40 calibres made a few months since, with smokeless 
powder, and in a third column are given the cor- 
responding figures from a quick-firing Canet gun 
of 15 cent. (40 cal.) made in March last with French 
semi-smokeless powder. It will be noticed in 


veloped in the Elswick gun were 3797, the energy 
of the Canet gun was 4215 foot-tons, while the 
corresponding figures for the 15-cent. quick-firing 
gun are even more remarkable. During its latest 
trials, made a few days ago, this gun surpassed all 
its previous records. With a charge of stronger 
explosive, a velocity of no less than 2887 ft. per 
second was obtained, developing a total energy of 





Fig.197. 
Case for 27 Ym charges 
Section a.b.c.d. 





5136 foot-tons, equivalent to 1027.2 tons per ton 
weight of gun, And _ this without any undue 
fatigue of the steel. It will also be noticed, in 
columns 1 and 2, that the measured strain in 
the 15-cent. naval guns was alike in each case, 
but it is evident that in the Canet 15-cent. 
this strain must have been sustained farther along 
the chase. Quite apart from any question of rela- 


Fig. 199. 
Case for 15%/m charges. 
Section a-b. _ ©R\ ssasetambannan 












































TABLE XIII.—Method of Tabulating Tests of Carriages. 


Forges et Chantiers de la Mediterranée. 
in = Atelier Government, France, 
7 erie. War De t. 
Order No. 439, pee 
Firing Trials of May 7, 1890, at the Hoc Polygon. 
: General Report of Trials. 
Object of Trials.—Recéption tests of central pivotting coast 
defence carriage for 240 mm. gun. 
General Particulars. 








Nature of Canon of 240 min. Number of __ Before the trial 0 
gun. bore No. 8, De Bange rounds After es 5 
system Creusét fired. _ 

steel. Total .. 5 





Carriage and platform. Cast-iron carriage, Vavasseur-Canet 
system model 1886. 


Platform No. 4. 





Projectiles. Cast-iron cylindrical, from Rennes. 


Powder. A 26/34 and PB 2. q 


_ Nature of envelope, asbestos cloth. 
Weight of charge, 46.2 Ib., 92.4 Ib., 116.6 Ib. 


"Cartridges. 








Barometer 760. Thermometer 15 deg. Hygrometer 0. 





Table XII. that while the foot-tons of energy de- 





Wind: Direction north. Force light. 








Fias. 197 ro 200. Derraits OF BOXES FOR STORING LOADED CARTRIDGES. 


























TABLE XIV.—Particulars of Rounds Fired for Testing 
240-Millimetre Gun Carriage. 

oe | | : 

3S el se |B, | 8 
se] 85 |ea| 8 3 

=] ev os is] 
Base) 38 35) § ™ 
Ib. | Ib. | in. | deg. 

1 | 374! A 26/34 | 46.2 | 40.16 | Projectile fired into sand angle 0 
2 | 374| A 26/34 | 92.4 |'44.28 | is i 0 
3 | 874 P B2 (116.6 | 45.07 | * ee a2 
4 | 374) A 26/34! 92.4 | 43.50 eo » sea | ,, 20 
5 74) P B2 /116.6 | 44.28 | " » 9» | ao 20 
| i 
Friction fuze ; model, 1874. Obturation ; good. Plastic obtu- 


rator. Breech manipulation ; easy. 


| tive merit in the guns themselves, these Tables are 

of the highest possible interest as indicating a rapid 
‘development in the manufacture of explosives, and 
| suggest the necessity of consequent modifications in 
| the design of ordnanceto meet the greater uniformity 
|in the strains set up along the gun. It is for this 
| reason that the approaching trial of the first 66-ton 

Japanese gun will be of especial importance to 
' artillerists. 
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At the Hoe firing grounds three crusher gauges 
are employed at each round ; two screwed into the 
mushroom head of the obturator, one near the 
bottom, and one near the top of the bore, while 
the third is left loose in the chamber. In addition 
to these gauges the gun is connected with a Sébert 
velocimeter to record the characteristics of recoil, 
and incidentally the velocity of the projectile ; the 
latter value is, however, obtained direct with Le 
Boulengé chronographs. 

Tables XIII. and XIV. show the form adopted by 
the Forges et Chantiers Company for recording 
the tests of gun carriages. The mounting to which 
these Tables specially refer, was one of a large 
number of cast-iron coast defence carriages for 
24-cent. guns made for the French Govern- 
ment. The regulation trial consists of firing three 
rounds with varying charges into the sand-filled 
covered way, and two rounds out to sea at a maxi- 
mum elevation. The guns for trials of this nature 
are supplied by the War Department, just as for 
testing naval carriages, such as those for the 
Marceau, they are furnished by the Marine. 





THE IRON AND STEEL INSTITUTE. 
(Concluded from page 585.) 

In our last issue we brought our notice of the 
recent meeting of this Institution up to the end of 
the first day, and we now proceed to deal with the 
rest of the proceedings. 


ALUMINIUM IN STEEL. 


The first paper taken on Thursday, the 8th inst., 
was that of Mr. W. J. Keep, of Detroit, Michigan, 
the title being ‘‘ Aluminium in Carburetted Iron.” 
This paper we shall shortly print in full, and we 
may therefore at once turn to the discussion. 

Mr. James Riley was the first speaker. He 
pointed out that nothing had excited more interest 
of late than the use of aluminium in the manufac- 
ture of steel. He had been pressed to use it, and 
its virtues had been much extolled, but he had not 
formed so high an opinion of its merits as many 
of his friends appeared to do; at any rate, he 
thought the advantages gained were too dearly 
purchased at a cost of from 11. to 21. per ton on the 
steel produced. Aluminium was, however, be- 
coming cheaper, and if the cost were sufficiently 
reduced, its use would be a matter for consider- 
ation. He would say that the purpose for which 
he had used aluminium was to endeavour to lower 
the melting point of the steel, so that in making 
complicated castings there should not be the same 
risk of cracks during cooling, a result which natu- 
rally depended upon the temperature to which the 
metal had to be brought to produce fluidity. Alumi- 
nium certainly did have this effect to a remarkable 
degree. An alloy was made of 20 per cent. of 
aluminium of second quality, and 80 per cent. of 
steel, and which gave 18.3 per cent. of aluminium on 
analysis. The specific gravity was 6.23, although the 
mean specific gravity of the two substances would be 
6.89. This alloy was very fluid when in the crucible, 
but it set with extreme rapidity, so much so that 
only half the contents of the pot could be poured out. 
This of course was an extreme case, but in some of 
the steels containing large percentages of aluminium 
the same effect was observed. With 22 to 4 per 
cent. of aluminium, it was noticeable. An ad- 
dition of 8 per cent. of aluminium made the 
alloy so short and crystalline that it was useless for 
work. As to the effects on the casting, he did not 
find them very great. The tensile strength was 
slightly increased ; not very much, in fact they often 
found the superiority of one cast of ordinary steel 
over another as great as that of a sample of alu- 
minium steel over ordinary steel. It might be two 
or three tons to the square inch. The elastic limit 
was considerably raised, and there was an addition 
to ductility. With one per cent. of aluminium 
these results would all be found. These ad- 
vantages were, however, more apparent in the 
testing room than in actual use. The increase of 
fluidity was, after all, the great advantage given by 
the use of aluminium. One of the great sources 
of cost of steel castings was the amount of 
scrap that was necessary owing to the large heads 
that had to be given. If, owing to better running 
of the steel, the moulds were filled with sound 
metal, heads and gates could be reduced perhaps 
75 per cent.; or evenif they could be brought 
down 50 per cent. it might pay to spend a 
certain amount on aluminium. So far as his 
own experience went, however, and he had 





made hundreds of tests, he had ceased to use 
aluminium more than a year before, because he did 
not find any economy in its application ; in fact the 
advantages gained in the manner indicated were 
not sufficient to {equal the cost of the aluminium 
at that time. Lately, however, the merits of 
aluminium had again been brought forward, and he 
had been much pressed to use it. He was told of 
important results obtained by people, although he 
never met the people themselves. However, the 
advantages claimed were so great that he had been 
induced to have another set of experiments made 
upon a number of tests including a wide range of 
percentages of aluminium. At the present time, 
however, his mind was pretty well made up that 
there would be no commercial advantage in the use 
of aluminium in steel except perhaps for making 
thin castings. 

Mr. Spencer, of Newburn, said that he could 
indorse most of what had fallen from Mr. Riley ; 
in fact he (Mr. Riley) had said very much what the 
speaker would have said himself, with regard to 
the use of aluminium in steelmaking. He would 
only add that in the use of this alloy much depended 
upon the application, and he found that it would 
not do for all grades of carbon. With higher per- 
centages of the latter aluminium was less advisable 
to use, for with higher grades the results would not 
come up to the anticipations many people formed. 
In castings there was considerable advantage from 
causes which Mr. Riley had pointed out, and no 
doubt it would be useful in the production of intri- 
cate castings. 

Mr. J. Riley said he had intended to speak upon 
an important point. It was that in big charges of 
metal, from 10 to 15 tons, the effect of the alumi- 
nium might be dissipated before the end of the 
charge was reached when making castings. The 
experiments hitherto made, upon which opinions 
had been formed, were chiefly upon small quanti- 
ties of metal in crucibles, and the results in such 
cases were often very different to those which would 
be obtained when trying the same thing on a larger 
scale. In this respect it differed from silico-spiegel, 
the effect of which will last tothe end. The use of 
aluminium in the effect it had on the production of 
other alloys was also of great interest. For instance, 
if copper and iron were melted together, and the 
resultant mass were examined under a microscope, 
it would be found that the copper was simply dis- 
tributed throughout the mass, and the two were 
not really alloyed; but if aluminium were intro- 
duced the alloy was found to be perfect. In the 
case of nickel steel this property of aluminium had 
been found of value, the introduction of the latter 
at the end of the charge having the effect of pro- 
ducing a very perfect alloy. 

Sir Lowthian Bell wished to indorse Mr. Riley’s 
last remark. One of the chief uses for aluminium 
was for the manufacture of aluminium bronze. In 
making that alloy the temperature of the melted 
copper was increased when the aluminium was 
introduced, thus showing that chemical union was 
taking place between the two. 

Mr. A. Allen was of opinion that often there 
were traces of aluminium in iron and steel without 
the fact being recognised. The chemists engaged 
in works naturally cut their work as short as 
possible, and professional chemists were given in- 
structions what to test for when a sample of iron 
or steel was sent to them. The result was that 
tests were only made for the commoner or more 
important elements, and aluminium might often be 
present without there being any knowledge of its 
presence. Faraday said he had found aluminium 
in steel, but Dr. Percy had thrown cold water on 
this and intimated that it was an analytical error 
and had said at any rate it could not have been 
English steel. Many persons had been misled by 
this authoritative expression of opinion. Thespeaker 
thought that the numberof samplesof pig iron which 
had been analysed and which had been proved not to 
contain aluminium was exceedingly small. It was 
not easy to estimate aluminium but there was one 
good published method. He had known a case in 
which one chemist declared there was 2 per cent. of 
aluminium in a sample of steel whilst another 
analyst had said there was none at all. It was not 
certain that aluminium remained although the 
metal had been through treatment intended to 
introduce it, and he would point out, with regard 
to what Mr. James Riley had said, that though 
aluminium might be put into the pot it was by no 
means certain it would be found in the steel. It 
would be interesting if Mr. Riley would have 





analyses made of the various samples of steel he had 
made so as to find if it really remained. With 
regard to aluminium bronze it would be of interest 
to the meeting to hear that at Newcastle they were 
using copper to recover aluminium from the slag, 
and this was found quite successful. 

Dr. E. Riley said that he could hardly agree 
with what had been previously stated with regard 
to aluminium in pig iron. He had had samples of 
iron and copper sent to him for analysis specially 
with regard to aluminium, and he had failed to find 
it. This had caused some people to express a good 
deal of surprise and annoyance, as the metal had 
been treated to contain aluminium. A young 
chemist had found 2 per cent. of the alloy in one 
of these samples in which Dr. Riley had failed to 
identify it ; but on inquiry the speaker discovered 
that the reputed aluminium was no doubt really 
silicon which had been taken from the vessels used 
in making the tests. It was difficult to say posi- 
tively when aluminium was present if only in small 
quantities, and he was quite satisfied that alumi- 
nium might often be put into iron to produce cer- 
tain results, but when the iron came to be tested, 
the aluminium would be found to have disappeared. 
He would like to ask Mr. James Riley whether 
aluminium had an effect in taking the oxygen out 
of iron. In that case it would account for the fact. 

Mr. Stead, of Middlesbrough, said that for some 
time past he had given a good deal of attention to 
the subject of the effect of aluminium in steel and 
a means of analysis to discover its presence in that 
metal. It was the latter point that would more 
particularly occupy his attention. He had never 
failed to find a trace when it had been added to 
steel, although some of it might have disappeared. 
He agreed with Dr. Riley that it might be re- 
moved from steel by oxidisation, for he had made 
experiments to that effect. In this way aluminium 
would be removed from steel subject to an oxi- 
dising influence. If carbonic oxide were blown 
through a charge of steel it would remove all the 
aluminium present except indications in the form 
of alumina, caused by the action of the oxygen on 
the aluminium. The speaker next described a 
method of testing for aluminium which he had set 
forth in a paper read before the Society of Chemical 
Industry ; and he pointed out how in this method 
the errors likely to arise in testing by the crude 
plans often followed might be escaped. Mr. Steed 
urged that when steel manufacturers sent samples 
to analysts they should say for just what elements 
they wished tests to be made. A complete analysis of 
steel would occupy about a fortnight, for it was really 
a very complicated piece of work to undertake. He 
had on one occasion been blamed for returning an 
analysis of a steel in which he had not shown 
aluminium. He had, however, had no instructions 
with regard to this alloy, and he had followed the 
usual course, testing only for the more ordinary 
constituents. It was a curious thing that when 
steel and aluminium were mixed that an increase 
in volume took place. For this he could offer no 
explanation, but he gave instances, showing that 
the fact existed. 

Mr. Hadfield referred to the debt of gratitude the 
members owed to Mr. Keep for putting the results 
of his researches before the Institute. Fora long 
time past it had been stated that aluminium lowered 
the melting point of iron. This the speaker did 
not consider to offer a sufficient explanation of the 
fact that the fluidity of iron and steel was increased 
by aluminium. He would attribute the latter 
phenomenon to one or two causes ; firstly, by the 
expansion of the aluminium itself; or, secondly, 
that when aluminium was oxidised to alumina 
it produced a very fusible slag. The latter, 
the speaker thought, the more probable cause. 
Mr. Galbraith in his paper on ‘‘ Certain Chemical 
Phenomena in the Manufacture of Steel” gave 
what the speaker considered the real explana- 
tion of the part played by aluminium, although he 
was not referring to the latter. He said that “a 
metal charged with oxide of iron, no matter what 
amount of heat you put into it, will run cold owing 
to the infusibility of the oxide.” In melting iron 
and steel there was, as a rule, some oxide present, 
and it would therefore seem probable that alu- 
minium acted beneficially by reducing this infusible 
slag and cleansing the molten bath. The point of 
fusion was not reduced, as Mr. Hadfield could 
prove, owing to the assistance of M. Osmond. He 
sent the latter a carbonless iron alloy containing 5 
percent. ofaluminium. This alloy had been heated 
to 1475 deg. Cent., as tested by the Le Chatelier 
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PASSENGER LOCOMOTIVE FOR THE GREAT NORTH OF SCOTLAND RAILWAY. 
CONSTRUCTED FROM THE DESIGNS OF MR. JAMES MANSON, LOCOMOTIVE SUPERINTENDENT. 
(For Description, see Page 619.) 
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set and elasticity. Rigidity is also increased, the 
grain is closer and more uniform, and the metal is 
improved in every way when considered as a struc- 
tural material.” The speaker thought that in . 
cases where so small a quantity of aluminium had . 
been added that it was doubtful if any would be 
left at last, and in that case the conclusions arrived 
at would be somewhat misleading. In answer to a 
question the speaker further said that the question 
of whether aluminium could be present in pig iron 
without being added had been thrashed out some 
time ago. If it were present in pig iron when it 
| had not been added it had probably been reduced 
| from the alumina in the slag. 

Mr. Keep not being present there was no reply 
to the discussion, and the President moved a vote 
of thanks to the author—coupling the name of Mr. 
Riley and other speakers with that of Mr. Keep 
—for the paper and the discussion which had 
followed. 



































THe MANnvuFActTureE oF STEEL. 

The next paper taken was by Mr. W. Galbraith, 
of Chesterfield, and was upon ‘‘ Certain Chemical 
Phenomena in the Manufacture of Steel.” 

The author first referred to the want of know- 
ledge on the effect of oxide of iron in the metal- 
lurgy of iron and steel, the important influences of 
which, he thought, were far from being appreciated, 
This referred more especially to the manufacture of 
soft steel either by the Siemens or Bessemer pro- 
cess ; when a basic lining was used the difficulty of 
keeping the metal quiet in the moulds was often 
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experienced, as was also that of teeming it. These 
two difficulties usually go together; that is, the 
metal which is mild is exactly that which is more 
likely to set in the ladle. 

In order to be able to ascertain the cause, and, 
if possible, the remedy for this, the following facts 
should be considered : 1. The difficulty in teeming 
is not due to any lack of heat ; i.e., in such a case 
there has probably been as much heat put on the 
furnace as it could bear. 2. The slag in sucha 
case invariably contains a large excess of oxide of 
iron, and is blacker and more metallic in appear- 
ance than usual. 3. There is an enormous evolu- 
tion of gas. 4. There is a larger consumption of 
spiegeleisen or ferro-manganese than usual before 
we can get any additional carbon in the steel. 

The first fact presents one of the great difficulties 
in making basic steel, especially in the Siemens 
furnace. Mr. Paul had said, —. to this 
point, in a former paper read before the Institute, 
‘*¢ Another condition was that with a thin slag con- 
taining oxide of iron in excess it was a matter of 
impossibility to get heat on the metal.” The 
author pointed out that one heat of steel will teem 
quite easily whilst another of the same chemical 
composition will leave a large quantity of metal 
behind. He gave analyses supporting this fact, 
and said that the mere presence of a thin slag could 
not influence the melting point of the metal, but 
the effect was due to the excess of oxide of iron in 
the slag oxidising the metal so rapidly that it 
becomes charged with oxide of iron, which would 
be one of the lower oxides likely to be produced at 
a high temperature and almost infusible. When 
the slag is non-oxidising, the metal is free from 
these oxides and is more fusible. The infusibility 
of the protoxide of iron is shown, and the paper 
then goes on to show that in the Siemens bath the 
whole of the added carbon appears in the steel, 
whilst in the Bessemer process the carbon varies 
as the metal is blown, and in the basic Bessemer 
the consumption of spiegel is much greater than in 
the acid process. If the slag is black and metallic, 
the loss of spiegel and of the metal itself is greatest, 
and the loss of carbon is equal to 2.66 per cent. of 
Fe,O. In the basic Siemens process the same 
difficulty is met with. Mr. Paul had said, ‘‘if you 
keep your slag as neutral as you can” the metal 
will teem quite easily and will be quiet in the 
moulds. The author would prefer to use the term 
‘** non-oxidising ” in place of *‘ neutral.” 

The author next refers to the question of evolu- 
tion of gas, both on addition of spiegel and on 
teeming, which, he thinks, is explained on the 
assumption of the existence and decomposition of 
oxides. He also refers to the question of occluded 
gas from basic and ordinary Bessemer steel, quoting 
analyses of Dr. Miiller, who says, ‘*‘The question 
forces itself on us why Thomas steel, before all 
others, possesses the property of absorbing such 
large quantities of carbonic oxide,” &c. This, 
the author thinks, can be readily understood from 
the existence of the oxides of iron referred to. 
There is also the disadvantage of loss of iron from 
so much oxide of iron in the slag, and the difficulty 
of controlling the carbon in the steel, in illustra- 
tion of which analyses are quoted. The author 
concludes as follows : 

In order to avoid this difficulty with regard to the 
carbon Mr. Gilchrist informs us that the Germans add the 
nse apes in a molten condition before the slag comes, 
but from the foregoing it will be seen that this can only be 
a somewhat uncertain and partial remedy, and I prefer to 
proceed somewhat as follows : 

The steel is teemed as usual (with possibly a previous 
addition of some ferro-manganese) into a ladle with a 
large nozzle. From this ladle the soft steel, containing, 
say, .07 per cent. carbon, is teemed into another ladle, 
until the basic slag begins to come, when the stream is 
stopped. While teeming the soft steel into the second 
ladle there is also run into it sufficient alloys to give the 
required carbon, and at the same time there is run into it 
some silicious slag, somewhat similsr in character to the 
ordinary Siemens slag. From this second ladle the steel 
is teemed into moulds in the usual manner. 

We thus, by eliminating the tendency to form oxides 
through the basis slag, get exactly the conditions of an 
ordinary Siemens-Martin charge, and can make hard or 
soft steel with accuracy as required. 

PxHospHoRvs IN Basic STEEL. 


The next paper was contributed by the same 
author and was entitled ‘‘ The Estimation of Phos- 
phorus in the Basic Siemens Steel Bath.” These 
two papers were discussed together, and as we 
shall shortly print the latter in full we may at once 
proceed to report the remarks of those who took 
part in the discussion. 


The first who spoke was Mr. Paul, of the Steel 
Company of Sieothind. He said that the theory 
brought forward by the author was certainly original 
and required a good deal of consideration before a 
decision could be formed upon its merits. Mr. 
Galbraith had commenced by saying that ‘‘ from 
the commencement of the manufacture of Bessemer 
steel oxide of iron was supposed to be present in 
the blown metal and possibly to a less extent in 
the steel itself; yet our knowledge of the pre- 
sence and character of these oxides is even 
now of an exceedingly hazy character; and I 
am far from sure that the important influence 
which the presence of these oxides has on the 
metallurgy of iron and steel, is far from being 
appreciated, especially in those later developments 
of the manufacture of these metals.” Commenting 
upon this passage Mr. Paul said that it was not 
complimentary to those who had had the charge 

of steel works for many years. Mr. Riley had 
pointed out at the Glasgow meeting that in making 
steel for tin bars any trace of oxidising the metal 

spoilt it for the purposes of tin-plate manufacture. 

As he expected the statement to be challenged, he 

had directed the author to make a series of experi- 

ments and analyses, the results of which proved 

that in Bessemer steel when oxide of iron was pre- 

sent the steel was brittle. The speaker was not 

aware until informed by the paper that sculls or 

sets in the ladle was one of the great difficulties in 

making basic steel. His experience in this direc- 

tion was, however, small, but there: were those 

present who made basic Bessemer steel in large 

quantities, and it would interest the meeting if 

they would give their experience. The question of 
heat in tapping a Siemens furnace was a point of 
every-day practice requiring good sound judgment, 

and he did not see how the analysis of the two steels 

which the author had quoted threw any light on the 

subject, as he did not deal with oxide of iron in the 

analyses ; had he done so some argument might 

have been founded on the fact that one would teem 

whilst the other would not. Mr. Paul had said 

last year that with a thin slag containing oxide of 
iron to excess it was a matter of impossibility to 
get heat on the metal. The author had said that it 
was absurd to suppose that the mere presence of a 
thin slag can influence the fusing point of the 
metal ; but the absurdity was, the speaker said, 

Mr. Galbraith’s own and not his, the speaker's. 

What he really wished to point out was that in the 
clean slag containing oxide of iron the heat was not 
kept in the metal asit would be with a more refrac- 
tory and thicker slag. He would not go so far as 
to say that Mr. Galbraith’s conclusions were not 
correct, but he would throw out the remarks he 
had made as suggestions. He was inclined to 
believe it was as much a physical as a chemical 
point which would give the correct solution to the 
problem. 

Sir Lowthian Bell said he had not had the same 
experience with steelmaking as he had had with 
other branches of iron manufacture, but the subject 
had not escaped his attention, and he would like 
to say a few words on the subject of Mr. Gal- 
braith’s first paper. The author had said that the 
influence of oxide of iron was not duly recognised, 
and had then gone on to refer to the influence or 
non-influence of thin slag upon the fusing point of 
the metal. He also said: ‘‘ There is another dis- 
advantage in having too much oxide of iron in the 
slag ; it is that ofloss. Both in the basic-Bessemer 
and in the Siemens processes the oxidation of the 
iron goes on with such a slag much faster than that 
of phosphorus. If the phosphorus has to be oxidised 
easily, and without much loss of iron, the slag 
must contain an excess of lime.” One would sup- 
pose, Sir Lowthian said, from what the author had 
put forward, that the presence of oxide in the slag 
was the cause of loss, but according to the speaker’s 
views the oxide of iron comes with the loss. In the 
Bessemer converter when air was blown through 
the metal the carbon was first eliminated, and it 
was only later when the iron was burnt that 
oxide of iron was formed in the slag at all. Some 
people seemed to think that oxidation of the iron 
was an evil, but for the basic process, in his 
opinion, it was necessary in order to remove the 
phosphorus. 

Mr. Stead, of Middlesbrough, said that Mr. 
xalbraith had left out one important point. In 
the early days of the basic-Bessemer process the 
presence of oxide of iron had to be recognised, as 
it made its presence felt in a very undesirable way 





indeed. When basic steel was first produced by 





Bolckow, Vaughan, and Co., the oxide of iron 
caused the metal to boil so much that the process 
had to be given up, and not only that, but some of 
the phosphorus in the slag went back into the 
metal. When anything was added, if only a 
rabble, ebullition would take place as in a puddling 
furnace. This was when the vessel contained 
carbon and iron with ar oxide slag on the top, 
and the result was that the carbon would be re- 
moved. Mr. Windsor Richards got over this by 
withdrawing the slag before he added ferro-man- 
ganese and the carbonising materials, or else he 
added silicon pig, which acted quietly on the oxide 
of iron, and at the end of the blow was removed as 
silica. In this way violent agitation was got over, 
the addition of silicon to the bath producing 
quietness whilst pouring into the ladle, and the 
carbon and manganese that had been introduced 
remained in the steel at the end. 
Mr. Alfred Allen congratulated the Institute on 
having two such papers as those under discussion 
added to its Transactions. It was only when some 
one had the courage to put his ideas forward in a 
public manner that metallurgists began to find what 
they knew and what they did not know. He 
agreed with the suggestion which had been 
made that further knowledge was very desirable as 
to the amount of oxide of iron present. It was 
not always quite clear whether the author, when 
he referred to the oxide of iron contained, meant 
that it was in the slag or in the iron. He would 
suggest that Mr. Galbraith should go through his 
paper and substitute rather more definite lan- 
guage. 
Mr. Gilchrist said, with reference to two slags of 
which the author had given analyses, that the one 
which contained the most oxide was the best to work 
with but not to finish with, for it was impossible to 
have the slag too full of oxide as long as the phos- 
—— was removed. Theauthor had said that he 
new of no serious attempt in this country to make 
hard steel by the basic-Siemens process by means 
of additions to soft steel. This, however, was done 
by Mr. Darby at the Brymbo Works in North 
Wales, and in Westphalia, where ferro-manganese 
was added at the end of the operation, and then 
filtering through sufficient carbon to give any grade 
required up to 1 per cent. He thought that the 
best mode of producing high carbon steel. 
Dr. Edward Riley, referring to Mr. Galbraith’s 
second paper, said that the credit for suggesting 
the process therein described for quickly esti- 
mating phosphorus should be awarded to Conti- 
nental metallurgists, for it had been suggested 
abroad some time before. 
Mr. Windsor Richards said he disagreed with Mr. 
Galbraith’s paper, and he was unwilling to let the 
opportunity pass without saying so. He would 
take the second paper first. The author had had 
considerable experience in the manufacture of 
basic steel, but he said that ‘‘One of the many 
difficulties of the ‘basic’ process of manufactur 
ing steel from phosphoric irons consists in the un- 
certainty of knowing exactly when the phosphorus 
is low enough without continuing the oxidation 
longer than is necessary.” He then found fault 
in the methods at present in use, saying: ‘‘ In 
order to ascertain this (i.e., when phosphorus is low 
enough) it is customary to take a sample from the 
furnace or converter, and, while hot, hamm:r it 
down, quench in water, and then break it. When 
phosphorus is present in any quantity, the fracture 
is crystalline and bright, and has a very charac- 
teristic streaky appearance. This is, however, 
not altogether reliable, and cannot be so, as the 
appearance of the fracture is modified by many 
things, as, for instance, the size of the sample 
and its thickness, the amount of ‘ work’ on it, the 
temperature at which it ishammered, and at which it 
is quenched, and also the manner in which it is 
broken.” It was in order to meet these difficulties 
that the author had devised his chemical test, but 
Mr. Richards considered that no steelmaker would so 
lack common sense as to take 3 1b. of steel, hammer 
it flat, and then judge of the blow simply from its 
appearance ; whilst for the next blow he would 
take 50 1b. to serve in the same manner. The 
speaker had made many thousands of casts of basic 
Bessemer steel, and it was his practice always to 
take the same size tests which were regulated by a 
mould into which the metal was poured. Two or 
three minutes were quite sufticient for the whole 
operation including hammering, and the fracture 
was sufficient to show the quantity of phosphorus 





within a few hundredths per cent. He was of opinion 
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that Mr. Galbraith’s suggested method would take 
too long. Turning to the first paper he found that 
in speaking of the basic-Bessemer process the 
author said : ‘‘In it the consumption of spiegeleisen 
is much greater than in the acid process. If .20 per 
cent. carbon is wanted we have to add about .45 per 
cent. and this varies(as also does the loss of iron) with 
the character of the slag.” The difference given 
in the consumption of spiegel was, in the opinion of 
the speaker, too great. Mr. Stead had referred 
to the early difficulties. Rephosphorisation was 
one of the troubles they had had to face in starting 
the basic-Bessemer process, and that had been got 
over by silicon. Fifty per cent. less than the usual 
quantity of spiegel had to be added. 

Mr. Stead wished to add a few words on the 
second paper. He thought that the Continental 
method referred to by Dr. Riley was different from 
that of Mr. Galbraith. The latter used only small 
quantities of steel, whilst in the Continental process 
a larger quantity was used and the time occupied 
was longer. 

Mr. Wailes said that the most effectual way of 
quieting the bath was to take off the slag at the end 
and then add lime. In this way a better quality of 
metal would be obtained. 

Mr. Galbraith, in replying to the discussion, said 
it would be impossible for him at that time to reply 
to all the points raised in the long discussion which 
had taken place. He fully agreed with Sir Lowthian 
Bell as to the necessity of having oxide of iron in 
the bath, otherwise the oxidation process would not 
be carried on at all. The point he had aimed at was to 
show that oxidation would be carried further than 
was desirable if there was an excess of oxide of 
iron in the slag. Unless the excess of oxide of iron 
was eliminated from the metal, it would prevent 
satisfactory teeming and affect the after treatment. 
With regard to Mr. Windsor Richards’ remarks on 
his second paper, he would remind that gentleman 
that the process was devised for the basic-Siemens 
and not the basic-Bessemer process. In the former 
there was abundant time to make tests, but that 
was not the case with the latter. He quite under- 
stood that no sensible person would think of taking 
at one time a pound or two and at another 50 lb. 
from which to make a mechanical test ; but the 
points he had mentioned which might cause 
differences, such as weight of sample, temperature, 
and the amount of work, he contended held good. 
He was at first much astonished at what Mr. Paul 
had said, but he came to the conclusion that the 
remarks of that speaker were prompted by a mis- 
apprehension of what had been ake in the paper. 
Still he could not agree with a good deal that Mr. 
Paul had said as to the effect of a thin slag ; which 
he, Mr. Galbraith, appeared to think was not quite 
consistent ; at any rate it did not agree with his 
experience. Mr. Gilchrist had said that the slag 
containing a large amount of oxide of iron was good 
to work with but not to finish off. As a matter of 
fact he believed that the slag referred to was one 
which was used for finishing off. He thought that 
the remarks contained in his paper with reference 
to this point were correct, although he did not 
wish it to be understood that he objected to this 
slag. He had had no experience with the process 
followed by Mr. Darby at Brymbo. 

A vote of thanks was then accorded to the author. 


Tue Rouiet Process ror Castines. 


The last paper read was a contribution by M. A. 
Rollet, of Paris, and was on the ‘The Rollet Pro- 
cess for Producing Purified Castings.” This paper 
we have already printed in full.* 

The discussion which followed was of a brief 
nature and was confined principally to Mr. Hugh 
Bell, who said that at the Clarence Iron Works 
they had been carrying out precisely the same 
process that was described by the author. Had he 
known that the matter would have been brought 
forward he would have provided himself with figures 
as to results ; but he could state that they got rid of 
almost all the sulphur, which was a point worth 
attaining. Of phosphorus a small portion dis- 
eee: and of silicon the larger part was 
eliminated. The apparatus they used was of a 
somewhat temporary nature and no doubt better 
results could be obtained, at the same time they 
had not attached so much importance to the 
process as the author of the paper seemed to do. 

The proceedings then terminated with the usual 
votes of thanks. 


* See page 603 ante. 








PASSENGER LOCOMOTIVE; GREAT NORTH 
OF SCOTLAND RAILWAY. 

THE locomotive which forms the subject of our two- 
page mpeg this week, and also of the further 
views which we give on pages 617 and 624, is one of 
nine, built for the Great North of Scotland Railway 
by Messrs. Kitson and Co., of Leeds, to the designs 
of Mr. James Manson, the locomotive superintendent 
of the above-named line. These engines were con- 
tracted for in June, 1887, and the first of them was 
delivered in April, 1888. 

This type of engine has been designed for working 
fast passenger trains between Abedoen and Elgin, a 
service which began on the opening of the Moray 
Firth or coast section in May, 1886, and experience 
has proved them to be admirably adapted for the re- 
quirements of that traffic and remarkably free-running 
engines, they having on certain occasions, when work- 
ing the 10.10 a.m. up train from Elgin, run from 
Huntly to Aberdeen—a distance of 40} miles—in 42 
minutes. 

Referring to our engravings, it will be seen that the 
engineillustrated is eight-wheeled, there being two pairs 
of coupled wheels 6 ft. 04 in. in diameter and a four- 
wheeled bogie at the leading end. The engine has 
inside pa. vi 18 in. in diameter by 26 in. stroke, 
these being cast together in one piece. The slide 
valves are placed on the top of the cylinders, and are 
driven by a link motion, in combination with a special 
form of rocking gear which may be described as 
follows : The expansion links and dieblocks are con- 
nected to the intermediate spindles, the front ends of 
which also carry small dieblocks for working the 
lower end of rocking arms, moving freely on a fixed 
shaft carried by the motion plate. The top end of 
each rocking arm works the valve spindle by means 
of a connecting link or rod. The rocking arms have 
gun-metal bushes, and the shaft on which they work 
is case-hardened. The wearing surfaces throughout 
are large, and the whole arrangement has proved to be 
as effective as it is neat, and easily gotat. Since May, 
1888, engines on the Great North fitted with this 
arrangement of valve gear have run 602,300train-miles 
with only a single hitch, and we understand that since 
it has been thoroughly tested by Mr. Manson, more 
than one railway company have adopted it. We 
should here mention that the slide valves are balanced, 
that is to say, the pressure on the back of the valve 
is relieved by a displacement ring or piston, which is 
held up to the casing door by a light tripod spring. 
This arrangement greatly reduces wear and tear of 
valves and motion gear, and enables the drivers to 
handle the engines with ease. The first engine of the 
type we illustrate has run 100,000 train-miles, the wear 
of the slide ,valves being only »; in. Advantage has 
been taken of the valves being on the top to pitch the 
centres of the cylinders at 2 ft. 2in. This allows the 
standard width of eccentrics being retained, and gives 
inside bearings for the main axle 8} in. long. 

The main frames, which are of steel, are set in at 
the front end, which permits of bogie wheels 3 ft. 94 in. 
in diameter being introduced. The construction of 
the bogie is clearly shown in our engravings, from 
which it will be seen that lateral movement is pro- 
vided for by a swing link arrangement, which gives 
the engine great flexibility with perfect steadiness. 

The , val and dimension of the boiler are fully shown 
by our engravings. The barrel and firebox casing are 
of Yorkshire iron; the firebox and tubes of copper. 
There is 1200 square feet of heating surface, of which 
106 square feet is firebox and 1094 square feet tube 
surface. The grate area is 18 square feet. 

Instead of the usual brick arch in the firebox, 16 air 
tubes 3 ft. external diameter No. 7 W.G. thick are 
fitted in two rows of eight in front and back, these tubes 
conducting streams of air right into the firebox near to 
the level of the fuel. This arrangement has been used 
with success on the Great North for thirty years; itwas 
formerly employed as Mr. D. K. Clark’ssystem of steain- 
inducted air currents. In practice it has, however, 
been found that the steam nozzles at first introduced 
are not required when the engine is at work, and that 
an efficient blower in the chimney answers when steam 
is shut off. In its simpler form the system has given 
good results on the Great North of Scotland Railway, 
and is there accepted as the best method of smoke 
ene while for economy of fuel it compares 
avourably with other systems. 

The boiler is fed by two No. 8 Gresham and Craven’s 
self-acting restarting injectors, the water being de- 
livered near the centre of the barrel by a pipe led 
from the back of firebox. 

The engine is fitted with the Westinghouse brake, 
the main and auxiliary reservoirs for which form part 
of the platform or drag plate casting. This arrange- 
ment has been found very satisfactory, and affords 
space for the injectors, &c., being well arranged and 
easily got at. The exhaust steam from the Westing- 
house —— is led into the ash-pan, where it is dis- 
mone through a pipe perforated throughout its 
ength. 

Sand is delivered in front of the driving wheels by 





steam sanding apparatus. Mr. Manson’s train tablet 
exchanging apparatus, which we described and illus- 
trated on page 427 of our issue of October 11th last, 
has now been attached. 

The weights of the engine light and in working 
order are as follows : 


Light. In Working 





Order. 
tns. cwt. tns. cwt. 

On bogie wheels ... 13 2 14 8 
»» coupled ,, baa » ee 
Total ... «gy a 41 9 


The engine has a six-wheeled tender, which carries 
2100 gallons of water and about 4 tons of coal. The 
engines we have described have given entire satis- 
faction, and their workmanship reflects much credit 
on the builders. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLesBroucH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was only 
a poor attendance on ’Change and very little business was 
transacted. Makers were willing to sell No. 3 g.m.b. 
Cleveland pig iron for prompt f.o.b. delivery at 41s. 6d., 
but buyers, as a rule, would not give that figure, the 
majority of them offering only 41s. Middlesbrough war- 
rants closed at 40s. 8d. cash buyers. To-day affairs were 
very quiet, and business was almost at a standstill. Early 
in the day a transaction in No. 3 for prompt f.o.b. deli- 
very was recorded at 41s. 6d., but this was an ex- 
ceptional case, the iron being required for shipment 
within a few hours. Middlesbrough warrants fell to 
40s. 3d., which was the closing quotation of buyers. It 
is difficult even for those who have been largely inte- 
rested in the staple industry for many years to predict 
what the future will bring, and many people are anything 
but sanguine about any improvement. Certainly pros- 
pects appear very uncertain, and it is not to be expected 
that buyers will place more orders than are absolutely 
necessary to meet immediate requirements in the face of 
a falling market. The only hopeful feature in the trade 
is that Scotch iron is now realising about 4s. per ton more 
than Cleveland, and if this difference in the price is main- 
tained we may send our shipments to Scotland once more 
fairly heavy. Nearly everybody connected with the trade 
is discontented with the general outlook and are afraid 
to express an opinion as to the future. Makers’ east- 
coast Gaede of hematite pig iron can now be bought at 
57s. 6d. per ton. 


Manufactured Iron and Steel.—These industries are in 
a very unsatisfactory condition. Manufactured iron pro- 
ducers manage to keep their establishments going, but 
unless new orders come to hand ere long one or two firms 
will have to run shorter time than they are doing at pre- 
sent. Common bars have dropped to 5/. 17s. 6d. per ton ; 
ship-plates to 5/. 15s.;and ship angles to 5/. 12s, 6d. ; all less 
the customary discount for cash. The steel trade is very 
quiet and prices have been further reduced. Heavy rails 
can be purchased at 4/. 17s. 6d. ; ship-plates at 6/. 17s. 6d.; 
and ship angles at 6/. 10s., all at works. 


The Fuel Trade.—Prices of fuel have fallen a good deal 
lately, and blast-furnace coke can now be bought at 15s. 
per ton. 


The Sliding Scale in the Cleveland Iron Tiade.—The 
general secretary to the Enginemen, Cranemen, Firemen, 
and Boilermakers’ Association has given notice to the 
Cleveland Ironmasters’ Association that on the expiration 
of the existing sliding scale at the end of June next the 
members of the y he represents will decline to be 
bound by any eement for its renewal entered into 
with the masters by any other association. 


Closing a Plate Mill at West Hartlepool.—The large 
late mill at the West Hartlepool Steel Works (Gray and 
ladstone’s) has been closed, and about 100 hands thrown 
out of employment. The other portions of the works 
remain in operation. 


Proposed Engineers’ Board of Conciliation.—Circulars 
have m issued summoning a conference of delegates 
representing the engineers—masters and men—of the 
north-east coast to consider the advisability of forming a 
Conciliation Board, as suggested by the masters for the set- 
tlement of future disputes without the necessity of a 
strike. It is expected that forty or fifty of the men’s dele- 
es will attend the meeting, which is to be held on Whit 

uesday at Sunderland. 





Uriisine NraAGARA Fatts.—The Cataract Construction 
Company, which proposes to build a tunnel round 
Niagara Falls with a fall of 1 ft. in 100 ft., and to run 
machinery in factories by means of the water power thus 
obtained, has signed contracts with the Niagara Falls 
Power Company. The work of constructing the tunnel 
will begin, it is stated, as soon as the machinery can be 
procured. 





Mexico.—President Diaz, in his annual meseage to the 
Mexican Congress, states that the drainage of the valley 
of Mexico is progressing favourably. Active work, he 
adds, is also in progress on the Interoceanic and Monterey 
and Gulf, the Tomtom and Southern, and the Tehuan- 
tepec Railroads. Harbour improvements at Vera Cruz 
are progressing satisfactorily, and favourable reports have 
been received from engineers in charge of similar works at 
Tampico, 
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DAVIES’ EPICYCLIC GEAR FOR GRAB DREDGERS. 











As every one one knows, the ordinary grab is worked 
by two chains, although there are single-chain and 
treble-chain grabs. Taking Messrs. Priestman’s grab 
as a representative of the two-chain variety, we may 
briefly explain the method of working the chains. 
The closing and hoisting chain is wound upon a barrel 
of the crane, while the opening chain is taken in by 
means of a weight. The opening chain is also passed 
under a cupped pulley controlled by a brake, and it is 
by this brake holding the chain that the grab is made 
to release its spoil. The weight may vary from 
43 ewt. with a four-sheave purchase to 90 cwt. with 
ten sheaves, according to the depth at which the 
dredging is being done. The weight of the grab is so 
great that when the lifting chain is slackened, the 
grab will draw up this weight, and will itself descend 
to take a fresh load. It is most important that the 
brake holding the opening chain be applied the moment 
the grab touches the ground, and just when the chain 
is slack, due to its having overrun the grab, or else 
the weight will tend to raise the grab, and prevent its 
getting a good bite, which it cannot do successfully on 
hard ground, unless its entire weight is not available 
for the purpose. 

A new form of crane, in which the use of the weight 
is dispensed with, has recently been invented by Mr. 
A. Davies, chief draughtsman in the Department of 
Public Works, Harbour and Rivers Branch, Sydney, 
New South Wales, and has been applied by him to 
the New South Wales Government grab dredger 
Theta, as illustrated above. Mr. Davies provides two 
chain barrels (Fig. 2), both on the same shaft, but 
neither of them is rigidly connected to it. Between 
the two barrels is placed the well-known epicyclic 
or compensating gear. This comprises a boss keyed 
to the shaft; this boss carries two radial axes on each 
of which a bevel pinion gearing with two bevel wheels 
fixed respectively to the flanges of the two chain barrels, 
The shaft is driven by a friction pinion which can be 
put in and out of engagement with the broad pulley on 
the shaft, which is connected to a flywheel on the shaft 
by acrank-pin. The broad pulley is mounted on an 
eccentric brush by which it can put in and out of gear. 
Each chain barrel is provided with an independent 
brake. 

It will be seen at a glance that a crane of this kind 
ee great facility for handling the double chains. 

Vhen both the brakes are free the speeds of the two 
barrels will be governed by the loads on the chains. 
If one chain is slack while the other is taut, the slack 
barrel will run at double the speed of the shaft until 
it has drawn its chain taut. en if the chains exer- 
cise equal turning moments on the two barrels, the two 
loads will be lifted concurrently. Further, by setting 
the brake on either barrel the other drum runs at 
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double the speed of the shaft, while if both brakes be 
free and the friction gear be disengaged both barrels 
pay out most readily. 

In using the grab both chains are allowed to run free 


till the grab rests on the bottom, the brake on the | 


opening chain is set, and the closing chain tightened 
until the grab has seized its load. Both brakes are 
then set free, and the two chains divide the load 
between them. To discharge the grab the brake on 
the closing chain is set. This gear can also be used 
in ordinary crane work, and gives great facility in 
handling packages of awkward shape through a ship’s 
hatchway. 





SMALL PLANING MACHINE. 

On the opposite page we illustrate a handy little 
planing machine built by Mr. A. W. Richardson, 
electric light engineer, Stretford-road, Manchester, 
and which should prove useful in many shops where 
small articles have to be machined. The machine can 
plane 3 ft. by 14 in. by 14 in., and is self-acting in all 
its cuts. The table runs on flatways and is kept in 
place by V’s as shown, its weight of, course being too 
small to prevent it lifting were these absent. It is 
driven by a rack, the driving wheel being of large 
diameter. The driving pulleys are kept well out of 
the way by being placed below the level of the table 
and reversing is effected in the usual way. Arrange- 
ments are made for catching the waste oil at the ends 
of the slides. 








INDUSTRIAL NOTES. 

THe May report of the Labour Correspondent to the 
Board of ‘Trade shows that in the month of April 
there were 91 labour disputes, causing a stoppage of 
trade, many of them being of considerable importance. 
In the engineering trades there were but 2, in the 
shipbuilding trades 5, and in the general iron trades, 
5; total 12. In the coal trades there were 10 ; in the 
textile trades 19, of which 9 were in connection with 
the cotton industries, 5 in the woollen, and 5 in the 
linen. In the tailoring trades there were 12, mostly 
against ‘‘ sweating.” The building trades come second 
oa the list with 15, while there were 9 further strikes 
among dock labourers. The remainder were in the 
quarrying and miscellaneous trades. The proportion 
out of work in the skilled trades is somewhat higher, 
the percentage being 1.96 per cent.; out of a total 
membership of 219,228, no fewer than 4297 were unem- 
ployed. Th 
out of work in April than in the preceding month. 
The ratio in the three last months se risen from 1.4 
ad cent. to 1.7 per cent., and lastly to 1.96 per cent, 

he falling off is principally in the shipbuilding trade, 


e returns show that 474 more men were | 1451, involving 


on sick benefit there were 1480, costing 614/.; on 


and in the allied industries depending thereupon, The 
building and house-furnishing trades are improving ; 
the cabinet trades are well employed, and the boot and 
| shoe trades are fairly busy. Steel workers are well 
employed, but there is some falling off in the manu- 
factured iron branches. The textile trades are duller. 
The returns seem to show that the full tide of pro- 
sperity is slackening in some of the trades, especially 
in some branches of the iron, coal, and allied trades. 


The Boilermakers and Iron Shipbuilders’ report for 
May states that they ‘‘ have to record a very satisfac- 
tory state of things for the past quarter, both as 
regards the society’s finances and employment for 
members.” ‘‘ There is plenty of work still on hand,” 
but the “ future prospects are not quite so bright,” 
as ‘‘ new orders are scarce ;” this is put down to the 
‘high price of material and the decline of freights.” 

Then follows this passage: ‘‘ The fact is, ships are 
| built too fast. If steel and iron vessels took as long 
| to build to-day as it took to build wood vessels in past 
years, it would be better for every one. By improved 
machinery, and the men so skilled in work, the pro- 
ductive power in the shipyards of the United Kingdom 
is enormous.” The Council again call attention to in- 
| crease in the number of apprentices, which they state to 
| be out of all proportion to the number of men employed. 

The total number of members is now increased to 34,280; 
| the balance in hand amounts to 114,103/. 6s. 9d.; the 
|increase on the quarter being 13,207/. The expendi- 
| ture shows that the payments to sick members was 
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[eee to superannuated members 1270/.; and for 





funerals 1411/. ; total, 8225/7. 16s. 9d. ; while the total 
| payments to men out of work was only 607/. 5s. 9d. in 
| three months. This fact tells volumes as to the plenti- 
fulness of work, and the prosperity of the trade. The 
district returns show that ‘‘ trade continues in a very 
active condition, as far as work is concerned;” the 
report adds: ‘‘ We do not think that the beginning 
of the end of the good times has come upon us yet.” 
Continued improvement in the freight market is re- 
ported, so that new orders are anticipated, to fill the 
empty berths after launches. The operative ship- 
builders are therefore in good heart, having plenty of 
work on hand, and hopeful prospects for the future. 





The May report of the Amalgamated . Engineers 
shows that the membership of the society has reached 
a total of 63,580 members, the number of branches 
| being 476. The total number on donation benefit was 
the sum of 684/. 8s. for out of work ; 





superannuation benefit there were 1855, costing 798/. ; 
total for all these benefits 4786 members, costing 
| 2096/. 8s, Besides these sums 433/, were expended in 
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contingent benefit, labour disputes of one kind and 
another. Members are cautioned not to seek employ- 
ment at Chatham, Deptford, Derby, Devonport, Hull, 
Erith, New Mills, Sheerness, Sheffield, Sowerby 
Bridge, Warrington, Drogheda, and in the Liverpool 
districts. The only remaining dispute of consequence, 
however, is in connection with the Maxim-Nordenfelt 
strike, at Erith and Crayford, in Kent. This strike 
is managed by a strike committee outside of the Amal- 
gamated Society of Engineers, which committee have 
attacked the Council of the society for its meagre sup- 
port, notwithstanding the fact that the members are 
regularly A rp and have been for nearly twenty-four 
weeks. The attack has teen warmly resented, and an 
apology is demanded for the unjust attempt to fasten ” 
on the Council ‘‘ the responsibility of the reverses ” of 
the committee ; the ‘‘ attempt is characterised alike by 
want of truth, fair play, and good taste, and is calcu- 
lated to prejudice the Council in the eyes of those not 
conversant with the facts of the case.” Notwithstand- 
ing all this the Council contributed a further sum of 
60/., acknowledged in the twenty-second balance-sheet 
for May 6. The strike continues, and there are no 
signs of giving way oneither side. Appeals are made 
from week to week in aid of the struggle, but sym- 
pathy is cooling down through the action of the com- 
mittee. 

The Council of the Engineers’ Society having pub- 
lished the result of the plebiscite on the eight hours’ 
question in the annual report, the members are again 
invited to discuss the question in their branch meet- 
ings, and to forward the opinions they arrive at to the 
Board with a view to guidance as to future action. 
The terms of settlement of the Grantham strike are 
reported, the increase in wages being ls. per week, 
with a further advance of another Is. per week in 
October to all men on engine and boiler work, rated 
at less than 30s. per week. 





In the Lancashire district the engineering trades, in 
all the leading branches, are kept fully employed with 
work in hand, but orders are running out faster than 
they are being replaced by new orders, and therefore 
it is anticipated that ere long there will be decreased 
activity, in at least some departments. The state of 
the iron market points to a lowering of prices, but that 
might perhaps stimulate orders in more directions 
than one. Business in finished iron has been a trifle 
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more brisk, but this is put down to Indian necessities. 
Stoppages are reported at some works, and makers of 
pig iron are not indisposed to accept lower prices. 


In the Cleveland district the Eston Works have re- 
started ; they were laid idle by the men refusing to work 
short time on the conditions laid down by the firm. 
The works will now run ten shifts instead of eleven 
as formerly, the Monday shift being, for the time, 
suspended. ‘The new twelve o’clock rule is becoming 
general in the north-eastern district, in most trades, 
The extension of conciliation is being urged in the 
Cleveland district as a means of preventing labour 
disputes. If a Board had existed it is said that several 
recent disputes would have been averted. The miners 
and others are pressing for an eight hours’ day ; they 
have also voted for restricting the output of iron to 
clear out the warrant stores. 





The rivetters at Grangemouth went out on strike 
suddenly without the least intimation of their inten- 
tion to do so being given to the Council of the Boiler- 
Makers and Iron Siupbuilders’ Society. The Council 
have reminded the strikers that they must in all cases 
consult the district delegate before leaving work, and 
not after. They further say that they will not acknow- 
ledge any such disputes, as the society’s rules must in 
all cases be complied with. 

Angle-iron smiths for boiler work are in demand, 
capable men being advertised for in the monthly report. 
One angle-iron smith is reminded that he has spoiled 
some work, and he is told to send the amount of 
2/. 10s. 11d. to the society for putting the bad work 
right or he will be expelled from the society. 

A dispute which has extended over eight years in 
the South Wales district has been settled by the inter- 
vention of the union. It appears that shipwrights 
claimed to do and did the work properly belonging to 
the boilermakers. Some four months since the union re- 
solved to call out theirmen. After about two months 
the matter was discussed by the two bodies con- 
cerned ; a few weeks later terms were agreed to. The 
competent men are to be received into the union, and 
the members of the two bodies are to work together 
upon amicable terms, each doing its own special work, 
and each guaranteeing not to work with non-union 
men in cases of dispute. The employers agreed to the 
settlement, and opened the firm as a union shop upon 


strict society lines. A lawsuit which was pending 
Ray the Boilermakers Society, for publishing a 
black list in the monthly report, has been abandoned. 
The victory was celebrated at a banquet at Cardiff in 
honour of the event. 





In the Hull district trade is slackening, many 
members of the shipbuilding union being out of work. 
To add to the difficulty disputes exist respecting 
prices on almost every job, so that the members are 
walking about most of their time. In the potteries 
many are out of work. In one or two of the smaller 
the fishing cutter building is busy, and two 
arge cruisers are being built for the Government by 
Messrs. Earle. At Grimsby and Goole trade is also 
very quiet ; — work is showing signs of slacken- 
ing throughout the district. 

On the Tees trade keeps moderately busy. The 
rincipal firms keep their full complement of hands 
ully employed, but no new hands are started. In 

the boiler shops work is very active, night and day 
shifts being general in all the large firms. The bridge 
shops are also busy, but the work is not so pressing as 
in boiler shops. Lasied work at 12 o’clock on Satur- 
days commenced on the 10th instant; at the Hartle- 
ag it will commence on the first Saturday in July. 

he general feeling in the district is that there will be 
a steady trade for two years. 

On the Tyne slackness has set in, a number of men 
being out of employment. Empty berths are reported, 
and at one firm frame-bending has been stopped for 
weeks, but is restarting. At most of the firms, how- 
ever, work is in full swing, both in the shipyards and 
boiler shops. New orders are reported in some 
instances, so that full employment is anticipated. 

In the Mersey district trade maintains its activity. 
But several large jobs are coming to a close, and there 
is a falling off in repairs, so that the immediate pro- 
spects are not very encouraging. One curious caution 
is given to members, namely, that they must not work 
all day on one vessel, and then go to another vessel 
and work all night ; members doing so are to be fined 
ll. for the offence unless they have permission so to 
do. One would have thought that, with the demand 
for eight hours, as being quite exhausting enough for 
a man’s strength and energies, few men would care to 
work day and night, and that too for two different 
masters. Human nature is surely a strange compound 
when it is analysed. 

On the Clyde the shipbuilding trade continues very 
active in so far as launches are concerned, but the 
absence of new orders will soon begin to tell in reduc- 
tions of men employed unless a fresh start is made. 
But even at present there is on hand 220,000 tons of 
shipping under construction, as against 300,000 at 
the commencement of the year, and of 293,000 in May 
of last year. 

In Staffordshire all the boiler shops are busy, many 
working overtime. Messrs. Piggott and Co., Spring 
Hill, have given an advance of 2s. per week. At 
Dudley trade is busy, overtime being worked. Wol- 
verhampton is not so busy, and at the Soho Works, 
Smethwick, trade is reported as only moderate. On 
the whole trade throughout the district is said to be 
fairly good. 





In the Sheffield and Rotherham district there has 
been something like a collapse in the iron and steel 
trade; to such an extent has it operated that at many 
works the men are on short time. The workmen are 
rubbing their eyes a little over it, as they cannot 
understand the reason. They believe, however, that 
the matter will right itself ina few weeks. A large 
volume of business is being done, but the feeling is 
that further development is arrested for the present. 
One of the causes for this arrest of business is the high 
price of fuel. All the lighter branches of trade are 
very busy, and especially so the implement and 
machinery departments ; in many cases firms are much 
behind with their orders. In the edge tool, saw and 
file trades, the men are very busy and fully employed. 

The puddlers’ dispute at Messrs. Cammell’s is not 
quite settled, but the men are working on, and it is 
alleged that the mixture is somewhat better. The 
union is averse to any hasty action in the matter and 
advise the men to continue at work, which they have 
consented to do. 

The stove grate workers’ strike is settled, after 
about nine weeks’ duration. Conferences were held 
between representatives of both parties, which re- 
sulted in a compromise, the 10 per cent. being con- 
ceded for six months. A price list is to be arranged 
and a conciliation board established. The men have 
been well supported in the struggle. 

The spring-knife cutlers have been agitating for 
some time for 10 per cent. advance. The men at three 
firms have now handed in their notices to strike at 
the end of a month unless the amount is conceded. 
Another firm has been placed in the same predicament, 
About 100 men are involved in the notices already 





given. Many firms have conceded the 10 per cent., 
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and these think that the advance should be general or 
that they should not continue paying it. 





The International Conference of Miners held in Bel- 
gium was attended by about 100 delegates, 40 of whom 
were British, and about 60 foreign delegates. At a 
joint meeting of the representatives it was agreed to 
bear the expense jointly by those representing the 
miners of Germany, France, and Belgium, and those 
representing Great Britain. After the election of 
officers, the conference collected, examined, and passed 
the credentials of delegates, fixed the hours of meeting 
for each day, and agreed to some regulations as to the 
length of speeches, and then proceeded to receive 
reports from the societies of the several nationalities 
represented. The chief points for discussion were: 
The number of hours worked in mines in various 
countries (here the proposal for an eight-hour day will 
be debated) ; the question of wages, and how paid by 
the day, week, or month; the social condition of the 
miners ; laws affecting combination; remedial mea- 
sures, international action, and general matters relating 
to labour. 


In the Scottish mining districts matters are rather 
uneasy in consequence of rumours of reductions in 
wages. Prices of coal have gone down, household coal 
by 1s. per ton, and export coal 3d. per ton. No actual 
notice of a reduction has yet taken place. 

In South Wales the Sliding Scale Committee have 
advanced wages 13 per cent. from the Ist inst., 
making a total of 46} per cent. on the 1879 prices. 
The committee then proceeded to deal with sundry 
disputes at various places, and succeeded in effecting 
compromises and settlements. There was a determi- 
nation to uphold the sliding scale arrangements in all 
cases. 

In other mining districts labour questions are fairly 
quiet, except that members of Parliament are bein 
agen to pledge themselves for an Eight Hours’ Bil 

most of the mining districts, except Durham and 
Northumberland. 





The ship carpenters’ strike remains in the same posi- 
tion, the Thames Iron Company and Messrs. Samuda 
Brothers being firm in resisting the demand. The 
men, however, express themselves hopeful of winning. 

The barge-builders’ strike continues, about 300 men 
being still out, while about 150 are working on the 
new terms. The employers have adjourned for a 
month, hoping to find the men then disposed to give 
in. But other unions are helping with money, the 
dockers lending 100/., the shipwrights. 200/., and the 
men at work paying 5s. per week. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasyow Pig-Iron Market.—There was a quiet tone in 
the warrant market last Thursday forenoon, but holders 
of Scotch iron were firm in their quotations. Some 
heavy ‘‘ bearing” on Cleveland iron sent prices down 
smartly, and kept Scotch iron at 1d. to 2d. per ton under 
the previous day’s close. The latter commodity, how- 
ever, broke away from the depressing influence of Cleve- 
land iron, and closed 2d. per ton dearer in the forenoon, 
and 5d. up at the finish of business in the afternoon. 
After being 7d. per ton down, the price of Cleveland iron 
recovered as that of Scotch warrants advanced, but still 
the finish was 14d. per ton under that of the preceding 
day. Hematite iron was in limited demand, and the 
closing price, although 6d. per ton above the lowest quo- 
tation, was #d. per ton down from the previous day’s 
close. The closing settlement prices were—Scotch iron, 
44s. 104d. per ton; Cleveland, 41s.; hematite iron, 
53s. 9d. per ton. The market was steady at the opening 
on Friday morning, but throughout most of the day flat- 
ness was the rule. Shortly before the close in the after- 
noon some purchases were made which had the effect of 
rallying prices to some extent , but on the day there was 
adecline all round. The settiement prices at the close 








were—Scotch iron, 44s. 9d. per ton; Cleveland, 41s. ;| 4 


hematite iron, 53s. 6d. per ton. A quiet but firm tone 
was the characteristic of Monday’s market. Trade 
reports were scarcely so depressing, while the withdrawals 
from store during the oak were regarded as satisfactory, 
and the shipments showed an increase. Operators 
were mostly engaged in squaring their accounts pre- 
paratory to the holidays consequent upon the return 
of the Queen’s birthday anniversary. There was no 
material variation in prices. At 110on Scotch warrants 
were 4d. per ton above Friday’s closing quotation, and 
Cleveland and hematite were both 1d. up. The market 
was rather firmer at the afternoon market for Scotch and 
hematite iron, both of which finished 2d. per ton better 
than the closing rates on Friday. Cleveland iron was 
dull, and 2d. per ton lower in price. At the close the 
settlement prices were—Scotch iron, 44s. 104d. ; Cleve- 
land, 40s. 104d. ; hematite iron, 53s. 9d. per ton. Yester- 
day’s market was decidedly weak. A comparatively 
small amount of business was done, but the few sales that 
were made sufficed to send prices back to last Friday’s 
level, Some recent talk as to the contemplated blowing- 
out of blast furnaces in the West of Scotland, together 
with the approach of the holidays, had the effect of induc- 
ing ‘‘bears” to cover; but the facility with which they 


got the iron asked for showed that the time was not yet 
ripe for any upward movement of prices, and consequently 


recent purchasers offered iron for sale. The settlement 

rices at the close were—Scotch iron, 44s. 6d. per ton ; 

leveland, 40s. 9d.; hematite warrant iron, 53s. 44d. per 
ton. Owing to the great difference between the makes 
price of Cleveland iron and that of Scotch iron, the mer- 
chants have recommenced to supply g.m.b. of the former 
to founders in the Glasgow district. The pig-iron warrant 
market to-day was very flat in the forenoon, and prices 
went further back. Had there not been a lot of ‘‘cover- 
ing” by sellers, prices would very probably have gone 
even worse. For Scotch warrants down to 44s. 24d. 
per ton was accepted in the forenoon, for Cleveland 
40s. 44d., and for hematite iron down to 53s. 2d 
and in the afternoon there was a very little change. 
The following are the quotations for a few of the Scotch 
special brands of No. 1 iron: Gartsherrie, 62s. per ton ; 
Glengarnock, 64s. ; Langloan and Coltness, 65s. ; Calder, 
68s. ; Shotts (at Leith), 65s.; Carron (at Grangemouth), 
69s. Last week’s shipments of pig iron from all Scotc 
ports amounted to 11,038 tons, as compared with 8642 
tons in the corresponding week of last year. They in- 
cluded 300 tons for the United States, 320 tons for 
Canada, 195 tons for South America, 625 tons for 
Australia, 249 tons for France, 570 tons for Italy, 1185 
tons for Germany, 810 tons for Holland, 146 tons for 
Belgium, 270 tons for Spain and Portugal, 210 tons for 
China and Japan, smaller quantities for other countries, 
and 4175 tons coastwise. There are still 87 blast furnaces 
in actual operation against 82 at the same time last year. 
The stock of pig iron in Messrs. Connal and Co.’s public 
warrant stores yesterday afternoon stood at 757,984 tons, 
as compared with 768,377 tons yesterday week, thus 
showing a decrease for the week amounting to 10,393 
tons. 


Scotch Coal and Coke Trades.—In the coal market to- 
day coal was firm at late prices, with a good business 
doing, especially for the Baltic. Splint and main coals were 
quiet, and the latter again rather easier in price. Sales 
of main were said to have taken place at 8s. 6d., but the 
current price was 8s. 9d. Steam coals were steady. The 
prices of the best qualities of dross show little or no 
change, but for inferior qualities rates are giving way. 
House coal has been very steady on account of the hard- 
ness of prices in the other branches of the trade; and, 
though concessions may be had later on, quotations at 
present are being well maintained. There is a fair busi- 
ness in Ayrshire. Shipments from Grangemouth, Bo’ness, 
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and Leith are considerably above the average. The fol- 
lowing are to-day’s quotations at Glasgow Harbour : 
F.o.b. per Ton 
a. a. ai 8. d. 
Splint 9 6to10 0 
ain coal C10 .. ee 
Steam 20 9.55 ae 4 
Ell 100 ,,40°°6 


Ayrshire coal, 9s. to 9s. 3d. f.o.b. at Ayrshire ports. 
The principal makers of Scotch coke report that their 
ovens are in full production, and that the entire output 
is going readily into consumption. 


Shipments of Machinery, dc., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from 
the Clyde reported last week included the following: 
Locomotive engines for Madras and Aquilas, valued at 
24,6001. ; tea-preparing, sugar-crushing, wood-cutting, 
and other machinery, chiefly for Bombay, Madras, Buenos 
Ayres, New York, Penang, Hong-Kong, Gibraltar, 
Boston, Italy, and Natal, of the value of 5750/., ; sewing 
machine parts, valued at 6168/., chiefly for Italy, Santan- 
der, New York, and Buenos Ayres; blooms, billets, 
plates, bars, and other steel goods of the value of 13,400/., 
chiefly for Hong-Kong, New York, Italy, Bombay, Canada, 
and the Cape ; pipes and other castings, plates, sheets, 
bars, tubes, sleepers, bridgework, and miscellaneous iron 
manufactures, valued at 38,1000. 


Scotch Mineral Oil Companies.—Two of the leading 
mineral oil companies, Broxburn and Oakbank, held their 
annual meetings in Glasgow to-day. At the meeting of 
the Broxburn shareholders, which was presided over by 
Bailie Steel, of Edinburgh, a dividend of 15 per cent. for 
the year was declared on the ordinary shares, and 6 per 
cent. on the preference stock. In thecourse of his speech 
moving the adoption of the directors’ report, the chair- 
man dwelt very pointedly on the great improvements 
made in the plant at the works and on the processes by 
r. Norman Henderson, the company’s works manager. 
By one of his processes not only was a very great saving 
effected in labour, in fuel, and in maintenance, but there 
were also obtained an increased quantity and an im- 
proved quality of products. Mr. Henderson also has an 
improved retort from which very favourable results are 
anticipated. At the meeting of the Oakbank Oil Com- 
pany, a dividend of 5 per cent. was declared, not so large 
as that declared at the meeting held a year ago, which 
was accounted for by the high cost of coals and the high 
wages paid to the company’s miners and other workmen. 


Proposed Cable Tramway for Dundce.—The advisable- 
ness of laying down a cable tramway in Hilltown, Dundee, 
has lately been under the consideration of the Works 
Committee of the Dundee Police Commission; and a 
report on the subject has just been prepared by ex-Bailie 
Gentle, the convener. The’ probable cost of the proposed 
double line from the foot of the hill to the burgh bounda 
at Fairmuir is set down at from 18,000/. to 20,000/., whic 
would include the erection of duplicate engines and boilers 
and a complete equipment of cars capable of giving a 
service every five minutes. It seems that a local company 
is in course of formation on whose behalf the Police Com- 
missioners will shortly be 5 emt in order to ascertain 
(1) on what terms they would grant a concession for the 





construction of the proposed tramway line ;(2) on what 





condition the Commissioners would lease the tramways, 
supposing the Commissioners were to construct the track 
and lay down boilers and engines, the company to be 
formed supplying the cable and the cars. A sub-com- 
mittee, consisting of the Lord Provost, the convener (Mr. 
Gentle), and Mr. Brownlee has been appointed to visit 
Edinburgh, Bradford, Birmingham, and London, where 
cable trams are at work, so as to be able to give full 
details and particulars as to construction, working, &c. 
The proposed line is one mile in length. At the foot of 
Hilltown the gradient is 1 ft. in 74 ft.; higher up it is 
1 ft. in 84 ft.; then 1ft. in 12ft., and towards the 
northern terminus it is a comparatively easy gradient. 


Goodwins, Jardine, and Co.—Mr. Archibald M‘Lellan, 
who has m for a number of years secretary to the 
Steel Company of Scotland, has just besn a 
manager to Messrs. Goodwins, Jardine, and Co., iron 
and steel manufacturers, founders, bridge-builders, &c., 
of Glasgow, Motherwell, and Ardrossan. Sir Edward 
Reed, C.B., M.P., is the chairman_of the company. Mr. 
M‘Lellan is very highly respected in the iron and steel 
trades of Glasgow and other parts of Scotland. 


Scotch Bills in Parliament. — The Lanarkshire and 
Ayrshire Railway Bill has been rejected by Sir John 
Dorington’s House of Commons Committee. Its principal 
objects were to obtain running powers over the Glasgow 
and Kilmarnock Joint Railway, and to substitute a 
mileage rate for the existing minimum tolls on the joint 
railway. Two of the leading witnesses brought forward by 
the promoters were Mr. 7 C. Cuninghame of Messrs. 
Merry and Cuninghame, and Mr. John Strain, the 
engineer of the Glasgow and Ayrshire Railway. re 

ore Fry, M.P., presided over a House of Com- 
mons Committee, to whom was remitted a Bill promoted 
by the Partick, Hillhead, and Maryhill Gas Company, 
which has been rejected to-day. Its chief object was to 
get statutory powers. The opposition was chiefly from 
the Glasgow Corporation as gas commissioners. 





NOTES FROM THE SOUTH-WEST. 

Cardif.—The inquiry for steam coal has somewhat 
increased at Cardift, and prices have shown an upward 
tendency. The best qualities have made 14s. 9d. to 
15s. 3d. per ton, and good dry coal 14s. to 14s. 3d. per 
ton. Household coal has shown little change. Patent 
fuel has also exhibited little alteration, although, in sym- 
pathy with the improvement noticed in the steam coal 
trade, the tone of business has been rather firmer. Foun- 
dry coke has been in fair demand at 21s. 6d. per ton, 
while furnace coke has been well maintained at 19s. per 
ton. The iron and steel trades have presented a slight 
improvement. 


Bristol Joint Station.—Messrs. John 
of London and Bristol, have obtain 
widening the Bristol Joint Station. 


The ‘‘ Howe.”—The Howe, line-of-battle ship, a barbette 
ironclad of the Admiral type, just commissioned by Cap- 
tain Boys, as one of a quartette of modern yessels com- 
posing the remodelled Channel squadron, had somegunnery 
trials on Wednesday under the direction of Captain Dom- 
ville. Amongst the Admiralty officials on board were 
General Hay, President of the Board of Ordnance, Ad- 
miral Boys, Captains Stewart and Douglas, of the Naval 
Ordnance Committee, Captain Carr, of the Cambridge 
gunnery ship at Devonport, Lieut. Jellicoe, from the 
Admiralty, &c. The Howe proceeded round the east 
end of the Isle of Wight and commenced practice as soon 
as she had passed the Nab Lightship, and had a clear 
range before her. The machine re were first tested, 
and then the twelve 6-pounder and six 3-pounder Hotch- 
kiss quick-firing shell guns, each with four rounds. The 
mountings po fittings of all these minor weapons 
answered well, and the firing was got through apace 
showing the proficiency to which the ship’s company had 
attained in the short time that the ironclad had been 
commissioned by Captain Boys. The trial of the 6-in. 
guns in the citadel battery on the main deck was accom- 

lished in an equally satisfactory manner, two rounds 
eles fired from each gun, one with a full and the second 
with a reduced charge. 


The Severn.—A_ select committee of the House of Com- 
mons has passed the preamble of the Severn Navigation 
Improvement Bill. 


Street Improvements at Newport.—Colonel Luard sat on 
behalf of the Local Government Board at Newport on 
Wednesday, to inquire into an application by the Town 
Council for power to borrow 6124/. for the purpose of 
carrying out works of street improvement. The town 
clerk (Nr. A. A. Newman) stated that the Town Council 
proposed to lay out the following sums in the improve- 
ment of the various streets: Chepstow-road, 2279/. ; 
Victoria-avenue, 136/.; Duckpool-road, 8027. ; Caerleon- 
road, 1061/.; and Risca-road, 6187. The first three 
thoroughfares, the town clerk explained, only came into 
the borough from the district of the Christchurch Local 
Board in October. There was a difference in the rating 
of the original borough, and the Maindee district now 
included in favour o Maindee, and the inhabitants of 
that district made it a condition to their agreeing to go 
into the borough that these streets should be improved. 
The Commissioner will report in due course to the Local 
Government Boa 


Expresses on the Great Western Railway. —The Great 
Western Railway Company is improving its express 
service between the metropolis and Bristol and the west. 
On June 1a new broad-gauge express will leave Padding- 
ton at 10.15 a.m., Swindon at 11.52 a.m., and Bristol 
12.52 p.m., reaching Exeter at 2.20 p.m., Plymouth at 
3.50 p.m., and Penzance at 6.57 p.m. A newexpress will 
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leave Bristol at 9.3 a.m., arriving at Exeter at 11 a.m., 
Plymouth at 1.10 p.m., and Penzance at 4.15 p.m. A 
new express will leave Plymouth at 2.10 p.m., and Exeter 
at 3.45 p.m., arriving at Bristol at 5.13 p.m., Swindon at 
6.11 p.m., and Paddington at 7.50 p.m. A new express 
will leave P!ymouth at 5.30 p.m., and Exeter at 7.30 p.m. 
for Bristol, arriving there at 9.30 p.m. The local train 
service will also be improved, 


Llanelly.—At a meeting of the Llanelly Harbour Com- 
missioners on Tuesday, Mr. W. J. Wilson moved that the 
Board should appoint a committee to make inquiries with 
the view of constructing a floating dock at the Carmar- 
thenshire entrance. Mr. Wilson advocated this scheme 
in preference to buying the new dock of the Great 
Western Railway Company. Mr. Wilson stated that at 
the Tumble, Messrs. Waddell had 1500 acres of the coal 
area under lease. This area contained 98,000,000 tons of 
coal which would be shipped at Swansea if the commission 
did not provide ampler facilities than those which now 
existed at Llanelly. He strongly advocated spirited 
action on the part of the Llanelly authorities, because if 
it were not taken it would mean the loss of a capital sum 
of 408,000’. Messrs. Waddell were already about spend- 
ing 4000/. on new stages and sidings at Llanelly, which 
would be recouped to them in dues. The fact also that 
Messrs. Waddell had spent 200,000/. in the neighbourhood 
was a sufficient security for the commission going to 
Parliament for borrowing powers. The committee was 
appointed as proposed. 

Wages in Wales.—At a meeting, on Saturday, of the 
Monmouth and South Wales Sliding Scale Committee, a 
sealed report of the official accountants was opened, 
and was found to recommend a further advance of 133 
per cent. in wages. 


Taff Vale Railway.—A special meeting of the directors 
was held at Cardiff on Thursday. In addition to the 
ordinary business the directors took into consideratiou 
a memorial which had been submitted by the company’s 
employés for a reduction of their hours of labour. The 
company has hitherto paid its men for a day of eleven 
hours, overtime being paid at the rate of ten hours a day. 
The directors, impressed with the representations made to 
them by the men, and, considering the universal agitation 
for shortening the hours of labour, are now prepared to 
make a concession to the employés. In future the day 
will be reduced to ten hours, and for all overtime beyond 
sixty hours per week, the directors are prepared to pay at 
the rate of time and a quarter. These concessions will 
make a difference of 10 per cent. on the wages for the full 
week, and of 15 per cent. in overtime, 


Barry Dock.—Last week’s shipments of coal from Barry 
Dock amounted to 73,275 tons. Coke was also shi »yped to 
the extent of 1124 tons. The imports effected at the dock 
last week amounted to 1450 tons ; the imports consisted 
principally of pit wood and pig iron. 

Threatened Strike.—The winding enginemen, stokers, 
and outside fitters employed at the Dowlais, Cyfarthfa, 
Tredegar, Ebbw Vale, and Blaenavon Collieries, have 
given a month’s notice that unless they are conceded an 
advance of wages, together with shorter hours of duty, 
they will cease work at the end of May. 


Welsh Railway Extension.—On Monday, Colonel Rich, 
R.E., inspected on behalf of the Board of Trade a new 
piece of railway from Biglis to Cadoxton junction. 
Colonel Rich made a minute examination of the line, and 
decided to certify it as being in complete readiness for 
parsenger traffic. The new line will probably be opened 

sy the Taff Vale Railway Company on Whit Monday. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Leeds Engineers and their Wages.—For a period of two 
months the engineers have been considering the advisa- 
bility of asking their employers for an advance of 2s. all 
round. They have resolved in conference, ‘‘(1) That 
— carefully considered our position as workmen with 
regar 
caval for an advance in this district, and with a view 
to an amicable settlement of the question, that our em- 
ployers be requested to consider the propriety of increas- 
ing our present rate of wages, and thus enable us to take 
our proper position as skilled workmen with the other 
large centres of industry. (2) That we consider an equit- 
able adjustment at the yas time would be an advance 
of 2s. per week all roun 
makers, smiths, fitters, millwrights, turners, and ma- 
chinists. (3) That in the event of our em loyers not 
granting our request the favourable consideration to 
which it is justly entitled, we hereby resolve to reserve to 
ourselves the right to adopt any line of action that we 
consider the circumstances uire, or that we may deem 
necessary for the settlement of the question.” 


The Stove-Grate Trade.—On Monday the men who had 
been on strike in the Rotherham stove-grate trade re- 
turned to work under the new arrangements. No parti- 
cular difficulties cropped up, and the men readily 
accepted the altered condition of things. An effort is 
being made to establish a stove-grate workers’ union for 
the whole country, Rotherham to be the headquarters. 


The Water Question at Gainsborough.—The water works 
committee of the Gainsborough Local Board have reported 
the result of their interview and correspondence with Mr. 
Timms, and have suggested that Mr. Timms should pa 
1501. instead of completing his contract to make the weil 
water-tight, and that the Board hire the present pumps 
for 80/. for a twelvemonth. This has been to, and 
it has been decided to accept the contract of Mr. Chap- 
man (Salford) for a new well for 1875/. 


to wages, we are of opinion that the time has now he 


to the following trades: Pattern | 2000 





Leeds Ironworkers on Strike.—Between 400 and 500 of 
the men employed by the Leeds Wheel and Axle Com- 
pany, Armley-road, Leeds, are out on strike. The agita- 
tion for an increase of wages was originally confined to 
the tyre borers, but after the dispute arose workmen in 
other departments showed an inclination to urge claims 
for an advance, and on Saturday the men generally 
struck work. 


Increased Orders for Railway Material.—Very heavy 
orders for railway material are being placed in this 
district, and the Siemens plant already laid down is 
wholly inadequate to meet the demands which are made. 
Orders for best gy and engine tyres for home use are 
coming in heavily, and for the former of 1aranteed 
quality 10/7. 3s. is readily paid. Guarant Bessemer 
billets are fetching 8/. 5s. with fair sales, but there is no 
pressure of work. The iron and steel trades of the dis- 
trict are, however, yet in a prosperous condition, though 
in the former a falling off is noticeable. 





MISCELLANEA. 

At the urgent request of the Government of New 
South Wales, transmitted by cable, the executive council 
of the London International Exhibition of Mining and 
Metallurgy have decided to postpone the opening of the 
Exhibition until July 16 next. 


At the Heaton Works of Messrs. C. A. Parsons and Co. 
the whole of the machinery has now for some time past 
been run by an electro-motor. The current for the latter 
is obtained from dynamo machines and engines that are 
running for testing purposes, the exhaust steam of which 
is employed to heat the shops. 


His Majesty the King of the Belgians, who, it is well 
known, takes a deep interest in the development of 
Africa, on Monday last visited Messrs. 
Works at Poplar to aon the gunboats Mosquito and 
Herald, lately built by them for the British Government 


for service on the Zambesi. 


The gross receipts of the 23 principal railways in the 
United Kingdom, for the week a May 11, 
amounted, on 16,159} miles, to 1,348,743/., and for the 
na pe period of 1889, on 16,031 miles, to 1,301,380/., 
an increase of 128} miles, or 0.8 per cent., and an increase 
of 47,363/., or 3.6 per cent. 


Messrs. Spon will shortly issue a work by Mr. J. S. 
Jeans on ‘Waterways and Water Transport,” which, 
among other interesting information, will contain a full 
description, accompanied by sections and sketches, of the 
leg Nicaraguan, Manchester, and other great 
canals, 


We understand that Messrs. Bryan Donkin and Co., 
Limited, of Southwark Bridge-road, S.E., are now making 
arrangements with Messrs. Sulzer Brothers, of Winterthur, 
for the construction in this country of the well-known 
Sulzer engines. Considering the deservedly high reputa- 
tion which these engines have established on t e Conti- 
nent, it is somewhat singular that their manufacture here 
should not have been taken up at an earlier date, 


The Lancashire and Cheshire district meetings of the 
Association of Municipal and Sanitary Engineers and 
Surveyors will be held at Burnley on Saturday, May 11, 
1890. The members will assemble in the mayor’s recep- 
tion room in the town hall at 10.30 a.m., and the pro- 
ay arranged for includes visits to the new town 

all, public baths, sewage works, at Dockpits, where 
new sludge tanks and filter pressing machinery will be 
shown, and the water works in progress at Cant-Clough. 


The total amount paid to the salvors of the Sultan was 
50,000/., besides the sum of 5036/. paid for the hire of 
salvage steamers during the first unsuccessful attempt to 
raise the vessel. The cost of repairing the Sultan so as to 
enable her to come home was estimated at 10,0007., and 
the total cost of rig noe her to England was roughly 
10001. No estimate has yet been made of the cost of 
repairing and refitting the Sultan for service, as that has 
en postponed until the re-engining and re-armament of 
the vessel can be combined with the repairs of the hull. 


The Dominion Parliament has agreed to a proposal, 
submitted by the Government, for an increase in the 
bounties that are at present paid upon pig iron manu- 
factured in Canada, with a view to further encourage the 
industry. In 1883 a bounty of 1 dol. 50 cents per ton (of 

ae was granted for three years, and 1 dol. per ton 
for another three years afterwards. The bounty of 1 dol. 
50 cents was, however, renewed in 1886, the 1 dol. per ton 
being made to apply from 1889 to 1892. Under the new 
arrangement the present bounty will continue until 1892, 
but from that year it will be increased to 2 dols. per ton 
for a period of years. 


The direct route of the Midland Railway to and from 
the north of Scotland via the Forth Bridge will be opened 
on June 2, when a new and improved service of trains 
will come into operation. The 5.15 a.m. from St. Pancras, 
which is now timed to arrive in Aberdeen at 11,20 p-m., 
will under the new arrangements, be due at Glasgow at 
3.45 p.m., Edinburgh 3.55 p.re., and Aberdeen 8.30 p.m. 

new train is put on to Glasgow, leaving London at 
9.45 a.m., and arriving at 7 p.m. The 10.40 a.m. from 
St. Pancras will leave five minutes earlier and is fixed to 
run into Aberdeen at 2.45 the next morning, being 
Fos soma up 15 minutes. A new train will start on 
unday nights and every week night except Saturday, at 
7.50, and will reach Aberdeen at 8.55a.m. The Sunda 
night 9.15 train, arriving at Dundee at 11.44 a.m., will 
now be due there at 10.50 a.m. From Aberdeen to 
London most of the trains will be quickened up. 


Yarrow and Co.’s h 


The existing contracts for the supply of locomotive 
fuel to several of the leading railway companies will 
expire at the end of next month, and a meeting of coal- 
owners on the subject of the new charges for 1890 has 
just been held in the South Yorkshire district, which 
supplies steam coal by contract to several companies. As 
regards that district, it appears that up to the end of 
1888 the contract price for locomotive coal was 6s. per 
ton. At the beginning of 1889 a short-time contract was 
conceded at 8s. per ton, and in July last the contracts 
all round were raised to 8s. 6d. The North-Eastern, 
contracting from the beginning to the end of each year, 
in January last was charged lls. per ton for the South 
Yorkshire “hards,” and that is now understood to be the 
rate at which the contracts beginning in July next will 
be taken, although in some districts it is likely to be even 
more. Taking the all-round price as low as ils. per ton 
the London and North-Western, it is estimated, will 
have to pay about 210,(00/7. more for its coal in 1890-91 
than it Kid in 1888, the Midland upwards of 180,000/., 
the Great Western not less than 150,000/., and the North- 
Eastern (which consumes about 50,000 tons of coal 
monthly) fully 160,0002. 


Several large reservoirs for the storage of petroleum 
have recently been constructed in Denmark. In Aarhus, 
Jutland, the Danish Petroleum Company has built one, 
with a capacity of about 16,000 barrels petroleum, which 
corresponds with the size of the tank steamers in ques- 
tion. The reservoir consists of heavy plate iron, rivetted 
together on the spot. From the reservoir an underground 
pipe, about 5000 ft. long, leadsto theharbour. This pipe 
consists of 6-in. steel pipes screwed together. From the 
reservoir the ig is again led down to a small 
house, where the “‘ barrelling ” takes place. Six barrels 
can be filled at the time, and when full the tops are auto- 
matically closed. Ina second house are the workshops 
for repairs of barrels, &c., and in a third boiler and engine- 
ouse a second reservoir with about 13,000 barrels’ capacity 
will be shortly commenced. It was intended to have the 
establishment lighted by electricity, but the authorities 
have forbidden this. An earthen rampart surrounds the 
whole establishment. The whole of the works has been 
done by the local firm of Trick’s successor. In Copen- 
hagen several large reservoirs are in the course of con- 
struction on the island of Refshale in the Copenhagen 
harbour. One of these, which will be the largest in the 
country, is for account of the Nobel firm, and another is 
intended to be used for American petroleum. 


of the Holyhead Local Board was 
held-on May 13, Mr. Griffith presiding, to consider 
what steps should be taken in view of the offer made by 
the London and North-Western Railway to the Board of 
Trade to undertake the removal of the Platters Rocks at 
Holyhead. During the discussion it was stated that the 
Platters Rocks occupy an acre in extent and are in a 
most dangerous position, depriving large vessels of the 
advantages of the shelter of the inner harbour. It was 
further stated that correspondence had been proceeding 
for the last 18 months between the North-Western Rail. 
way Company and the Board of Trade respecting an 
offer by the railway company to remove the rocks to a 
depth of 25 ft. at low water at a cost of half a million of 
money, if the Board of Trade permit the company to 
construct a deep-water quay in another portion of the 
harbour and extend their lease on present works granted 
by the Board of Trade, which the latter estimated as 
being worth a capital sum of 25,000/. This offer was 
refused. Captain Lewis now said that the projected 
improvements would enable Holyhead to become a port 
of call for American liners, and prove a great blessing to 
the shipping trade, as Holyhead was accessible from all 
Atlantic ports. It was resolved to bring the matter 
before Parliament ‘‘through the Welsh members,” and 
endeavour to ascertain Sir M. Hicks-Beach’s grounds for 
declining the offer, and a second motion was passed urging 
the Government to reconsider the matter. 


A special meetin 


Dr. Frankland has just reported to the Registrar- 
General the results of the chemical analysis of the waters 
supplied to the inner and portions of the outer circle of 
the metropolis during the month of April. Taking the 
average amount of organic impurity contained in a given 
volume of the Kent Company’s water during the nine 
years ending December, 1876, as unity, he finds that the 
proportional amount contained in an equal volume of 
water supplied by each of the metropolitan water com- 
panies, and by the Tottenham Local Board of Health, 
was—Kent, 0.6 ; New River, 0.7 ; Tottenham, 1.0; Colne 
Valley, 1.6; Lambeth, 1.8; Grand Juaction, 2.0; 
Chelsea, 3.3; West Middlesex and Southwark, 2.4; 
and East London, 2.5. The water drawn from the 
Thames by the Chelsea, West Middlesex, Southwark, 
Grand Junction, and Lambeth companies was, in every 
case, efficiently filtered, and exhibited, for river water, a 
high degree of organic purity. The water obtained 
chiefly from the River Lea by the New River and East 
London Companies was also efficiently filtered. That of 
the New River Company was of a very high degree of 
organic purity, whilst the East London Company's 
supply was slightly inferior in this respect to all the 
Thames derived waters. The deep well waters of the 
Kent and Colne Valley companies and of the Tottenham 
Local Board of Health were, as usual, of a high degree of 
organic purity. The Kent and Colne Valley waters were 
clear and bright, but the Tottenham water was again 
slightly turbid owing to suspended particles of rust of 
iron. The supply of the Colne Valley Company was the 
only soft water delivered in London. Seen through a 
stratum 2 ft. deep, the waters presented the following 
appearances : New River, Kent, and Colne Valley, clear 
and colourless ; Tottenham, slightly turbid and colour- 
less ; the remaining waters clear and very pale yellow, 
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We beg to announce that American Subscriptions to ENGINEERING 
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NOTICE.—THE FORTH BRIDGE. 


In consequence of the number of “ENGINEER- 
ING” of February 28th having been completely ex- 
hausted on the day of publication, the Publisher 
begs to say that a reprint of the descriptive matter 
and Illustrations of the above Bridge has been 
issued, printed throughout on Special Plate Paper 
and bound in Cloth, Gilt Lettered, price 5s, (post 
free, 5s. 6d.) This reprint consists of seventy-two 
pages royal 4to, and is illustrated by nineteen Page 
and Two-Page Plates, and 157 Figures in the text. 














NOTICES OF MEETINGS. 

Tue INSTITUTION OF CiviL ENGINEERS. — Tuesday, May 27th, 
no meeting, it being Whitsun Tuesday. Tuesday, June 3rd, at 
8 p.m. Annual general meeting to receive the report of the 
Council, and to elect the Council and officers for the ensuing 
year. 

INsTITUTE OF MARINE ENGINEERS.—Tuesday, May 27th, at the 
Langthorne Rooms, 15 and 17, Broadway, Stratford, at 7.30 p.m. 
Paper on ‘‘ Ventilation (of Steamships),” by Mr. D. G. Hoey. 

InsTiTUTE OF PATENT AGENTS.—Wednesday, the 28th inst., at 
3 p.m., to transact the following business: Paper ‘‘On the Pro- 
gress and Work of the Institute of Patent Agents,” by Mr. H. 
Howgrave Graham, Secretary. 
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THE INTERNATIONAL INDUSTRIAL 
CONFERENCE AT MADRID. 


In our issue of the 19th inst. we referred to the 
labours of the recent Conference at Madrid on the 
subject of industrial property and merchandise 
marks. We then dealt more especially with resolu- 
tions adopted respecting the international protec- 
tion of merchandise marks. We will now briefly 
consider some of the proposals more especially 
affecting the protection of inventions. Before 
doing so, however, it may not be altogether out of 
place to. remark that whilst the protection of mer- 
chandise marks is undoubtedly a matter of high 
importance, especially to a great manufacturing and 
trading community like our own, it is quite pos- 
sible to give undue preference to the interests 
involved in that branch of the subject, at the ex- 
pense of other interests of at least equal moment. 
It is not surprising that those who agitate most 
persistently should succeed in impressing the 
authorities with the view that their interests are 
paramount. Thus, so much pressure appears to 
have been brought to bear with respect to merchan- 
dise marks, that we find in a report of the Depart- 
mental Committee of the Board of Trade and 
Foreign Office, a suggestion that the great import- 
ance of the proposed British addition to Article 10 
of the Convention would apparently warrant 
the British delegates (with the view of enlisting 
the two votes of France and Tunis in favour 
of the proposed addition in question) in even 
assenting to a proposal by France respecting com- 
pulsory working of a kind decidedly repugnant 
to the views of all Englishmen who are familiar with 
the operations of such provisions. Surely those 
who ventured to make such a suggestion must have 
lost sight of the requirements of their countrymen, 
or have entirely forgotten, for the moment, what 
the world owes to inventors. Whilst it may be 
politic to protect trade marks, applied to soaps, 
refreshing aperieuts, and innumerable other articles 
of commerce, yet it is not to these, but rather to in- 
ventions, such as the steam engine, the locomotive, 
the screw propeller, the loom, the electric telegraph, 
the sewing machine, the printing machine, the 
telephone, and many others too numerous to men- 
tion, that the world owes the gigantic progress that 
has been made in modern times. 

This being so, surely there can be no justification 
for bartering the interests of the inventor on such a 
basis as above referred to. Compulsory working 
clauses, in many cases, simply afford an opportunity 
of robbing the inventor of the reward to which he 
is fairly entitled. We have known a patent to be 
annulled by a minister on the petition of his poli- 
tical supporters interested in the particular branch 
of manufactures to which the invention related ; we 
have also known of a patent having to be abandoned 
for non-working where, for the time being, there 
was only one establishment in the country in which 
the invention could be practically applied, and it 
was obviously not to the interest of the owners of 
that establishment to do what was necessary to 
enable the patentee to comply with the letter of 
the law. And how is the patentee of, for example, 
such an invention as the Bessemer process, or the 
Siemens furnace, or many others that could be 
enumerated, to construct or work his invention in 
a number of different countries within quite a 





limited period? He must be a millionaire to start 
with ; and even then what is he to do if those 
engaged in the particular branch of manufactures to 
which his invention relates are not prepared to 
adopt it? These are some of the considerations 
bearing on the question of compulsory working ; 
which, instead of being a means of encouraging 
inventors, is rather a device for depriving them of 
their just reward. 

If, in the foregoing observations, we have some- 
what digressed, it is because we feel that if the 
International Union is to be productive of any 
great and permanent good as respects that which 


2| we regard as the most important of all its avowed 


objects, namely, the encouragement of inventors, the 
time has arrived for pressing upon the attention of 
the Government the importance of the claims of 
inventors, with as much persistency as those in- 
terested in merchandise marks have displayed. 

Coming now to the recommendations of the Con- 
ference, it is to be remarked that they are merely 
submitted for the consideration of the Government 
of the States forming the union, who are at liberty 
to accept or reject any of them. The respective 
governments must, however, within the delay of 
six months from the date of signature (April 14) of 
the Protocol, give instructions to their diplomatic 
representatives at Madrid to sign such of the pro- 
jects as may meet with their approval. 

Section III. of the Protocol provides that where 
a person, within the delays of priority established 
by Art. 4 of the Convention, has applied for patents 
for the same invention in several States of the 
Union, the rights resulting from the patents so 
applied for are independent of one another. 

They are also independent of the rights resuit- 
ing from patents taken for the same invention in 
countries not being parties to the Union. 

As is well known, many countries grant patents 
for inventions already patented or applied for 
abroad, but under the restriction that those patents 
shall come to an end at the same time as the 
prior patent granted for the longest term, or at the 
same time as the prior patent granted for the 
shortest term ; others give to such patents a dura- 
tion shorter than the normal term (in Spain the 
term is five or ten years instead of twenty). In 
some countries the existence of the patent =r 
on whether all prior patents remain actually in 
force ; in others, as in the United States since the 
recent judgment of the Supreme Court, the lifetime 
of the home patent is only limited by the normal 
length of the prior patent having the shortest 
term. Under these circumstances a person desiring 
to take patents with the longest chance of life in 
the different countries may take it first in Belgium 
and Spain, where the term is twenty years, then in 
the United States (seventeen years) then in France 
and other countries in which the term is fifteen 
years), and afterwards in England (fourteen years). 
And, as we have seen, even this is not sufticient ; 
he must keep those patents in force in all countries, 
although perhaps with a loss, in order to maintain 
his patents in the countries where they work satis- 
factorily. If it be remembered that, in many 
countries, it is not enough to pay the annual taxes 
to maintain the patent alive, but that the patent 
must be actually worked within the country, it 
will be conceded that the interdependence of 
patents is a heavy burden laid on the patentee. 

Another plan would have been to provide gene- 
rally that where a subject or a citizen of one of the 
contracting States took in several of those States 
patents for the same invention, the rights result- 
ing from those patents should be independent of 
one another. This course was not adopted pro- 
bably because such a provision might possibly 
have been interpreted in this sense, that where 
a patent had been granted in a country a year or 
more after a foreign patent for the same inven- 
tion, the publicity resulting from the earlier patent 
could not be relied upon by any one desiring to 
have the later patent revoked for want of novelty. 
This would have been contrary to the spirit of 
the Convention, which respects national legislation 
in regard to that which concerns the question of 
novelty. In fact, the delays of priority established 
by Art. 4 of the Convention of 1883, do not modify 
the manner in which the novelty is appreciated in 
the different countries; it has only this effect, 
that the patent applications filed during the said 
delays are virtually filed in every country on the 
same day as in the country where the first appli- 
cation was made. From this point of view, it is 
but natural that there cannot be interdependence 
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between patents applied for during the delays of 
priority. All sgnlaalinns being virtually made 
on the same day there is legally no prior and no 
later patent. 

When the Protocol comes into force inventors will 
be exempted from a great deal of trouble ; they can 
work their patents in the countries where they pay 
and let them fall in the other countries without 
fear of losing thereby the valuable ones. A good 
result of the above provision will also be this, that 
the inventor can always take his patent first in his 
own country, without fear of shortening foreign 
patents in the countries where the term of the 
patents is short. 

Another important question was that of the work- 
ing of patents. The United States took up the 
proposition presented by the Belgian delegate at 
the Conference at Rome, according to which a 
patent worked in one of the contracting States 
should not become void by the non-working of the 
patent in the other States. 

This proposition was strongly opposed by the 
French delegates, whose instructions were in the 
protectionist spirit, which now prevails in France. 
Knowing that this opposition could not be over- 
come, the Conference adopted, in respect of the 
working of patents, the following provision, pre- 
viously accepted by the Conference of Rome. 

‘* Hach country may determine the sense in which 
it is convenient to interpret in that country the 
word exploiter (work), as far as concerns the appli- 
cation of Art. 5 of the Convention.” 

It is perhaps well to remember that Art. 5 con- 
sists of two parts. The first provides that the 
introduction, by the patentee, in a country where a 
patent has been granted to him, of articles manu- 
factured in other States of the Union according to 
the same patent, cannot cause the forfeiture of the 
patent. The second part — that, neverthe- 
less, the patentee is bound to work (exploiter) his 
patent according to the laws of the country in 
which he introduces the patented articles. 

The first part is easy to be understood. It applies 
only to France, whose law-—already applied to the 
subjects of non-contracting States—visits with 
forfeiture the unauthorised introduction of a single 
sample of a patented article. The second part 
means that the word ‘‘exploiter,” which can be 
interpreted in the sense of selling or supplying the 
patented article, can also be understood as imply- 
ing the manufacture of the patented article. Under 
this provision France cannot prohibit importation 
of patented articles, but it may declare the for- 
feiture of a patent when it is not considered to 
have been bond fide worked within the country two 
years after its grant. 

It is to be expected that the question of com- 
pulsory working will be brought before every con- 
ference, till it is settled in a more satisfactory 
manner. Thecompulsory working clause does no 
good to the national industry ; where the condi- 
tions are favourable it is not necessary, and where 
they are not it leads only to a fictitious working. 
And as a rule the forfeiture of a patent which could 
not be worked by the inventor is of no benefit 
to the industrial community, although there may 
be rare exceptions such as we have alluded to 
above. 

It is, we fear, not likely that working will soon be 
declared not to be compulsory. But it should be 
nossible to replace the existing state of things 
- the English system of compulsory licenses. 
A less desirable modification, but one that at least 
would be better than the compulsory working pro- 
visions obtain in many States, would be the Swiss 
system. According to this a patent which has not 
been worked within the country when more than 
three years have elapsed since the grant, may 
be declared forfeited, if the patentee refuses a 
license requested on reasonable terms and securing 
the working in Switzerland. With this system the 
yatentee would not lose his patent if he should not 
ak for, or get a licensee ; and on the other hand 
he could not prevent the invention being worked 
within the country, if somebody should offer 
him reasonable compensation for the use of his 
patent. 

Of course the danger is the difficulty of justly 
deciding what would be ‘reasonable compensa- 
tion.” This point ought to be determined in each 
instance by a competent tribunal, and be tendered 
for and refused or not accepted by the owner of the 
patent, before depriving him of his rights. 

The last of the provisions of the Protocol relatin 
specially to patents is that concerning internationa 





exhibitions. Art. 11 of the Convention states that 
the contracting States are bound to grant a provi- 
sional protection to the patentable inventions, 
designs, &c., which are sent to international exhi- 
bitions ; but it does not say whether this protec- 
tion is to be only in the country having the exhibi- 
tion or in all States of the Union. Some States in 
execution of the Convention have legislated in the 
first sense. The Conference decided that such 
provisional protection should extend throughout 
the Union and last at least six months from the 
admission of the goods to the exhibition. 

We have finally to mention a proposition made 
by the United States, which was rejected by 
the Conference. They wished the delays of priority 
established by the Convention to begin not at 
the date of the application, but at the date of the 
first official publication of the invention. In the 
United States the delays would thus commence from 
the day of the delivery of the patent ; in England 
from the acceptance of the complete specification. 
This proposition, like the other American proposi- 
tions, was made too late to be studied carefully 
before the Conference. It is not one that com- 
mends itself to those in this country who are best 
qualified to express an opinion on the subject; but 
we are prevented by want of space from entering 
into a consideration of the grounds upon which it 
has been objected to. 

The next Conference will be held at Brussels 
within two or three years. Meanwhile, all interested 
in patent matters will do well to devote careful con- 
sideration to the subject of international arrange- 
ments with a view to urging in the proper quarter 
such provisions as it is desirable should be agreed 
to if the International Union is to continue and to 
justify the outlay its existence involves. 





THE GAMBLE IN PIG IRON. 

THE appointment of a special committee of the 
British Iron Trade Association to inquire into the 
evils attendant on the extensive gambling in pig 
iron warrants, is a step which would be approved of 
by all interested in the fostering of the iron trade 
of the country, and whatever success is attained in 
the mitigation of the evils will be greatly appre- 
ciated. We have used the word ‘‘ mitigation ” 
advisedly, for we question if it is possible to 
entirely stop the speculation in warrants or in any 
other species of script. The time for instituting 
such an investigation is opportune. The iron 
merchant, who prefers the legitimate and steady 
trade to the great gamble which has been engaged 
in, would welcome it in any case. Such as have 
lost heavily—and there are many—will be sure to 
urge the advisability of the inquiry ; while those 
who have won would be indifferent, as the 
prospects of further gains are remote. Let us 
first refer to the extent of the gamble as indicated 
by the fluctuations in the prices of pig iron 
changing hands in the Scotch warrant ‘‘ring,” the 
principal market in which such business is done. 
To enable our readers to fully appreciate the 
violent character of the changes, or, as it has often 
been styled by brokers themselves, the ‘‘ plunging ”’ 
of the market, we have prepared a diagram showing 
the rises and falls during the past six or seven 
months ; that is to say, from the beginning of the 
upward move. The diagram, which we give on 
the next page, scarcely needs any explanation. 
Along the base line we have given the days of 
the month, and to explain the absence of many 
dates it should be stated that only the market 
days are given. Often the opening price showed a 
rise or fall from the closing quotation of the pre- 
ceding day, and in such a case the connection is 
by vertical lines. 

The graph is from the beginning of the gamble 
to the present time. From January to July of 
last year the price of Scotch pig iron only fluctuated 
between 41s. to 45s.,—nota very great variation. In 
August and in the first half of September a graph 
if produced would show that the price did not vary 
much above or below 46s. ; but towards the middle 
of September the upward move commenced, and 
by the beginning of October 50s. was exceeded. 
The rises and falls from that time till now are 
shown on our diagram. Throughout 1888 the 
variations in the price of iron were within 5s. or 
6s.—from 37s. 6d. to 48s. From 1884 to July last 
year the price did not fluctuate beyond 38s. and 
45s., and not since the beginning of 1880 has the 
price been so high as it is now. In that year there 
was a little speculation, but the main cause of the 


advances was a very large foreign demand, the 
shipments-—651 thousand tons in all—being larger 
than in any year since 1872 and 1873, the most 
remarkable years in the history of the trade. In 
those years, following the Franco-German war, 
there was an enormous demand for iron, prin- 
cipally for export, and although production was 
very great, the stocks were largely drawn upon. 
The export in 1872 was about 841 thousand tons, 
and the stock was reduced in a year or two to a 
litt'e over 90,000 tons. (It was lately considerably 
over one million tons.) The effect of this legiti- 
mate trade was to advance the price of iron, the 
highest point touched being about 138s. in Feb- 
ruary, 1873. The average price in 1872 was 
101s. 10d., and in 1873 117s. 3d. We have men- 
tioned these two ‘‘booms” in trade to show 
principally how different were the causes from 
those which have led to the inflation of prices 
registered on the diagram we now publish. 

We are ready to admit that consumption has 
been very great recently, and that shipments have 
been good, although only one half what they were 
in 1872-3. The ‘“‘make,” too, has been moderate, 
with the result that in six months 125,500 tons of 
iron has been taken from stores. But these, the 
laws of supply and demand, have only affected in a 
small way the course of values. Shipbuilding 
orders, and particularly those recorded in the 
newspapers, it is said, affect the prices. The fol- 
lowing record of work on hand in the Clyde 
district at various stages is interesting, more espe- 
cially when it is borne in mind how little the 
price of iron fluctuated prior to September of last 
year :— 


Tons. 

June, 1886... 93,340 
January, 1887 117,675 
June, 1887... 122,276 
September, 1887 - 

January, 1888 206,041 
June, 1888 ... 177,070 
September, 188: 204,049 
January, 1889 283,301 
March, 1889... 293,000 
September, 1889 273,469 
January, 1890 oh 300,629 
March, 1890... ne 230,000 


Labour is dearer than it was a couple of years ago; 
coal is also higher in price, and probably so also is 
iron ore, limestone, and the other ingredients 
which go to make up pig iron; but, admitting this 
to be the case, the rise would be in the form of a 
very gentle curve, not a graph resembling the 
contour on a reduced scale of the Alps. If these, 
practically the only, legitimate influences were at 
work then the price could not fluctuate 2s. a ton 
in a market of an hour’s duration. 

The influences are of a different nature. They 
may be classed as purely speculative or gambling 
and as legitimate speculation. To many the latter 
phrase may appear contradictory ; but it is not so. 
We know that there are many people who take up 
the high moral position that all speculation is 
gambling and all gambling illegal; but, at the 
same time, they consider it strictly honourable 
business to purchase materials in an advancing 
market with the reasonable hope that they will be 
able to use them later, and that profitably, since 
the market price has gone up and their competitor 
has not been so well advised. This is done in all 
trades; it is legitimate business, and however 
much moralists may dislike it, there is no other 
comprehensive term than the one we have used— 
legitimate speculation. Many iren and steel con- 
sumers bought material towards the end of last 
year in the belief that the rush of shipbuilding 
orders and export demand for manufactured iron 
and steel would continue for months, and that by 
laying in a good stock they would occupy an ad- 
vantageous position in the market. Not only was 
raw material purchased in this expectation, but 
quantities of steel, malleable iron, &c., were 
bought. This desire of consumers inflated prices. 
When there came a check in the demand for 
finished products, due to increased cost of labour 
and material, as has been pointed out in previous 
articles, holders of stock grew ‘‘sick” and re-sold, 
and thus the collapse has been accentuated. This 
is by no means the primary cause ; but it is an 
important contributory to the general effect. The 
Committee of the British Iron Trade Association 
will undoubtedly find it difficult to suggest means 
whereby this type of speculation can be stopped. 
It is not confined to iron or steel; the practice 





obtains in nearly all branches of trade. 
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This latter remark holds as equally true in re- 
ference to gambling, of which it is almost unneces- 


DIAGRAM SHOWING THE RISE AND FALL IN PIG IRON FROM OCTOBER, 1889, TO MAY, 1890. 
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sary to give a definition. By purely speculative 
dealing we mean purchasing iron without the 


money to pay for it, in the hope that prices will 
advance within a reasonable time and admit of the 
sale at a price sufticiently advanced to give a profit 
after meeting the rates of contango; or selling iron 
without possessing it, in the expectation of pur- 
chasing it at a lower price. The warrant market 
gives facility for this class of dealing, and the 
‘*bull” or ‘* bear” speculator has much to do with 
the inflation of prices. The upward move in the 
price of iron, as indicated in the diagram, may be 
said to have started with an increased volume of 
‘‘orders” by outside speculators. For a time 
Scotch dealers predominated, and the excitement 
around the outside of the iron ‘‘ ring” clearly indi- 
cated speculation, and that too by people who 
knew little of iron. The rapid advances and 
equally speedy drops showed the results of conflicts 
between heavy bulls and bears, and this explains 
the ‘‘ plunging.” Of course a strong indication of 
legitimate trade affected the volume of purely spe- 
culative dealing, and a weak or deferred trade had 
the opposite influence. In other words, trade was 
considered much too brisk—a bubble was created 
and blown high by expectation. It was viewed by 
many outside spectators in Scotland, who made 
much by their opportunity. Subsequently it be- 
came visible in England, and the people there 
rushed to secure a share of the gains; but the sur- 
roundings became too strong, and the trade bubble 
collapsed, with the result that much English money 
was lost. Holders, as well as speculative bulls, 
got rid of their warrants, and the price collapsed 
in an unprecedentedly short time. 

We need not dwell on the evil effects on legiti- 
mate trade of such proceedings. If pig-iron is 
forced to 10s. or 20s. a ton above its normal value, 
it means a corresponding weight on trade. All 
finished materials advance correspondingly, apart 
altogether from supply and demand. The specula- 
tive inflation of prices, too, produces an impression 
on the minds of the working classes, which is re- 
sponsible for demands and concessions in wages, 
not only in one class, but in all cases, and thus 
manufactures are made costlier, foreign competi- 
tion operates, consumption is restricted. No better 
instance of this can be found than in the sudden- 
ness with which the placing of shipbuilding orders 
ceased. 

It is, therefore, of the greatest importance that 
such speculation should be mitigated. We have 
already referred to the practical impossibility of 
repressing what we have termed legitimate specu- 
lation. It will be difficult to stop even the 
gambling. 

It is not enough to abolish the warrant market; 
because even where there is no such ring there is 
speculation. Cotton, grain, chemicals, even whisky, 
is bought without any desire—without even the 
ability—to consume it. Steel and malleable iron 
are also cases in point. It might be possible, by 
the disposal of public stocks, the closing of the 
stores, and the discontinuance of a market, to put 
an end to much of the speculation; but we fear the 
disadvantages would more than counterbalance the 
gain. Until human nature is so reformed as to 
dispense with the intoxicating excitement of the 
game of chance, borne up on hope, we must look 
for some other method than entire prohibition. 
Could not the proceedings of the market be regu- 
lated by law? In the case of Bank shares, for in- 
stance, it is enacted that a purchaser must take the 
shares bought off the market, so that he cannot buy 
unless he has the means and the desire to invest 
rather than speculate. This, of course, is to pre- 
vent the violent fluctuations common to many 
stocks, because such would not conduce to the 
equanimity of the depositor nor to the prosperity 
of the Bank. Of course it ron in another way, 
as the speculator readily finds the weak points in a 
balance-sheet, and may, therefore, save a tottering 
concern. This, however, is not applicable to pig- 
iron concerns, and we fancy that in this direction 
lies the reform needed to obviate the undoubtedly 
serious effects which the recent gambling in pig 
iron warrants have brought about. 





THE ROYAL SOCIETY SOIREE, 1890. 
In our last issue* we gave a brief summary of 
some of the principal objects of interest which 
were exhibited on the occasion of the annual con- 
versazione given at Burlington House on the 14th 
inst. by the President and Council of the Royal 
Society, and we continue the subject this week, 


* See ENGINEERING, page 599 ante. 





referring in greater detail to the event and to the 
scientific demonstrations which proved so attrac- 
tive to Sir George Stokes’s guests, among whem 
were men of eminence in every department of 
science, art, literature, and politics. 

In the tirst room Professor Burdon Sanderson, 
F.R.S., and Mr. G. J. Burch, showed experiments 
and photographs illustrative of the use of the 
capillary electrometer for investigating rapid changes 
of electrical potential ; these demonstrations were 
made by means of the limelight, the photographs 
and phenomena being projected on a greatly enlarged 
scale on the screen. The capillary electrometer em- 
ployed by Professor Burdon Sanderson is practi- 
cally the same as was devised by Professor Marey, 
which was itself a modification of that of Lippmann. 
Both these instruments we illustrated and de- 
scribed in detail nearly thirteen years ago.* The 
apparatus employed by Professor Burdon Sander- 
son is so extremely sensitive, and the electro- 
physiological phenomena investigated by him are 
so very minute, that special precautions have to be 
taken to eliminate local electrical action taking 
place at all points throughout the circuit which might 
vitiate the accuracy of the measurements, and with 
this object in view, non-polarisable electrodes are 
employed for placing the organic objects under 
examination into the circuit of the potentiometer. 
In the same room Dr. Augustus Waller exhibited 
the effect of electrical variations in the human 
heart as well as in that of the dog. 

Room No. 2 was exclusively devoted to geology, 
which on this occasion possessed a special feature 
of interest on account of the recent discovery of 
accessible coal in the south of England. The 
Director-General of the Geological Survey showed a 
series of specimens illustrative of deep borings in 
the south of England, including specimens from 
Richmond, Crossness, Kentish Town, Meux’s 
Brewery, Streatham, Turnford, Ware, Chatham, 
Gayton, Orton, Harwich, and Swindon, and on the 
wall of the same room was hung a large map on 
which the positions of the above borings were 
marked. Mr. Topley exhibited a sketch map show- 
ing the positions of the deep borings which have 
been made in the south of England and the pro- 
bable positions of the coal basins of the southern 
counties and of the north-west of France. 

The instrument exhibited in the Council Room by 
Mr.G.J. Symons, F.R.S., to which he has given the 
name Brontometer, and to which we briefly alluded 
last week, has been designed by Mr. Symons con- 
jointly with the eminent firm of meteorological 
instrument makers, MM. Richard Fréres, of Paris. 
This instrument may be described generally as a 
meteorograph designed for a special purpose, 
which is to record the various phenomena occurring 
during the passing of a thunderstorm. It consists 
of an accurately controlled chronograph, of which 
the recording paper travels at the rate of 6 ft. per 
hour, so that a time interval of a minute is repre- 
sented on the chronograph by a distance of nearly 
1jin. The cylinder is driven by a clock which is 
controlled by a very sensitive centrifugal governor, 
and makes on the paper an indication every 
minute by a deflection of the time pen. The velocity 
of the wind is continuously recorded at another 
point on the cylinder by a revolving anemograph, 
and the atmospheric pressure is recorded by another 
pen which is controlled by a sort of aneroid baro- 
meter of extraordinary sensitiveness ; so delicate, 
indeed, is this part of the apparatus, that each 
variation of pressure represented by a rise or fall 
of an inch in the mercurial column is recorded on 
the paper by a distance travelled beneath the 
pressure pen of no less than 30 in. or 3 in. 
for every tenth of an inch variation in barometric 
reading ; the pressure scale of the instrument being 
three times that of the glycerine barometer. In 
addition to the automatic records to which we have 
just referred, there are two keys which control as 
many recording pens ; the depression of a key by 
hand causing a lateral displacement of its corre- 
sponding pen. One of these keys marks the 
instant that a flash of lightning is observed, while 
the second marks the commencement and duration 
of each clap of thunder, by which the distance of 
the point of discharge from the place of the observer 
may be calculated with extreme accuracy, and the 
relative motion of the storm centre may be esti- 
mated. In addition to these two keys are two small 
levers moving over graduated arcs, their corre- 
sponding pens being by them more or less displaced 








* See ENGINEERING, vol. xxiii., page 453, 
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laterally according to the position of their re- 
spective levers, each on its own arc. The first 
of these enables the observer to record on the 
paper the commencement, variation in intensity, 
and termination of rain, while the other performs 
the same operation for hail. As all these records 
may simultaneously be made on one sheet of paper 
having a time scale of .02 in. per second, it follows 
that the whole history of a thunderstorm, second 
by second, may be registered by this instrument 
with an accuracy that has never before been 
attempted. We may add that the apparatus dis- 
plays that perfection of workmanship and finish 
which characterises all the instruments constructed 
by MM. Richard Fréres. 

Professors Riicker and Thorpe exhibited maps 
illustrating the magnetic surveys of certain districts 
of the British Isles, which they have been con- 
ducting, and which formed the subject of a paper 
read by them before the British Association at 
Newcastle last year.* In these maps the horizontal 
disturbing forces are represented, both in magnitude 
and direction, by arrows of greater or less Tests, 
and the vertical disturbing force is given by figures 
in terms of 0.00001 C.G.S. units, those which have 
a downward direction being called positive. 

The highly interesting experiments which were 
shown by Mr. C. Boys, F.R.S., to which 
we briefly alluded last week (page 599 ante), were 
described by him before the Physical Society at its 
meeting of the 2nd of May, and were also described 
by us in our last issue in our report of that meeting. + 
The first of these demonstrations was a thauma- 
trope in which photographs of the various phases 
passed through by a drop of water from its forma- 
tion and breaking away from its support to its fall- 
ing and being absorbed into the water below, were 
rotated and observed in a mirror through the 
rapidly passing orifices in the thaumatrope disc. 
The effect of forming and falling !liquid drops was 
exactly reproduced, and demonstrated the extreme 
accuracy with which the series of instantaneous 
photographs was produced. The method of pro- 
ducing these pictures is thus described by Mr. 
Boys: Water-drops $ in. in diameter are allowed 
slowly to form and break away in a liquid of slightly 
lower specific gravity, namely, a mixture of paraftin 
and bisulphide of carbon. Photographs of these 
are taken in the following manner: they are 
illuminated by an elecric arc and large condensing 
lenses ; a camera is placed in front and the view 
is rendered intermittent by a card disc with one 
hole near the edge made to rotate at from fourteen 
to twenty revolutions per second. The exposure is 
about gh th part of a second. A photographic 
plate about 40 in. in length is fixed in aslide which 
’ can be drawn past the lens by hand. The thauma- 
trope was constructed by attaching the several pic- 
tures of the series to a card disc, and afterwards 
painting the surface black and white, following the 
outlines of the photographic picture. When this 
disc is rotated in front of a looking-glass and its 
reflection observed through orifices pierced through 
it, the whole history of a liquid drop may be 
studied in a most viiihdliiatie manner; there 
is first the gathering of the drop, which gra- 
dually lengthens, then a slight constriction is 
formed which diminishes to a mere thread of 
liquid ; the next picture shows the thread broken 
and the drop detached, followed by a retractation 
of the supporting drop, which throws off a minute 
spherule which is the remains of the broken thread. 

he drop falls and during its descent is thrown into 
pulsating vibration varying from a vertical to a 
horizontal ellipsoid passing through a spheroidal 
stage and the pendent drop simultaneously vibrates 
as if it were a weighted spring. A further and 
perhaps more unexpected result follows the falling 
into the water of the detached drop, for it rebounds 
and vibrates in a similar manner to the pendent 
drop at the top. These phenomena are all repro- 
duced in the most realistic manner when the photo- 
graphs so produced are examined with the aid of the 
thaumatrope. 

In the oscillating spark experiment which we 
briefly described in our last notice, the lenses by 
which the drawn-out image of the spark is pro- 
jected on the screen (see pages 599 and 607 ante) 
are six in number, and are mounted, in two sets of 
three each, around a disc which by suitable gearing 
can be rotated at a velocity of 300 revolutions per 
second, so that the lenses follow one another in 

* See ENGINEERING, vol. xlviii., page 421. 
+ Ibid., page 607 ante 





front of the spark at a speed of 1800 per second. 
The two sets of lenses are fixed to the disc at dif- 
ferent distances from its centre, so that the images 
formed by them on the screen do not overlap but 
are projected as two concentric bands of light which 
are not continuous, but are made up of luminous 
patches of light with dark spaces between, showing 
the oscillatory character of the spark. These ex- 
periments of Mr. Boys proved the greatest attrac- 
tion of the evening, and the portion of the Council 
Room in which they were exhibited was crowded the 
whole evening until midnight. 

In the Great Library, Professor Marshall Ward, 
F.R.S., exhibited a highly-interesting and im- 
portant series of transparent photographs showing 
the habits and peculiarities of various trees from 
different parts of the world, the comparative struc- 
ture and anatomy of a large number of timber 
trees from Europe, and some of the more prominent 
features of diseases in timber trees and the fungi 
by which some of these diseases are caused. 

Mr. Shelford Bidwell, F.R.S., attracted con- 
siderable attention by his very beautiful demon- 
stration of the electrification of a steam jet which 
he showed to the Physical Society in December last.* 
In this experiment a small boiler supplies steam to 
a fine jet, and close to the orifice is fixed a little 
group of needles, which are in connection with one 
of the conductors of a Wimshurst influence machine, 
and, by means of a beam of limelight, a shadow of 
the steam cloud is projected on a white screen. 
Under ordinary conditions this shadow is of a 
neutral grey tint, and of feeble intensity, being at 
times almost invisible ; the moment, however, that 
the machine is set into action the steam is electrified 
by a brush discharge from the needles, and at the 
same instant the shadow becomes dense and well 
defined and at the same time assumes a reddish- 
brown colour. The instantaneousness of the effect 
is well demonstrated by allowing a succession of 
short sparks to pass between the two terminals of 
the Wimshurst machine, when the changes in the 
shadow of the jet take place synchronously with 
the snapping of the sparks. 
butes the phenomena to a sudden coalescence of the 
minute particles of water constituting the visible 
jet under the influence of the electrical discharge, 
whereby larger globules are formed which obstruct 
the more refrangible rays of light. There is a most 
remarkable analogy between the effect produced 
and the darkness and lurid red glow which charac- 
terises thunder-clouds. 

Mr. Killingworth Hedges exhibited specimens of a 
compound of carbon and steatite, to which the name 
‘*Carboid” has been given, and which is claimed to 
be suitable for bearings of machinery and to require 
no oil. Mr. Hedges showed a Gramme electric 
motor and some small machines fitted with bearings 
made of this composition. 

A very interesting contribution to the interest of 
the evening was made by Lord Rayleigh, one of the 
Secretaries, who showed an instrument for testing 
colour vision. On looking into the eye-piece of the 
instrument two small rectangular patches of coloured 
light may be seen one above the other and in juxta- 
position ; the lower of these patches is an in- 
variable standard, and is of an orange-brown tint, 
while the other by the turning of an index, moving 
on a divided arc, may be made of any proportion 
of a mixture of red and green, the upper patch being 
green at one end of the range of the index and red 
at the other. The lower or standard tint derives 
its light from a prism reflecting the light of a lamp 
which is placed opposite a tubulure projecting from 
the side of the main tube of the instrument, and the 
variable tint is a mixture of the two coloured 
beams produced by a double image prism, the 
plane of polarisation of one being perpendicular 
to that of the other, and the rays are coloured by 
being passed through films of selenite. The 
mixture is observed through a Nicoll’s prism, which 
forms the eye-piece, and by the rotation of which 
the proportion of the two colours is determined. 
Lord Rayleigh exhibited, also, the polarisation of 
light by means of crystals of chlorate of potash. 
Dr. Alexander Hodgkinson showed also a collection 
of iridescent crystals of chlorate of potash illus- 
trative of the production of colour and its intensi- 
fication by reflection from multiple thin plates. 

Mr. Walter G. Gregory exhibited what he calls 
an electric radiation meter for obtaining quanti- 
tative measurements of the intensity of the radia- 
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tions emitted by an electric oscillator, by what is 
known as the Hertz effect. In this instrument a 
fine platinum wire is stretched through the middle 
of a long glass tube, being firmly attached to 
the tube at one end, while the other is attached to 
a fine helical spring made by winding a thin metallic 
ribbon round a cylinder ; as the wire elongates the 
spring rotates, its motion being magnified by a 
small mirror attached to it which reflects ona scale 
the image of a brightly illuminated wire. Although 
the platinum wire is unconnected with any source 
of electricity, the Hertz effect induced in it from 
the distant vibrator is sufficient to heat it to such 
an extent as to move the image of the spot of light 
a considerable distance on the scale. Mr. Gregory 
found that to produce an equal deflection by a bat- 
tery current transmitted through the wire a current 
must be maintained in it of an electromotive force 
of half a volt, in addition to that required to over- 
come resistance of connections and of the parts of 
the apparatus. 

A curious exhibition wascontributed by Mr. W. B. 
Croft, who showed a series of breath figures produced 
on plates of glass by placing coins and other bodies 
in low relief against them for a few seconds and then 
breathing on the surface. After the object has 
been removed an impression of the detail of the 
object is thereby made visible. Mr. Croft showed 
a pair of glass plates which had been placed one 
on each side of a paper printed on one side only. 
After ten hours’ ‘‘exposure” the print appears 
in white letters on both plates. A number of ex- 
amples were shown, in some of which the aid of 
electricity had been brought in. 

Professor Sylvanus P. Thompson exhibited a very 
useful piece of polarising apparatus, which he calls 
an optical rotator, which is intended to be 
used in conjunction with certain polarising ap- 
paratus, such as mirrors and such prisms as 
cannot be rotated bodily without being moved out 
of the axis of the beam of light. The object of the 
instrument is for rotating the plane of polarisation 
in such cases, and consists of two quarter-wave plates 
of mica, one of which is fixed at an angle of 45 deg. 
across the beam of plane polarised light which is 
thus converted into a beam of circularly polarised 
light. The second quarter-wave mica plate, which 
can be rotated by any of the ordinary methods, re- 
converts the circularly polarised beam into plane 
polarised light vibrating in any desired azimuth. 
Dr. Thompson showed also some interesting and 
very eae colour experiments made by a series of 
bottles, each of which contained two unmixable 
liquids greatly differing in specific gravity, and the 
one dyed to the complementary colour of the other. 
Although each colour is transparent by itself, the 
two together are perfectly opaque, which may be de- 
monstrated either by placing a bottle containing the 
one colour behind one containing the other, or by 
violently agitating the two together ; thus, in a bottle 
having a solution of aniline green in amyl alcohol 
floating on water dyed with aniline red, both were 
quite transparent, but when mixed together the 
contents of the bottle became black and perfectly 
opaque. If left to themselves the two liquids 
separate again in a few minutes and the experiment 
may be repeated. Dr. Thompson exhibited also a 
natural diffraction-grating of quartz, the spectrum 
of which is similar to that produced by a grating 
ruled to 12,000 lines to the inch; for the sake of 
comparison a ruled diffraction grating having 6000 
lines to the inch was placed side by side with the 
specimen of quartz. 

Professor W. C. Roberts-Austen, F.R.S., whom 
the Queen is about to make a C.B., showed an 
experimental demonstration of the recent investiga- 
tions of M. Osmond on the molecular changes which 
take place during the casting of iron and steel. 
When a piece of mild steel containing 0.5 per cent. of 
carbon is heated to a temperature of 1100 deg. 
Cent., and allowed to cool, the cooling process 
passes through two points at which heat is evolved ; 
the first of these occurs when 750 deg. Cent. is 
reached (marking the change of £ or hard iron to 
a or soft iron), and the second critical point is 
reached at 660 deg. Cent., which is due to a change 
in the relation of the carbon to the iron. Professor 
Roberts-Austen demonstrated this phenomenon by 
a thermo-electric method. Within a little tube of 
mild steel was the junction of a thermo-electric 
couple, the free ends of which were kept at a 
constant temperature by being immersed in a 
vessel of water whose temperature was constant, 
and wires leading to a reflecting galvanometer 
enabled every change in the temperature of the 
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junction within the iron tube to be indicated by the 
movement of the spot of light on the galvanometer 
scale. The iron was heated by a blow-pipe flame 
to a temperature above the higher critical point and 
allowed to cool, and the phenomenon was observed 
by the movement of the spot of light on the scale. 
As the cooling goes on, the spot slowly creeps along 
the scale, its motion becoming slower as the first 
critical point is approached, stopping dead when it 
is reached, and immediately after the direction of 
its motion is reversed and it moves back a few 
divisions, showing an evolution of heat, comes 
again to rest, and then continues its normal direc- 
tion until the second critical point is reached, when 
a similar phenomenon occurs. These phenomena 
will recall to many of our readers the beautiful 
experiments shown last year by Professor Roberts- 
Austen at Newcastle, when dealing with the 
effects of recalescence in his lecture before the 
British Association on the Hardening and Temper- 
ing of Steel.* 

The Royal Meteorological Society exhibited some 
interesting photographs of lightning flashes taken 
in a camera held in the hand and swayed to and fro 
during the storm of the 9th of June last ; the photo- 
graphs exhibit double and multiple flashes perfectly 
parallel to one another. The Society had also a 
set of photographs showing the devastation caused 
by the great tornado which visited Rochester in 
Minnesota on August 21, 1883. In one of these 
photographs a horse is shown impaled by a large 
branch of a tree, which had, by the force of the 
wind, been blown through his body, and in another 
a picture was given of blocks of bark into which 
pieces of straw had been driven end-on like so 
many nails driven in by a hammer. 

Professor W. Grylls Adams, F.R.S., exhibited a 
very beautiful polariscope for measuring the angles 
between the optic axes of biaxial crystals. In this 
instrument the crystal under examination is fixed 
at the centre of a sphere of motions, to which the 
optical part of the instrument can be adapted ; that 
is to say, every conceivable motion can be given to 
the polarising apparatus moving round the crystal in 
azimuth, or in vertical planes perpendicular to one 
another, or rotating on its own axis, by means of 
milled head adjustments; the line of collimation of 
the apparatus always passing through the centre of 
the crystal. It would be impossible to give a clear 
description of this beautiful instrument without the 
aid of drawings illustrating the various mechanical 
motions. 

An especially interesting and important exhibit 
was that of MM. Richard Fréres, the eminent re- 
cording instrument makers of Paris, who, it 
will be remembered, exhibited among the Instru- 
ments de Précision at the Paris Exhibition a series 
of instruments which continuously and auto- 
matically recorded the various meteorological phe- 
nomena taking place on the summit of the Eiffel 
Tower, with which they were in electrical commu- 
nication. MM. Richard Fréres, at the Royal 
Society, exhibited a continuously recording hair 
hygrometer. In this instrument, which is an ela- 
borated development of Saussure’s hygrometer, the 
expansion or contraction of a bundle of hairs under 
the influence of variations in the humidity of the 
air raises or lowers a pen, which traces its record 
on a paper-covered cylinder making a revolu- 
tion in twenty-four hours. We may point out that 
the hair hygrometer occupies an important posi- 
tion among humidity meters, for the reason that it 
is capable of working satisfactorily at temperatures 
near that of the freezing point of water—a tempera- 
ture at which most other hygrometers are useless. 
MM. Richard Fréres exhibited also a series of 
curves drawn by the anemometers atthe top of the 
Eiffel Tower, side by side with curves produced by 
similar instruments fixed at the Bureau Central. 
A comparison of these curves shows that the average 
velocity of the wind at the top of the tower, at a 
height from the ground of 994 ft., is about three 
and a half times what its mean velocity is at a 
height of 66 ft.; and a far more remarkable fact 
is brought out by comparing the two sets of 
curves, namely, that the greatest average velocity on 
the top of the tower is attained at eleven o’clock at 
night, while at the lower level, as has hitherto been 
observed elsewhere, the maximum velocity takes 
place at one o’clock in the afternoon, so that the 
times of maximum and minimum velocity are almost 
exactly reversed. 

It is impossible within the limits of an article to 
do justice to the various objects of interest shown 
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at the Royal Society, or even to refer to all of them, 
but we have said enough to show that a feast of 
intellectual enjoyment was provided for Sir George 
Stokes’s guests. 





THE JUBILEE OF THE PENNY POST. 

THE jubilee of the penny post was celebrated 
last Friday night by a conversazione at the Guild- 
hall, London. The Prince of Wales was present, 
and there were besides over 2000 guests. To add to 
the interest of the occasion, a large number of 
objects illustrating the rise and growth of the pre- 
sent postal system were exhibited, while a branch 
district post office was established in the hall, all 
the operations of stamping, sorting, and despatch- 
ing letters being performed under the eyes of the 
guests. As this office was only to be open three 
days, great interest attached to it, and thousands 
of people took the opportunity of posting letters 
there in order to get them marked with the can- 
celling stamp. Special postcards were issued at 
sixpence each, and although 20,000 were printed, 
they were selling on Saturday at prices varying 
from 5s. toll. A very good collection of prints 
and paintings had been got together, illustrating 
incidents connected with the past, principally in 
the days of the four-horse coach. In contrast 
to these there was shown a working model, 
one-fourth actual size, of a pair of railway 
mail vans. These ran on rails, delivering and 
receiving mail bags as they passed the station. 
Close by was a full-sized apparatus (without the 
van) of the most recent type. The increase 
in speed of trains has rendered it desirable to 
detach the mail bags from the posts at the sta- 
tions and from the vans with greater readiness 
than was formerly the case. The bag of letters, 
weighing 40 lb., is tightly strapped up within a 
strong leather cover, making it into a very compact 
parcel. If it is to be delivered into the mail van, 
it is suspended by a single leather strap from a 
fixed post in the station. At the end of the strap 
isa plate having a bored hole through it ; this hole 
is threaded on to a pin projecting from an arm on 
the post, and is secured by a light spring plate 
which folds over it. As the forward part of the 
train flies past the post the wind it creates tends to 
draw the mail bag forward, but this motion tilts 
the plate on the pin, and causes it to jam so that 
it cannot slide. Anarm on the van then strikes 
the strap just below the plate, and knocks it off the 
pin with the greatest ease. The bag drops into the 
net which has been folded down to receive it ; the 
net forms a sloping and curved path which directs 
the bag through a door in the side of the van and 
delivers it on tothe floor. By this arrangement the 
bag is accelerated gradually ; it drops vertically into 
the net, and rolls down its slanting bottom with 
very small shock. Several bags can be collected in 
this way one after the other. For the delivery 
of bags there is an arm at each side of the van door, 
and thus four bags can be delivered from a van 
almost at once. They drop into a fixed net, 
which also slopes away gradually to one side, so 
that the bags can follow each other with the greatest 
rapidity. The delivering arms can be turned into 
the van for the bags to be affixed, and then turned 
outwards to project over the platform. 

The jubilee of the electric telegraph was cele- 
brated in 1887, while its jubilee as a part of the 
postal system of this country is still far in the 
future. Nevertheless it was pressed into service 
to grace the occasion, and was certainly the most 
interesting part of the display. The instruments 
were arranged so as to give the general visitor an 
idea of the rapid increase in the speed of telegraphy 
which has taken place with the last fifty years. 
The earliest instrument shown is Cooke and Wheat- 
stone’s four-needle telegraph, dated 1838. This 
was an improvement on the five-needle instrument, 
as it required one less wire for its manipulation. 
Near to this was a double-needle instrument, re- 
quiring two wires, or only half as many as the 
former. The next step in the progress was the 
single-needle telegraph with one wire. Several 
forms of this are shown, as Hughes’s (1848) and 
Dering’s (1852); it is an instrument still very 
largely used, and good speed can be made with it. 

When the condition of one wire for one message 
was reached no great increase of speed in telegraphy 
took place for several years. The next advance 
was the introduction of the Wheatstone automatic 
transmitter, the object of which was to take advan- 
tage of the full capacity of the wire and the receiv- 





ing instrument, by severing the sending clerk from 
the sending instrument. In sending a message by 
a key in the Morse code it is good work to despatch 
forty words a minute, although the wire and the 
receiving instrument, whether the latter be an ink 
writer or a sounder, can deal with many more. 
Wheatstone therefore arranged that the clerk 
should first punch out the message on a paper 
ribbon, and that this should be fed through the 
sending instrument at a rapid rate. The Post 
Office authorities have spent great pains in improv- 
ing this apparatus, and raising its rate of working, 
“— they showed it in full operation at the Guild- 

all. 
The following Table shows the development it 
has experienced : 


Words per Speed to 

Yeare. Minute. Treland. 
1870 80 50 
1875 100 70 
1880 200 150 
1885 350 250 
Now 600 462 


The transmitter sends positive and negative cur- 
rents alternately, the former making dots and 
dashes, and the latter making spaces on the receiv- 
ing ribbon. In an early form of transmitter the 
reversing of the current was effected by a commu- 
tating arrangement, which involved time, and 
which could not exceed a frequency of 48 reverses 
per second, or 120 words per minute. It was a 
very rapid double-current key using one battery. 
In 1883 this plan was modified, and a divided battery 
was used, earth being in the centre. The possible 
speed was thus increased to 300 words a minute. In 
1886 a new contact was devised requiring only one 
battery, and 240 reversals per second, or 600 words 
a minute were attained. Sparking was at the same 
time reduced by switching out the galvanometer 
while working, and by the use of small condensers. 
The receiver has been remodelled ; it is now driven 
by a weight, and has a governor by which its speed 
can be varied from 25 words a minute upwards. 
In general principles it is a Morse ink-writer, but 
all the moving parts are very light. An inking 
wheel runs in the reservoir ; touching the surface 
of this is a tiny writing wheel constantly driven by 
clockwork. Each time a dot or dash is to be made 
the writing wheel is moved forward from the ink- 
ing wheel and pressed against the paper ribbon for 
a fraction of a second. 

Although the automatic instrument will work up 
to 600 words a minute, 450 words are about the usual 
speed. But as the length of the line increases the 
speed diminishes, and consequently the longer 
lines are divided into sections, and repeaters are 
placed between the sections to forward the mes- 
sages from one to the other. The high-speed re- 
peater comprises all the functions of two trans- 
mitters and two receivers. In 1887 there were 
repeaters at Haverfordwest, Nevin, and Anglesea 
on the Irish line, at Leeds, Manchester, Bristol, 
Preston, and elsewhere. It is customary to send 
such news as political speeches to several large 
towns simultaneously from the central office in 
London, the instruments being arranged in series, 
or as shunts with repeaters. Thus for a single 
transmitter the same message will be sent simul- 
taneously to Leeds, Newcastle, Edinburgh, Glas- 
gow, Dundee, and Aberdeen. 

The automatic system enables the full capacity of 
a wire to be utilised by eliminating the slow work- 
ing human agent. There are, however, other 
methods by which a great proportion of the carry- 
ing power of a wire can be turned to account. 
Three methods were shown in operation at Guild- 
hall, the duplex, quadruplex, and the multiplex. 
The latter was formerly known as the Delany 
system, before it was modified and improved by the 
officials of the postal telegraphs. A full description 
of it will be found in our forty-first volume at page 
494, and in our forty-second volume at pages 309 
and 333. For the benefit of those of our readers 
who are not familiar with the principle of the 
multiplex apparatus we will briefly describe it. 
At each end of the wire, say at London and Bristol, 
there are six operators engaged in transmitting or 
receiving messages, No. 1 in London being in 
communication with No. 1 at Bristol, No. 2 with 
No. 2, and so on. There are thus six messages 
in course of being transmitted at once ; it may be 
that all the messages may be going in one direction, 
or part in one and part in the other. Yet the 
signals are not superposed on one another. When 
a clerk sends a signal he has the sole use of the 
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wire for a minute fraction of a second, and as the 
wire can carry the signal many times faster than he 
can work his key, all his five colleagues have 
ample time to send their signals before he is ready 
with his next. Seventy-two times every second 
the line is automatically joined up to each pair of 
instruments at London and Bristol, and it remains 
in connection 735 part of a second, during which 
time the signal flies. It is not necessary that the 
signal shall be completed in this time; the receiving 
instrument is not quick enough in its action to 
complete its motion in this short interval, and 
hence so long as the sending key is kept down, 
so long will the receiving magnet remain con- 
stantly energised. The mechanism is comparatively 
—: at each end of the line is a circle of 144 
working contacts; the first, seventh, thirteenth, 
and so on, is connected to the first instru- 
ment; the second, eighth, fourteenth, and so on 
to the second, and so on. Thus each instru- 
ment is connected to the circle of contacts twenty- 
four times at equal intervals. Over the contacts 
there moves a brush connected to a radial arm, 
which is itself connected to the line, and is driven 
at a steady rate by an electric motor. As long as 
the motors at each end of the line work in exact 
synchronism all goes well. As, however, indepen- 
dent motors could not be relied upon to keep in 
absolute step, correcting appliances are introduced. 
The two motors have each their speed governed by 
a vibrating reed, these reeds being adjusted as 
nearly in unison as possible. Should one motor 
get behind the other it sends a current from a subsi- 
diary contact through the line to an electro-magnet 
placed over the other reed. The reed, vibrating in 
a magnetic field, is slowed, and the motor is delayed 
a little. In this way absolute uniformity is secured, 
and so long as the motors move together the subsi- 
diary contacts at the two ends are never touched 
together, so that no correcting current is sent. 

The duplex system was the first attempt to in- 
crease the usefulness of a wire by sending messages 
in both directions simultaneously. It has been in 
use several years and is well known. The quadru- 
plex is an improvement on this, and enables two 
messages to be sent in both directions at the same 
time. It would require the aid of diagrams to 
make the action clear, but the general prin- 
ciple is readily understood. At both ends of 
the line there are two receiving instruments ; 
one of these is caused to move by an increase of 
current, and the other by a reversal of current. 
Now, if at the other end two operators are sending, 
one with a current of which he can only vary the 
volume without stopping it, and the other with a key 
which can only reverse the current, be it large or 
small, it is evident that the two instruments will 
each respond to its proper key and not to the other. 

It is noticeable that the duplex, quadruplex, and 
multiplex telegraphs all work ‘‘sounders,” and not 
recording apparatus. The use of sounders is almost 
entirely confined to England and America, and is 
scarcely known on the Continent. Therethe Hughes 
printing apparatus is in vogue, and it is conse- 
quently employed in messages sent from here to 
the Continent. At the Guildhall a printer was 
working to Berlin, and messages could be sent and 
received. A speed of about thirty words a minute 
is made with this instrument, rather less than each 
operator can maintain easily on the single, duplex, 
quadruplex, or multiplex lines. The type wheel 
is kept running constantly by a mechanical motor, 
the speed of which is governed by a kind of reed, 
a steel bar bent into a helix, and fixed at one end. 
The other end is weighted adjustably and rotated. 
This of itself would not give exact synchronism, 
and further accuracy is obtained by setting the 
type wheel right each time it is stopped, much in 
the same way that the hands of a synchronised 
clock are adjusted. 

One of the most interesting exhibits in the hall 
was Higgins’s column printing te!egraph. In its 
original form as a tape printing instrument it is 
well known, and intelligence transmitted by it can 
be seen posted in most clubs, hotels, and stock- 
brokers’ offices. The improvements which have 
been made by the inventor enable it to print the 
messages in a column resembling the work of a 
typewriter. This renders it much more convenient 
to read, particularly when in the hands of a com- 
positor. Twenty or more of these instruments are 
worked in series on a single wire, and thus, in 
another fashion, the capacity of a wire is fully 
utilised, fur its message is delivered simultaneously 
in twenty different places. 








The transmitter comprises an electric motor 
which rotates a commutator so arranged that it 
delivers 3800 alternate electric impulses per minute 
into the line. Each impulse energises an electro- 
magnet in the receiving instrument, and attracts 
or repels the armature. This armature is con- 
nected to the escapement of a clockwork train, 
the escapement being so designed that the 
train cannot keep it in vibration without some 
assistance from the magnets. The clockwork pro- 
vides the greater part of the energy for driving 
the instrument, the current just helping the 
escapement over the centre, to borrow an analogy 
from the steam engine. As long as the commutator 
runs, the type wheels in all the receiving apparatus 
are kept constantly rotating. Each time a letter is 
to be printed the commutator is stopped ; to this 
end it is mounted on a shaft from which project 
as many pins as there are characters in the piano- 
like akecul. The pressing of a key raises a 
catch which engages with one of the pins on 
the shaft, and stops it in a particular position. 
The commutator is thus arested and sends a con- 
tinuous current, which arrests the clockwork and 
type wheel in each printing apparatus, while it 
energises two magnets, which operate the print- 
ing mechanism, that is, they cause the paper 
to be moved forward against the type wheel. As 
soon as the piano key is released the paper moves 
back and the type wheel is carried sideways 
the width of a letter. This is done by a guide 
screw turned by a pawl and ratchet wheel. When 
the next key is pressed the same process is repeated, 
and soon. The printing magnets are not affected 
by the rapid alternate currents sent into the line 
by the commutator, and it is only when this is 
stopped and and a long current is sent that they 
come into action. When the sender sees from 
the dial before him that he has sent enough letters 
to form a line he touches a particular key which 
stops all the printing apparatus at a point where 
the driving and retaining pawls are lifted out of the 
wheel which turns the guide screw. Now every 
time this screw had been rotated to move the type 
wheel to the right it had partly wound up a spring, 
and consequently when the screw is released the 
spring rotates it in the opposite direction and 
carries the type wheel back to the starting point. 
At the same time a justifying device sets all the 
wheels in unison if any of them should have been 
displaced. The paper is raised the width of a line 
at the same time the type wheel is put back. The 
entire apparatus is most ingenious and displays great 
mechanical ability. The printing is exceedingly 
clear and good, and the instrument is sure to become 
widely used. 

We have not the space to notice all the historical 
a shown at the Guildhall, such as Siemens 
A B C instrument, Wheatstone’s A B C instrument, 
Henley’s magneto telegraph, the early Morse re- 
corder, Bright’s bell telegraph, and others. We 
have been obliged to content ourselves with an 
attempt to show how the capacity of the wires has 
been increased. This has been a question which 
has been very closely studied in this country, far 
more so than on the Continent, and our postal tele- 
graph can deal with press news with a celerity not 
attained in any other part of the world. 





NOTES. 
THE Ratinc oF MACHINERY. 

Tue Bill ‘‘To amend the Law Relating to the 
Rating of Machinery ” was read a second time on 
April 16, as was mentioned in our article (see page 
483 ante) on that subject. The committee stage of 
the Bill has been postponed to Wednesday, June 
18, and its opponents are making the best of the 
interval to organise their forces. The Bill has 
already been three years before Parliament, 
and if this opportunity be lost, it may be 
long before another, equally favourable, can be 
found. It is, therefore, necessary that all persons 
who own or work machinery, or who are interested 
in the production of goods at a cheap rate, should 
do everything in their power to aid the Bill. The 
readiest way is to write to their member urging him 
to be in his place on June 18th, and to vote in sup- 
port of the measure. The National Society for the 
Exemption of Machinery from Rating, of 22, 
Buckingham-street, Adelphi, London, has prepared 
a petition to be signed by mechanics and other 
employés in manufactories, setting forth that the 
imposition of local rates reduces their ability to 
meet foreign competition, and copies of these peti- 


tions should be obtained, and when signed sent to 
the local member for presentation. The experience 
of Messrs. Gifford, Fox, and Co., whose assessment 
was raised from 2971. to 10971. by the inclusion of 
their machinery, should prove a spur to action to 
all manufacturers. 


ELectric LAUNCHES AT THE EDINBURGH 
EXHIBITION. 

Propulsion by electricity is effectually demon- 
strated at the Edinburgh Exhibition. The site 
favoured this, as it is skirted by the Union Canal, 
and four launches are running on the canal. These 
were designed by Messrs. Morton and Williamson, 
Glasgow, and built by Messrs. T. B. Seath and 
Co., Rutherglen. The dimensions are 40 ft. long, 
6 ft. 6in. beam, and the draught of water is 
2ft. lin. They each carry forty passengers. The 
electrical equipment has been supplied by Messrs. 
M. Immisch and Co., London, and is similar to 
that used on the Thames launches. The charging 

lant consists of a 25 horse-power engine and an 

mmisch dynamo, and the switch arrangement is 
suitable for charging all the four launches at the 
same time. The recharging is done during the 
night and the launch can run ten to twelve hours. 
The motors are capable of an output of about 3} 
brake horse-power, working up to 800 revolutions 
per minute, and the speed with the maximum load 
on board is six miles an hour. The propellers are 
coupled direct to the motor shafts. A ball-bearing 
thrust block is attached to the motor’s bed and is 
constructed in combination with the plain bearing 
of the motor. This is the invention of the Messrs. 
Immisch and has been patented by them. The 
steering, starting, and reversing gear is so arranged 
that one man has the launch entirely under control. 
These, so far as we can learn, are the first electric 
launches which have been worked commercially 
in Scotland. 


THe Tusutar Lock SynpicaTE. 

We had on Tuesday last an opportunity of in- 
specting the works which have recently been estab- 
lished by the Tubular Lock Syndicate, Limited, in 
Middlesex-street, Aldgate, and of witnessing the 
manufacture of the very ingenious and excellent 
tubular locks which are made under the patents of 
Mr. F. J. Biggs, the inventor. The works occupy 
four floors of a new building, and are driven by a 
six-horse Atkinson gas engine ; on the basement 
there are the stamping presses and heavier kinds 
of machines, and on the other floors are the various 
machine tools for drilling, stamping, fitting, and finish- 
ing the separate parts of locks under manufacture. 
There are also electro-depositing troughs for nickel- 
plating theexposed portions of the locks, the current 
being supplied by an Elwell-Parker machine. The 
design and construction of these locks are very 
simple and ingenious, their principal feature lying 
in the fact that they can be fitted to a door by any 
unskilled person by means of a stock and screw- 
bit. The whole of the working parts are contained 
within a cylindrical tube or case, which has only to 
be pushed into a hole bored into the edge of the 
door by a screw-bit which can be obtained from 
the company or elsewhere. With the locks are 
supplied a screw-bit guide, which is temporarily 
attached to the edge of the door, whereby che bit is 
compelled to bore the hole perpendicular to the 
edge of the door, and a template by which the posi- 
tions of the keyhole and spindle-hole are accu- 
rately marked for piercing. Both the fore-plate 
and striking-plate are so formed that three tangent 
circles (their centres lying in the same straight 
line) made by the same screw-bit produce the exact 
incision for inserting both the plates. We hope 
before long to illustrate and describe this very in- 
genious and economical lock in detail. We may 
mention that Sir George Hayter Chubb is the 
chairman of the company formed for working the 
invention. 








ROYAL METEOROLOGICAL SOCIETY. 

THE usual monthly meeting of this Society was held on 
Wednesday evening, the 21st. inst., at the Institution of 
Civil Engineers, 25, Great George-street, Westminster, 
Mr. Baldwin Latham, F.G.S., President, in the chair. 
Mr. W. Friese-Greene and Mr. F. H. Phillips were 
elected Fellows of the Society. The following papers 
were read ; 

a3 +o of the Globe,” x Mr. W. B. Tripp, 
M. Inst. C.E., F.R. Met. Soc. This was a comparative 


chrenological account of some of the principal rainfall 
records. Theearliest record is that of Paris, which com- 
menced in 1689. The English records began in 1726. 
The rainfall observations in the southern hemisphere do 





not extend over a very long period; at Adelaide they 






















































































May 23, 1890.] 


ENGINEERING. 


631 








were commenced in 1839, but they do not go back further 
than 1866 for New Zealand. The greatest fall in any 
particular year at the stations given by the author was 
160.9 in. at St. Bernard in 1839, and the least, 3 in., at 
Sandiego, in California, in 1863. By combining the sta- 
tions in the northern and southern hemispheres the 
author finds that in recent times the years with the 
highest average rainfall were 1878, 1879, and 1883, and 
the years with the lowest average were 1854 and 1861. 

2. “‘ Mutual Influence of Two Pressure Plates upon each 
Other, and Comparison of the Pressures upon Small and 
a Plates.” By Mr. W. H. Dines, B.A., F.R. Met. 


joc. 

3. ‘On the Variations of Pressure caused by the Wind 
Blowing Across the Mouth of a Tube.” By Mr. W. H. 
Dines, B.A., F.R. Met, Soc, 

In these two papers the author gives the results of 
some experiments on wind pressure which he has made, 
mostly on a whirling machine at Hersham, Surrey. 
From these experiments it seems probable that a decrease 
of pressure per square foot with an increase of size of 
plate may be taken as a general rule. 





LAUNCHES AND TRIAL TRIPS. 

On Saturday, the 3rd inst., there was launched from 
the Shipbuilding, Engineering, and Repairing Works of 
Messrs. T. R. Oswald and Co., Limited, a steel screw 
cargo steamer named the Cookham, and of the following 
dimensions: Length extreme, 261 ft.: breadth, 32 ft. 6 in. ; 
depth, 21 ft., and capable of carrying a deadweight cargo 
of 2400 tons. The engines are of the triple-expansion type 
having cylinders 194 in., 29 in., and 55 in., in diameter, 
with a stroke of 36in. Steam is supplied by two extra 
large steel boilers working at a pressure of 160 1b. per 
square inch. 





A new tank steamer, built at Lindholmen, Gothen- 
burg, Sweden, had a satisfactory trial trip on Thursday, 
May 8. With full cargo it madea speed of over 9 knots. 
The steamer is 155 ft. long, 27? ft. broad, and 94 ft. in 
the water, with 530 tons cargo. The steamer proceeds at 
= to St. Petersburg and from there through Russia to 

aku. 


Messrs. William Hamilton and Co., Port-Glasgow 
launched on Friday, May 9, a three-masted sailing steel 
ship named Barcraig, of 2100 tons register, to carry 3480 
tons deadweight. The dimensions are: Length, 267 ft. 
10 in.; breadth, 41 ft. 7 in.; depth, 24 ft. 8in. The 
vesssel is owned by Messrs. Hamilton, Harvey, and Co., 
Glasgow. 





On Saturday last there was launched from the ship- 
building yard of Messrs. C. S. Swan and Hunter, Walls- 
end, asteel screw steamer, named Julia, and built to the 
order of Mr. Th. Rodenacker, of Dantzig, and of the 
following dimensions: Length, 228 ft.; breadth, 34 ft. 
6 in.; and depth moulded, 21 ft. 6in. Engines of the 
triple-expansion type have been built for her by Messrs. 
Black, Hawthorn, and Co., Gateshead, and are capable 
of indicating 750 horse-power. 





The Yumuri, measuring 195 ft. by 28 ft. by 14 ft. 4 in., 
and built by Messrs. Raylton, Dixon, and Co., of Mid- 
dlesbrough for Mr. Peterson, of Bergen, was taken out for 
trial at the Tynemouth measured mile on Saturday the 
10th inst. with very satisfactory results, the speed 
attained being 12 knots, and the indicated horse-power 
890. The engines have cylinders 174 in., 29 in., and 47 in. 
in diameter by 33 in., and have been built by Messrs. 
Westgarth, English, and Co , Middlesbrough. 





The new steamer Rusland, built for account of the 
Nordsiéen Steamer Company, Copenhagen, was launched 
on Saturday, May 10, from the yard of Messrs. Bur- 
meister and Wain, Copenhagen. She is 200 ft. long, 
284 ft. broad, and 15 ft. 4 in. deep from main deck to keel. 
She is built of steel with raised quarter-deck, and is in- 
tended for the cargo trade on the Baltic and North Sea. 





On Saturday, May 10, the Ailsa Shipbuilding Com- 
pany launched Per Be steamer for the British India 
team Navigation Company, Limited, Glasgow. The 
vessel is named Vita, and is of the following dimensions : 

Length, 200 ft.; breadth, 29 ft.; depth (to awning deck), 

20 ft. The engines are of the triple-expansion type, 

having cylinders 17 in., 27 in., and 44 in. in diameter by 

30 in. stroke, and have been constructed by Messrs. Duns- 

muirand Jackson, Govan. The vessel is a sister to the 

Vasna, launched in March. 


Messrs. Scott and Co., Greenock, Jaunched on Monday 
a steel screw steamer named Teucer, for the Ocean Steam- 
ship Company, Liverpool. The dimensions are: Length, 
335 ft. ; breadth, 38 ft. 6in. ; depth, 27 ft. ; and the gross 
registered tonnage is 2800 tons. The vessel is fitted with 
Mr. Alfred Holt’s usual type of compound tandem engines 
to indicate 1500 horse-power. 


On Tuesday Messrs. Russell and Co. launched from 
their East End yard in Port Glasgow a three-masted 
barque named Miefield, built for Messrs, Alex. Rae and 
Co. The barque is 230 ft. long, 36 ft. beam, and 21 ft. 6 in. 
deep, and the net tonnage is 1320 tons. 





Messrs. Mackie and Thomson launched on Thursday, 
15th inst., a steel screw steamer of 1850 tons gross, built 
to the order of Messrs. Aitken and Walker, Glasgow. 
The vessel is of the following dimensions: Length be- 
tween perpendiculars, 260 ft.; extreme breadth, 36 ft. 
9in.; depth moulded, 24ft.9in, The engines are of the 
triple-expansion type, with cylinders 19 in., 3lin., and 





51in. in diameter, with a stroke of 39in. They have been 
constructed by Messrs. Muir and Houston, Glasgow. 
Steam is generated in two large boilers, working to a 
pressure of 160 ib. to the square inch. 


Messrs. Robert Stephenson and Co., Limited, launched 
from their shipyard on Saturday, the 17th inst., a lar 
screw steamer of the following dimensions: Length, 
361 ft.; breadth, 414 ft. ; and depth, 29 ft. The vessel, 
which is named the Glen Caladh Tower, is owned b 
Messrs. Stumore and Co., London. The engines, whic 
are of the triple-expansion type, are of 1800 indicated 
horse-power, and_have been constructed at the engine 
works of Messrs. R. Stephenson and Co., Limited, South- 
street, Newcastle. 





On Saturday, May 17, the s.s. Lomas, built by Messrs. 
Raylton, Dixon, and Co., Middlesbrou h, proceeded from 
the Tees on her trial trip. This vessel has been built to 
the order of Messrs. Arthur Holland and Co., London, 
and is of the following chief dimensions: Length over 
all, 287 ft.; breadth, 39 ft.; depth moulded, 21 ft. 3 in.; 
with a deadweight capacity of about 3300 tons. Her 
engines have been built and fitted by the North-Eastern 
Marine ——— Company, Limited, Sunderland, 
and have cylinders 21 in., 35 in., and 57 in. in diameter, 
by 39 in. stroke. The machinery proved very satisfactory 
on the trial run, giving a speed of 11 knots. 





The s.s. Monrovia, a steel screw steamer which has 
been built for Messrs. Elder, Dempster, and Co., of 
Liverpool, by Messrs. Raylton, Dixon, and Co., proceeded 
from the Tees on her trial trip on Monday, May 19. Her 
dimensions are: Length over all, 307 ft.; breadth, 40 ft.; 
depth moulded, 21 ft. 4 in.; with a deadweight carrying 
capacity of about 3600 tons. Her engines have been 
supplied by Messrs. T. Richardson and Sons, Hartlepool, 
of 190 horse-power nominal, and have cylinders 22 in., 
35 in., and 59 in. in diameter by 39 in. stroke, which gave 
every satisfaction on the trial run, developing a speed of 
114 knots. 





There was recently launched from the yard of the Sun- 
derland Shipbuilding Company, Limited, a new steamer 
named the Asloon, and built for Messrs. Adam Brothers, 
of Aberdeen, London, and Newcastle. The length of the 
vessel is 309 ft. between perpendiculars ; breadth, 41 ft. ; 
and depth of hold, 37 ft. Gin. The main engines are 
upon the tri-compound principle by Messrs. Black, Haw- 
thorne, and Co., Gateshead, and have cylinders 233 in., 
39 in., and 64 in. in diameter, by 42 in. stroke, steam 
being supplied by two large steel boilers working at a 
pressure of 160 lb. per square inch. 








NAVAL ENGINEER OFFICERS. 
To THE EpirorR OF ENGINEERING. 


Srr,—I have read the letter under the above heading 
in your issue of May 2 by “Engineer,” and am rather 
surprised at the pessimistic view he takes of the future 
condition of the above-mentioned officers, I see no reason 
why the engineer officers should not adopt exactly the 
same tactics as the medical officers did about sixteen 
years ago, in order to get their wishes granted. 

Owing to the large number of ships now building under 
the Naval Defence Act and for the colonies, the number 
of engineer officers must shortly be largely increased. 
The number of chief engineers required in 1894 will be at 
least forty more than at present, and of course the junior 
ranks must be proportionately increased. 

The outside number of students which can be trained 
at the Naval Engineer College at Devonport is 150, 
which, allowing for five years’ training, will only supply 
30 officers yearly, and at least 40 are required to keep up 
the present strength, that is, to take the places of those 
who retire from age, die, are invalided, or who leave the 
naval service for more desirable employment elsewhere. 

The Admiralty this year advertised for candidates for 
fifteen appointments as probationary assistant engineers, 
this number, or perhaps twenty, will be required every 
year. It is in the supply or otherwise of this twenty 
that the hopes of naval engineers lie. 

I consider these officers have acted very fairly in takin 
no steps to warn intending candidates to avoid the nava 
service ; but I think that as the time for sending in appli- 
cations to compete has now expired, something may be 
said on the matter. 

There is perhaps a little sarcasm about the expression 
“application to compete,” as I understand the number 
of intending competitors is four. Lord George Hamilton’s 
reply to Mr. Bradlaugh on this subject that ‘‘ there were 
twenty-five candidates” was ‘‘an official utterance,” the 
foundation for which was based on the assumption that all 
who applied for particulars of the examination were in- 
tending candidates, 

I remember that in 1876 a similar scheme was tried to 
obtain assistant engineers, the result was that one soli- 
tary candidate passed; he was immediately dubbed 
‘*Ward-Hunt’s Mechanical Unit” by way of compli- 
ment to the then First Lord of the Admiralty. I may 
add that ‘‘W. H. M. U.” failed to satisfy the medical 
officers, and so the scheme utterly tailed. 

Since then, and greatly as a result of this failure, there 
have been some slight improvements in the naval engi- 
neers’ pay and posit’on ; but they are still in the condi- 
tion ably described by an eminent naval authority as 
‘snubbed, subdued, and subordinated.” 

I should like, Sir, with your permission and apologies 
for taking up your space, to point out a few reasons wh 
privately trained engineers should avoid Her Majesty’s 
service. 

1. They wili not be treated as officers. On joining the 
Royal College at Greenwich, if successful in obtaining a 





certain percentage of marks, they will find themselves in 
a separate mess from all the other officers, excluded from 
participation in sports, &c. ; in fact treated in many ways 
as if ‘‘ in the service, but not of it.” 

2. The pay offered is absurdly low. About the same 
for five years as that of a good mechanic in England, not 
abroad ; and after this the pay is very much below that 
of other officers of the same age. It should be remembered 
too that a very expensive outfit, costing at least 100/., 
has to be provided and maintained. . 

3. The rank offered is very inferior; this may be con- 
sidered immaterial, but as it carries with it right to mess- 
ing and cabin accommodation, it is very important. At 
present an engineer officer has the same sleeping accom- 
modation for about ten years of his service as a second- 
class boy, viz., a hammock. An assistant engineer messes 
and lives when off duty in the gun-room, with perhaps 
twenty to twenty-five boys and young men (midshipmen, 
cadets, sub-lieutenants, &c.) of sixteen and upwards; the 
amount of rest, reading, sketching, &c., which would be 
possible under these conditions can imagined. To 
make my meaning clearer, let us suppose two gentlemen, 
A and B, join the Navy the same day, A as a surgeon, B 
as a probationary assistant engineer. A joins with 
11s. 6d. per day pay, lieutenant’s rank, the certainty of a 
private cabin and ward-room mess accommodation. B, on 
the other hand, after quite as expensive a training, joins 
on 6s. per day, sub-lieutenant’s rank, hammock accom- 
modation, and gun-room messing. As the men grow 
old the difference is more marked. 

The Admiralty are now in this position, they must 
either start a second engineering college at great expense 
to take the place of the ‘‘ Marlborough,” which has been 
given up trusting to a supply of outside candidates—or 
they may make the engineer branch sufficiently attractive 
to induce privately trained engineers to join. And I 
should very strongly advise these gentlemen to avoid the 
naval service until this is done. I also think that the 
professors and others of the large engineering colleges 
would do well to imitate the conduct of their medical 
brethren a few years ago in advising for a yearor two 
that their pupils che have nothing to do with the 


avy. 

The idea of making naval executive officers fill the 
higher Yr appointments in Her Majesty’s ships is 
absurd. In the first place there are not poor Shen , ton 
tenants to do the work of the service; secondly, they 
could not spare their best men to learn engineering, and 
the others could not go the course, and lastly, such an 
officer would be more or less of an amateur, consequently 
in the hands of his subordinates, who might be capable 
and loyal, or they might not. 

In 1875 Admiral Key’s committee recommended mak- 
ing the engineer officers executives, which they now are 
in all but name ; but I think the engineers would be much 
better pleased with adequate pay, and their present 
relative rank made real, instead of ‘‘ with but after” 
always. 

I am afraid, Sir, that I have encroached very largely 
on your space, but I think the matter I am speaking of is 
of national importance. We shall soon have an efficient 
Navy as far as ships are concerned, but the whole per- 
sonnel of the steam branch, including the officers, engine- 
room artificers and stokers requires a thorough reorganisa- 
tion before it can be considered efficient. 

T am, Sir, your obedient ssrvant, 
ANOTHER E\NGINFER. 





THE CARLISLE ACCIDENT. 
To THE EDITOR OF ENGINEERING. 


Srr,—At the time I wrote my last letter I had not been 
able to read the report of Colonel Rich in its entirety, 
and it might have been thought that my conclusions were 
of a hasty character. However, a careful perusal of this 
instructive document has but strengthened the views I 
have held from the beginning on thismatter. After the 
able comments which appeared in the leader of your last 
issue I have little to add, save that it supports the idea 
I have expressed in a previous letter, namely, that 
Rumney’s theory was the only plausible one. There is, 
however, one point on which I should like to dwell a little 
more, as in my opinion it is still little understood, even 
by those who are acquainted with the working of the 
vacuum brake adopted by the London and North-Western 
Railway. I wish to refer to the evidence given by 
Rumney at the close of the inquest. By pulling the pin 
out and the lever right back, Rumney put the steam 
brake on the tender and was creating a vacuum. Now, 
what I want to say is, that this manipulation was just the 
proper thing to do, and that neither Colonel Rich nor 

r. Whale understood it at the time. The fact that 
Rumney was creating vacuum in the position of the lever 
corresponding to simple vacuum brake, would indeed take 
the brakes off if they had been on (which is more than 
doubtful), but it would have recharged the brake appa- 
ratus ready for a fresh application, since the fiveway 
cocks on the carriages were all turned to “‘automatic ” 
osition. On Rumney opening his release valve, the 

rakes would have gone on if there had been no obstruc- 
tion in the pipes, that is to say, no ice. What Rumney 
did amounted to working the automatic vacuum with a 
single ejector, or to releasing and recharging it with the 
big ejector. The whcle was well reasoned, and shows 
that the man had preserved his cool-mindedness to the 
last. 

The whole evidence shows but too plainly that vacuum 
automatic brakes are treacherous, unreliable, and that the 
London and North-Western Railway Cones are the 
only party to be blamed in this matter. Colonel Rich, 
not being willing to accept the ice theory, was glad to 

et hold of Rumney’s last evidence ; unfortunately for 
&. he made another mistake there. It is a great pity 
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that this point was not more thoroughly discussed and 
drawings explanatory of the brake produced at the 
inquest and inquiry. These ought to have been added to 
the report as well as a railway map of the district where 
the collision took place. 

If *‘An Engineer,” ‘‘M.I.M.E.,” and Mr. Haggard 
will read your comments with attention I think they 
will derive great benefit, and learn what can _ result 
from the employment of a fourth-rate safety appliance. 
Perhaps these gentlemen will be kind enough to explain 
how it is that no cases are reported from Ireland in the 
last Board of Trade return. How is it, too, that the 
London, Brighton, and South Coast report one case for 
the Westinghouse per every 341,459 miles whilst the 
Midland Railway report one case per every 1110 miles 
with the same brake? Does not this show a shocking if 
not wilful neglect on the part of the Midland Railway ? 
I think the reports of the companies are often of a more 
or less fanciful character. Thus we hear of triple valves 
sticking on the Midland Railway. What does that 
mean? I never knew a triple valve to stick unless this 
was due to malevolence or carelessness of carriage 
attendants. 


May 18, 1890. 


Yours faithfully, 
E. GosErt. 





RAILWAY BRAKES IN INDIA. 
To THE EpiTorR OF ENGINEERING. 

Srr,—In a letter in your last issue “One who Knows ” 
mentions having seen in India, both in the Department 
of State Railways and in a native State, indents made 
out for Heberlein brake fittings, and that such orders 
must either have been disapproved of, shunted, or sent 
direct to Germany instead of to me. 

I write, therefore, to mention that I never myself heard 
of any such order from any native State, but that indents 
were forwarded some years back to the India Office, and 
were there disallowed, for the simple reason that the 
technical advisers to the Secretary of State did not at 
that time consider that any continuous brake whatever 
was required on the Indian State Railways. 

As to orders going to Germany ins of to me, there 
was no place for them to go to except to the Heberlein 
Company’s office in Berlin, under my management. 

With regard to the question as to the trial trains having 
to consist of 50 wagons, and the statement in my first 
letter as to this having been specified in the invitation 
from the Director-General of Railways, it would, perhaps, 
have been better had I employed the verb ‘‘ mentioned ” 
instead of “‘ specified,” but I can only repeat that, in the 
very first intimation I received from the Director-General 
on the subject of the proposed trials, I was informed that 
the Westinghouse Company’s offer to fit up, at their own 
expense, a train of 50 wagons had been accepted, and 
that the same conditions were offered for the Heberlein, 
and I was requested to telegraph to India whether it was 
proposed to take advantage of the offer or not. 

I could not help being then also fully aware that the 
whole idea had been given rise to by the improved 
valves, with which Mr. Westinghouse had been starring 
it in the States with his private 50-wagon train. 

Although struck at the time with the love of fairplay 
shown personally by the Director-General in kindly wish- 
ing to afford to each of the rival systems the same oppor- 
tunity, I could not but contrast the conduct of the 
Government of our great Indian Empire with that of 
the Prussian Government at the celebrated brake trials 
at Cassel, where 13 trains, with four different systems of 
brakes, were fitted up under the supervision of the in- 
ventors and honourably and liberally paid for before the 
trials took place, besides fitting at great expense the 
most perfect system of electrical control and every other 
then known means for fairly testing the brakes. 

As to the suggestion of ‘“*One who Knows” that the 

uestion of expense was the real reason for the Heberlein 
Semmens not competing at Quetta, it is doubtless true 
that the directors ton | not have been justified, under 
the conditions proposed, of incurring the immense expense 
involved in fitting up in India a train of 50 wagons, but 
had the company been as rich as the Vacuum Company 
it would have been equally my duty to dissuade them 
from competing, for the real reason, which we honest] 
gave, namely, that we did not consider it possible with 
the continuous brake cord to control, in general traftic, 
50 brakes in trains composed of the long and heavy 
Indian wagons. 

We offered, however, to supply gratuitously brake 
fittings for any 20 wagons being built in England for the 
Indian State lines, besides calling attention to the proved 
value of our system for mountain railways as the only 
combined continuous and hand brake. 

The inconsistency of rushing from the one extreme, 
of no continuous brakes at all for the whole of India, to 
the other of a brake on every goods wagon in trains so 
long as to require two or three locomotives to move them 
on such gradients as prevail in the north-west of India, 
is a point on which every one is at liberty to form his own 
opinion. 

I may, perhaps, be here allowed to mention that in 
naming in my last letter different pneumatic brakes as 
in use on the Continent I unintentionally omitted the 
** Wenger” brake, which, I believe, gives also great satis- 
faction in Switzerland and elsewhere. 

Yours truly, 
18, St. Dunstan’s Hill, E.C., CHARLES FAIrRHOLME, 
May 20, 1890. 





COMPRESSED AIR TRAMCARS. 
To THE Epitor or ENGINEERING. 
Srr,—There has been some correspondence in your 
columns about the compressed air tramcar now bein 
brought out by Messrs. Hughes and Lancaster, with 





occasional references to one of my four-cylinder revolving 
engines, which is used to drive this car from a store of 
compressed air carried along with it. 

The question of leakage has also been discussed, and in 
Professor Unwin’s letter contained in your last issue, he 
advances an opinion that the amount of leakage, when 
running, is by no means in proportion to what may be 
experienced when full pressure is on all the joints or ae 
when standing. This view is perfectly correct, as I have 
ope experimentally with my engines, whether driven 

y steam or by water pressures of 700 lb, per square inch 
at high s S. 

There has been other correspondence about this remark- 
able tramcar, and its economic results, which seem already 
to surpass those of any other system ; and it may be of 
some interest to your readers that I should make a few 
remarks, more especially on the engine, which is altogether 
of my own design. In considering the points requiring 
the most attention, it seemed obvious that it was of chief 
importance that the engine should run quietly, and that 
the whole combination should be a practical success at 
the first start; that there should be ample power avail- 
able, even at reduced pressure with a rates of ex- 
pansion alike in both directions, and that no difficulty 
should occur in stopping, starting, or reversing the 
engine, and finally that all the necessary regulation should 
be done by the movement of a single handle at either end 
of the car. These conditions seemed quite enough to 
fulfil in the first experimental engine, and they have all 
been accomplished so perfectly, that no alterations in 
any respect will be required in future engines, so far as 
these considerations are concerned. 

More or less economy in air pressure was naturally a 
subject which might be left for further development, it 
being of far less consequence that the first car should use 
too much air, than that there should be any mistake in 
the points already mentioned. 

In carrying out the trials it almost seems as if neither 
Professor Unwin or Mr. D. K. Clarke were fully con- 
versant with the details of my engines, or their re- 
ports would never have led any one to assume that the 
resources of mechanical engineering were exhausted, 
because the packing rings were not so air-tight as they 
might have Soom made, nor that there should te any diff- 
culty in shutting off air by the same handle which per- 
formed the other duties, if, as it seemed there was, too 
much trouble to close the ordinary stop valve when going 
down hill. 

Thus to condemn an entire system, which already gives 
unequalled results, on account of trifling defects which 
any engineer might be trusted to remedy, does not seem 
to me altogether reasonable on the part of some of your 
a ents, and to my mind about on a par with the 
idea of pulling down your house and building another 
because there is a draught under the dining-room door. 

Tam, Sir, yours faithfully, 
ARTHUR Riae. 





SreAM NAVIGATION IN THE Pactric.—The Pacific mail 
steamer China has reduced the run between San Fran- 
cisco and Hong Kong to twenty days, which is four days 
less than steamers of the same line formerly required for 
the trip between San Francisco and Yokohama. 





THE TowER CLocK AT THE EDINBURGH EXHIBITION.— 
One of the interesting pieces of mechanism at the Edin- 
burgh International fethibition is the works for the large 
clock above the ceremonial entrance. The dial is 72 in. 
in diameter, with fancy cresting around it. The framin 
is of cast iron, forming hour chapters and minutes, an 
the spaces between are filled with opal glass, so that it is 
capable of being illuminated by gas jets or electric lights 
placed at the back. The works are built at the foot of 
one of the towers flanking the entrance, and are so dis- 
— as to enable the public to inspect all details. The 

‘d frame is of cast iron. The mechanism includes three 
trains of wheelwork, the central giving the time to the 
hands on the dial. The main wheel is 15 in. in diameter, 
having a copper cylinder barrel and self-acting work for 
maintaining power, which instantly comes into action 
when the winding key is used. Motion is given through 
the train to Denison’s double-wheel gravity escapement, 
with upright governing fly, thus insuring steady and uni- 
form impulse, independent of any irregularity from the 
effect of wind and weather on the hands of the clock, &e. 
The pendulum rod is constructed of steel and zinc tubes to 
compensate for temperature, and it carries a ball weighing 
about 336 lbs. The striking train has a main wheel 18 in. 
in diameter, and through the wheel the works are 
aoe by a revolving fly, and the hammer being raised 

y chilled iron cam wheel is of sufficient weight to bring 
out the full tone from a bell up to 2 tons weight. The 
quarter train, of similar size and construction, has six 
sets of chilled iron cams for raising the hammers for 
striking the Westminster chimes. e two larger ham- 
mers are in duplicate to give more equal and powerful 
results. The Geass and quarters are struck on five 
circular tubes or gongs placed in the tower above the 
clock, and have been supplied by Messrs, Harrington and 
Co., the patentees and manufacturers. These, it may be 
noted, are being largely introduced into general use. 
They are oP eter i soft and mellow in tone, less ex- 
pensive, and require little room in a tower. The clock is 
arranged to strike the first stroke of each of the three 
quarters and of the hour at the exact second of time. In 
addition, it has an automatic apparatus for raising and 
lowering the gas used for lighting the dials, entirely self- 
adjusting for bt hours of sunset and sunrise through- 
out the year. The apparatus can be constructed for an 
longitude and any length of day and night. The cloc 
is the manufacture of Messrs. James Ritchie and Sons, 
Edinburgh. 





MARINE ENGINE TRIALS. 

Research Committee on Marine Engine Trials — Report 
upon Trials of Three Steamers, ‘‘ Fusi Yama,” ‘ Col- 
chester,” ‘‘ Tartar.”* 

By Professor ALEXANDER B. W. Kennepy, F.R.S., 
Chairman. 
(Concluded from page 606.) 
3. TRIAL OF THE S.S. “Tartar.” 
Steamer.—This steamship is owned by Messrs. Gellatly, 

Hankey, Sewell, and Co., and is an excellent example of 

modern economical engines in a cargo-carrying steamer. 

She was built in the year 1887 by Messrs. &. y Ses and 

Co., of Middlesbrough, and engined by Messrs. Thomas 

Richardson and Son, of Hartlepool, with triple-expansion 

engines, working a single screw. She isa vessel of 332 ft. 

in length, 38 ft. in breadth, and 27 ft. in depth (moulded). 

Her gross registered tonnage is 2389, and she is classed at 

Lloyd's 100 Al. Her draught during the trial was 8 ft. 

6 in. forward, and 15 ft. 6 in. aft, or 12 ft. mean ; and her 

displacement at this draught was 2250 tons. She was 

9 without cargo, carrying nothing but water 

as 


The trial was made upon November 27, 1889, on a run 
from the Thames to Portland. The vessel had arrived 
in London on November 21, after a voyage from Australia; 
and the boilers were cleaned, and the engines opened 
out and overhauled before the trial, while the ship was 
unloading in the docks. Steam was got up on the even- 
ing of November 26, and the vessel went out of dock 
about 5a.m. on the 27th. The trial started at 8.25 a.m., 
as soon as the vessel was far enough down the Thames to 
run at full 1 and lasted until 6.30 p.m. The weather 
during the last part of the run was sufficiently rough to 
cause the engines to race a little, in consequence of the 
light draught of the ship. At the time mentioned 
(6.30 p.m.) the weather had become sufficiently bad to 
make the taking of accurate observations a matter of con- 
siderable difficulty, and it was therefore decided to end 
the trial, rather than to run any risk of having it spoilt 
by inaccuracies. In consequence of snowstorms met with 
going down the Channel, the engines were slowed from 
9.52 a.m, to 10.56 a.m., and again for 11 minutes between 
12 and 1o’clock. During these periods the speed was 
about 64 revolutions per minute, the full speed at 
other times being about 71 revolutions per minute. 
Diagrams were taken at the slower speeds, so that they 
are properly allowed for in the averages. The engines 
were not ——— at all during the trial; and, with the 
exception of the intervals named, ran under constant 
conditions as to position of valve gear, &c., namely, with 
the main stop valve and the throttle valve fully open, and 
the link motion slightly linked up. 

Engines.—The Tartar is fitted with triple-expansion 
surface-condensing engines, the cylinders being placed in 
the order, high, low, intermediate, going from forward to 
aft. The cranks are placed in the sequence—high, low, 
intermediate. The diameters of the cylinders are 26.03 in., 
42.03 in., and 68.95in., by gauges. The piston-rods are 
all 5.5in. in diameter. Sons are no tail-rods. The 
stroke of all three cylinders is 3 ft.6in. The cylinders 
are jacketted, and there is a separate steam admission 
pipe to each jacket. The clearances of the cylinders are 
_ by the makers as 14.51, and 9.25, and 5.10 per cent. 

he valve gear is of the link motion type, with an inde- 

ndent adjustment for the cut-off. Me surface con- 

enser contains 2250 square feet of tube surface, in 876 
tubes of ?-in. external diameter and of 13 ft. § in. length 
between tubeplates. The screw propeller has four blades, 
and is 16 ft. 6 in. in diameter, with a pitch of 18 ft. 

Boilers.—Steam is supplied by two double-ended steel 
boilers with Fox’s flues, designed to work at a pressure of 
150 lb. per square inch. The boilers are 13 ft. in mean 
diameter, and 14 ft. 9 in. long, each with two furnaces at 
each end, there being eight furnaces in all. The total 
grate surface is 161 square feet, each grate being 5 ft. 6 in. 
in length, and 3 ft. 8in. broad. The total heating sur- 
face is 5226 square feet, of which 4366 square feet is tube 
surface. The total heating surface is therefore 32.5 times, 
and the tube surface 27.1 times the grate surface. There 
are 992 tubes, 3in. in diameter outside, and 5 ft. 9 in. 
long over plates. The internal diameter of the funnel is 
7 ft., and its total height 57 ft. above the centre of the 
furnaces. 

The total weight of the engines and boilers, including 
water in condenser, Pg and boilers, and all mountings, 
is about 291 tons. The net volume of the boilers is about 
4710 cubic feet. 

Duration of Trial.—The duration of the trial from start 
to finish was 10 hours 5 minutes, or 605 minutes. 

Coal Measurement.—The coal was weighed as in the 
other cases, from 500 lb. to 600 lb. at a time being put 
down on each side of each stokehold. The trial was 
started with clean floors, and the time of first stoking 
from each weighed lot of coal was noted, as well as the 
time when the whole of the weighed coal was finished. 
The line of coal consumption plots out as shown in Fig. 11. 
The fires were not cleaned during the run. The ashes 
were weighed after the trial was over, the ashpits having 
been cleaned a little time after it commenced. The coal 
used was Welsh from Penrikyber (Glamorganshire) 
throughout. Coal samples were taken frequently during 
the run from both stokeholds, and the final analysis, after 
a thorough mixture of all these samples, is as follows : 


Coal as used. Dry Coal. 


Percent. Per cent, 
Carbon... 87.98 88.93 
Hydrogen 4,22 4.26 
Moisture 1.07 0.00 
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ie ge ea 3.42 3.46 

itrogen, sulphur, oxygen 

&e., by difference ... det 3.31 3.35 
100.00 100.00 


A sample of the ash was also collected, and has been 
analysed by Mr. Wilson as follows : 


Per cent. 
Loss on ignition (carbon) 65.53 
Mineral matter : ae 34.47 
100.00 


The calculated calorific value of the fuel is 14,995 
thermal units, which corresponds to the evaporation of 
15.52 lb. of water from and at 212 deg. Fahr., and to an 


equivalent carbon value of 1.031 lb. per pound. The total 
coal used was as follows : * 
After stokehold, port side aia 5,322 
de re starboard side ... 5,052 
Forward stokehold, port side ... 4,701 
<a oe starboard side 4,162 
19,237 


This amounts to 31.8 Ib. per minute, or 1908 lb. per hour. 
As acheck upon this consumption, and in order to see 
how far it might be affected by any irregularities in 
measurement at the end of the trial, the consumption has 
also been worked out over a time (in average 560 minutes), 
at the bes ir roy and end of which the condition of the 
stokehold floors, and of the fires, was identical, and for 
this interval the coal consumption works out to 32.08 lb. 

r minute. It has been thought wise to assume there- 

ore that the actual coal consumption was 32.01b. per 
minute, or 19201b. per hour ; the small difference between 
this and the foregoing figures being 7 caused by 
the increasing difficulty of measurement at the very end 
of the trial. The total amount of ash taken from the two 
stokeholds at the end of the trial was 291 lb., but the ash- 
pits were not cleaned out until some little time after the 
trial commenced, so that this weight corresponds only to 
a period of 6 hours 53 minutes. The ash was therefore 
— to 0.70 1b. per minute, or 42 lb. per hour; 
which is 2.2 per cent. of the total weight of the fuel put on 
the bars. 

Furnace Gases.—A very complete series of furnace gas 
samples was collected, a sample being collected over 
mercury by Mr. Wilson every half-hour. The analyses 
of these samples are given in Table IV. 

The chimney temperatures were read every quarter of 
an hour throughout the trial from a mercury thermometer 
as before. The average reading was 477 deg. Fahr. It 
remained very fairly constant during the whole trial. 

The chimney draught was read on a U gauge at the 
same time that the temperature was taken, and varied 
from ;*; in. to } in. of water. 


TABLE IV.—“ Tartar” TRIAL. 
Analyses of Funnel Gases by Volume. 



































{ 
| et 
No. of _ Carbonic | Carbonic . Time of 
Sample. Acid. | Oxide. | Ox¥sen. | Nitrogen.) Conecting. 
per cent. | percent. | per cent. | per cent. 
1 7.28 | 0.00 | 12.45 80.27 8.30 a.m. 
2 7.61 0.00 11.88 80.51 9.0 4, 
3 8.22 | 0.00 | 11.38 80.40 9.30 4, 
4 6.97 0.00 | 13.20 79.83 | 10.0 ,, 
5 5.91 | 0.00 14.32 79.77 | 10.30 ,, 
6 6.24 0.00 | 13.38 80.38 | 11.0 ,, 
7 6.94 | 0.00 | 13.10 79.96 | 11.30 ,, 
8 6.44 0.00 | 13.80 79.76 | 12. noon 
9 7.70 | 0.00 | 12.10 80.20 | 12.30 p.m 
10 621 | 0.00 | 13.57 80.22 ‘Oo + 
11 8.24 | 0.00 | 12.00 79.76 Le. 
12 5.62 | 0.00 14.40 79.98 20 ,, 
13 6.29 | 0.00 | 13.15 80.56 2.30 5, 
14 6.79 | 0.00 | 12.78 80.43 $e ws 
15 6.80 | 0.00 13.30 79.90 ee 
16 6.54 0.00 | 12.71 80.75 ae 
17 6.95 0.00 | 13.10 79.95 4.30 ,, 
18 6.08 0.00 | 13.08 80.89 5.0 4, 
19 6.67 0.00 | 18.17 80.16 5.30 4, 
20 6.61 | 0,00 13.52 79.87 6.0 ,, 
21 5.00 0.00 15.27 79.73 6.30 ,, 
Mean 6.72 | 0.00 | 18.12 80.16 
Analyses of Funnel Gases by Weight. 
1 10.80 | 0.00 13.43 75.77 8.30 a.m. 
2 11.28 | 0.00 12.80 75.92 Gs, 
3 12.15 | 0.00 12.23 75.62 9.30 ,, 
4 10.34 | 0.00 14.25 75.41 | 10.0 ,, 
5 881 | 0.00 15.52 75.67 | 10.30 ,, 
6 9.30 | 0.00 14.50 76.20 | 11.0 ,, 
7 10.30 | 0.00 14.15 75.65 | 11.30 ,, 
8 9.58 | 0.00 14.93 75.49 | 12 noon 
9 11.40 | 0.00 13.03 75.57 | 12.30p.m 
10 9.25 | 0.00 14.70 76.05 co, 
11 12.17 | 0.00 12.89 74.94 i 
12 8.39 | 0.00 15.63 75.98 20 | 
13 9.37 0.00 14.25 76.38 [6 ., 
14 10.09 0.00 13.82 76.09 ae 
15 10.10 0.00 14.37 75.53 3.30 ,, 
16 9.74 0.00 13.76 76.50 “eq ,, 
17 10.32 0.00 14.14 75.54 4.30 ,, 
18 9.00 0.00 14.19 76.81 se. 
19 9.92 0.00 14.24 75.84 5.30 ,, 
20 9.83 0.00 14.61 75.56 6.0 ,, 
21 7.48 | 0.00 16.61 75.91 6.30 ,, 
Mean 9.98 | 0.00 | 1419 | 75.83 | 
Feed Water Measurement. —The feed water was 


measured in the same tanks used for the Colchester, and 
already described (Figs. 5 and 6, page 606 ante). 
Each tank lasted in this case from five to six minutes. 
The total amount of water used was 217,430 lb., over a 





total time of 605 minutes. This amounts to 359.4 lb. per 
minute, or 21,564 lb. per hour, but reasons are given 
later on for supposing that a considerable pomeaiage 
of this quantity was not actually turned into steam. e 
continuous supply of feed water is shown in Sab ll. At 
first pumping was carried out by one of the feed pumps of 
the engine, but for the last four hours a donkey pum 
was used, as it was found to give much less trouble, an 
tobe much more conveniently under control. The steam 
for this donkey pump was supplied from the main boilers. 
The steam made by the boilers all went to the main 
engines, steam being kept up in the donkey boiler for all 
auxiliary engines ; and the pipes and connections having 
been carefully examined, in order to see that no uninten- 
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tional communications existed. The water level in the 
boilers was, on the average, 1} in. lower at the finish than 
at the start of the trial. This corresponds to a total of 
1874 lb. of water, or about 0.86 per cent. of the whole feed; 
this amount has been added to the quantities given above. 
It may be interesting to notice that an error of 4 in. in 
reading the level in one boiler in a case like this would 
make a difference of about 375 lb., or under 0.2 per cent. 
of the water used. 

Power Measurement.—Indicator diagrams were taken 
every half-hour from each end of each cylinder as before. 
There were thus twenty-one complete sets of diagrams, 
or 126 single cards taken in all. The indicators used were 
those lent by Messrs. M‘Innes and Cairns, which were 
used also for the Colchester. The following are the 
mean effective pressures in the cylinders in pounds per 
square inch : 


NOON 


Cylinder. Top. Bottom. Mean. 
High-pressure 35.74 38.04 36.89 
Intermediate... 19.92 20.23 20.07 
Low-pressure 7.19 7.18 7.18 


These pressures correspond to the following indicated 
horse-powers : 


High-pressure cylinder 283.7 
Intermediate - 408.5 
Low-pressure ag 395.2 

Total indicated horse-power 1087.4 


The maximum indicated horse-power given by any one 
set of cards was 1296.7, which occurred at 8.45 a.m., with 
73.2 revolutions per minute, and 146 lb. of steam. The 
minimum indicated horse-power by any one set of 
cards was 719.3, at 10.10 a.m., with 61.4 revolutions per 
minute, and 135 lb. of steam. From the 126 diagrams 
which were taken during the trial, a mean diagram has 
been plotted for each of the three cylinders, and these are 
given in Fig. 14. The continuous variations of boiler 
pressure and cylinder mean effective pressures are 
—. in Fig. 12; and of horse-powers and speeds in 
ig. 13. 





Speed.—The counter was read every quarter of an hour. 
The total number of revolutions made was 42,350 in 605 
minutes, or exactly 70 revolutions per minute. The 
maximum number of revolutions per minute for any 
quarter of an hour at full speed was 73.8 ; and the mini- 
mum, 70.3 revolutions per minute; while the average 
speed during the time that the engine was slowed down 
was 63.7 revolutions per minute. 

Steam Jackets.—As has been already mentioned, each 
jacket received steam through a separate valve. The 
connections from the jacket-drains to the hot-well were 
broken, and all three jackets were made to drain into a 
small tank placed at the back of the engine; and the 
rate at which the jacket-water collected in this tank was 
measured fourteen times during the trial, on most occa- 
sions for nearly a quarter of an hour continuously. 
The water collected in this way amounted in all to 
2476 Ib. in 175 minutes, or 14.15 lb. per minute, which is 
3.94 per cent. of the total feed. is quantity is, of 
course, included in the total feed measu through the 
tanks. It was not possible to jacket the high-pressure 
cylinder with steam of full boiler pressure ; and under 
these circumstances it did not appear advisable to allow 
any steam to pass into that jacket, which was accord- 
ingly shut off. The quantity of steam given is there- 
fore from the intermediate and low-pressure cylinder 
jackets only. 

Pressures, d&:c.—The mean barometric pressure during 
the trial was 29.6 in. of mercury, or 14.6 lb, per square 
inch. The mean boiler pressure was 143.6 lb. per square 
inch by the pressure gauge in the stokehold, and 140.4 lb. 
by that at the engine. The pressures in the high-pressure, 
intermediate, and low-pressure valve-chests, were respec- 
tively 131.4 Ib., 46.1 Ib., and 3.8 Ib. per square inch above 
the atmosphere respectively. The pressures in the steam 
jackets of the intermediate and low-pressure cylinders 
were 52.5 Ib. and 14.0lb. per square inch respectively. 
The cock —s steam into the high-pressure jacket, 
although nominally shut, allowed enough steam to 
leak through to enable the gauge to show pressures 
varying from 0 Ib. to over 50 lb. per square inch. The 
actual amount of water coming from the high-pressure 
jacket drain, however, was too small to affect appreciably 
the quantities given in the last paragraph. e mean 
vacuum was 26.2 in. of mercury by gauge, which corre- 
sponds to a mean absolute back pressure in the condenser 
of 1.7 lb. per square inch. The mean initial pressure 
in the high-pressure cylinder was 121.8lb. per square 
inch above the atmosphere ; and the mean back pressure 
in the low-pressure cylinder was 10.5 lb. per square inch 
below the atmosphere, which corresponds to an absolute 
back pressure of 4.1 lb. per square inch in the cylinder. 

Boiler Eficiencies.—'The mean rate of combustion in the 
furnaces was 11.93 lb. of coal per square foot of grate sur- 
face per hour, or 0.367 lb. per square foot of total heating 
surface per hour, The total amount of feed water pum 
into the boilers was at the rate of 11.23 lb. per pound of 
coal. As the feed entered the boiler at an average tem- 
perature of 101 deg. Fahr., and the temperature corre- 
sponding to the mean boiler pressure was 362 deg. Fahr., 
each pound of steam must have taken up 1123 thermal 
units ; and the equivalent evaporation from and at 212 
deg. Fahr., had the whole of the feed water been turned 
into steam, would therefore have reached the very high 
figure of 13.06 lb. of water per pound of coal. The equi- 
valent amount of heat utilised per pound of coal would 
be 12,610 thermal units, or say 84.3 per cent. of the whole 
calorific value of the fuel. Such a figure, although unu- 
sually high, is not in the nature of things impossible ; 
butif it really represented the evaporation in this case, 
it would follow (as will be seen from the figures below) 
that the unusual economy of the boilers was accompanied’ 
by an unusual want of economy in the engines. Fortu- 
nately the measurements made were sufficiently complete 
to enable it to be stated positively that (from whatever 
cause) the whole of the water pumped into the boiler was 
not turned into steam. The observations on which this 
statement is based are summarised below. 

The very complete and uniform series of samples 
of ag oy | gases, of which the analyses have been 
given in Table IV., enable the calculations connected 
with them to be made with considerable exactness and 
certainty. The weight of dry air per pound of coal 
calculated from these analyses works out to 31.6 Ib., 
so that the total weight of furnace gases per pound of 
coal would be about 32.6 lb. The gases have been raised 
in temperature from the temperature of the outer air, say 
about 55 deg. to 477 deg. Fahr., the chimney temperature. 
Taking the mean specific heat of the gases as 0.238, this 
corresponds to a loss of 3307 thermal units per pound of 
coal, or 22.1 per cent. of the whole calorific value of the 
fuel, including the raising through the same range of 
temperature of the steam formed by the combustion of 
the hydrogen in the fuel. The loss due to evaporation 
cf the moisture in the fuel is so small as to be negligible, 
and in no one of the twenty analyses was any carbonic 
oxide found to be present in the chimney gases. The loss 
radiation was no doubt considerably less than in the 

colchester (the stokeholds being very much cooler), but 
taking it as low as 8 per cent., and adding to it the 22 
per cent. carried away by the chimney gases, it seems 
certain that the maximum boiler efficiency which can 
have been reached cannot have exceeded 70 per cent. This 
would correspond to an evaporation of 10.8 lb. of water 
from and at 212 deg. Fahr. per pound of coal, which 
is about 83 percent. of theapparent evaporation mentioned 
above. It is moreover tobe noted that on the original 
log sheets the reporter finds in five different places memo- 
randa made at different times by different assistants who 
were taking indicator diagrams, that they were unusually 
troubled by the amount of water which came through the 
indicator cocks. 

Coal Consumption.—The total coal burnt, namely 1920 lb, 
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per hour, corresponds to 1.77 lb. per indicated horse- 
power per hour. This is equivalent to 1.82 lb. of carbon 
value per indicated horse-power per hour. Q 
Engine Efficiencies.—Although the total quantity of 
water pumped into the boilers per indicated horse-power 
per hour amounted to tore or at the rate of 19.83 lb. 
per indicated horse-power per hour, the asad of steam 
consumed could not have exceeded, as the figures in the 


preceding paragraph show, 16.5 lb. per indicated horse- 
power per hour. The difference must be attributed to 
priming. 


Total Efficiency.—The combined efficiency of the boiler 
and engines, or ratio of the heat turned into work to the 
total heat of combustion, was 9.7 per cent. 

Steom from Indicator Diagrams.—The following are the 
results of measurements made upon all the indicator 
diagrams taken to ascertain the proportion of steam 
accounted for by them. The actual weight of feed water 
used per revolution was 51.3 lb. 





| 
Percentage 
in Jackets or 
Present 
in Cylinder 
as Water. 


Percen’ 
of To 
Feed. 


Pounds 
| per 
Revolution. 


Proportion of Steam 
accounted for 
by Indicator Diagrams. 





Ib. per cent. per cent. 





Steam present in  high- 
pressure cylinder after 
cut-off, when the pres- 
sure was 115.4 lb. per 
square inch above the 
atmosphere ee 

Steam present in inter- 
mediate cylinder when 
the pressure was 33.4 Ib. 
per square inch above the 
atmosphere - 

Steam present in inter- 
mediate cylinder, when 
the pressure was 9.4 lb. 
per square inch above the 
atmosphere oo 

Steam present in low- 
pressure cylinder, near 
end of expansion, when 
the pressure was 7.1 Ib. i 
per square inch below | 
the atmosphere .. * 3.12 60.7 


45.2 54.8 


49.2 50,8 


| 3.038 59.0 41.0 





39.3 


Speed of Vessel.—The following notes from the log-book 
of the ship may be of interest : 


Time. 
Left London Docks 5.0 a.m 
Gravesend a ee 
Nore 0 ee 8.35 ,, 
Girdler Lightship 9.30 ,, 
Dover _... ac 12.40p.m. 
Dungeness e, ae 2.20 ,, 
Royal 8S. Light-vessel... 4.20 ,, 
Beachy Head ... an Os 
Owers... ao ., 
St. Catherine 11.30 ,, 
Portland 5.0 a.m. 


The Research Committee on Marine Engine Trials, in 
presenting to the members of the Institution their 
second report upon their work, desire it to be quite 
unders that they do not at all look upon their duties 
as yet ended. They are glad tobe able to think, how- 
ever, that they have already done enough to show that 
engine trials can be conducted on board ship on as com- 

lete a scale and in as scientific a method as on land 
although perhaps with greater difficulty and discomfort 
to the ace wk that this can be done without any 
undue interference with the normal working of the ship 
or engines. 

The Committee wish also to say that they hope, when 
their work is completed, to present to the members a 
comparative summary of all their experiments, in the 
discussion on which many points as to the influence of 
design on economy may better discussed than at pre- 
sent. Their future work may be much helped, however, 
by suggestions made at this stage as to improvements in 
the methods or in the instruments used, or as to the best 
means of insuring the accuracy, or measuring the errors, 
of gauges, indicators, &c. They would also point out 
that there still does not exist any satisfactory means for 
measuring the effective horse-power of a marine engine 
in its actual work, @.e., the power actually expended in 
pushing the ship forward (as measu by the thrust of 
the propeller and the speed of the ship), nor for measur- 
ing the quantity of the condensing water, a knowledge of 
which is necessary to enable a “‘heat balance” for the 
engines to be made. 

here is added to this report a Table showing the com- 
parative results obtained in the four trials as yet made 
by the Committee, and also two appendices, the first 
giving the instructions for taking indicator diagrams now 
adopted, and the second giving a list of the members of 
— and others who have ‘aken part in the 
trials. 

AppENDIX I, 

Instructions given for taking Indicator Diagrams. 

See that indicators have proper length of stroke and 
are not on stops. 

Blow through before taking every card. 

Mark number of card in top right-hand corner. 

Let high-pressure ~ cards begin with No. 1, high- 
pressure bottom with 101, intermediate-pressure top with 
201, intermediate-pressure bottom with 301, low-pressure 
top with 401, and low-pressure bottom with 501. 

t top and bottom cards of each cylinder be taken as 
nearly as possible together, and the whole set as quickly 


TABLE V.—ComparativE RESULTS OF THE TRIALS OF Four Steamers, ‘ Meteor,” ‘Fust Yama.” 


‘* COLCHESTER, 








as possible, 


6S TARTAR.” 











| | 
1 | Name of vessel .| “Meteor.” |‘ Fusi Yama.”|‘‘ Colchester.”| ‘ Tartar.” 
2 | Date of trial .. .| June 24, 1888 | { ov, 18 }| Nov. 9, 1889 | Nov.27, 1839 
3 | Duration of trial .. hours 17.15 13.95 10.88 10.08 
4 | Type of engines Triple Compound { oo i Triple 
5 | Cylinder diameter, high-pressure in. 29.37 27.35 (two) 30 26.03 
6 #8 »  intermediate.. 44.03 = se 42.03 
7 .. - low-pressure.. e 70.12 50.3 (two) 57 68.95 
8 | Stroke, length me a. - oo 47,92 33 36 42 
9 | Boilers, number of main boilers .. ‘ : 2 1 2 2 
10 »»  Single-ended or double-ended os ‘ Douvle Single Double Double 
11 | Furnaces, total number .. i a ‘ 12 3 12 8 
12 | Heating surface, total .. 9q. ft} 6648 2257 5820 5226 
13 » os tubes . - 5760 1689 4770 4366 
14 | Grate area - ae 208 52 220 161 
15 | Total heating surface to grate area . ratio 32.0 43.4 26.5 32.5 
16 | Tubesurface to grate area x6 Ap os 27.7 32.5 21.7 27.1 
17 | Grate area to flue area through tubes .. +s oe 4.05 5.51 4.50 
18 ae es area through funnel ol 5.04 . 3.21 ib 477 4.19 
. per sq. in.| Ib. per sq. in . per sq. in.| lb. per sq. 
19 | Mean boiler pressure above atmosphere ae cs ae 145.2 56.84 80.5 Me. 
20 », admission pressure high-pressure cylinder above atmosphere 134.4 50.3 { . \ 121.4 
21 » effective pressure high-pressure cylinder 58.46 30.74 { me \ 36.89 
22 ms »» intermediate cylinder .. 19.50 a ce 20.07 
23 ‘7 re »» low-pressure cylinder .. ee ae ‘ | 12.38 10.87 { ina} 7.18 
24 a Re », total reduced to low-pressure cylinder | 29.9 19.9 24.8 19.8 
25 »» exhaust pressure low-pressure cylinder below atmosphere . . | 11.6 10.9 { 9 i | 10.5 
26 »» vacuum in condenser below atmosphere 12.17 12.48 12.49 12.9 
| 
27 +| Revolutions per minute, mean 71.78 55.59 { of \ | 70.0 
28 | Indicated horse-power, mean total as 1994 371.3 { M873} | 1087.4 
29 | Coal burnt per minute Ib. 66.75 16.45 95.7 | 32.0 
30 ” per hour .. = a ne s 4005 987 5742 1920 
31 ae »» Square foot of grate per hour .. ce me 19.25 18.98 26.1 11.93 
32 ss me ve total heating surface per hour,, 0.602 0.437 0.987 0.367 
33 os »» _ indicated a" gage per hour.. om - 2.01 2.66 2.90 1.77 
34 | Carbon value of 1 Ib. of coal as u se st we on > 0.878 0.878 0.913 1.031 
35 - equivalent per indicated horse-power per hour _,, 1.76 2.33 2.65 1.82 
86 | Feed water per minute 497.7 131 717 359.4 
37 a », hour 2 re . me a ss ne 29,860 7860 43,020 21,564 
38 ne »» Square foot of total heating surface per hour _,, 4.49 3.48 7.29 4.13 
39 ss », pound ofcoal .. - oi # = 7.46 7.96 7.49 [11.23] 
40 ed - ee ». from and at 212 deg. Fahr... _,, 8.21 8.87 8,53 [13.06] 
41 hie ee oe carbon value from and at 212 deg. F. ,, 9.62 10,10 9.34 [12.67] 
42 os »» indicated horse-power per hour ee 14.98 21.17 21.73 [19.83] 
43 | Calorific value of 1 lb. of coal as used .. P thermal units 12,770 12,760 13,280 14,995 
44 | Percentage of line 43 taken up by feed water.. awa ae ay 62.0 67.2 62 0 
45 ‘i os carried away by furnace gases 21.9 23.5 28.0 22.1 
46 ao . lost by imperfeet combustion. . - ae 3.6 0.0 1.3 0.0 
47 pe & expended in evaporating moisture in coal .. 1.2 0.9 0.4 0.0 
48 me me unaccounted for .. ‘ ay ES 11.3 8.4 8.3 
49 | Heat taken up by feed water per minute thermal units 528,600 141,100 788,700 [403,600] 
50 », turned into work per minute a Pe ae ae 85,240 15,870 84,630 46,490 
51 », taken up by feed water per indicated horse-power per 
minute > ee a is ‘ = thermal units 265.6 380 398.4 [371.2] 
52 | Efficiency of boiler (line 44) —.. re ae per cent. 62.0 67.2 62.0 
53 mm engine (line 50+line 49)... os ue ‘ 16.1 11.2 10.7 [11.5] 
54 Pa »» and boiler combined (line 52xline53) __,, 10.0 7.6 6.6 9.7 
55 | Mean velocity of steam through water surface in boilers per 
minute a sce ae os oe os ‘ oie as 6.28 8.6 3.43 
5 Space occupied by boilers per indicated horse-power cub. ft. 2.72 4.53 2.52 4.33 
57 | Weight of engines, boilers, &c., with water, per indicated horse- 
power Sa o% os oe is we oe .. tons 0.20 0.27 0.20 0.27 
58 | Clearance surface, high-pressure cylinder ..8q. ft { be 
59 re “f intermediate a os 
60 * », low-pressure *» » oe { Pa 
61 | Speed of vessel, mean, during trial knots 14.6 14.4 





After having taken a set of cards and entered time in 
log, &c., put on the new papers at once for the next set. 

, oem atmospheric line by hand with full stroke. 

First watch to get indicators ready before starting and 
note numbers of indicators and marks and scales of springs 
on log sheet. 

Second watch to verify these numbers and after taking 
last cards on the watch interchange top and bottom indi- 
cators of each cylinder. 

Third watch to verify the changed numbers. | 

Fourth watch, after taking last set of cards, to take off | 
indicators and put them in boxes. 

Examine every set of cards before putting away, to 


detect anomalies or errors. Compare top and bottom | q 


cards of each cylinder for length, pressure, and general 
appearance. If any difference is noticed, or anything 
suspicious about cards, report at once to engineer in 
charge of watch. 

Keep the indicator boxes shut, and the papers in them. 


Appenpix II, 
Staffs of Observers. 

In the Fusi Yama trial one watch was taken by Mr. 
R. H. Willis, with Messrs. L. A. * and J. R. 
Sharman; and the other by Professor Kennedy,* with | 
Messrs. P. G. Evans and A. P. Head.* Mr. Frederick 
Edwards,* as superintendent engineer for the owners, 
took general charge of the working of the engines 
throughout. 

In the Colchester trial Mr. Frederick Edwards* took 
one watch, with Messrs. A. G. Ashcroft, R. H. Willis, 
eS ~~~. J. Sharman, L. 8. Robinson, W. E. 
Burgess, A. P. Head,* and J. T. Ewen; while Professor 
Kennedy* took the other watch, with Mr. E. L. Morris,* 




















| 
| 
| 


Professor T. H. Beare, and Messrs. H. R. J. Burstall, 
E. C. de Segundo, L. A. Legros,* D. White, and W. A. 
Cloud. Mr. C. J. Wilson collected the gas samples 
personally during the whole of the trial. 

In the Tartar experiments Mr. Frederick Edwards* 
took one watch, with Messrs. A. G. Ashcroft, C. L. 
Simpson,* L. A. Legros,* J. R. Sharman, A. P. Head,* 
H. Cochrane, and J. T. Ewen; and Professor Kennedy’ 
took the other watch, with Messrs. R. H. Willis, R. 
Rogers, D. Capper, E. C. de Segundo, P. G. Evans, W. 
E. Burgess, and W. A. Cloud. r. Wilson again 

rsonally collected the whole series of gas samples, and 
yee Bryan Donkin, Jun.,* attended to other duties on 


| 


eck. 
The captains and chief engineers of the three vessels, 
Captain J. Caine and Mr. W. Towers of the Fusi Yama, 
Captain W. Nickerson and Mr. I. Cartlidge of the 
Colchester, and Captain D. S. Bailey and Mr. W. Brown 
of the Tartar, gave every assistance to the staff in carrying 
out their observations, and by their valuable co-operation 
contributed materially to the success of the trials. 
* Members of the Institution are marked with an asterisk. 








CATALOGUES.—We have received from Messrs. J. Tylor 
and Sons, sanitary engineers, 2, Newgate-street, E.C., a 
copy of the fifteenth edition of their illustrated catalo e, 
in which are described a great variety of articles required 
by architects, contractors, and sanitary engineers gene- 
rally. Amongst the specialities we may mention three 
different types of water meters, viz.: the ‘‘ Rotary,” the 
**Positive,” and the “‘ Bascule.” The contents of the 
a cover a wide field and are fully illus- 
trated, 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECO 


Compitep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1888. 

The number of views given in the ification Drawings is stated 

in each case after the price; where none are mentioned, the 

Specification is not illustrated. 

Where Inventions are communicated from abroad, the Names, 
é&c., of the Communicators are given in italics. 

i i i obtained at 38, Cursitor-street, 


Cc Specifications may be 
"Thantortt hone E.C., either personally, or by letter, enclosing 


amount ice and postage, addressed to H. READER Lack, Esq. 
The date tke advertisement of the acceptance of a complete spe- 
ot 


‘ion is, in each case, given after the abstract, unless the 
fatent has been sealed, when the dai ing is given. 
person may at any time within two months from the date of 
advertisement of the acceptance of a complete speci, 
give notice at the Patent O, of opposition to the 
Patent on any of the grownds mentioned in the Act. 


STEAM ENGINES AND BOILERS. 

8473. A. Brown, Renfrew. Quadruple Expansion 
(8d. 4 Figs.) May 22, 1889-—Two double-acting, 

surface or jet-condensing, or non-condensing engines, are placed 
side by side, working one shaft C, having two cranks placed at 
right or other suitable angles. Each of the two engines has two 
inverted cylinders A, Al, and A2, A3, one of the cylinders of each 
engine being placed behind the other at right angles to the crank- 
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shaft C. The pistons are connected by levers D, D1, fulcrumed at 
their centre G, and connected at their ends by links E to the 
crossheads F of the piston-rods P, so that when one piston is at the 
top of its stroke the other piston isat the bottom. A connecting- 
rod H is fitted to one of the piston-rod crossheads of each engine 
for transmitting motion to the crankshaft C. (Accepted April 2, 





8565. S, Eddington and J. E. Steevenson, Chelms- 
ford, Essex, Valve Gear of Engines Worked by 
Steam or Compressed Air or other Gases. [8d. 4 
Figs.) May 23, 1889.—This invention relates to a method of re- 
versing the motion of the engines in which the steam is admitted 
to and exhausted from the cylinder by valves actuated by means 
of cams mounted on a countershaft, the valves being of the double 
beat or equilibrium type. The cams K, K! actuating the admis- 
sion valves C, C! are formed as double cams (one for each direc- 





tion of rotation of the engine) and are attached to the governors 
E and with them carried loosely on but driven by the countershaft. 
The cams being of the spiral form the valves are closed sooner or 
later in the stroke of the engine according to the action of the 
governors. The cams L, LI, actuating the exhaust valves D, D!, 
are also double and carried on the same shaft. When it is desired 
to reverse the engine the governors and the whole of the cams are 
moved along the shaft, thus bringing the opposite set of cams into 


gear. (Accepted April 2, 1890). 
13,711. J. F. A. Schnarrendorf, Members. Steam 
Boilers. (6d. 2 Figs.] August 30, 1889.—The shell of the im- 


proved boiler is composed of two hemispherical or conoidal parts 
a, b, provided at their adjacent edges with outer and inner 
flanges c, d adapted to be bolted together. The fireboxes f are 
arranged in the lower part b, and cross each other, their junction 
being developed on its upper surface into a socket g! to whicha 





circular firebox plate g adapted to receive the inner ends of the 
boiler tubes k is connected by flanges h, i, and bolts. The boiler 


tubes h radiate from the firebox plate g to the upper part a of the 
boiler shell. An adjustable damper /! is provided within the fire- 
box plate g, so that the burning gases may be taken first outward 
through the lower boiler tubes & into an annular chamber or 
smokebox n (formed on the upper part a@ of the boiler shell out- 





side the boiler tubes k), and back through the return tubes & in 
the direction of the uptake s, which springs from the top of the 
circular firebox plate gy. (Accepted April 2, 1890), 


VALVES. 


7929. J. Sturgeon, Birmingham. Stop Valves. (6d. 
4 Figs.) May 13, 1889.—a is a main plug fitting loosely in a 
cylindrical valve casing b having a faced bore. d isa secondary 
plug which acts as the closing mechanism, fitting loosely within 
the plug a, and at right angles to its axis, and having its endsd1, d2 
faced to fit the casing b in which the plug a works, and of a size 
to cover and overlap the passage openings e, h of the valve. 7is 
the passage way equal to the bore of the openings e, h, and formed 
through both plugsa and d, and at right angles to the axis of the 
latter. kis a groove formed on the inside upper surface of the 
plug a, and at right angles to its axis. J are studs fixed on the 
outside of the plug d and fitting in the groove k of the plug a, to 

















ESS 
a 





prevent the plug d turning in the plug a. mis the cover of the 
valve, and vn is the stuffing-box and gland; p is the spindle formed 
on the plug @, by which the valve is turned for opening and clos- 
ing. en the valve is closed, the faced ends d}, d? of the plug 
d cover the openings e, h of the casing b, and the pressure of the 
fluid acting behind, at one end of the plug d, forces the plug d 
with its opposite end tight up against the face of the opposite 
opening, thus always following up the wear of the rubbing sur- 
faces. To open the valve, a quarter turn is given to the plug a, 
and the plugs a and d are brought into the position shown, and 
the valve isfull open. (Accepted April 9, 1890). 


8246. R. Ellis, Tiverton. Self-Clo Tap or 
Valve. [8d. 3 Figs.) May 17, 1889.—When the handle H is 
turned, the screw spindle advances and presses forward the 
spindle connected with the diaphragm D and forces the valve V 
off its seat, thus allowing the water to flow through the valve 
seating and out of the nozzle O of the tap. The water will con- 





tinue to flow as long as the handle is held in this position. On 
releasing the handle the pressure of the water on the valve V and 
upon the spindle S!, and also upon the diaphragm D, forces the 
valve on to its seat and pushes back the diaphragm and the spindle 
connected to the diaphragm, and at the same time the spindle 
connected to the handle revolves back to its original position. 
(Accepted March 26, 1890). 


ELECTRICAL APPARATUS. 


6410. R. A. Burnell, London. (7. Wilms, Hamburg.) 
Galvanic Cells. [8d. 4 Figs.) April 15, 1889.—This inven- 
tion relates to an improved Leclanché battery, in which the carbon 
a, for increasing the surface, is made of a hollow body which is 
parallelopipedic, or provided with longitudinal grooves. Upon 
the outer surface of the body are embedded porous sheaths h 
filled with unheated granulated manganese. e zinc rod J is 


fug eee 
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separated by a non-conductor & from the carbon in such a manner 
that the sheaths / are in direct contact with the ——_ air 
and with the electrolyte, for the pu of bringing the hydrogen 
generated in contact with continually renewed oxygen, so as to 
impart to the battery a great durability and increased electro- 
motive power with the least space and weight. (Accepted April 
9, 1890). 

8030, M. E. Unger, Berlin. Automatic Switch for 
Charging Electric Accumulators. (6d. 2 Figs.) May 
14, 1889.—This apparatus is mainly for the purpose of switching 
electric currents in charging secondary batteries in series in such 
a manner that when the electric current has been cut off from 














one series the next series is placed in communication with the 
corresponding poles of the source of electricity without any short- 
circuiting between the successive series. A disc 8 of insulating 
material is mounted on a revolving shaft a. Around the disc are 
a number of metallic coatings C, C! . ., insulated from one another, 


h 


and ponding to the of contact connections to be 
made. On the disc Sare also similar places not coated with metal. 
These contact places are alternately slid against by springs F+, 
F-, inconnection with the source of electricity. The current 
passes from the coatings on the disc by wiresc, cl .... , to rollers 
Rl....R4 mounted on the shaft a and revolving in mercury 
vessels insulated from one another, and into which dip springs 
J1 ...f4 that are in connection with the corresponding poles of the 
series. The uncoated parts of the disc S serve to prevent short- 
circuiting between the poles of the secondary battery. (Accepted 
April 9, 1890). 


8780. E. E.de Facieu, Elephant Point, Rangoon. 
India. Electrical Switches or Cut-outs, [8d. 5 Figs.) 
May 27, 1889.—This invention relates to an improved safety 
switch. An armature A is attached to a movable arm or contact 
piece Bin such a position that on the arm B being depressed by 
means of the thumb-piece B!, the armature A comes into contact 
with a permanent magnet C attached to the bedplate E of the 
switch. The attraction of the magnet C is sufficient to hold the 
arm in that position. The wire through which the current flows 
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is wound a few turns W around the magnet C in such a manner 
that the magnetism of the latter is counteracted to such an extent 
that it will only just hold the armature down and no more. Thus 
a very slight increase in the current will cause it to release its hold 
on the armature A, which, being impelled upwards by the spring 
action of the arm B, flies upwards and interrupts the current. As 
long as the current is in excess of that which the switch is con- 
structed to carry, the contact arm B cannot remain in the posi- 
tion of *‘ closed circuit.” (Accepted April 2, 1890). 


APPLIANCES FOR SHIPS. 

H. C. Vo Copenhagen. Propellers for 
Ships. [6d. 4 Figs.) May 8, 1889.—The propeller has two 
opposite blades R rigidly connected to or formed in one witha 
central cylindrical part or blade axle A, which can turn freely in 
a boss N, or be limited in turning by a yielding stop or laminated 
spring I, which is fixed in the boss N, and has its flexible end 
inserted in the base of one of the blades B.. The boss N is secu: 
to the propeller shaft S. When the propeller is rotated in the 
currents of different velocities, following or being dragged by the 
ship, the pitch 


angles of the blades will constantly vary equally 












thie 
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in opposite sense indicated by the arrows, and as much as the 
springs I permit. The forces acting on the blades will thus 
balance each other, so that the blade area can be made broadest 
near the circumference, and thus the most economical use is made 
of the diameter available without causing vibrations. To increase 
the turning and maneuvring power of warships, the spring I can 
be disconnected from the propeller by means of the screw E, the 
flexible end of the spring only fitting into a recess in a knob on 
the base of the blade. (Accepted March 12, 1890). 


9030. R. McKenzie and 8S. H. McKenzie, Liver- 
pool, Apparatus for Anchoring Vessels in Deep 











we 


7 Figs.) May 31, 1889.—This invention relates to 





Seas. (8d. 
@ floating drift anchor in the form of an umbrella comprising a 
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central rigid shaft A, near one end of which radial ribs B are 
pivotted, and a series of arms or ‘‘ stretchers” D pivotted to the 
ribs, and jointed to a sliding collar E. E! is a stop fixed to the 
shaft A to limit the inward movement of the runner E. The 
stretchers act as ties to support the central portion of the ribs and 
casing, and, in conjunction with the collar El, limit the opening of 
the drift anchor. The ribs are also prevented from opening 
beyond the proper point by means of cords F secured to the shaft 
A. The cords F are kept from entanglement by cords f2 secured 
to the shaft of the anchor. A rope or chain G serves to attach the 
anchor to the vessel. The shaft A acts as a central guiding device 
to keep the anchor, when immersed, concentric with the axis of 
the rope G and its mouth perpendicular to said axis. The canvas, 
forming the body J of the anchor, is attached to the inside of the 
ribs at j and not to theoutside as in an umbrella. When the appa- 
ratus is thrown into the water the movement of the boat or vessel 
causes the ribs to open, and, being covered with canvas or other 
closely woven material, the anchor presents a large area of resis- 
tance to the water, and consequently retards or altogether stops 
the motion of the vessel. When the drift anchor is to be shipped, 
the cable H, which is attached to the further end of the shaft, is 
hauled in for a short distance, and the —— collapses and 
can then be shipped without difficulty. hen not in use the 
apparatus may be inclosed in a covering K, which can be attached 
to one of the ribs B, so that it cannot be lost. (Accepted April 2, 


2402. J. W. Butterworth, Bristol. Automatic 
Freeing Ports for the Bulwarks of Well-Decked 
Vessels, (8d. 8 Figs.) February 14, 1890.—The improved 
automatic freeing port comprises a box A bolted or rivetted to the 
inner side of the bulwark, and having its upper side a5 deeper than 
its lower side a6, and aranged with a door C hanging upon a hinge 








FE at an inclination so as to prevent the door C from swinging or 
slamming at all ordinary lists of the vessel, and also to prevent 
water rushing upon the deck through the box A. Fig. 1 shows the 
automatic freeing port closed during an outward list of the vessel, 
and Fig. 2 shows the same opened to discharge water that may 
have found its way on to the deck. (Accepted March 26, 1890). 


MISCELLANEOUS. 


5558. A. Downie, Stanhope, and J. A. Snowdon, 
Wokingham, Dur hine for Sawing 
Metal. [lld. 15 Figs.) April 1, 1889.—This invention relates 


mainly to the use in machinery for sawing metal, of a rotary 
cradle CS for holding and rotating the article while being 
sawn. Fig. 1 shows the application of this invention to a hot 
cutting saw of ordinary type. The cradle is adapted to slide in 
guides in such a manner that the article fixed in the cradle is 
moved towards the circular saw A? by means of the power-driven 
screw BI, and is caused to rotate along with the cradle antil 
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nearly cut through circumferentially by the saw, when it is re- 
moved from the cradle and broken through by the blow of a 
hammer. Fig. 2 illustrates an arrangement for cold sawing, in 
which an article is sawn circumferentially in two places at once by 
two pairs of saws C, C2 mounted on two parallel spindles I, the two 
saws of each pair revolving in the same plane. The tables carry- 
ing the article moves in a plane parallel to that of the saws. The 
saws are driven by worm gearing G, H. Worms K, K! serve to 
raise and lower the tables F, F!. Two small articles D, D! may be 
operated upon indepen*ently of each other. (Accepted April 9, 
1890). 

12,733. B.A. Brooks, Broo N.Y., U.S.A. Type- 
Writers. (8d. 3 Figs.) August 13, 1889.—The oscillating arm 
Cis brought directly over the character on the letter plate L 
which is to be printed. While this armis held in this position 
the operator, with the left hand, depresses the key lever P, and 
throws the platen carriage forwards against the face of the type 
standing at the printing point. As the platen carriage comes 
forward, the inking roller L! is withdrawn out of the path of the 
approaching platen and into the position indicated in dotted lines 
in Fig. 1, At the same time the spacing pawl F falls into a new 
tooth on the ratchet bar 17, and as the platen retreats from the 
type wheel it is caused to advance and s between letters. 
By depressing the key lever C, the type wheel is raised so as to 
bring the lower row of types opposite the printing point. When 
it is desired to space between the words the lever S is depressed, 
which causes the platen to advance towards, but not to come in 
contact with, the type wheel, and thus to space without printing. 
When the end of a line is reached, the hook 14 engages with the 





end of theslot 15 and prevents further seiner on the same line. 
To draw the platen carriage back, the lever S is depressed, which 
throws the platen carriage forward far enough to disengage the 

















pawl F from the rack 17, but not far enough to print, in which 
ition the platen carriage may be drawn back to begin a new 
ine of print. (Accepted April 26, 1890). 

5861. J. A. McFerran, Philadelphia, Pa., U.S.A. 
Machinery for Compressing Powdered Substances. 
(8d. 9 Figs.) January 5, 1889. (Date under the Convention),.— 
This invention relates to machinery for compressing powdered 
substances into the form of pills or tablets. The die D! forms a 


receptacle for the powdered material, and is carried by a part D that 
is reciprocated by a cam C on a shaft B through the medium of a 
lever L connected by a ball-and-socket joint / with the connecting- 
The compression die e is carri 


rod M. by a plunger E! operated 














by a crank E on the shaft B by means of a knuckle-joint and rod 
E2, Adapted to the die D! is an ejector g capable of sliding longi- 
tudinally in a guide-way J, as the die carrier is reciprocated from 
a position in line with the upper die to a position in line with the 
opening in the hopper P. The guide-way J forms part of a post 
I which is adapted to be moved vertically by means of a lever G1 
operated by arod H connected to a cam Cl on the shaft B. A 
block d adjustable by means of a screw serves to insure the with- 
drawal of the injector to the proper depth. (Accepted April 2, 


1890). 

1035. M. Szarbinowski, Stettin, Germany. Snow 
Ploughs, (8d. 7 Figs.) January 21, 1890.—The improved 
apparatus consists of a two-axle carriage coupled loosely to the 
locomotive and pushed forward by it. The snow plough com- 
prises a horizontal cutter a, side cutters b with the inclined plane 
¢, an arrangement for throwing out sideways the snow which 
has been lifted, a rudder d in front turning on the pivot g, and 
actuated by the wheel h by means of the chains 1 and lever 
h?, and a stand X for the conductor. The front edge of the cutter 
cuts easily into the snow to be lifted, high above the upper 
edge of the rails, without moving it. Simultaneously both the 
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vertical walls } cut into the snow lying infront also without 
moving it, and without exercising pressure, the connection 
between the snow to be lifted and that lying at the sides 
— severed. The snow thus cut loose is then rai: ver- 
tically by the inclined plane inside the side walls }, without 
exercising pressure on the snow masses at the sides. After com- 
pletion of the vertical movement, the snow is deposited in 
sloping manner by means of the rudder d, which is set to such an 
angle to the longitudinal centre line of the plough that equal 
quantities of snow are thrown out on each side of the wedge- 
shaped divider working above the level of the snow drift. (Accepted 
March 26, 1890). 


2003. P. Jensen, London. (C. Christensen, Christiana.) 
Machines for F Articles from W 
and other Fibrous Ma 





E (6d. 4 Figs.) February 
6, 1890.—Pulp is pumped by the pulp pump (not shown) through 


ipes iin between the perforated form E and the rubber diaphragm 
D . When the latter has risen toits upper position, the pul 

inlet is closed, and water is supplied to the pressure chamber b: 

through the pipe c, and by means of very great hydraulic pres- 
sure the pe is compressed into shape, the water of the pulp 
running off through the perforations of the form E, and through 
holes in the press table F. When the article has been. formed, the 
ring H is turned into a position such that its grooves register with 
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projections h formed on the movable hydraulic cylinder K ; and 
the latter with the table F and form E, and the pressed article is 
let down. The ring I then strikes the ring H, and the article 
on the form E will be lifted off from the form by the ring and is 
removed. Then water is admitted through the plunger G into 
the cylinder K, which —— rises and is locked by means of the 
ring H. (Accepted March 26, 1890). 

2551. C. Clamond, Paris. Gas Stoves. [6d. 4 Fiys.] 
February 17, 1890.—The improvements consist inthe combination 
in a gas stove of three parallel refractory perforated plates, the 
middle one of which is heated on both sides by gas flames supplied 
with heated air admitted through the perforations of the others 
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The middle plate C thus heated on both sides radiates part of its 
heat back on B, which, being also heated by the flames behind it, 
becomes red hot and radiates its heat around. Through the holes 
b can be seen bright parts of C standing out as it were on the 
cherry red ground of B, thus giving the appearance of a bright 
open fire. (Accepted March 26, 1890). 


2609. C. D. Rogers, Providence, R.I., U.S.A. Screw 
Nails. (8d. 24 Figs.) February 18, 1890.—The improved screw nail 
illustrated in Figs. 1 and 2, can be readily driven into wood by the 
blows of a hammer without breaking up the fibres of the wood ; it 
turns on its axis as it advances into the wood, and it can by means 
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of its head h be withdrawn like an ordinary screw. The cylindrical 
surface of the nail is fluted spirally by the compression and dis- 
placement of the metal of the wire from which the screw nail is 
made, by means of two dies d shown in Figs. 12 and 13, (Ac- 
cepted March 26, 1890). 
UNITED STATES PATENTS AND PATENT PRACTICE. 
a with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
——s gratis, at the cffices of EnenvmERine, 36 and 36, Bedford- 





THE NicaractuA Canat.—The Nicaragua Canal Con- 
struction Company has signed a contract for dredging the 
harbour and bar at Greytown at a depth of 20 ft. for the 
purpose of omy | the harbour for vessels carrying ma- 
chinery and plant or the canal work. The construction 
of a pier at Greytown, already 600 ft. long, is progressing 
favourably. 
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THE EDINBURGH INTERNATIONAL 
EXHIBITION. 

A CAREFUL inspection of all the departments of 
the Edinburgh Exhibition results in the impression 
that the display hardly justities the very high expec- 
tations that most people had formed. Judged as a 
whole, it does not differ materially from its pre- 
decessors, while as far as the separate sections are 
concerned, they show the shortcomings of nearly all 
exhibitions. The abolition of rent for space and 
the exaction of a deposit to be forfeited only if the 
Exhibition does not succeed, we had hoped might 
place the Executive Council in a position not only 
to secure exhibits of advantage from an educa- 
tional point of view, but to take the initiative 
towards the exhibition of the most recent of inven- 
tions and industrial products. We have no doubt 
this has been done in some cases, but with only 
a partial measure of success. Some of the sections 
are neither so complete nor so representative as 
they might be. In other cases, however, the col- 
lections are almost all that could be desired. The 
practice of electric lighting is most admirably and 
fully exemplified, not only by the installations 
which illumine the buildings and grounds, but by 
exhibits. Generating plant is shown in many 
various designs and by nearly all the principal 
makers ; application of the current for lighting 
and for other purposes is demonstrated ; while 
storage and distribution and the measurement of 
currents are represented by several of the foremost 
electricians of the day. The telephone and tele- 
graph companies also exhibit. Since, therefore, a 
high degree of perfection has been attained in this, 
the essential basis of the Exhibition, it would be 
too much to animadvert on deficiencies in the col- 
lateral or accidental sections. The locomotive ex- 
hibits include several of the most modern engines, 
and by way of contrast one or two of the earliest 
types. Shipbuilding and marine engineering are 
not adequately represented, more especially as Scot- 
land takes so high a position in these industries. 

After all, however, it must be said that looked 
at from the popular standpoint the Exhibition is a 
distinct success. However much it may be the 
desire of promoters to illustrate progress or develop- 
ment in any branch of science, the fulfilment is 
regulated necessarily by financial considerations. 
The general public, of course, cannot have any exact 
knowledge of, and therefore can only have an im- 
perfect interest in, dynamos, accumulators, bat- 
teries, and many of the other inventions which are 
used in the production of electricity for light and 
other purposes, so that it is necessary to add to 
the technical and valuable side of an Exhibition 
magnets to draw the crowd. At Edinburgh such 
attractions abound. The capital of Scotland has a 
population esthetic in tastes, and one that can 
appreciate the extensive array of fancy ware, de- 
corative goods, and bric-a-brac which takes nearly 
up one-half the space in the main buildings. The 
other half is occupied by general exhibits, interest- 
ing enough, but not requiring mention here. 

In the easternmost court of the main building are 
the shipbuilding and marine engineering exhibits. 
Not one of the Transatlantic steamers isrepresented. 
This fact is very quickly ascertained by all visitors. 
Nodepartment of our mercantile marine excites more 
attention than the Greyhounds of the Atlantic, and 
no section of an exhibition can prove more interest- 
ing than one including the models of these great 
triumphs of naval science. The present is an oppor- 
tune time for such a display. How valuable, for 
instance, would have been the presence in juxtaposi- 
tion of the City of Paris, the Umbria, the Majestic, 
the Columbia, the Augusta Victoria, and Fairfield’s 
latest—the Normannia. In the admirable collection 
illustrative of the postal and telegraph service, 
there is a picture of the City of New York and of 
the Etruria, but this is not sufficient. Indeed 
there are only one or two new models shown, 
notably a well-finished full model of the paddle 
steamer Hygeia lately launched by Messrs. Sache, 
Shanks, and Bell, Yoker, for passenger service at 
Melbourne. The vessel has a saloon practically the 
whole length of the ship, and is being beautifully 
fitted out. The engines are being constructed by 
Messrs. Rankin and Blackmore, Greenock. There 
are four cylinders, two of which are 28 in. in 
diameter, while a third is 56in., and a fourth 

in., and all with a stroke of 5 ft. 6 in. 
The firm also show a model of the Islander,* which 





* See ENGINEERING, vol. xlvi., pages 304 and 305. 





we illustrated and described in connection with the 
Glasgow Exhibition. The Royal Mail Steam Packet 
Company exhibit a model of the steamship Orinoco, 
4478 tons and 5860 indicated horse-power, built by 
Messrs. Caird, Greenock, and there is also a working 
drawing of the engines, which may be said to be the 
only representative of the screw propeller engine. 
Messrs. Lobnitz and Co., Renfrew, show a col- 
lection of models of almost all kinds of crafts, from 
the yacht to the dredger and large steamer of 350 ft. 
long. The intention presumably is to show the 
varied types of vessels turned out by the firm, and 
this is effectually accomplished. Messrs. Simons 
and Co., of the same town, on the other hand, con- 
tent themselves with an exhibition of their specialty 
—dredgers—in the product of which they un- 
doubtedly occupy a leading place. They show a 
model of the dredger built for Belfast, and which has 
done very extensive work in making a straight 
channel, a great benefit to navigators compared with 
the former winding waterway. Ina year one of these 
vessels, having a hopper capacity of 850 tons, raised 
1,330,400 tons, and discharged the material at a dis- 
tance of 10 miles from the scene of operation. The 
dredger can raise 600 tons an hour, and can make a 
channel 35 ft. deep. The interesting question of 
cost of working was treated of by the head of 
Messrs. Simon’s firm in a paper read before the 
Glasgow Institute ; but as we gave in a previous 
volume* some details on this score we need not 
enter into the matter here. Messrs. Simons 
also exhibit a model of a ferry with a deck which 
rises on worm gearing to suit the rise and fall 
of the tide so as to allow vehicles to pass on from 
the quay. A craft on a similar design is being 
built for service at Glasgow Harbour. It was 
launched on Saturday last, and we hope to illus- 
trate it later. Messrs. Fleming and Ferguson, 
another firm well known in connection with dredg- 
ing plant, also show typical products, including a 
hopper dredger with moving bucket ladder to 
enable the vessel to cut her own flotation. Messrs. 
Donald Currie and Co., and the Union Steamship 
Company, also show models of South African liners. 
Each of these companies is having built a steamer 
designed for high speed, so that for the future 
there is likely to be increased competition. Messrs. 
C. S. Swan and Hunter, Wallsend, contribute 
three models of smart-looking crafts, one a paddle 
Channel steamer, the others screw steamers. 

The most interesting and attractive exhibit in 
this department is the model of the engines of the 
Belgian Government’s paddle steamer Princess 
Henrietta, engaged in the mail and passenger 
service between Ostend and Dover. This vessel 
was the first of several paddle steamers built and 
engined by the Messrs. Denny, of Dumbarton, and 
which have attained remarkably good speed results. 
The Princess Henrietta was built about two years 
ago, and her speed is 21} knots per hour. The model 
is an art production, every bolt and nut is shown, 
and the whole structure reflects credit on the model 
maker--Mr. David Carlaw, Glasgow. The Messrs. 
Denny have certainly added greatly to the value of 
the model by showing the engine sitting on its bed 
constructedin the ship’s hull, showingalsothe paddle 
wings. The model is a miniature of the machinery 
compartment of the vessel with the engines, and is 
so placed in a glass case as to allow a complete in- 
spection of the details, the fore and aft ends being 
open. The engine itself has many noteworthy 
features. The cylinders are 59 in. and 104 in. in 
diameter respectively, and the pressure of steam is 
1101b. to the square inch. The cylinders are placed 
closely together and obliquely, the valve of the 
high-pressure cylinder being placed on the outer 
shoulder of the cylinder, while that on the low- 
pressure cylinder is on the top slightly inclining 
towards the outer side. This necessitates an unusual 
arrangement of the eccentrics in which the bell- 
crank lever playsanimportant part. There are on 
each wing nine paddle floats curved. 

Of steering gears there are quite a number. 
Messrs. Brown Brothers and Co,, Edinburgh, 
exhibit their patent steam steering ‘tiller and tele- 
motor and other appliances, described in the paper 
read by Mr. Brown before the recent meeting of 
the Institution of Naval Architects, and reprinted 
by ust. The Stevens Rudder Controller Company, 
Limited, London, exhibit their arrangement. Mr. 
George Thwaites, Stockton-on-Tees, shows Smiles’ 
patent steering gear. The engine has the usual 


* See ENGINEERING, vol. xlvii., page 406. 
t See pages 491 to 493 ante. 


‘latter driven direct from the cranks. 





barrel geared by a large spurwheel and pase, the 
aft. The 
cylinders are oppositely inclined, placed on either 
side of the barrel, while the shaft is above it. The 
two connecting-rods are on one crank, and a hand- 
wheel at convenient height is in direct connection 
with the valves. The valves are therefore driven 
direct, and are of the three-ported type. The 
gearing has certainly the merit of compactness. Mr. 
David Carlaw shows a neat little vertical engine 
for propelling small craft. 
essrs. Hawthorns and Co., Leith, exhibit a 
Gallon and Chapman’s patent hydraulic engine 
working a capstan. The cylinders oscillate on fixed 
studs and are double-acting. The slide valves, 
which are on the cylinder ends, are governed by 
the cylinder’s action. 

Of general machinery there is a fair although not 
large collection. The engines in action are arranged 
in two rows extending from the centre of the hall 
in an easterly direction. The shafting is of steel 
and 3 in. in diameter, carried on A frames 10 ft. 
high surmounted by Lancaster and Tonge plummer- 
blocks, with adjustable loose collars at the couplings. 
The normal speed of the shafting is 180 revolu- 
tions. In the Dynamo Court the shafting is 44 in. 
in diameter, and the revolutions 230 per minute. 
As in our issue of April 25 we described the plant 
used in generating light for illuminating the build- 
ings and grounds generally, it is not necessary to 
deal further with the matter here. One line of 
shafting is driven by a compound engine of 25 
nominal horse-power by Messrs. Ruston, Proctor, 
and Co., Limited, Lincoln. The high-pressure 
cylinder is 10 in. in diameter, and the low-pressure 
cylinder 16 in., with a piston stroke of 18in. The 
barrel of each cylinder is cast separately and forced 
into the main casting, the space between forming 
steam jackets. The steam chests are placed to the 
outside of each cylinder, and the stop-valve chamber 
centrally in front, so that they are easily uncovered 
separately for inspection. The governor is of Porter 
type, and the admission of steam to the high-pressure 
cylinder is automatically varied from 1 per cent. 
to 50 per cent. of the stroke, according to the power 
required, by a double-ported expansion valve and a 
rocking slot-link driven by a separate eccentric. 
The crankshaft is of steel, forged solid. The fly- 
wheel is 6 ft. 2 in. in diameter by 12 in. face, and 
runs at 120 revolutions per minute. The other 
line of shafting is driven by a Griffin gas engine, 
a type of engine fully described in a previous 
volume.* Messrs. Dick, Kerr, and Co. also exhibit 
several other Griffin engines. The Stockport and 
other gas engines are used for driving dynamos for 
lighting stands and for other purposes in connection 
with the Exhibition. Messrs. Crossley Brothers 
have a good display of the well-known Otto type of 
engines. 

Messrs. Priestman have several petroleum engines. 
One of their 5 horse-power engines is working a 
30-light dynamo by Messrs. Ernest Scott and 
Co., Newcastle-on-Tyne, with storage cells of the 
ordinary electric power storage type. In a build- 
ing in the grounds they have a 9 horse-power 
engine driving one of Ronald A. Scott’s dynamos 
supplying electricity for a search light on the 
top of one of the towers at the main entrance. 
In this connection it may be mentioned that the 
Priestman engine has for the first time been 
adapted in connection with lighthouses. To the 
Northern Lighthouse Board they have supplied 
three 5 horse-power engines for the Corsill light- 
house near Stranraer on the south-west coast of 
Scotland. They work three sets of air compressors 
by Messrs. Hawthorns and Co., Leith, for fog 
signals, and the Pulsometer Company have fitted 
the syrens. A propos of lighthouses, it may be 
stated that Mr. James Keith, 57, Holborn Viaduct, 
London, has a large stand with his various : ppa- 
ratus, including a representation of mineral oil gas 
works as applied on Ailsa Craig and at Langness 
on the Isle of Man, for lighting and fog-signalling 
purposes. Mr. Keith has adopted in several of his 
exhibits the effective method of showing a sec- 
tional view, so that the interior of the appliances 
may easily be studied. 

Returning to machinery we may note that Messrs. 
T. and A. Constable, the official publishers in con- 
nection with the Exhibition, have taken the printing 
exhibits under their care, and have arranged what 
may be termed a model printing establishment. 
Messrs. Miller and Richard supply two of their 
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THE MERSEY DOCKS; DIAGRAMS OF 
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well-known Wharfedale mazhines, the one for Alexander Lagerman, from Sweden, are also on wrought-iron sleepers, with rails twisted to demon- 


crown and the other for royal. Mr. J. Wade, of 
Halifax, shows two Arab platen printing machines. 
The work of finishing a book is illustrated by ma- 
chines by Messrs. John Greig and Sons, Fountain- 
bridge, Edinburgh, who show a self-clamp ‘‘Con- 
queror” guillotine of 40-in. capacity, and a 
Bremer’s wire-stitching machine. In addition they 
have a Columbian hand-printing press to take in 
double demy. Mr. James Salmon, Blackfriars- 
bridge, Manchester, sends a hot rolling machine 
of 36 in. Messrs. Joseph Foster and Sons, Preston, 
have a strong stop sl 


| exhibition. 
Metallurgic exhibits are not numerous. From 
the Ayresome Iron Works at Middlesbrough, of 


'Giers, Mills, and Co., there is a stand with samples | 


of the products and a model of the Bessemer Steel 
Works. Delta metal, magnolia anti-friction metal 
for high-speed engines, and other specialties, are 
represented, while the Alliance Aluminium Company 
have erected an attractive stand, having on the top 
a figure of Mercury with a pair of scales to show 
_the relative weights of lead and aluminium. 


strate their ductility. 

Messrs. Babcock and Wilcox send one of their 
water-tube boilers recently illustrated and described 
by us, and Mr. Archibald Thomson, Alloa, a 
mechanical stoker. 

In addition to the exhibits comprised in the 
special departments there is the usual collection of 
nondescripts, in which the non-technical visitor 
will doubtless find his special pleasures. Stone 


polishing, glass engraving, wood carving, jewel 
The | setting, and so forth, always attract groups of spec- 
inder machine, with heavy | Monmouthshire Tredegar Iron and Coal Company |tators. The working dairy, a going bakery, and a 


foundations. The type-setting machines, by Mr. show their products, including round - backed | Venetian glass factory in full operation, compete 
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with the Japanese village, the switchback and ‘‘ the | 
ocean wave.” These latter will probably consider- 
ably augment the finances. On these ‘‘conces- 
sions” large percentages are paid to the executive, 
and it is said some of the amusements in the grounds 
yield as much as 50 per cent. on the total drawings. | 
‘The importance of these concessions will be under- | 
stood when it is stated that during nine days) 
recently they realised for the executive about | 
12501. The sale of season tickets has brought the | 
executive over 11,0001. 





DREDGING IN THE MERSEY DOCK 
ESTATE. 

Tue Mersey Dock Estate, under the charge of 
Mr. Geo. F. Lyster, as engineer to the Board, 
comprises a total water area of 520 acres ; alongside 
are quays that make in the aggregate a length of 
35 miles; there is also a shed accommodation of 150 
acres, not including warehouses. These docks and 
quays and sheds are for the accommodation of the 
shipping to the port of Liverpool, which is the 
largest in the world. The range of the equinoctial 
spring tides in the Mersey is some 30 ft., and the 
tides, as they rush in and out, carry large quantities 
of mud and sand in suspension ; as a clever lady 
once pertinently remarked, while being ferried 
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across its waters: ‘“‘The quality of Mersey is not 
strained.” As the dock gates have to be continually 
opened to permit of the passage of vessels, it follows 
from the state of things already explained, that the 
docks would rapidly silt up and become unworkable 
unless some continuous system of dredging were in 
vogue. Several methods of clearing these docks 
have been carried on since their opening, and this 
history of the dredging operations may be divided 
into three periods, viz. : 


First ... prior to 1875 
Second... és ; 1875 to 1885 
Third ... 1885 ,, 1888 


FirstPeriod ; prior to 1875.—At the close of the 
first period there were in all 412 acres of dock at 
Liverpool and Birkenhead. Certain of the outer 
docks having entrances direct from the river were 
at this time cleared of the mud accumulated in them 
by the process of ‘‘scuttling.” To carry out this 
process it was necessary that the dock should be 
run dry, then, at low water, sluices from the inner 
dock were opened, and into the streams flowing 
across the outer dock into the river the mud was 
cast by gangs of labourers, in number from 30 to 60, 
according to circumstances. 

These outer docks naturally act as mud-traps, 
and have to be cleansed very frequently, and under 
the system above described, the docks requiring 
scuttling were run dry as a rule once a year, and 
the process was carried on each tide for perhaps 
about a week until all the silt was got rid of. 

Figs. 1, 2, and 3 show the arrangement of the 
docks with the individual names and numbers 
marked thereon, Fig. 1 showing the northern | 








division of the docks on the Liverpool side, Fig. 2 
the southern division of these docks, and Fig. 3 
the division on the Birkenhead side. These plans, 
though showing clearly the position and extent of 
the dock estate, are in use for another purpose, 
which will be referred to later on. 

Prior to 1875 it was usual to treat the Wellington 
Half-Tide, Salisbury, Clarence, Canning Half-Tide, 
Queen’s Half-Tide, and Brunswick Half-Tide in 


| the manner before described ; the quantity of silt 


so removed periodically was very large, only asmall 


| proportion being dredged. 


The dredgers used at this period in the Liverpool 


|Docks were of the ladder type, six in number, 


five being double, and one single-ladder dredger. 
Their buckets were of wrought iron, had a capa- 
city of 2 cubic feet, and weighed about 44 cwt. each, 
or 3cwt. more than the mud contained in them. 


Fig. 4 is a reproduction of a photograph of one} 


of these old-fashioned buckets. It may here 
be remarked that very large buckets are not 
suited to the work done by ladder dredgers in 
these docks, as the floor of the dock is asa rule 
not more than 2 ft. below the level of the sill, and 
consequently only 2 ft. of mud can be allowed to 
accumulate before the dredger is put to work on it. 


sion of the system was decided upon, and additional 

| hopper barges were ordered in connection with the 
dredging. At the same time no place of deposit being 
available for the excavations from the New South 
Docks, then in course of construction, it was de- 
cided to take the material out to sea. In all, five 
steam hoppers were ordered, Messrs. Simons being 
the contractors. The barges were of larger size 
than Nos. 1, 2, and 3, being each 153 ft. long, 
26 ft. 6 in. beam, 14 ft. depth of hold, witha hopper 
capacity of 414 cubicyards. Whilst these were being 
built, and for some time afterwards under special 
circumstances, some of the old wooden barges con- 
tinued to be used in conjunction with the steam 
hoppers. 

So far back as 1843, the desirability of dis- 
charging the mud from the docks into the river 
had been questioned by Captain Evans, the acting 
conservator of the Mersey, and in August of the 
following year, Mr. Jesse Hartley, the late engineer 
to the Dock Board, made the following remarks 
when reporting on the subject: ‘‘This mud 
and sand, it must be borne in mind, origi- 
nate with the river itself; and were the ducks 
to remain closed, or supplied with water from 
another source, the same mud and sand would still 








The work was carried on in the following | be held suspended in the waters of the Mersey, 


manner: Each dredger was provided with a double 


set of hopper barges, eight in number, or four in 
each set, one set being in attendance on the 
dredger, whilst the other was outside. This ar- 
rangement was rendered necessary in consequence 
of the time of depositing in the river being limited 
to the first quarter ebb ; it was therefore impossible 
for the hoppers to get back into dock the same tide, 
the gates being shut shortly after high water. The 
hopper barges were 40 in number. They were 
timber-built, and were 50 ft. long by 20 ft. beam, 
and contained 82 cubic yards. The place where 
they deposited their silt was in the Seacombe Nar- 
rows, where the velocity of tide is greater than at 
any other point in the Mersey, and after letting go 
their loads there, the barges in tow went down the 
river with the ebb tide and found refuge in the 
Sandon Basin until the next tide, when they were 
towed up on the flood and placed alongside the 
dredgers in the several docks, and those barges 
which had been loaded in the meanwhile were then 
towed out. The operation was costly, owing to the 
expense of towing, but the arrangements were as 
good as could be made under the circumstances. 
Second Period, 1875 to 1885.—The first radical 
change in the system wasintroduced in June, 1874, 
when a steam hopper barge, built under contract 
by Messrs. Brassey and Co., of the Canada Works, 
at Birkenhead, was brought into use. She was 
144 ft. long, 23 ft. beam, with 11 ft. 9 in. depth of 
hold, and a hopper capacity of 285 cubic yards. 
Shortly afterwards two others of the same size were 
built by Messrs. Simons and Co., of Renfrew, and 
these were brought into use in 1876. The advan- 


and would produce the same effect as at present. 





| As 360 tons are daily taken from the docks, the 
same quantity must daily be deposited therein ; so 
that it will, on reflection, be perceived that we are 
in the habit of only returning each day the quan- 
tity of mud and sand received into the docks, and 
that no worse effects can be produced in the navi- 
gation than would be the case if no docks existed.” 
More than thirty years afterwards, Captain, then 
Admiral, Evans, again urged that the dredg- 
ings should not be deposited in the river, and on 
the introduction of the steam hoppers the place of 
deposit was altered ; the site selected being the 
west side of the Burbo Bank in Liverpool Bay, 
quite outside the river proper. This practice 
has since been followed, and it is only during 
exceptionally stormy weather or fog that the Sea- 
combe Narrows are used ; the proportion of dredg- 
ing deposited there gradually diminished as the 
steam hoppers replaced the old barges, when the 
quantity was reduced to about 10 per cent. of the 
total. No great change was made in the dredging 
appliances at this time, but the system of working 
was improved, and scuttling was entirely aban- 
| doned in the before-named half-tide docks, which 
arrangement proved both economical and conve- 
nient. Larger buckets were introduced for the 
ladder dredges and are shown by engraving, Fig. 5, 
their capacity was 6 cubic feet and the weight of 
each bucket 6% cwt. 
(To be continued.) 








A SovutH AUSTRALIAN GUNBOAT.—The South Australian 
gunboat Protector has undergone a thorough overhaul} 


tages of steam barges having been proved, an exten-! and has been supplied with new boilers, 
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THE MANOHESTER SHIP OANAL. 
(Continued from page 497). 

Returninc to Runcorn, the first objects of engi- 
neering interest are the sluices at Old Randles, 
about three miles above Runcorn. They form an 
outlet for the tidal water in the upper inland tidal 
length of the canal. Passing these we come to the 
Vrynwy Aqueduct, through which Liverpool is sup- 
plied with water. This crosses the canal in a large 
syphon made of iron pipes laid on the invert of a 
brick tunnel. We next arrive at the swing bridge 
of Moore-lane, which will be treated more fully 
hereafter. Railway deviations, also to be again 
referred to, come next. These new pieces of rail- 
way are due to the canal crossing the present main 
lines of the London and North-Western Railway 
from Crewe to Scotland and the Great Western 
Chester line. The new lines are carried over the 
canal by gradients of 1 in 135 on each side, the 
canal being crossed by heavy steel bridges as here- 
after .described. These deviations are about 
three miles long, and are in themselves engineering 
works of no mean importance. It may be stated 
here that 15 miles of new main lines will be made 
for the different railway companies, and this will 
comprise the difficult and costly work which must 
necessarily follow the crossing of a waterway ata 
sufficient height to allow of ocean traffic. 

Close by these railway deviations is the first de- 
viation of the present river, and alongside this a 
new high road into Warrington will be made. 
Crossing the river deviation there will be a branch 
railway from the present London and North-Wes- 
tern Railway, which will terminate in the dock 
sidings which are to be constructed on the War- 
rington Dock to be made in the old bed of the 
river. This dock will be in direct communication 
with the Ship Canal and also with the present river 
course, the latter by means of a lock. In this 
neighbourhood five swing bridges are to cross the 
canal, three of them 25 ft. wide, and two 36 ft. 
wide. These will all be worked by hydraulic 
machinery. They will form connecting links across 
the canal for the main roads leading into Warrington. 

The next point of interest will be the Latchford 
Locks, about half a mile beyond the swing bridges. 
They are the first locks after Eastham and mark the 
limit of the tidal portion of the canal, the tide 
flowing through openings in the banks lower down 
as already explained. The Latchford Locks have the 
highest lift, viz., 16 ft. 6 in. 

A short distance further there is the second 
diversion of the old river, and it is at about two 
miles beyond this point that the canal and river 
grow into one at Warburton. Up to Warburton 
they may be said to have a separate existence, only 
touching each other at a few points after the canal 
leaves the estuary at Runcorn. The river is, how- 
ever, considerably altered in various parts where 
its excessive windings may be straightened out with 
advantage, as already mentioned. 

Above Warburton a high level bridge is pro- 
posed to be constructed for the purpose of carrying 
the Rexton and Warburton-road over the canal. 
From here to Manchester the chief difficulties met 
with are through the crossing and recrossing of the 
river bed by the canal. As the canal work is all 
dry the water must be got rid of in some way, and 
this is not always an easy job when dealing with 
the bed of a river. The water is either di- 
verted temporarily to new channels, or else half 
the channel has to be blocked off whilst the work is 
being done in the other half. Often the canal 
course crosses the river three or four times in a mile, 
About two miles above Warburton is another rail- 
way deviation, that of the main line of the Cheshire 
Lines Committee between Liverpool and Stockport. 
This is of the same character as that previously 
mentioned. 

Immediately on leaving this railway we come to 
an important undertaking ; namely, a large coal 
basin at which it is expected steamers will coal for 
their ocean trips. In order to form this the canal 
is widened about 65 ft. on each side. This work 
was, at the time of our visit, in full progress, the 
steam navvies working in the cutting; but of course 
it was not forward enough for more than a general 
outline to be seen. By turning to the plans, 


however, we find that the whole length has coal- 
ing wharves on each side supplied with coal- 
ing machinery of the newest kind. These tips 
and all the hydraulic apparatus and cranes, the 
docks, swing bridges, an ’ 

hy Messrs, Armstrong and Co., Newcastle. 


ocks, are being supplied 
All 





these wharves are in connection with the deviation 
just spoken of, which will form direct communication 
with the Lancashire and South Yorkshire coalfields. 

The present junction of the Irwell and the 
Mersey is about half a mile further on. The 
Mersey will enter the Ship Canal by a new channel, 
which will join the canal by an easy curve, and in 
which a weir will be placed to maintain the waters 
of the river at their present level. Tracing our way 
upwards, we find the Ship Canal follows the course 
of the Irwell, which, it may be stated, is the more 
important stream of thetwo. Asa matter of natural 
fact, the Mersey may better be said to be a tributary 
to the Irwell than the latter a tributary to the 
Mersey, although both are inconsiderable streams 
enough in their upper reaches. 

Further on is Railway Deviation No. 5, which is 
the last on the line. It is being formed for the 
Cheshire Lines Committee’s line between Liverpool 
and Manchester. It is of the same character as De- 
viation No. 4. Just above are the Irlam Locks, and 
about two miles higher again are the Barton Locks. 
About a mile above the Barton Locks and about 
three and half miles from the Salford Docks, is 
Barton swing bridge, the swing aqueduct taking the 
Bridgewater Canal over the Ship Canal, and the 
hydraulic lift. These structures, which form to- 
gether so important and interesting an engineering 
feature, are more particularly referred to elsewhere. 
About two miles further are the Manchester Locks, 
and the canal then finally passes into the docks at 
Salford. 

The Manchester Locks really form the entrance to 
the docks, for above them the water space widens 
out with quays on each side, together with all the 
appliances for handling, transporting, or storing 
merchandise. 

These latter docks are now well in hand. The 
walls are being put in in trenches, the excavation 
for water space following after. The soil, which 
is clay and gravel overlying rock, is generally of 
the same depth as that required for the dock, 
so that the natural surface of the rock will 
roughly forma bottom. At the time of our visit, 
the steam navvies were hard at work and a large 
part of the excavation had been done. The arrange- 
ment of warehouses, hydraulic machinery, railway 
sidings, &c., was under consideration then. There 
will be about 7000 yards of quay space in the Man- 
chester and Salford Docks alone. 

Having given this general outline of the canal as 
a whole, in its more recent aspect, we will proceed 
to deal with some parts of the work in detail. 


Tue EastHam Locks. 


The entrance of the canal is, as our readers are 
aware, at Eastham, a village on the Cheshire bank 
of the estuary of the Mersey opposite Garston. 

The entrances are formed by three locks placed 
side by side and of three different sizes to serve 
various types of vessels. The largest of these locks 
is 80 ft. wide between coping lines, and 600 ft. long 
between the upper and lower gates, so that a ship 
of approximately this length and beam could be 
admitted to the canal, were such a vessel ever to be 
built. Her draught of water would, however, have 
to be confined to 26 ft., which is the standard depth 
of the canal. The upper locks are 65 ft. wide. 
Eastham Lock was made 80 ft. wide for easy entrance 
from the estuary in rough weather. This largest 
lock is on the land side, but between it and the 
land is the sluice by which effluent water is passed 
into the estuary. The length of the lock wall 
from end to end is 789 ft. 

The middle lock is 50 ft. wide between copings, 
and 350 ft. long between gates. The length of the 
wall is 506 ft. The smallest lock of the three is 
30 ft. wide and 150 ft. long ; the length of the lock 
wall is 260 ft. All these locks are 49 ft. deep from 
coping to invert. 

here are two Stoney’s sluices each 20 ft. wide. 

The lock walls are composed of concrete 7 to 1 
and 8 to 1 with a facing of 4 to 1; having large 
pieces of the rock obtained from the excavation 
built in. The concrete facing is in the lower parts 
of the walls only. Above the granite fender 
courses there is blue brickwork and heavy granite 
coping. The stonework in the faces of the sluices, 
&c., is of Bramley Fall sandstone or granite. The 
heel-post stones are of granite. Granite also is 
used for the closing sills, which are solidly built 
in with Portland cement. The gate platforms are 
of concrete with granite roller paths and facing, of 
blue brickwork. 

All these locks are supplied at the upper and 





lower ends with dam grooves, which can be 
utilised for the purpose of building up puddle dams 
in cases of emergency or accident. At the lower 
end of the locks there are double gates, the outer 
ones being storm gates. The gates will be more 
fully dealt with presently. 

The sluices are all on the Stoney principle. The 
inlets to the emptying sluices, which run the whole 
length of the lock, are four in number—i.e., eight 
to the lock —and are of oval shape, being 7 ft. and 
4 ft. onthe major and minor axes. The culverts 
are of oval section and are 12 ft. and 6 ft., and are 
discharged by an outlet of the same dimensions. It 
may be noted that the inlets nearest the lock gates 
are placed right against the hollow quoin. A good 
scour is thus obtained there, so as to prevent the 
lodgment of sediment and protect the heel of the 
gate-post. The filling sluices have four inlets of 
the same dimensions as the emptying sluices. The 
culverts for the filling sluices are also of the same 
size as those of the emptying sluices, and, like the 
latter, run the whole length of the lock with four 
openings to each culvert, or, taking both sides of 
the lock, eight openings of oval section with 7 ft. 
and 4 ft. axes. It will, of course, be understood that 
there are emptying and filling culverts, with sluices, 
&e., in each wall of the lock. The culverts are 
formed in the solid concrete of the walls, and have 
linings of blue brick. A fender course of granite 
runs all round the walls of each lock. The lift 
from the lower sill into the canal above is 10 ft. 

In the 50-ft., or middle lock, the general arrange- 
ments are the same, but the dimensions are pro- 
portionately less. 

Dividing these two locks is a wall 30 ft. wide ; 
that is to say, the whole space has been excavated, 
and the 30-ft. wall has been built up in concrete. 
The same remark applies to the middle lock and 
the smaller lock ; these two being also divided by 
a 30-ft. concrete wall. The outer or eastern wall 
(generally known, however, as the north wall), is 
22 ft. wide. Over the sluices there will be a brick 
bridge of two arches, each 20 ft. span and 22 ft. 
wide. These will form the connection with the 
land. 

Of the machinery for operating the sluices and 
gates we do not speak at present, as the details have 
not been settled at the time of writing. Hydraulic 
power will be applied for this purpose. We propose 
— with this part of the subject at a future 

ate. 
THe Lock Gates. 

The lock gates are of greenheart, and those for 
the large lock are, as may be imagined from the 
dimensions already given, of a very heavy descrip- 
tion. These massive structures, as we saw them 
recently lying in the building when they were 
being put together at Eastham, formed examples of 
timber construction such as one does not often see 
in these days of almost universal iron and steel. It 
may, of course, be questioned whether the latter 
materials might not be more suitable for forming 
the closing ends of the locks; and doubtless the 
question was well considered. However this may 
be, ‘‘ good old greenheart” carried the day, and of 
greenheart the lock gates will be throughout. 

The 80 ft. gates are built inthree panels. There 
are in each leaf 180 tons of timber, the weight 
being 210 tons in all including metal work. There 
is a heel-post, two sets of panel-posts, and a mitre- 
post to each leaf. The timber is tied together with 
iron plates back and front, and bolted with iron 
bolts 12 in. mainly. There are diagonal steel straps 
8 in. by 1}in. from the heel-post to the bottom of 
the mitre-post, one on each side. The iron plates 
are mostly {in. The gates are 5 ft. in thickness 
through the centre. The length of one leaf is 
45 ft., and the height is 45 ft. 5in. from bottom rib 
to top rib. 

The great thickness of these gates will be noticed, 
and all gates have been designed with extra cross- 
section in the centre. This is in order that they 
may act as arches in compression when withstand- 
ing the pressure of water, rather than simply as 
beams. The subject is one that has received care- 
ful attention on the part of the engineers of the 
canal, and has been carefully worked out in the 
office ; a stress diagram having been constructed 
for each different case. 

The heel-posts of these gates are in two con- 
tinuous pieces ; that is to say, in plan they show in 
two parts, the two pieces of timber being of the full 
height but not the full thickness of the post. We 
understand there are, in connection with the canal 
works, sixty pieces of greenheart close on 50 ft, 
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long, to be used for heel, centre, and mitre-posts. | 
These would be about 12 in. by 16 in. in section, or 
say 62 cubic feet, which would be about 1 tons | 
when dressed. There are other timbers perhaps | 
heavier than this, but not solong. The difficulty 
of getting together long massive logs of green- 
heart such as we have described is very great. 

The mitre-posts are also bolted together with 
diagonal bolts. The beams are tenoned into heel 
and panel-posts, the latter obviating very long 
beams, and, indeed, it would be impossible to get 


sufficiently large timler for these very big gates, | 


excepting by the method described. The heel-posts 
are 13 in. radius. The heel-post, caps, and plates 
are of steel’; the pivot plates are of steel and the 
pivots are of steel also. There isa horizontal strap 
7 in. by ? in. on each side at the top. There are 
steel collars to the panel-posts top and bottom. 

(To be continued.) 








MODERN FRENOH ARTILLERY. 
No. XXI. 
THE FrrRiInG GROUNDS OF THE ForGES ET CHAN- 
TIERS Company AT HavrE—concluded, 
In describing the arrangementsof the Hoc Polygon 
we referred to the various instruments employed 
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| the velocity of the projectile by that of the recoil of | together or one after the other. 


idea of the principles on which they are based, and | bar in falling through that distance. 


of which, of new and very ingenious types, designed | the resistance they offer to gravity; two inde- 
by Colonel Peigné, are installed on the firing| pendent circuits are therefore employed with a 
grounds. Finally, for testing the behaviour of gun- | proportional numbers of cells. Suitable arrange- 
carriages under fire, the various phenomena attend-| ments are made for cutting off the current from 
ing their recoil, bringing back the gun to firing posi-| both magnets either simultaneously or at an 
tion, &c., and incidentally, for the measurement of | interval, with the result that the bars drop either 
The function of 
the gun, the velocimeter of Général Sébert is| the shorter bar F is simply to start mechanism by 
always employed. To give a detailed description | which a record can be cut on the surface of the 
of these various installations would require more | longer bar C. The distance of the mark thus made 
space than we have at our disposal, but we pro- |on the latter, measured from a datum point also 
pose to convey in as few words as possible some | engraved on it, indicates the time occupied by the 
To avoid 
the mode in which the instruments are employed. | calculation, tables of equivalents are supplied to 

The construction and the mode of working of the | the observer, by which the whole range of distances, 
Boulengé chronograph are almost too well known | in inches and thousandths of an inch, are reduced 
to require special reference ; a short general notice to the corresponding velocities of a projectile in 
of it will therefore suffice in this place. The frame feet per second. The distances marked on the bar C 
of the instrument consists of a long brass column, | are measured by a graduated scale on which the 
Figs. 204 and 205, attached to a triangular foot | datum points are marked. The bar on which these 
which is provided with adjusting screws bb for records are made is sheathed with a thin tube of 


* levelling the base, so that the standard can be zine D which receives them, and which may be re- 


set absolutely vertical. On each side of the newed as often as desirable. The mechanism by 
standard are sliding brackets that can be fixed | which the marks are engraved is of a very simple 
in any desired position by set screws; in operat-| character. Immediately below the shorter bar F isa 
ing the instrument one bracket is always set | tube L to receive itas it falls,and beneath this tube, 
higher than the other. The brackets carry, each an but clear of it, is a small disc connected by means 
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DIAGRAMS SHOWING CONSTRUCTION OF THE LE BOULENGE CHRONOGRAPH, 


for measuring the results obtained, and the pheno- 
mena developed, when testing guns and carriages. 
For the former, the principal data required refer to 
velocities of projectilesfrom which striking energies, 
power of penetration, energy of shot per ton of 
gun, per pound of explosive, &c., arededuced. To 
obtain this informatson two Le Boulengé chrono- 
graphs with screens are employed. The results of 
long-range firing, range, accuracy in direction and 
elevation, together with the various deviations, and 
so forth, are obtained by means of telemeters, several 





electro-magnet A B, with electrical connections to 
suitable batteries, the current from which is so 
adjusted by means of resistances, as just to support 
an iron bar. The proper working of this part 
of the instrument is checked by adding smali 
sliding brass weights to the bars, the necessary 
strength of current being such as to support the 
bars, while it is insufficient to carry the weights 
in addition. The bars thus held by the two 
magnets are of different lengths and weights, the 
strength of the currents being proportioned to 


of a central stem to a lever pivotted to a bracket 
on the frame of the instrument. The detail of this 
part of the chronograph is given in Figs. 206 and 
207. In these figures, the disc is shown at O, and 
the lever beneath it at I. The end of this lever 
opposite the disc is provided with a catch that holds 
a detent which arrests the action of a spring that 
drives a small revolving dise G with a cutting edge. 
When the bar falls on the table its weight strikes 
up the catch and liberates the spring, causing the 
knife to revolve. The longer bar when released 
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falls through guides until it is arrested by the 
table. 

In the circuit by which the longer bar is sustained 
is included a number of fine copper wires, passed 
across a large wooden frame, which is placed in 
front of the gun, and at a safe distance from it. 
Similar wires on a second frame at some distance 
from the first are connected with the circuit be- 
longing to the battery of the shorter bar ; these 
frames constitute the screens through which the 
projectile has to pass. The wires from both bat- 
teries are coupled to a circuit breaker, so arranged 
that the currentcan be cut off from each circuit simul- 
taneously. This instrument (Figs. 206 and 207) con- 
sists of a small insulated base, on which is secured 
a bent plate spring t, carrying at its free end a cross 
strip of insulating material 7. On each side of this 
spring are two steel plates q q', in connection at one 
end with two of the binding screws; the two other 
binding screws have metal pins 77 connected to 
them, which are immediately beneath the steel 
plate just alluded to. By depressing the central 
spring the plates are depressed, and the two cir- 
cuits are completed, and they can be held in this 
position by a latch x, which retains the end of the 
spring. By releasing this latch, however, the 
spring flies up, taking with it the steel plates, and 
breaking both circuits simultaneously. This device 
is rendered necessary for accurate readings of the 
chronograph. If both the bars be released simul- 
taneously by operating the circuit breaker, the 
distance through which the longer bar will fall 
before the shorter one has struck the disc and put 
the marking knife in operation, is a definite amount, 
occupying a fixed period, and this having been 
accurately determined, must be allowed for in 
measuring the distances afterwards recorded on 
the zine casing of the bar. The height of fall of 
the shorter bar can be regulated within certain 
limits by adjusting the dise on which it drops, but 
the distance is usually a fixed one for all experi- 
ments. Upon the graduated rule with which the 
distances marked on the bar are measured, a zero 
line and a line corresponding with that produced 
by the circuit breaker, when the instrument is 
adjusted normally, are engraved, and it is necessary, 
before commencing a series of experiments, to 
ascertain whether the marking produced by the 
chronograph, when both bars are released simul- 
taneously, corresponds with that on the graduated 
rule. 

When the gun is fired, the projectile, which is 
generally flat-headed, to insure fracture of one of 
the copper wires on the screens, passes through the 
first and afterwards through the second screen. 
When the wires in the first series are broken, the 
circuit of the longer bar is interrupted, and the 
bar falls. When the second screen is passed the 
other circuit is broken, the shorter bar falls, start- 
ing the knife, which makes a mark on the longer 
bar, the position of which depends on the length 
of time the projectile has taken in passing from 
one screen to the other. This mark is read off on 
the graduated scale, and the reading is referred to a 
table of velocities, so that the result can be obtained 
at aglance. The following example of the mode 
of calculating velocities by this instrument is taken 
from the Official Treatise on the Manufacture of 
Ordnance: ‘‘ Let the height h=8.573 in., through 
which the chronometer (the longer bar) has fallen, 
ineasured from the origin or zero. Then, since 


h=$?, 
oe a/ 2h =n / 8802 
7 IWxg V 6xg 


Deduct .15 of a second for the instrument (the 
time allowed for the operation of the shorter bar), 
and .0607 is the time taken by the shot in passing 
over the space between the two screens. It follows 


e 


? . spac ss 
then from the ratio Pi , which is the common ex- 
time 


2107 of a second. 


pression for rate of motion, that the velocity = 

120 
.0607 
tioned that 120 ft. is the standard distance in Eng- 
lish official trials between the two screens. Fig. 203 
shows the general arrangement of a chronograph 
installation. 

In order to utilise to the fullest extent the costly 
experiments of firing at long ranges, instruments of 
the greatest available accuracy are necessary, and of 
these the telemeter is the most important ; its func- 
tion is to determine the length of range obtained 
with precision, and to enable comparisons to be 
made between the different rounds fired, At the 


= 1977 foot-seconds.”” I: should be men- 


Polygon of Hoc inall trials of this nature, the guns | 
under test are fired out to sea, the column of water | 
(Fig. 211) created by the falling projectile being high , 
enough, and of sufticiently long duration, as a rule, | 
to enable the observer to bring it within the range of 

a field glass before its subsidence. The chief con- 

dition involved is the reading of ranges up to! 
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10,000 metres with a maximum error of 50 metres, | 
and the telemeter that has been designed, and is in 

constant use for this purpose, differs sufticiently | 
from instruments of the same class generally em- 

ployed, to call for a somewhat detailed description. | 
The line of fire at the Hoe Polygon (see Fig. 212)is | 
directed towards the south-west, and ranges at the | 
rear with the belfry of Orcher. Two buildings 

adjacent to the firing platform, an old lazaret L and | 
a semaphore S (Fig. 213), about 275 metres apart, | 
constitute an oblique base in relation to the line of | 





fire, and its extension LM furnishes a useful base | 
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of about 245 metres. If P is an imaginary point 
10,000 metres distant, the triangle to be solved is 
PLS, which becomes CLS for any point C at 
which the projectile falls. The two observing 
stations Land S must therefore be supplied with 
theodolites, by means of which the value of CS can 
be deduced. Now in order to differentiate the 
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PEIGNE TELEMETER,. 


point P from a point, 50 metres, more or less, from 
it, it is necessary that the horizontal circle of each 
theodolite should give accurate readings up to one 
fiftieth of a millimetre, on a limb of .40 metre 
radius. The impossibility of taking such minute 
readings with accuracy, even supposing that the 
vernier could be correctly graduated, led the 
inventor of the instrument {n use at Hoc to con- 
struct theodolites without a limb or vernier, but 
which, nevertheless, afford means of obtaining 
readings of very great precision. The designer of 
this ingenious telemeter is a well-known artillery 
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officer, Colonel Peigné. The problem appears a 
somewhat paradoxical one, but its solution is | 
extremely simple and logical. | through the microscope of the instrument. Both 

A marine telescope (Fig. 214) is mounted on a|the observing stations are provided with instru- 
tripod with locking screws, and with a non- | ments of the kind just indicated, and they are 
graduated circle, but with an adjusting screw V ; it | regulated in such a manner that when their direct 
carries in front of the objective a small mirror M (see | optical axis is turned to coincide with that in which 
Figs. 214 and 215) mounted on an axis that is con-| the point P falls 10,000 metres distant along the | 


be mentioned that the scale of the divisions | 
shown on the diagram is the actual size as seen | 
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metres. From this triangle L S P has been obtained 
with absolute correctness, the value of the angle 
P LH equal toS which serves as the base for regu- 
lating the telescope L. For adjusting the mirrors 
in the observing station, two permanent points were 
fixed by theodolite, on the coast between St. 
Addresse and Harfleur; these gave the angle 8 
from the station L. Two other points were also 
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trolled by the rod T by means of the micrometric 
screw A, the head of which is accurately graduated. 
Direct or lateral rays can be thrown upon the mirror 
at will by turning the shield O, Fig. 215. The micro- 
meter consists of a plate divided into 240 equal 
part (see Fig. 216) in such a way that readings up to 
one twelve-hundredth part of its diameter can be 
taken ; thus in Fig. 216 it will be seen that the 
column of water thrown up by the falling pro- 
jectile stands opposite the division 1072, It should 



























THE DE PEIGNE TELEMETERS, 


line of fire, this same axis passes, by reflection, 
through the Chateau of Honfleur, the azimuth of 


which makes, with the line of fire, an angle of | 


about 78 deg. Fig 213 indicates the manner in which 
the mirrors are regulated ; an auxiliary base has 


been measured, and with a circle divided into} 


spaces of five seconds, the triangle LS H has been 
solved. The angle equalling PS H is assumed to be 
78 deg., and from this the triangle LS P is deduced 
terminating at the point P at a distance of 10,000 


fixed giving the angle a from the station S. In 
taking an observation the telescopes are mounted 
on their tripods in the stations L and S, and they 
are sighted direct upon the right-hand points on the 
coast St. Addresse-Harfleur ; the mirror M is then 
adjusted by means of the screw A until the points 
| on the left-hand side are seen, by reflection, on the 
same division of the micrometer ; the graduation 
/on the head of the screw Y is then noted. This 
being done each observer looks for the column of 
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water through the telescope, and stops the circle of 
the tripod, by means of the screw V as soon as he 
has obtained the desired result and has taken 
the reading—1072 for example. The point of fall 
being C it is necessary to measure the angle C L P 
and CSP from which the triangle CLS can be 
solved. If, without shifting the telescopes, an 
observation by reflection is made, it will be noted 
that the Chateau of Honfleur is no longer in the 
optical axis, but that the division—1072 for example 
—takes the direction SC’ or LC’. The angles 
CLP, CO’ LH are in fact equal, and so are the 
angles CSP and C’SH. This being done by 
turning the micrometric screw A of the mirror, the 
Chateau H is brought over the division 1072, 
given by the column of water, The reading then 
taken on the graduated head of the screw gives the 
angle CLP or CSP with very great accuracy 
because the rod T (see Fig. 214) is of considerable 
length ; a spring R presses constantly against the 
end of the micrometric screw A to prevent loss 
of movement, and the head of the screw is sufti- 
ciently subdivided to give the necessary accuracy of 
reading. The angles CL Pand CSP being known, 
the variations in range and direction can be obtained 
graphically. Ina proof shelter closeto the firing plat- 
form is mounted upon cast-iron standards a long gra- 
duated bar, Fig. 217. This bar represents the line 
of fire to a convenient scale ; at one of its ends is 
marked the oblique base LS with its two observing 
stations ; atthe other end aretwoares of circlesstruck 
from Land S as centres and graduated to correspond 
with the divisions on the micrometric screw of the 
telescopes. Each of the actual stations is connected 
with the shelter in which this model is placed, by 
telephones. The person operating the graduated 
bar, fixes on each of the two ares, at the divisions 
indicated by the signals given through the tele- 
»yhones, two wires attached at one end to the points 
i, and S. Their intersection gives the triangle C LS, 
which it was desired to solve, and a slide, to which 
is attached a transverse scale, is pushed along the 
graduated bar, as far as the point C ; the range and 
the amount of deviation can then be at once read 
off by the observer. It has been proved by repeated 
trial that the maximum error in this method does 
not exceed 40 metres in a range of 10,000 metres. 
The observer has ample time to solve the triangle 
and to enter the result before the gun can be loaded 
for the next round. It will be seen from the fore- 
going description that Colonel Peigné has succeeded 
in solving a difficult problem in an extremely 
efticient and simple manner, and without the use of 
instruments that require very fine readings and are 
liable to error in their adjustment. 

The same inventor has designed for the Polygon 
of the Forges et Chantiers Company two instanta- 
neous telemeters by which a moving target can be 
followed, and will indicate if any vessel that may 
be passing is in dangerous proximity to the line of 
fire. The first of these instruments is mounted on 
a tripod ; it hasa base 1.75 metres long, and by 
means of reflecting prisms the observer can use it 
like an ordinary telescope. The two objectives are 
placed at each end of the base, and the rays are 
reflected by a mirror set at an angle of 45 deg. ; 
Figs. 218 and 219 indicate the general arrange- 
ment. The apparatus is adjusted on a stand as 
illustrated. The manner in which it is used is 
very simple; each eye-piece is provided with a 
finely-divided micrometer screw (see Fig. 219). 
The instrument is moved until the vessel to be 
observed is brought into the field on the left-hand 
side, then, by means of a small lever, the observer 
moves a deviating prism along to the points P, P? 
or P*, until the vessel in the field appears to be 
seen in the right-hand objective. This movement 
at the same time shifts an indicator along the 
graduated bar carried on the straight part of the 
tube of the instrument, and its position when 
the observation has been completed indicates the 
distance of the vessel ; the error in the readings 
made with this telemeter does not exceed 100 metres 
in 4kilometres. Fig. 210 is an engraving of the com- 
plete instrument. The second instrument (see Fig. 
220) is mounted on a foundation of masonry ; it has 
only one eye-piece, and readings can be taken witha 
maximum error of 100 metres in 6 kilometres. It 
consists of a tube m, 2 metres in length fitted with a 
mirror at each end and a telescope on the side at L, 
fixed normal to the tube. The whole instrument 
turns upon a carefully adjusted horizontal ring, the 
tube being mounted on an axis O. The telescope 
being directed on the object under observation, it 
receives in its focal plane f f! the direct image of the 





object ; then by reflection from the mirrors M and 
m it also receives in the same focal plane the same 
image from the other extremity of the base. There 
are thus two adjacent images in the field which can 
be made to coincide by sliding within the tube, the 
prism P" having the same angle as the prism P, but 
reversed. The position of P' which makes the two 
images overlap, gives the desired distance. This 
apparatus is extremely simple and very easy of 
manipulation ; its readings, as already stated, are 
accompanied with a percentage of error that is 
almost negligible. As regards its telemetric instal- 
lations, the Polygon at Hoc leaves nothing to be 
desired, and the instruments in use possess con- 
siderable interest on account of their originality 
of design. 

The apparatus known as the crusher gauge— 
originally suggested, we believe, in the United 
States—but first practically applied in England, 
affords a means now universally employed for 
ascertaining approximately the pressures set up in 
the bore of a gun on the explosion of the charge. 
In its most developed form it is as shown in Figs. 
221 and 222. The piston c, Fig. 221, is of steel, 
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FRENCH CRUSHER GAUGE, 


and the bore, which is of carefully determined | 


section, is subjected to the action of the powder 
gases, and is pressed against the small cylinder of 
copper a, which abuts against the plane surface of 
an anvil b. The copper cylinder is centred by a 
rubber ring, but it is left quite free to expand 
laterally ; a brass obturator mounted on the piston 
prevents the powder gases from penetrating into 
the interior of the crusher apparatus. As this 
obturator is not always quite certain in its action, 
it is a common practice to provide an exhaust 
passage to carry off any gases that may pass the 
obturator and enter the cylinder ; the presence of 
this gas would tend to make the results given 
by the instrument incorrect. By means of a 
series of preliminary trials, the reduction in the 
height of the copper cylinder, is determined by 
subjecting standard specimens to known pres- 
sures. It is of course assumed that the powder 
gases would produce effects similar to that of 
mechanical force, and the effect of the latter being 
known, the value of the former can be ascertained 
by comparison. The copper cylinders employed by 
the Forges et Chantiers de la Mediterranée are 
8mm. in diameter and 13 mm. in height. The 
selection of the metal of which they are made and 
the production of the cylinder is a very delicate 
operation, as the correctness of the results obtained, 
depend of course upon the resistance to crushing 
being known and uniform. In order to imitate as 
closely as possible the action of the powder gases, 
the specimens subjected to mechanical pressure are 
acted upon as rapidly as is possible, consistent 
with the avoidance of shock. The crusher gauges 
are screwed with the greatest care and accuracy, 
into the mushroom head of the breech mechanism, 


at equal distances from the centre, above and | 


below, in a vertical plane ; they thus project into 
the powder chamber. In quick-firing guns, how- 
ever, the gauge is screwed into the base of the 
metallic cartridges, and commonly a crusher is left 
free in the chamber. Before firing, the exact 
height of the copper cylinder is carefully checked, 
and after firing the cylinder is removed and its 
reduced height is very accurately gauged with 
micrometric callipers. This height corresponds to 
a certain pressure, and from a series of tables pre- 


pared by experiment the exact reading can be made 
at once without any calculation. 

By way of comparison we publish in Fig. 222 a 
section of the standard crusher gauge employed in 
England, the illustration referring to the type used 
for measuring pressures in the bore. In this 
figure A is the copper cylinder, B the chamber, C 
the piston, d the obturator, F a watch-spring that 
takes the place of the centring rubber ring ; G are 
exhaust passages, and H is the nozzle screwed into 
the front of the gauge. The standard size used has 
a piston one-sixth of a square inch in section, and 
the copper cylinder is half an inch long, and one- 
twelfth of an inch in cross-section. It should be 
mentioned that the practice of fixing these gauges 
to the breech mechanism has been given up in this 
country. 

The Sébert velocimeter is an instrument of great 
ingenuity and value ; it is used at Havre for record- 
ing the behaviour of gun-carriages under test, and 
incidentally for ascertaining the velocities of pro- 
jectiles, and the amount of powder pressures. A 
brief description of its arrangement for measuring 
recoil will be sufficient for the present purpose. 
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The instrument is attached to a wooden base which 
is secured to a fixed point adjacent to the carriage ; 
its function is to describe a record on a strip of 
thin steel that has been previously blackened with 
a thin film of carbon. As a matter of fact two 
records are made, one referring to the action of the 
carriage during recoil, the other to its movement 
when coming back to firing position. Upon the 
wooden base are fixed two guides in which the steel 
ribbon is free to slide, and these guides are so 
arranged that when the recoil is completed, they 
are shifted to one side so as to offer a fresh surface 
for the return record. One end of the ribbon is 
attached to the slide of the carriage so that when 
recoil takes place it is drawn out ; a similar but 
|reverse action takes place when the slide comes 
back and draws the ribbon back with it. The 
recording part of the apparatus consists of a 
small carriage so mounted in fixed supports 
that a considerable range of angular and lateral 
/motion can be imparted to it, and it can be 
held in any desired position by set screws. On 
this carriage is placed a tuning-fork giving 1000 
vibrations per second, and it is provided with 
| electrical connections in such a way that the rate of 
vibrations can be maintained uniform for two or 
| three minutes. A small steel point is attached to 
| one branch of the fork and vibrates with it. A 
| Second point is held stationary on a pin in advance 
| of the first and exactly in line with it. Under these 
conditions if the ribbon be drawn under the styles, 
_a single line would be inscribed ; if the tuning-fork 
be vibrated, and the ribbon is not moved, the 
vibration would be recorded by a short transverse 
line, the width of which would mark the amplitude 
of vibration. But if the ribbon be drawn under 
the styles, the fixed one would inscribe a straight 
| line, whilst the vibrating one would make a series 
of loops to the right and left of the centre line. 
The form and size of the waves thus drawn indi- 
/eate the velocity of the movement of the ribbon 
}and any variation in its character. The value of 
‘the record thus produced is limited only by the pos- 
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sibilities of accurate reading, and as the lines 
inscribed are very fine, by means of a microscope 
and crossed hairs, a great degree of minute sub- 
division is practicable, and a curve can be laid down 
showing the movements of the carriage in functions 
of the time. As the return movement to battery 
is much less rapid, while the vibrations of the 
tuning-fork are maintained at their normal speed, 
the character of the diagram produced is quite 
different to that of recoil ; the transverse markings 
ceise to be open loops and come very close together; 
their characteristics can, however, be read with a 
microscope. In Fig. 223 we reproduce one end of 
the diagram described on the steel ribbon, which 
shows distinctly the nature of the recoil, and 
return to battery, motions. As the lamp-black 
film is very delicate these records are immediately 
protected by a coat of varnish, after which 
they can be examined with safety. It is obvious 
that the length of the diagram corresponds 
with the amount of recoil. Fig. 223, which repre- 
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sents one end of the diagram, illustrates the shift- 
ing over of the ribbon from the recoil to the return 
to battery position. What we have said will give 
some idea of the nature and mode of using this 
instrument, which cannot be fully described with- 
out the aid of drawings ; these we may publish at 
some future time, together with the ingenious pro- 
jectile velocimeter of Général Sébert, which is 
placed in the projectile and leaves its record com- 
pleted, although the instrument itself is destroyed 
by the shock of the shot when it buries itself in the 
sand bank. 


THE GREAT WESTERN RAILWAY 
STEAMERS. 

THE Great Western Railway Company finding it 
desirable to improve their cross-Channel service 
between Weymouth and the Channel Islands, in 
connection with the Paddington and Weymouth 
express, entrusted to Messrs. Laird Brothers, of 
Birkenhead, the design and construction of the 
required fleet of three steamers. The builders strongly 
recommended the adoption of twin screws, and the 
results attained by these steamers fully justify their 
anticipations. 

The boats were named Lynx, Antelope, and Gazelle, 
and are precisely alike, but for some reason, difficult to 
trace, the Gazelle has made a faster record than either 
of the others. 

Their dimensions are 235 ft. long between perpendi- 
culars and 228.7 ft. long on the load water line. The 
greatest beam is 27.6 ft., depth moulded is 14 ft., and 
the load draught is 11 ft. aft and 9 ft. forward. At 
this draught they displace 790 tons. There are bilge 
keels 10 in, deep, and between these and the centre bar 
keel two other short ee keels are fitted. In the dead- 
wood aft an aperture is formed similar to that in single- 
screw vessels to allow the twin screws to revolve in areas 
which extend beyond the midship longitudinal vertical 

lane, 
. The general arrangements are indicated in the views 
on our two-page plate ; the interior fittings are all that 
can be required for elegance and comfort. -There isa 
very complete electric installation, consisting of a 
Willans engine coupled direct to a Latimer-Clark 
compound wound dynamo. 

These vessels are built with seven water-tight bulk- 
heads, thus dividing the ship into eight complete com- 
partments, and with any two of these in communica- 
tion with the sea, the vessel would still float. It is 
seldom that the principle of subdivision is carried out 
so far in small boats, and intending passengers may re- 
gard these boats as practically unsinkable, a point of 
no slight importance in these days of high speed. 
Abaft the collision bulkhead is worked a water-tight 
flat extending to the next bulkhead, thus forming a 
ballast tank, which is used for trimming the ship 
according to the requirements of the trade. A ballast 
tank is built in the after part of the forehold for similar 
use. The after peak can be used asa ballast tank if 








necessary ; thus, no matter what cargo may be carried, 
it is always a simple matter to keep the ship at any 
desired draught. 

We hope to illustrate the engines in an early issue, 
and therefore shall defer the description of them for 
the present. They are of the triple-compound type, 
with cylinders 164 in., 26 in., and 41 in. in diameter 
respectively, with a stroke of 30 in. 

fore the vessels were placed on their station last 
summer the usual official trials were made on the 
Mersey with the following results : 
“Lynx.” ‘‘ Antelope.” ‘‘Gazelle.” 
Number of revolu- 


tions per minute 121.22 122.05 120.00 
Indicated _horse- 

power ... 1702 1667 1650 
Mean speed 16.50 16,79 17.04 


The contract trial speed guaranteed by the builders 
was 16 knots. It is an interesting fact that on the 
preliminary trials propellers of cast iron were used 
of exactly similar dimensions, but by substituting 
propellers of manganese bronze a gain of over half a 
knot in speed was attained. 

The work of the first season has proved that these 
vessels more than equal the most sanguine expecta- 
tions. 


Knots. 
The average taken of twenty-four runs 
of Lynx is ... ae a om “a 16.6 
The average taken of twenty-four runs 
of Antelope is... sad ae ce 16.4 
The average taken of nineteen runs of 
Gazelle is ... nea swe 17.4 


During all weathers. 


The Gazelle may have been more fortunate in tides 
or weather, and has maintained the lead she had on 
the trials. The average speed on the station has 
proved in excess of the maximum trial trip speed 
guaranteed by the builders. The boilers have been 
regularly worked under a pressure of from { in. to 1 in. 
water. 

During the winter each boat has been round to 
Birkenhead to be fitted with an additional rubber in 
order to better suit the pier arrangements, and occasion 
was then taken thoroughly to examine the boilers, 
which were found to be in perfectly satisfactory con- 
dition and not punished from the effects of being con- 
stantly under air pressure. 

These vessels are the fastest screw Channel steamers 
on the British coast. 





ELECTRIC LIGHTING AT KESWICK. 

AT the concluding ordinary meeting of the session of 
the Institution of Civil Engineers, held on Tuesday, 
May 20, Sir John Coode, K.C.M.G., President, in the 
chair, the paper read was on “‘The Keswick Water 
Power Electric Light Station,” by Messrs. W. P. James 
Fawcus and Edward W. Cowan, Assoc. MM. Inst. C.E. 

This was believed to be the first attempt to utilise 
available water power in this country for the purposes 
of a —_ supply of electric light. Yarly in last year 
the directors of the Keswick Electric Light Company 
instructed the authors to prepare plans, and to procure 
tenders, for the erection of a central supply station in or 
near Keswick. As the area proposed to be lighted was 
large and sparsely populated, it was seen that the only 
feasible system to adopt was an overhead high-tension one. 
The alternating current transformer system was finally 
selected, and a site on the River Greta, about ? mile 
from Keswick, was chosen for the erection of the station, 
the river being here available at 20 ft. head. The saving 
effected in using this water power was considerable. The 
rent paid for the water was 10s. per horse-power per 
annum. Taking the number of horse-power hours re- 
quired per annum as 100,000 for the present output of the 
station from a 50 horse-power turbine, the cost per horse- 
power came out as 0.06d. On the other hand, taking the 
price of steam coal at 15s. per ton, and the quantity burnt 
= horse-power per hour as 6 lb., the cost per horse-power 

our came to 0.48d., or eight times the cost of the water 
power. In addition to this, the attendance required for 
a turbine was, of course, less than that necessary for a 
steam engine and boiler ; the first cost, maintenance, and 
depreciation, were also considerably less, and the chances 
of a breakdown much less likely. As there was a possi- 
bility of partial failure of the water supply during extreme 
drought in summer, it was decided to provide steam in 
addition to water power. The turbine was of American 
design, and was called the Victor. It was of a “‘ mixed 
flow” type, the wheel being 20 in. in diameter. Its speed 
was 273 revolutions per minute ; this was at least 70 per 
cent. greater than the s of an “‘inward,” an “ out- 
ward,” or a ‘parallel flow” turbine would have been, 
working under a similar head. Its design was exceed- 
ingly compact, and the regulation, which was effected by 
opening and closing a cylindrical sluice working between 
heguite passages and the wheel, was all that could be 
desired. As the turbine was 16 ft. above the level of the 
tail race, a draught tube was necessary to give full effect 
to the head of 20 ft. This draught tube was’ of wrought 
iron, 14ft. long and 3ft. in diameter. e maximum 
velocity of water flowing through it was a little over 4 ft. 
persecond. The engine was a Westinghouse of simple 
type, having two single-acting cylinders, 10 in. in dia- 
meter by 9 in. stroke; it gave with 80 Ib. of steam, at 
250 revolutions per minute, 50.11 brake horse-power. 
The floor space taken up by the engine was 7 ft. 


Pd 4ft. The boiler was a 20 nominal horse-power 
yde duplex, 4 ft. 6in. in diameter, and 11 ft. 6in. 
in height, Its working pressure was 120lb. to the 
square inch. The alternator, which was designed by Mr. 
Gisbert Kapp, and manufactured by Messrs. J % Keone 
and Phillips, the contractors for the electrical plant, was 
a 30 kilowatt separately excited machine, giving an out- 
are of 15 amperes at 2000 volts. Its speed was 750 revo- 
utions per minute, and the frequency 75. The armature 
had a cast-iron supporting ring, 28in. in diameter and 
23 in. wide, provided with six arms. The armature core 
was of charcoal iron strip, 24in. wide, wound with paper 
insulation toa depth of 8in. There were nineteen coils, 
each containing 100 turns of 0.072 in. wire, covered to 
0.092 in. in two layers. The resistance of the armature, 
after working some hours, was found tobe 7 ohms. The 
magnetic field consisted of twelve magnets on each side 
of the armature. The cores and pole-pieces were of 
wrought iron, the yoke rings of cast iron. The former 
were cylindrical, 3? in. in diameter. The latter were 
4in. by 7jin. Each core was wound with six layers of 
fifty-eight turns per layer, with 0.102 in. wire covered to 
0.117 in. The total resistance of the field after working 
some hours was 11.2ohms. At full load the energy of 
the field was 3 per cent. of the output of the machine. 
The framework was of substantial construction, and the 
machine when running was remarkably free from vibra- 
tion. Its open design admitted of the free passage of air 
to the armature, which would carry 20 amperes without 
overheating. The magnets could be racked aside for 
access to the armature. The exciting dynamo was a 
1-kilowatt machine of the Gramme type, giving 10 am- 
res at 100 volts. Regulation was effected by varying 
hand the resistance in the field-magnet circuit. Two 
circuits left the station, both of which were double- 
pole fused, and provided with double - pole switches 
and lightning arresters. There were some special 
features in the method of carrying out the over- 
head mains. If wire of high insulation had been 
used the expenditure would have been considerable, 
and it did not appear that any great advantage, other than 
increased durability of the mains, would have resulted. 
It was, therefore, determined to use a lower insula- 
tion for the mains, and to rely upon the points of support 
for insulation, also to use special arrangements for 
cutting off all surface leakage where the wires entered the 
consumer’s premises. The authors were not aware that 
attention had been paid to this point before, yet it would 
seem that in wet weather, upon a long line of overhead 
mains, even with the best insulation, the surface leakage, 
when high-tension currents were employed, would be con- 
siderable; and if devices were not adopted for —e 
this off where the wires entered ae leakage to eart 
must result, which might be a source of danger as well as 
ofloss. The mains at Keswick were being insulated from 
earth, and from each other, by oil throughout the system. 
The house leading-in wires were pater with vulcanised ° 
india-rubber of the highest quality, and were threaded 
through a shackle oil insulator, the wire being cemented in 
with Chatterton ’scompound. Such an arrangement should 
effectually cut off surface leakage from the mains. The 
leading-in wires entered the roof through a stoneware 
pipe, provided with a covering piece to keep out rain and 
cover a reservoir of oil in the mouth of the pipe. The 
sizes of the mains were fixed for a current density of 
500 amptres to the square inch. The fall of potential, 
between the generating station and the town, was only 
slightly above 1 per cent. at full load. Steel suspension 
strand was used for supporting the mains for all circuits, 
consisting of three strands, each strand being 14 B. W.G., 
and galvanised. One short run of underground mains 
was being tried, the Brooks fluid system being used. 
This system had much to recommend it ; it was simple, 
cheap, and durable, and did not take long to lay down. 
The transformers were Kapp’s patent, and they trans- 
formed the high-tension current of 2000 volts to 100 volts. 
A double-pole, quick-make and quick-break switch, with 
double-pole fuze and lightning arrester, was used in the 
high-tension circuit witheachtransformer. Both the trans- 
formers and the switches were inclosed in cast-iron water- 
tight cases. A series of experiments had been made to 
test the efficiency of the machinery, with the result that 
the total efficiency of the a at the station 
came out at about 40 per cent. at } full load, and over 70 
per cent. at full load. In connection with the arrange- 
ment of this central station scheme, the authors had occa- 
sion to make a comparison between the illuminating 
power of the glow lampand gas; the results showed that 
the relative values usually given were misleading, as the 
almost invariably dealt with a standard London Argand, 
a burner seldom used for ordinary lighting. This burner 
was generally taken as giving from 15 to 16 candle-power 
for 5 cubic feet of gas consumed per hour ; whereas out of 
a large number of ordinary burners taken haphazard, and 
tested where they were in use, in Chester, Manchester, and 
Keswick, at various times, it was found that the light given 
by 5 cubic feet of gas per hour was more frequently equal 
to 8 candles or less. is would show that in practice one 
16 candle-power glow lamp gave approximately the same 
degree of light as two ordinary burners, each consuming 
5 cubic feet of gas per hour. This conclusion seemed to 
be borne out by the result obtained by Dr. Hopkinson, 
who, experimenting on some ordinary burners, found the 
average candle-power to be 1.76 per cubic foot of gas. 
As regarded glow lamps, Sir David Salomons found that 
100-volt 16 candle-power Edison-Swan lamps averaged 
17 candle-power at 100 volts. The light had been received 
with great favour at Keswick, and already the demand 
was equal to the supply of the present plant. Supply 
was commenced at the beginning of the year, and the 
station had run without hitch up to the present time—a 
man and a boy being found sufficient for tending the 





machinery, 
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BEVELLING MACHINE FOR SHIPS’ 


FRAMES. 


CONSTRUCTED BY MESSRS. DAVIS AND PRIMROSE, ENGINEERS, LEITH. 


Some time ago* we gave an account of a bevelling 
machine for ships’ frames, constructed by Messrs. 
Davis and Primrose, of Leith. We now illustrate on 
the present page an improved form of this machine. 
As is well known, the frames of iron and steel ships 
are generally made from angle bars. These bars, as 
delivered from the rolling mills, have their webs at 
right angles. It is obvious, however, when such bars 
are to be used for making ship frames that some altera- 
tion must be made in the angle of the webs in order 
that one web may be at right angles to the keel, while 
the other web fits close to the tapering side plates 
of the ship. It is the function of the bevelling machine 
to effect this necessary alteration of the angle. In 
bevelling bars by hand labour the workman bends or 
hammers over the standing web of the hot bar, as it 
lies on the levelling blocks, to what he guesses to be 
about the required angle; he then applies his bevel 
square, and if the bar and it do not coincide he has 
further to alter the angle by bending and hammering, 
and at best makes only an avproximation to what the 
same indicate as being required. The work has to be 

urriedly done or the bar would be too cold ere its 
completion, and reheating would become necessary. 
The webs are therefore always more or less hollow, 
and much marked by the severe treatment they have 
passed through. 

By using the bevelling machine these troubles are 
overcome, for the machine catches hold of the angle 
bar as it issues from the furnace, passes it through the 
rollers at a speed of fully 40 ft. per minute and delivers 
it on the levelling blocks, accurately bevelled from 
end te end to correspond with the angles found from 
the body plan of the ship. After the bevelling is done 
the bar retains quite sufficient heat to enable it to be 
bent round to the shape of the mould without any re- 
heating, the webs are straight out from the heel and 
not hollow. Smooth, clean, and accurate work free 
from kinks and internal stresses is thus turned out. 

The side view of the machine (Fig. 1) does not 
clearly show the arrangement of the bending rollers, 
these being shown in detail in Figs. 2 and 3. The 
main shaft of the machine is carried in bearings ad- 





* See ENGINEERING, vol. xli., page 283, 
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justable vertically, and on it is mounted the main drum 
A. When it is required to bevel a bar with obtuse 
angles the bar is placed in the machine as shown by 
Fig. 2, where one web of the bar is firmly held between 
the adjustable dram A and the fixed roller C. The 
bevelling roller D is carried in a frame working in 
quadrants drawn from a centre near the ~~ of the 
roller C ; thus it virtually heels over on this lip when 
the frame is drawn along the quadrants by the action 
of the handwheel H with its connecting screw. This 
heeling over presses out the standing web of the bar, 
and the exact amount of bevel thus given to the web is 
indicated on the angle index plate. By inspection of 
the illustration it will be found that the bar shown as 
passing through the machine is being bevelled to 
70 deg., that is to an obtuse angle of 110 - The 
roller L is to support the heel of the bar while being 
bevelled. When it is required to bevel a bar to acute 
angles, the arrangement of the main drum and rollers 
is as shown by Fig. 3, in which one web of the bar is 
firmly held between the drum A and the roller L, 














while the standing web is supported by the edge of 
roller C and is bent over by the roller D as described 
before. Bars of other sections, occasionally used in ship 
work, such as ~ section, can be readily bevelled in 
this machine. 

As already stated, the amount of bevel being given 
to the bar is indicated on the ‘‘angle index.” The 
part of the bar receiving this bevel, or in other words 
passing the rollers at the moment, is indicated on the 
circular dial or ‘‘ travel index,” each division on the 
latter representing 4 ft. in length of the bar. From 
Fig. 2 it will be seen that the pointer on the dial is 
caused to revolve by a worm fixed on the main shaft 
and a train of wheelwork. The pointer is adjustable 
and held on its spindle by a friction thumbscrew. 

The operation of bevelling a bar is as follows: The 
bevels of the bar are taken at 4 ft. intervals, measur- 
ing along the bar, the first bevel being that required 
for the extreme end of the bar, and being called 0. 
The next is 4 ft. from the end and is called No. 1. 
The next 8 ft. from the end and called No. 2—and so 
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PUMPING ENGINES FOR VALE OF LEVEN WATER SUPPLY. 
CONSTRUCTED BY MESSRS. JOSEPH EVANS AND SONS, ENGINEERS, WOLVERHAMPTON. 








on for the entire length. These figures 0, 1, 2, &c., 
are then marked with chalk on the angle index against 
the required angles. 

For example, if the bar is to have a bevel of 82 deg. 
at the commencement 0 is marked with chalk against 
82 deg. on the angle index. If 78 deg. is to be the 
angle at 4 ft. from the end of the bar, measuring along 
the bar, then 1 is marked against 78 deg. on the angle 
index, and soon. When the hot bar has been pulled 
from the furnace into the machine and just caught by 
the rollers, the travel pointer is set by the oie, onl 
to 0 on the dial ; then the bevelling roller Dis brought 
over by means of the handwheel id so as to give the 
required bevel for the extreme end of the bar—82 deg. 
in the supposed case. The machine being now in 
motion and the bar passing through, the bevelling 
roller is gradually brought over so that when the 
pointer on the dial has arrived at 1 the pointer on the 
angle index will also be at the chalk mark 1, or 78 deg. 
on the angle index. The other marks or numbers are 
proceeded with in the same way, the operator’s care 
being to make the two pointers arrive at the same 
number at exactly the same time. 

The machine is mounted on rails placed close in 
front of the heating furnace, and is moved along by 
the ratchet lever seen on the side view. Many of the 
principal shipbuilding firms on the Clyde and North- 
East Coast are using these machines. 





PUMPING ENGINES AT LOCH LOMOND 
FOR VALE OF LEVEN WATER SUPPLY. 

_ THE local authority of the parish of Bonhill, or as it 

is better known, of the Vale of Leven, a district 

situated near the southern end of Loch Lomond, some 

time ago placed an order with Messrs. Joseph Evans 

and Sons, Wolverhampton, for the supply and erection 





Ie 


at Balloch pumping station of one of their Cornish | 
duplex compound surface-condensing direct-acting | 
pumping engines, and we give on this page an illustra- 


tion of the engines. The plant has been set to work 
and has been found satisfactory. At maximum speed 
and with a steam pressure of 60 lb. to the square inch, 
the delivery per hour through about a mile and a half 
of 12-in. pipe to the reservoir 170 ft. above the level 
of the pumps is 65,000 gallons per hour, and the level of 
Loch Lomond, from which the water is drawn, is 6 ft. 
below the level of the pumps, and distant half a mile 
from the station. 

There are two high-pressure cylinders, each 15 in. in 
diameter, and two low-pressure cylinders 24 in. in 
diameter. The water cylinders are each 12} in. in dia- 
meter, and are fitted with thick gun-metal liners, made 
by the ‘‘spinning” process of casting. Each of the 
cylinders is adapted to a stroke of 36 in. 

The valve motion of the high-pressure cylinder is on 
the Cornish principle, Evans and Tonkin’s patents. As 
the piston completes its stroke it uncovers a hole in 
the cylinder wall, whereby steam is admitted to the 
auxiliary and main steam plungers in the steam chest, 
reversing the slide valve. The low-pressure distribu- 
tion valve is a plain slide valve, actuated by a valve 
spindle attached to the main plunger in the high- 

ressure steam chest, working through a differential 
eng This arrangement is clearly shown on our illus- | 
tration. Connecting pipes are carried over from one 
high-pressure cylinder to the steam chest of the other, 
and thus as the stroke of the one engine is near its 
finish, steam is transmitted to the steam chest 
mechanism of the other, thereby reversing the valves 
and starting the stroke. In this way a continuous 
discharge of water is maintained, the piston of the one 
engine starting its stroke, while that of the other is 





finishing. In the event of a breakdown of either half 


\of the pumping engine, the other can carry on the 





a 





work independently, a three-way cock being provided 
to control the necessary steam connection. 

The engines can also be worked in another way, with 
both sets of pistons travelling in the same direction, 
but with one slightly in advance of the other. The 
one in advance reverses itself before the other comes to 
the end of its stroke, consequently the water column is 
kept moving while the engine reverses, and as, in the 
method of working already described, shocks are thus 
avoided, Steam is generated in two boilers of the 
Cornish type with single flues, working to 601b. pres- 
sure, and supplied through Evans’s ram pumps with 
the feed water at about 180 deg. Fahr. 

The pumps, as we have already indicated, are each 
12} in. in diameter. The water yalves are of the mul- 
tiple type and are made of gun-metal arranged ina 
“nest” of ———_ plates. The valve seats 
are screwed into the plates. The beating faces are flat 
and spiral springs are fitted to secure rompt closing. 
Locknuts are provided to adjust the lift. Each side of 
the engine has its separate air vessel and retaining 
valve, while sluice valves are provided to the fork suc- 
tion pipes immediately adjoining each pump inlet. The 
combined deliveries from the two water cylinders are 
connected by a breeches pipe, and all water 
through the tubes of a surface condenser which, as is 
shown on the illustration, is placed over and between 
the two sets of steam cylinders. The shell and tubes 
of the surface condenser are constructed of wrought 
iron, and thus the unequal strains resulting from the 
heating of a two-metal combination are absent. 

Independent air pumps, in duplicate, are fixed 
behind the high-pressure cylinder, as shown in illustra- 
tion. They also are on the duplex principle. A 
vacuum of 26 in. to 27 in. is maintained. 

The steam cylinders are lagged with sheet steel and 
brass bands and packed with slag wool. 

Our illustration indicates the compactness of the 
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plant, which is entirely self-contained. It may be 
added that Messrs. Evans have orders in hand for 
several engines of this type, —_ from 24 in. to 
36 in. in diameter. Theengine at Balloch was erected 
under the supervision of Mr. John Macdonald, Alex- 
andria, the consulting engineer to the local authority. 





THE FRENCH NAVY.—No. I. 
THE ‘‘ TRIOMPHANTE.” 

Tur Triomphante, of which we publish a general 
view on page 650, is one of the armed cruisers of the 
French Navy, and of the La Galisonniére class. She 
was built in 1877, of wood, with an armour belt 5.90 in. 
thick, her batteries being protected with iron armour 
4.72 in. thick, and her turrets with plating of the same 
thickness ; the main deck is covered with plates 3.94 in. 
thick. She is 255 ft. 11 in. in length, 46 ft. beam, 
and draws 24 ft. 10 in. of water aft. Her displace- 
ment is 4700 tons, and the indicated horse-power of 
her engines is 2400; she has a maximum speed of 13 
knots, and her capacity of coal storage is 410 tone ; the 
total strength of the crew is 388 men. The armament 
of the Triomphante consists of six guns of 9.45 in. ; 
one of 7.47 in. ; six of 5.51 in. ; and eight machine guns. 

The 24-centimetre guns, 1881 model, are of cast iron 
reinforced with steel rings and lined with a steel tube, 
and have the following general characteristics: Bore, 
9.45 in.; length in calibres, 28.5; weight, 18 tons ; 
weight of prismatic powder charge, 150 lb.; weight of 
projectile, 317 lb.; initial velocity, 2033 ft.; penetrat- 
ing power of a wrought-iron plate at the muzzle, 18,11 in. 
The 19-centimetre guns, 1870 long type, have a bore 
of 7.47 in. and are 19.7 calibres in length. Like the 
24-centimetre they are of cast iron strengthened with 
steel and weigh a little under 8 tons. Brown prismatic 
powder is used, the charge being 34.32 lb., and the 
weight of the ——— is 165 lb. The initial velocity 
is 1470 ft., and the penetrating power at the muzzle is 
sufficient to pass through an iron plate 7.87 in. thick. 
The 14-centimetre guns are of steel and have the fol- 
lowing dimensions: Bore, 5.51 in.; length in calibres, 
30; weight, 3.25 tons; powder (prismatic) charge 
27 lb.; projectile, 66 lb.; initial velocity, 1935 ft. The 
machine guns are of course of the Hotchkiss pattern, 
which is universally used in the French sh & 

Only three vessels of the type we illustrate have been 
constructed ; the La Galisonniére built in 1872, the 
Victorieuse in 1875, and the Triomphante. They are 
all three almost identical as regards dimensions and 
general arrangements, though the Triomphante has 
slightly the largest tonnage. The La Galisonniére is 
able to carry a little more coal, but her armament is 
inferior to the extent of the 19-centimetre guns being 
absent. The armament of the Triomphante and Vic- 
torieuse are identical, but the crew of the latter is not 
quite so numerous. It may be remembered that the 
Triomphante, under the command of Captain Baux, 
took a very brilliant part in the operations in the Min 
river during the Chinese War of 1884, for particulars 
of which we refer our readers to Lord Brassey’s Naval 
Annual for 1887. 


THE STANDARD OF EFFICIENCY IN 
STEAM ENGINES. 
To THE Eprror or ENGINEERING. 

Srr,—Mr. Bodmer in his last letter makes some remarks 
under heads (A) and (B), which are of great assistance in 
explaining his views of the main points still at issue, and 
on the present occasion I shall contine a few brief observa- 
tions to these paragraphs. 

Mr. Bodmer may rest assured that the distinction 
between the efficiency of the boiler (ordinarily so-called) 
and the efficiency of the steam, or the engine, or any other 
efficiency whatsoever, is to most patient thinkers quite 
clear. What is not so clear, however, is the legitimacy 
of Mr. Bodmer’s apparent conclusion that inasmuch as the 
efficiency of the boiler is one thing and the efficiency of 
the engine another, therefore the efficiency of any given 
engine is strictly independent of the performance of the 
boiler. The boiler performance is unfortunately too often 
all in all, or at least there are those who think so. 

If we can accurately ascertain the intrinsic energy of 
the fluid as it enters the engine and again at exit the pro- 
blem of calculating the efficiency of the engine is simplé 
enough ; the energy which has e- represents 
work done (including some losses). But these quantities 
of energy are functions of the processes taking place 
during the cycle, and to refuse under present circum- 
stances to consider what is going or in the boiler is my 
to stop up an indispensable source of information. The 
intimate connection between the boiler and the engine is 
not far to seek ; one need only observe that during admis- 
sion the cylinder virtually forms part of the boiler, and up 
till the time of cut-off the steam in the steam pipe, chest, 
and cylinder is to a very large extent playing the part of 
a oushion. The heat isothermally supplied is therefore 
taken in at or near the temperature of the boiler. In the 
light of these facts I confess that I am unable in strict- 
ness:toadmit Mr. Bodmer’s proposition, which he states 
as follows: ‘‘The limits of temperature to be employed 
in calculating the performances of the engine of maximum 
efficiency, with which the work done by the actual motor 
is compared, are the highest and lowest temperatures 





occurring within the cylinder.” : 
The practical method, adopted by Mr. Willans for 
example, of making allowance for loss in the steam pipe 





and connections by measuring the initial temperatures 
from the indicator diagrams is well known ; and from my 
standpoint in this discussion, I need not necessarily 
quarrel with it provided the facts are explicitly stated 
and the approximate nature of the process admitted. It 
is, however, open to me to suggest that in fairness the 
indicator readings for this purpose should be taken from 
the steam chest instead of from the cylinder ends. It is 
plain, however, that the difficult problem of accurately 
determining the real state of the steam swamps in the 
mean time whatever practical value these refinements 
may have. 

Under head (B) Mr. Bodmer tries to show that an air 
engine working isothermally and adiabatically between 
the temperatures (conventionally designated), T and ¢, is 
an engine of maximum efficiency, even though T is not 
the source temperature, but any arbitrarily assumed 
lower temperature. To discuss this case I would propose 
these questions: Is T really the temperature at which 
the heat is supplied ? And does this temperature retain 
the same value when the speed of the engine is indefi- 
nitely diminished? If Mr. Bodmer should answer each 
eng 3 affirmatively, then it would appear to me that 

is the temperature of the proximate source. This 
granted, it follows necessarily that the sores engine is 
an engine of maximum efficiency. Mr. Bodmer is of 
course aware that air differs from steam in at least one 
es important respect. Yours faithfully, 

Edinburgh University, May 20, 1890. A.C. Exriorr. 








MARINE ENGINE TRIALS. 
To THE EprTor oF ENGINEERING. 

Srr,—In the report given in your issue of May 9, of 
the few remarks I offered during the discussion of Pro- 
fessor Kennedy’s paper on ‘‘ Marine Engine Trials” at 
the recent meeting of the Institution of Mechanical En- 
— some little obscurity appears to have crept in. 

Whether that obscurity was due to the speaker or to the 
reporter I will not stop to inquire. My object in now 
sending you a few lines is to put the matter right. 

Mr. Kennedy’s paper gives a report upon the trials of 
three steamers, the Fusi Yama, the Colchester, and the 
Tartar, all of which are furnished with compound engines. 
In the case of the Fusi Yama, the diameter of the high- 
pressure cylinder is stated to be 27.35 in. and of the low- 
pressure cylinder 50.3 in., their common stroke 33 in. and 
the mean number of revolutions 55.59 per minute. In 
the case of the Colchester, in which there are twin engines, 
the diameter of the high-pressure cylinders is stated to 
30 in., and of the low-pressure cylinders 57 in., their 
common stroke 36 in., and the mean number of revolutions 
a minute for one pair of engines and 87.1 for the 
other. 
a triple-expansion engine, the diameter of the high-pres- 
sure cylinder is stated to be 26.03 in., of the intermediate 
cylinder 42.03 in., and of the low-pressure cylinder 
68.95 in., their common stroke being 3 ft. 6 in., and the 
mean number of revolutions 70 per minute. 

In judging of the performance of a compound engine 
it is most important to have clearly before one the relative 
capacity of the cylinders. To square up, however, the 
diameters in inches and fractions of inches of the high- 
pressure and low-pressure cylinders, and carry the result 
in one’s head while such a paper as that under consider- 
ation is being read or discussed at a public meeting, is a 
heavy demand upon one’s power of mental arithmetic, 
while in the case of triple-expansion engines, where there 
is an intermediate cylinder, the demand is heavier still. 

Further, where it is desirable to compare one engine 
with another, it is essential, as the piston speeds may 
vary, to qualify the area of the pistons with the length of 
stroke and the number of revolutions, so that the calcula- 
tion becomes one that cannot be made with any ease 
under the circumstances referred to above. 

What I ventured to suggest to meet this difficulty was 
that the ‘‘ piston constant” should be stated in the case 
of — cylinder, as that would enable a comparison be- 
tween the capacity of one engine and another to be readily 
made. In the Manchester Steam Users’ Association 
report for November, 1874, attention was called to this 
subject, and perhaps I may be allowed to quote from that 
report the following paragraph : 

‘ As ‘piston constants,’ though familiar to many steam 
users, may not be so to all, a word of explanation may be 
of service. The ‘ piston constant’ represents the indicated 
horse-power of the — for every pound of mean 
effective pressure on the piston. Thus supposing the 
‘piston constant’ of an engine to be 10, and the mean 
effective pressure 5 lb, then the power would be 50 indi- 
cated horse-power. If the mean effective pressure were 
10 lb., then the power would be 100 indicated horse- 
power. The ‘piston constant’ is obtained thus: Mul- 
tiply the area of piston in inches by the speed in feet per 
minute and divide by 33,000. To give an example: In 
the case of No. 4 engine under consideration the ‘ piston 
constants’ are as follows : 

‘‘High-pressure cylinder, diameter 18 in., stroke 6 ft., 
revolutions 34 per minute. 

** Area 254.4 in. x speed 408 ft. 

33,000 
‘*Low-pressure cylinder, diameter 36 in., stroke 6 ft., 
revolutions 34 per minute. 

** Area 1017.9 in. x speed 408 ft. 
33,000 

“‘ Every engine has its own ‘piston constant’ in pro- 
portion to the area and foul of piston, so that the 

constant’ is not affected by the pressure of steam. 
‘Piston constants’ are very convenient in forming com- 
parisons between various engines, as they at once show 
the relative capacities of the cylinders, including the 


=3.15 piston constant. 


= 12.58 piston constant. 


In the case of the Tartar, which was fitted with | 





speed of piston, or in other words, they show the com- 
parative ‘piston sweep.’ If it were the practice to write 
the ‘piston constants’ on all diagrams, the working of 
the engines could be more readily compared, and the 
diagrams would be much more instructive.” 

e recommendation given in the above paragraph 
appears to me to apply to the report of the marine engine 
trials under consideration, and perhaps Professor Ken- 
nedy might think it worth while in preparing his paper for 
publication to add the piston constants, as suggested, 
while I cannot help thinking it would be well if such a 
course were adop’ = pag 

In Table V. appended to the paper the mean pressure 
exerted on each piston during the trial is given, as well 
as the mean pressure exerted on each piston referred to 
the low-pressure pee only, that is to say, the mean 
pressure that would have to be exerted on the low-pres- 
sure cylinder supposing it did all the work of the engine 
by itself. These mean pressures, more especially that 
referred entirely to the low-pressure piston, coupled with 
the piston constants, are of the greatest use in dealing 
with the performance of an engine. 

It is tru ted that it will not be thought these remarks 
are offered in the spirit of criticism. The paper is 
evidently the result of a great deal of labour, for which 
the thanks of the Institution are due to Professor 
Kennedy and others who laboured with him, and the 
suggestions I have ventured to throw out are offered 
simply as a slight contribution should Professor Kennedy 
think well to avail himself of it. 

I am, Sir, yours faithfully, 
Lavinoton E. FLercueEr, Chief Engineer. 
Steam Users’ Association, 9, Mount-street, Albert- 
square, Manchester, May 22, 1890. 








THE BOURDON PRESSURE GAUGE. 
To THE EpiToR OF ENGINEERING. 

Sir,—In the formula Mr. Unwin has — (see page 535 
ante), as an attempt at a quantitative theory of Bourdon’s 
gauge, a slight modification is required ; the formula as it 
stands would show that an increase of h, the height of the 
tube, improves the sensitiveness of the instrument ; so that 
putting h=2 7 instead of 47, as in Mr. Unwin’s numerical 
ns the sensitiveness would be increased sixteen- 

old. 
But if we put h=2r, we make the cross-section of the 
the tube a complete circle ; whereas the first fundamental 
requirement of the action of the instrument, treated as 


be | one of pure bending, exacts that the cross-section should 


be flattened or elliptical. 

If, however, we take into account the tension across the 
seain joining the two segments of the cross-section drawn 
Mr. Unwin, set up by the internal pressure, and inves- 
tigate its modification on the maximum bending moment 
in the principal cross-section through the axis of the tube, 
we can make his formula give a result which is free from 
the objection urged above. 

For an internal pressure of p pounds per square inch, 
this tension will 4ph pounds per inch of the seam, 
having a bending moment of }ph? inch-pounds per inch 
at the central section, while the moment of the fluid pres- 
sure will be 4c? inch-pounds per inch in the opposite 
direction, where c denotes the length in inches of the 
chord of half the segment ; the resultant bending moment 
is thus M=} ph?—4 pc? inch-pounds per inch, and this 
must replace 4 ph? in being equated to the moment of 


elastic resistance 
M=E:/( , 2) 
3: 7) 
We can express h in terms of ¢ by the relation h?=4 c? 


--ci/r2; the relation giving c in terms of h being 
irrational ; and now 

M = fp (2c? —c4/r,*) ; 
which vanishes, as it should do, when c? = 27,2, that is, 


when the segments form a complete circle ; also writing 
M as the form 


M=} v{ ry? — (ry — €2/17;)? . 


we see that M is a maximum, for given r,, when c = 7, 
or h = /37,; and then the segments will intersect at an 
angle of 60 deg. ; while 
M=}pry?= ph’. 
With Mr. Unwin’s numerical values, I = ;4, #3, and E= 
9,000,000, we have now 


M = yyph? = jy Et? (1/r2—1n), 





= 75 
or 
weed - 
p=E —_(-—— 
=| T2 r, 
=E— (R,—R,); 
c h2 
and with 


R, =3 7, =1, sothat C = 3h2=8, 
p= 125(Rz — R)), 
so that the sensibility is eight times that given before. 
In this theory the phenomena of pure bending at the 
principal cross-section have been investigated ; as giving 
the quantitative result in the theory of Bourdon’s pressure 


gauge. 

The breadth of the cross-section of the tube is now r, 
and its height h= 1/37, and supposing that R,, R. refer to 
the radius of the circular axis of the tube, then strictly 
speaking, the conditions of pure bending along the sec- 
tions of the tube made by a plane through the circular 
axis require that 


R +4 = +497 =¢, 
ftp nat pyre, 


so that 
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Ry 7) =R,7r.=3 (e+e); 
but also 
re=r? 5 
so that these conditions are discordant, and only approxi- 
mately true when 7,/R, is small. 

But if we examine the state of things in the neigh- 
bourhood of the seam joining the two segments, where the 
principal bending moment is zero, the limitation of the 
phenomenon to one of pure bending shows that, with a 
cross-section composed of two segments meeting at 60deg., 
a change of radius R, to Rz of the axis of the tube implies 
an increase of the angle of meeting of the segments by an 
amount whose circular measure is (R.—R,)/ /3 R,; and 
now if we argue from this result as a basis, we speedily 
find ourselves in discordance with our previous results. 

We may to some extent smooth down difficulties, by 
adjusting the thickness, ¢ inches, of the metal, or altering 
the curve of the segments in the cross-section, so as to 
bridge over the discrepancy ; but analytical difficulties 
constantly arise, which are intensified when the thickness 
of the Bourdon tube is increased for the purpose of the 
measurement of high pressures, and the stresses in the 
metal are comparable with those in the material of a 
hydraulic press or of a gun. 

We are thus very far from possessing any complete 
theoretical quantitative theory of Bourdon’s gauge, lee 
ever much simple practical illustrations may help us to 
a general idea of its working. 

A. G. GREENHILL. 

Artillery College, Woolwich, May 12, 1890. 








THE TRANSVAAL GOLDFIELDS. 
To THE EprTor or ENGINEERING. 

Str,—At a time when the Transvaal goldfields are so 
much before the public, it may possibly interest your 
readers to have the opinion of one who is neither a stock- 
broker, an investor, or a company director, and has there- 
fore been able to take a perfectly impartial view of 
— during the twelve months he has spent on the 

and. 

There are very good things here, but there are also a 
number of bogus affairs. and, which is as useless for 
agricultural as it is for gold-mining purposes, is being 
floated into gold-mining companies. People peg off claims 
well — them to be practically worthless. They 
pet a report for which they pay a big price, in order to 

ave it as required instead of truthful, then put the pro- 
perty into the hands of some company-monger who floats 
it, taking probably two-thirds of the spoil for his trouble, 
the vendors being quite contented, and knowing that they 
have done uncommonly well to get even one-third for 
practically nothing at all. If the principal vendor is 
sharp he will probably get himself made manager at 60/. 
or so per month. He will spend as little as possible on 
the property, so as to spin out the working capital until 
he can get a job as manager of some company which is 
likely to swim and pay, or until he has feathered his 
nest on the share market. People here expected a big 
boom last spring, and many continue to-expect it, but 
I never could see why. The fields have had their boom, 
and until they are purged I do not see that much improve- 
ment can be wanted, and their shares will go to the 

roper level as commercial concerns, though with many 
ss al tg such as are always met with in the mining 
world. A local paper states that recently a man bought 
about 50,000 12. shares at 9s. i share, and went to 
England taking his scrip with him. After his arrival 
there, several of the emyloyés at the mine went to Camp 
and spoke mysteriously of a ‘‘ rich find” which was being 
kept dark, and pretended to want a number of shares for 
themselves. The result was the shares rose to 45s. each, 
and the friend in England sold out at that price. A good 
haul for them. There is asd of Say gold-bearing 
ground English money can be invested in, the owners of 
which (often working men) are not cute enough to be able 
to get hold of the necessary coin to develop it, and 
do not care to give the exorbitant terms demanded by the 
company floaters, when they know that their land is 
veal good and ought to bring them in much more than 
such men will allow them to take as their share of the 
purchase mgney. Quite recently I could have purchased 
for 6000/. a property which ought to pay something like 
100 per cent. on such a purchase price. The claims were 
prospected and partly developed ; there was a good water- 
right and a ten-stamp battery. There was sufficient work 
done to show that the reef kept its thickness, so that there 
would be but little waste muck to be broken down, and 
trial crushings with their own battery had given 16 dwt. 
to 17 dwt. over the plates. 

The mine was owned privately, and the owners being 

eatly in need of money would probably have taken less 
. ready cash. I had not the ready cash, and had I gone 
to those who could have found it they would have de- 
manded such a large interest in the concern that it was 
not worth troubling about. Shares will probably go 
below their real value—in fact, many are even now very 
far below it—before things get settled. It is a natural 
reaction. Certain cases which have been heard in the 
English law courts have done great harm to these fields, 
as they have made people believe that everything is rotten, 
which is by no means the case, and the few venturesome 
beings who were still prepared to risk their money in the 
Transvaal goldfields, have had all confidence thrashed out 
of them by the disturbances in Johannesburg and other 
places. These rows were on a par with your Trafalgar 
Square riots. They were got up by perfectly irresponsible 
persons and roughs, such as are always to be found on all 
goldfields, but especially new ones. I suppose we shall 
recover in time, but for the present the mischief is incal- 
culable, though eventually good may come of it. 

The best working Kafirs are the Zulus, and next to them 
come the Basutos, most of whom speak Dutch. The 





number of Basutos employed in the Johannesburg district 
is probably equal to that of all the other tribes put 
together, and now they are clearing out to their homes, 
being firmly convinced that the Boers and English are 
going tofight. Many mines are now partly shut down for 
want of native labour, of which before the riots there was 
more than sufficient. There are good men and true who 
are trying hard to convince our rulers that the ridicu- 
lously 2 taxes imposed on the gold-mining industry 
must be reduced, but since the riots the feeling between 
Boers and English is so bitter that I fear it will be long 
before much can be done by diplomaey. The Trans- 
vaal Government is utterly blind to its own interests. 
Only very rich reefs can be made to pay under present 
circumstances, and before very long districts, which are 
now all life and activity, will be as dead as they were four 
yearsago. With reduced taxation, and that made pro- 
portional, not to the size of the property, but tothe value 
of the output, many districts with low grade ores will be 
able toswim, and many which are not yet before the public 
will be profitably aoveiaed. Our Boer friends are simply 
killing the goose that lays the golden eggs, but they 
cannot see it. They have the most extravagant ideas of 
gold mines, and cannot see that there must be a com- 
mercial side to the question if they are to last. A few 
months ago it was very difficult to get white men, 
especially good men, but now there are hundreds out of 
work, and only too many good men amongst them, to sa 
nothing of those who have gone away. If Englis 
capitalists would only syndicate the money they are pre- 
pared to invest in gold mines, and then appoint some 
respectable and experienced person out here as their 
manager,’they might at present pick up, at a very low 
rice, many good properties. That there is a good future 
or these fields is beyond doubt, but to what extremities 
we shall be driven before they arrive depends entirely 
of the action taken by the Boer Government. There are 
many properties not now worked, which, even under 
present taxes, could be made to pay well if only sufficient 
capital could be found to develop them. 
Assoc, Mem. Inst. C.E. 
Johannesburg, March 20, 1890. 





THE WATKIN TOWER. 
To tHE Eprror or ENGINEERING. 

Sir,—The London Great Tower competition having 
— out the fact that the superior merits of the tri- 
pedal principle of equilibriated stability for high skeleton 
towers has been recognised by some of the authors of the 
designs submitted for the proposed Great Tower, it is to be 
hoped that the jurors will be disposed to give favourable 
consideration to this natural principle of utility in the equi- 
poise of such structures, notwithstanding the seeming 
neglect of it by modern architects, &c., who allow other 
less important considerations to stifle a free natural 
choice. 

The unparalleled height of these structures involves 
very serious problems of oscillatory: aptitude, especially 
when constructed of elastic materials, which will require 
special precautionary expedients to mitigate or neutralise, 
and no doubt the jurors are alive to their importance ; 
but to what extent the authors of the designs have had 
this principle specially in view, and effectually provided 
for it, remains to be ascertained. Both these principles 
have been discussed in ENGINEERING of November 22, 
1889, page 609. 

Yours, &c., 
A. B. 





LONDON SEWAGE. 
To THE Eprror or ENGINEERING. 

S1r,—In the notice which appeared in ENGINEERING of 
May 9th of an original pro made by Messrs. Hassard 
and Tyrrell to discharge the sewage of London at Dun- 
geness, it is pointed out that ‘‘the stream of foul liquid 
could be discharged all through the twenty-four hours 
many feet below the surface of the swift channel current 
and under favourable conditions would never be seen 
again.” 

Tie is, however, a danger which does not seem to 
have been ee by the writer of the notice, viz , 
that some of the foul liquid so discharged might be carried 
on and deposited on the beach at Hythe, Sandgate, and 
Folkestone. 

The travelling of the beach from west to east on that 
coast is a matter of common observation, but the exact 
source of the beach is not always easily ascertained, 
although there is no doubt the erosion of the cliffs fur- 
nishes the supply. 

There is considerable accumulation of beach at the 

laces I have named, but there are no cliffs between 

ungeness and Hythe from which shingle or stones could 
be derived. 

It is well known, however, that loss of beach is con- 
stantly occurring on the west side of Dungeness, and that 
there is a continual gain on the east side, and, therefore, 
the shingle at Hythe, &c., in all probability, comes 
either from cliffs to the west of Dungeness or from Dunge- 
ness itself, 

Although the depth of water outside the point is 16 to 
17 fathoms the loss of the west side and gain on the east 
side seems to prove that shingle travels round and past 
the point, part of it depositing on the east side, the re- 
mainder travelling on to Hythe and Folkestone. 

If then, shingle at Hythe, Sandgate, &c., has travelled 
from the west of Dungeness, is it not more than probable 
that floating and sus nded matter from London sewage 
would also travel and be deposited there ? 

The distance from the point to the beach at Hythe is 
only about nine miles. No doubt the authors of the 
scheme have carefully considered the question, but it does 





not appear to have attracted the attention of the writer 
of the paragraph although it seems to be very important. 
T am, Sir, your obedient servant, 
RicHarD F. GRANTHAM. 
Northumberland Avenue, W.C., May 14, 1890. 





THE SCREW PROPELLER. 
To THE Eprror or ENGINEERING. 

Sir,—Mr. Barnaby’s excellent paper, recently read at 
the Institution of Civil Engineers, has again brought to 
the front the subject of negative slip. Atlast the correct 
theory has been hit upon, viz., the acceleration of the 
fluid in front of the blades, or, as I prefer to state it, the 
loss of pressure or vacuum in front of the blades causes 
the negative slip and also the acceleration. 

In your issue of December 6, 1889, I stated, ‘“‘ With 
— to the part played by rarefaction in the case of pro- 
pellers working in water, perhaps the following experi- 
ment will be of interest. Several years ago a steam launch 
on the Thames was fitted with a propeller without any 
— in fact, the after or driving sides of the blades were 
aced in a lathe. The forward sides of the blade were 
very convex, with the greater convexity near the leading 
edges. This propeller gave a great thrust when the boat 
was held fast, but of course it was useless for propelling 


a. 
is statement caused a brisk private correspondence, 
some persons suggesting that an error must have crept 
in, others asking for a sketch of the propeller. I inclose 
a model of the propeller used, the actual one was 22 in. in 
diameter. _Now when a propeller has no pitch on the 
driving sides of the blades, the advance of the boat is 
approximately a measure of the negative slip. In this 
case the speed of the boat was considerably greater than 
any one would imagine possible under the circumstances. 
fany apenees were made with ordinary screw pro- 

pellers, and it was found that by thickening the blades on 
the forward sides, near the leading edges, negative slip 
could always be obtained, but no a advantage was 
gained. As the thickening process proceeded the engine 
slowed down and so did the boat. 

The _ best results were obtained with a propeller having 
a small increasing pitch both lengthways and crossways 
of the blades, which were extremely thin and polished. 
The back of the blades were convex with the greater 
convexity about one-fourth from the leading edges. This 
propeller was not strong enough to work astern. The result 
of all this experimenting was that the original Thorny- 
croft propeller was replaced on the boat, and it is there 
now. Yours truly, 

Riverside, Long Ditton. Horatio PHILIes. 








PATENT OFFICE LIBRARY, 
To THE Epitor or ENGINEERING. 

Srr,—Recent reform in the Patent Office library is un- 
doubtedly in a large measure to be attributed to the 
criticism that has appeared in your influential journal. 
The interest that you have devoted to the subject induces 
me to ask you to kindly allow me space in your columns to 
call attention to a rule of the library lately put into opera- 
tion, whereby readers are prohibited free access to the wing 
of the library containing the bound volumes of journals 
devoted to science and engineering—become necessary 
owing probably to some unscrupulous persons taking 
advantage of this secluded part of the library. ' 

The latitude enjoyed by readers in searching books, 
&e., ad libitum, has hitherto been a feature of this library 
of much value to those attending, and, with rare excep- 
tions, no doubt properly apprecia As it is probable 
that of the numbers who attend the majority like myself, 
go to seek information to be gleamed perhaps from the 
examination of various works, under different sections, 
to have to do this through the medium of an official, and 
volume for volume, is to say the least tedious. In my own 
instance I was put to the necessity of obtaining the 
volumes of your own journal and those of the Radway 
Engineer through an attendant, resulting in much loss of 
time and a second visit. 

What I would suggest is, that such works of constant 
reference should be placed where they may be had with- 
out restraint ; certainly, if necessary, under a system of 
check to insure their proper use. 


Yours faithfully, 
London, April 23, 1890. SUBSCRIBER. 





Locomotives In Sourn Austratra.—Of fourteen loco- 
motives ordered from England several months since for 
narrow-gauge railways in the north of South Australi 
ten are now in work, and the remaining four have arriv 
out. 





Russian Steam Navication.—The working of the Rus- 
sian Danube Navigation Campany last year was attended 
with a deficit of 35,000 roubles, notwithstanding that the 
Russian Government granted a subvention of 1,000,000 
roubles for the year. In view of this discouraging result 
the Russian treasury has increased its subvention for 1890 
to 2,700,000 roubles. 





CANADIAN CANALS.—The enlargement of the St. Law- 
rence canals to the same omen as the Welland Canal is 
being urged upon the Canadian Government by influential 
delegations from sof Trade. Such an enlargement, 
it is contended, would divert to Montreal the export 
trade of the north-west, and at the same time draw a 
large share of the import trade from Baltimore, New 
York, Boston, and other American seaports to Montreal 
and Quebec. 
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THE FRENCH IRONCLAD “TRIOMPHANTE.” 


(For Description, see Page 648.) 
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THE GREAT WESTERN RAILWAY STEAME 
BUILT AND ENGINED BY MESSRS. LAIRD 
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Section showing Engines. 
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Section at Screws. 
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NOTICE TO AMERICAN SUBSCRIBERS. 

We re Ja to announce that American Subscriptions to ENGINEERING 
may now be addressed either direct to the publisher, Mr. CHARLES 
GILBERT, at the Offices of this Journal, Nos. 35 and 36, ord- 
street, Strand, London, W.C., or to our Sole pote for the United 
States, Mr. W. H. Wiley, 53, East 10th-street, New York. The prices 
of Subscription — in advance) for one year are: For thin 








(foreign) es —— 1l. 16s. Od.; for thick (ordinary) paper 
edition, ob bs. it if remitted to Mr. Wiley, 9 dollars for 
and 10 dollars for Schick. 

ADVERTISEMENTS. 
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6p.m. on Thursday. In consequence of the necessity 
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NOTICE.—THE FORTH BRIDGE. 


In consequence of the number of ‘“ENGINEER- 
ING” of February 28th having been completely ex- 
hausted on the day of publication, the Publisher 
begs to say that a reprint of the descriptive matter 
and Illustrations of the above Bridge has been 
issued, printed throughout on Special Plate Paper 
and bound in Cloth, Gilt Lettered, price 5s, (post 
free, 5s. 6d.) This reprint consists of seventy-two 
pages royal 4to, and is illustrated by nineteen Page 
and Two-Page Plates, and 157 Figures in the text. 














NOTICES OF MEETINGS. 
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8 p.m. Annual general meeting to receive the report of the 
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THE UNITED STATES AND CANADIAN 
TRANSPORTATION FACILITIES. 

A SILENT and scarcely perceptible, but none the 
less real and serious, struggle has been going on 
for some years past between the United States and 
Canada for the vast business of transporting the 
products of the North-West to the markets of 
Europe. It is New York versus Montreal; the 
Erie Canal against the Welland Canal and the 
St. Lawrence River. Any one who cares to 
examine a map of the American continent will 
observe that Chicago, where the cereals of the 
North American States are collected, warehoused, 
and distributed, is situated at the head of Lake 
Michigan, whence the agricultural produce of the 
Great North-West is transported through Lake 
Huron and Lake Erie to Buffalo, where it is largely 
transshipped and forwarded to New York by rail- 
way or sent on by the Erie Canal. Grain or other 
produce intended for Montreal may, however, be 
conveyed all the way from Chicago vid Lakes 
Michigan, Huron, Erie, and Ontario, and thence by 
the St. Lawrence River, without once breaking 
bulk. So with the immense business carried on 
Lake Superior, which passes through the St. 
Mary’s Falls Canal to Lake Huron, and thence by 
way of Lakes Erie and Ontario into the St. Law- 
rence River, while traffic on the same route from 
Lake Superior for New York is transhipped again at 
Buffalo and forwarded by rail or by the Erie Canal. 

As regards the cost of the transport of this traffic 
between the centres of production and the centres 
of distribution, there is not much to choose between 
New York and Montreal. The New York all-water 
route has in one respect the advantage, because 
while the distance is not very much greater, the 
Erie Canal is now entirely free of tolls, but a duty 
or toll of 10 cents is still imposed on all traftic pass- 
ing through the Welland Canal. This small charge 
is not, however, sufficient to turn the scale. Nor 
is the question of open navigation one that has 
much todo with the determination of the problem, 
inasmuch as both routes are necessarily alike closed 
for at least four or five months of the year. The 
railway facilities of New York, however, are more 
abundant than those of the Canadian port, and this 
isan obvious point in favour of the United States, 
as against the Dominion. The present annual de- 
livery of grain at New York varies between 
170,000,000 and 180,000,000 bushels. This vast 
traffic is necessarily carried on all the year round. 
The greater part of it is carried by railway, for 
although the lake and canal transportation rates are 
lower, still the freighters prefer the regularity and 
quick "despatch of the railway, even if it costs more, 
to the slower and less reliable transport of the lakes 
and canals. 

A remarkable evidence of the readiness of the 
people of the United States to receive Canada 
within their pale was recently afforded at a meeting 
of the American Institution of Civil Engineers. A 
discussion was in progress on the proposed enlarge- 


gs9| More easily procurable freights. 





ment of the Erie Canal, the great waterway 
through which a large part of the grain is sent from 
Chicago to Europe vid New York. The point was 
being raised that the quickest and cheapest trans- 
portation route was not vid New York at all, but 
vid Montreal, and that the Welland Canal, which 
connects Lakes Erie and Ontario, was better adapted 


5/ for the traffic than its rival in New York State. 


The distance from Buffalo to Liverpool by way of 


656} New York being 3450 miles, and that vid Montreal 


being 3180 miles, there is, of course, a difference of 
270 miles in favour of the Montreal route. But 
hitherto this difference in distance appears to have 
been more than compensated by the fact that at 
New York there are better shipping facilities, and 
The time having 
come, however, when some considerable extension 
of the facilities of transportation by water was 
called for, some of the engineers who had considered 
the subject recommended that the shorter route vid 
Montreal, and not the longer route vid New York, 
should be improved. ‘‘ What,” it was argued, 
‘* though it be through a foreign soil. . . . It may 
not always be a foreign soil. Canada gravitates 
towards the United States, and some day the fruit 
must surely fall. And that day will be greatly 
hastened by the mutuality of interest which a joint 
enterprise like this would bring about.” 

This is by no means an exceptional or isolated 
view. Many leading engineers on the American 
continent appear to look forward to the time when 
the great bulk of the food products of North 
America will be shipped to Europe vid Lake 
Ontario and ewes instead of through New 
York, as at the present time. This view is, of 
course, founded entirely on the consideration of 
the natural advantages of the two ports. There is 
no material difference as between the two routes so 
far as regards the time during which transporta- 
tion would be closed by the rigours of winter, nor 
would the matter depend on the amount of lockage, 
which would be much the same in either case. But 
the Canadian canals are much shorter. There are 
only 69 miles of artificial watercourse, including 
both the Welland Canal and the lateral canals 
around the rapids of the St. Lawrence river, on 
the Canadian route, whereas it is stated that from 
Buffalo to deep water in the Hudson River below 
Albany is about 315 miles, thus showing a saving 
in favour of the Montreal route of 246 miles of 
costly artificial navigation. Not only so, but a 
large number of costly drawbridges have to be 
built and maintained on the Erie route, whereas 
the Canadian canals, which are for the most part 
parallel with and close to the river banks, would 
not require many erections of the kind. Then, 
again, the long reaches between the locks are in 
the main river on the Montreal route, and no 
special arrangements for maintaining the banks 
are required, whereas on the Erie Canal the bank 
must be protected by heavy walls. 

This being the state of the case, the United 
States and the Dominion are engaged in a serious 
effort to make their respective waterways better 
adapted for the traffic which each is eager to 
secure. The principal link in the chain of water 
communication between Chicago and New York is, 
as we have seen, the Erie Canal, 365 miles in 
length, and constructed at a cost, up to 1881, of 
over 51,000,000 dols. It is now proposed to 
greatly deepen and enlarge this waterway, and the 
proposals most recently put forward are of so 
ambitious a character that itis estimated that some 
20,000,000. would be required to carry them out. 
The Welland Canal, on the other hand, has quite 
recently been deepened, widened, and otherwise 
improved by the Dominion Government, at a cost 
of over 4,000,000/., for a length of only 13 miles. 
The two Governments have, moreover, been exert- 
ing themselves to secure a due share of the traffic 
which passes from the Lake Superior through the 
St. Mary’s Falls Canal into Lake Huron, and 
thence into Lakes Erie and Ontario. In 1888, 
this latter canal, in a season of eight months, 

assed through nearly 6,500,000 tons of traffic, 
wre at the rate of 11, 000,000 tons a year, or 
about double the tonnage passing through the 
Suez Canal. The canal is constructed on the St. 
Mary’s Falls River, which is the boundary line 
between the two countries, and here the United 
States Government have erected the largest canal 
lock in the world, which is soon to be followed by 
a second lock of about the same size, to be built by 
the Dominion Government. The St. Mary’s Falls 
Canal is only about a mile in length, and its raison 
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déive is to overcome the difference of level, amount- 
ing to some 18 ft., between Lake Superior and Lake 
Huron. The greater part of the produce of the 
Lake Superior region, including iron ore, copper, 
coal, lumber, &c., is already passed through this 
canal for New York and the Eastern States gene- 
rally. When the Canadians have completed their 
own waterway at the same point, they will be able 
to transport their produce through Lake Superior 
to Quebec, Montreal, and the St. Lawrence River, 
and may thereby succeed in diverting a large part 
of the traftic that now filters through New York. 
Such, at any rate, appears to be one of the ends 
aimed at in the extensive and costly works which 
are being undertaken at this point, the keystone, 
as it has been not inaptly termed, of the great arch 
of water transport on the American continent. 
New York even dreams—when the tunnelling of 
the Cascade Mountains in Washington Territory 
now in progress has been completed—of bringing 
through the St. Mary’s Falls Canal the produce of 
India and China, and distributing it, not only over 
the American continent, but over Europe as well. 
New York will then be within 11,000 miles of 
Canton. 

As one important and indispensable step in the 
direction of competing with New York, the people 
of Montreal, and the Canadian Government behind 
them, have for the last fifty years been diligently 
striving to improve the navigation of their great 
river, the St. Lawrence. As a result of an expen- 
diture of nearly 20,000,000 dols., the chief water 
highway of the Dominion has been greatly deepened 
and otherwise improved. The worse part of the 
navigation was that through Lake St. Peter, which 
has flats of 17} miles in length, whence some 
8,000,000 cubic yards of material have been re- 
moved by dredging since 1851. Since 1869, the 
depth of water at low water, in this part of the 
navigation, has been increased from 12 ft. to 273 ft., 
and only recently, the official opening of the new 
channel, now having this depth uniformly between 
Montreal and Quebec, was formally celebrated. As 
a consequence of these river improvements, the 
size of vessel able to ascend to Montreal has 
within the last few years greatly increased. 
In 1856, the largest mail vessel that could go 
up to that town was the Canadian, of 1045 
tons, and drawing 12 ft. of water. By 1875 the 
channel had been so far improved that it could re- 
ceive the Sardinian, of 2577 tons, and drawing 18 ft. 
of water. In 1888, however, the Pomeranian, of 
3211 tons, and drawing 23 ft. of water, ascended to 
Montreal, and now that the channel works are 
completed, ships of 4000 tons, or even more, can 
navigate the St. Lawrence with safety. As a con- 
sequence of these improvements the trade of Mon- 
treal has greatly increased. In 1873, when the 
depth was one of 20 ft. at low water, 242 steam 
vessels, having a total of 245,000 tons, entered the 
harbour ; but in 1887, 600 steamships, of 807,000 
tons register, traded with the port. Tenders were 
recently received by the Canadian Government for 
an accelerated mail service, which is expected to 
bring to Montreal steamers of as good a class and 
of as large a capacity as those that trade between 
Liverpool and New York. 

The important development of water communica- 
tion on the American continent to which attention 
has just been directed is one that may, and pro- 
bably will, exercise a sensible influence on the 
future welfare of our own country. It is not a little 
remarkable that water transport in the United 
States, so far at least as the canals are concerned, 
has not kept pace with railway transport in spite 
of the fact that since 1879, the cost of the trans- 
port of a bushel of wheat, by lake and canal between 
Chicago and New York, has been reduced about 
one-half, and is now only about 5? cents. Itis this 
extraordinarily cheap transport that has so seriously 
affected our home agricultural interest. If the 
cost of distributing the produce of the great North- 
West should be still further reduced by the facilities 
now being provided, or in contemplation, we may 
witness unlooked for and even unwelcome changes 
in our industrial, and especially in our agricultural 
prospects. The American Society of Civil Engi- 
neers were recently informed that by adapting the 
Erie Canal to float the largest vessels using the 
great lakes, the cost of transporting wheat from 
Chicago to New York might be reduced to three 
cents per bushel, or about one-half what it is at the 
present time. This would amount to a fraction 
over 0.04d. per ton per mile ; and we cannot per- 
haps better indicate what such a rate would mean 





than by explaining that if it were adopted in our 
own country, a ton of goods would be carried 
between London and Edinburgh —a distance of 400 
miles—for ls. 4d., and a ton of coals would be 
carried from Newcastle to London for about 1s. 
It will be interesting to see how far American engi- 
neers can go in the direction of cheaper transport. 





THE RATING OF MACHINERY BILL. 

THE opposition to the Rating of Machinery Bill 
has broken down. It is now extremely probable 
that Mr. Winterbotham’s measure will become law 
during the present session of Parliament. Sir 
Richard Webster, who has made the matter toa 
large extent a personal one, long proved obdurate 
to all representations as to the necessity for this 
legislation. It is of course easy tu understand that, 
as Attorney-General, the right honourable gentle- 
man has often appeared for rating authorities, and 
that he may have honestly convinced himself that 
the law is clear enough as it stands. The landed 
interest certainly do not largely object to the rating 
of industrial premises on what may be termed the 
‘*higher scale.” Sir Henry James, on the other 
hand, has taken an active part in explaining the 
anomalies of the existing state of the law and the 
diversity of practice that prevails in different parts 
of the country, and has given the Bill a cordial if 
critical support during the informal conferences 
that have lately taken place. As a result of all this 
it is said that it has at last been agreed to allow the 
Bill to become law on condition that an amendment 
is inserted which the promoters of the measure are 
willing to accept. By this amendment, we under- 
stand, any machinery will be exempted from rating 
assessment which ‘‘is machinery for manufacturing 
and is only fixed to the hereditaments for the pur- 
pose of steadying it, and which can be removed 
without injury to the hereditament or to itself, and 
does not require any special construction or adapta- 
tion of the hereditament.” Now it will be remem- 
bered that the original Bill declared that in estimat- 
ing for the purpose of assessment to the poor rate, 
county rate, borough rate, or any other rate, 
leviable on property for the relief of the poor, the 
rateable value of any tenement or premises occupied 
for any trade, business, or manufacturing purposes, 
the annual value of the following machinery should 
be taken into consideration, that is, water-wheels, 
steam, gas, air, and electric engines, steam boilers, 
and all other fixed motive powers, and fixed appur- 
tenances thereof ; shafts, wheels, pumps, and other 
fixed power machinery which transmits the action 
of motive power to other machinery fixed or 
loose. The chief effect of the proposed amend- 
ment will, therefore, be that fixed cranes and 
weigh-bridges will also be liable to be rated. 
It is, of course, difficult to see how a travel- 
ling crane can be described as being other 
than a chattel, but since the contention in such 
cases generally is that the premises in question 
have been specially constructed for the accommo- 
dation of machinery of this character, it would cer- 
tainly be injudicious to argue the point in view of 
the enormous interests at stake. We think, there- 
fore, that the supporters of the Bill have done 
wisely in accepting the amendment, though it is by 
no means free from objection. It will be seen that 
‘*tenant’s machinery” will still remain largely 
exempted from being rated. And it is ‘‘ tenant’s 
machinery” which is the difficulty rather than 
— machinery, which, although not attached to 
the freehold, is still an essential part of the pre- 
mises. ‘The point is a good illustration of the 
difficulty which surrounds the whole question and 
serves to accentuate the necessity for its definite 
settlement. The law we all know ‘‘ does not care 
about trifles,” and makes short work of these dis- 
tinctions, but the manufacturing world is quite 
capable of appreciating the necessity for the most 
exact definition of rateable and non-rateable ma- 
chinery. 

It is not easy to understand the animus which 
has been imported into this question. Mr. Winter- 
botham has been assailed in the public press as 
though he were guilty of falsifying the facts. Many 
members of rating authorities, and those advising 
them, have looked upon the second reading of the 
Bill in the light of a personal grievance. Any one 
would imagine from reading their effusions that 
there was no hardship whatever in the existing 
state of the law, that all the criticism excited by 
the Tyne boiler case was superfluous, and that so 
far from there being no occasion to alter the law it 





was in the most satisfactory possible condition. We 
are told for instance that machinery has not been 
rated in the Chard Union, although with the deci. 
sion in the cases of Messrs. Gifford, Fox, and Co., 
and Messrs. Boden before us, it is not a little dif- 
ficult to appreciate the distinction between the 
rating of machinery as such, and the rating of 
machinery as enhancing the value of the heredita- 
ment. Mr. Winterbotham has explained that the 
lace machinery at Chard was valued at 23,2261., the 
building at 4300l., and the fixed machinery at 
15001., while it was the total of these three items 
that the Chard Assessment Committee desired to 
rate. It is certainly amusing in the face of these 
figures to be informed that this is not attempting 
to rate machinery. ‘‘Oh, no,” says Mr. Winter- 
botham, ‘‘ they only want to add 23,2261. worth of 
machinery to an hereditament of 5800/., but this is 
not rating machinery. Oh, dear no! It is only 
taking it into account in order to enhance the value 
of the hereditament.” This illustration so far 
serves to show the object of and the necessity for 
the present Bill. 

It is simply in order to demand fair play that the 
industry of the whole country is up in arms. They 
only ask that if their appliances and means of 
carrying on their trade are to be taxed, all other 
personalty should be taxed alike. It is simply 
idle for those who are, not perhaps unnaturally, 
interested in maintaining the existing state of things, 
and who thrive upon the uncertainty of the law (an 
uncertainty which in spite of their protestations to 
the contrary, finds every day fresh proof in the cases 
which come before the courts) to raise the cry that 
the principle of Queen Elizabeth’s Act holds good 
at the present time and that each ratepayer should 
contribute to the relief of the poor according to his 
capability. The contention argues a total failure to 
appreciate the question. The industrial world would 
certainly raise no serious objection to the rating 
of all chattel property without distinction, but 
it is quite possible that several sections of the com- 
munity would not regard such a contingency with 
equanimity. It would certainly be a somewhat 
serious step to raise the question of rating ‘‘stock- 
in trade.” We doubt, too, whether householders 
in general would regard with favour the proposal 
that their furniture should be taken into account. 
Agriculturists, we are confident, would not be 
pleased to hear that their ploughs, harrows, and 
wagons, ought to be regarded as rateable. But 
if the principle of the Tyne boiler case is to be 
equitably applied all round, and it is nothing short 
of a national scandal that it should be adopted on 
any other lines, manufacturers generally have little 
to fear from such a change. It is because they 
have actually been assessed or are being threatened 
with an assessment on this footing, while the rest 
of the community get off scot-free so far as their 
personal property is concerned, that they have 
raised this demand for legislative relief. The Bill 
will do nothing more than establish a uniform 
system and relieve manufacturers from the burden 
of an assessment which threatens to include chattels. 
It establishes the necessity for distinguishing 
between what may be called permanent and mov- 
able machinery, and in a word it puts manufacturers 
into much the same position as traders, and is 
therefore nothing more than a bare act of justice. 





OFFICIAL SHIPBUILDING STATISTICS 
FOR THE UNITED KINGDOM. 

From Lloyd’s Registry of Shipping there has 
lately been issued the shipbuilding returns for the 
past quarter, and these official statistics go to prove 
what we have already indicated in our brief reviews 
of the trade, that the production has been almost 
unprecedentedly great, that little new work is 
being booked, and that consequently the tonnage 
on hand is being very largely decreased. But there 
is no great cause for forebodings. With warships 
included the returns show that there is almost as 
much work on hand as a year ago ; certainly there 
isas much as to keep most of the yards in opera- 
tion until the winter ; and probably with less pres- 
sure and consequently a slight reduction in contract 
prices, assisted perhaps by more staple markets, 
there may be new contracts entered into, which 
will keep the establishments in progress. But it 
should be clearly understood by all, and particularly 
by the men, that there cannot be a repetition of 
the boom, and that sufficient work can only be 
secured by careful co-operation on all sides. The 
most serious counteracting influence at the present 
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time is the dearness of coal. It is paralysing all 
trades. Lloyd’s return only gives the figures for 
the year—in some cases for two years ; but we have 
taken for the sake of comparison, from previous 


returns, the figures for three years. The first 
Table refers to work completed. 
Vessels Launched. 
Vessels. Tons. 
March, 1890 ... 177 284,035 
NS Te 127 221,783 
se. ROU cee 95 157,167 


One fact which is noteworthy in connection with 
the launches is the remarkable uniformity in the 
three years of the proportion of tonnage of sailing 
ships to totals. In the past three months 18 of the 
vessels launched were sailing ships, totalling 29,193 
tons, while in 1889 and 1888 the figures were 21 
vessels of 21,985 tons and 14 vessels of 15,031 tons 
respectively. The percentage of ship tonnage to 
the total was therefore in 1890, 11.07 per cent. ; in 
1889, 11.05 per cent.; and in 1888, 10.57 per cent. 
It may also be noted that the average size of the 
ships launched shows a great increase this year over 
the past year as the figures given indicate. To com- 
plete the comparison it may be added that the 
steamers launched were as follows: In 1890, 
159 of 254,842 tons; in 1889, 108 of 199,798 
tons, and in 1888, 81 of 142,136 tons. There has 
been a slight falling off in the average size of 
steamers. Dealing now with the equally important 
matter of work on hand we find a decrease in com- 
paring the totals of vessels building and preparing 
at March 31 in the three years. 


Vessels under Order. 


Vessels. Tons. 

March, 1890 ... me ror 647 1,050,753 
ee 1889 ... a ee 709 1,254,844 
ze 1888 ... 463 763, 967 


These figures, however, it should be clearly under- 
stood, do not include warships under construction, 
and considering the large number of orders recently 
placed with private firms by the British Government 
for battle-ships, first-class and second-class cruisers, 
it may be taken that the work now on hand falls 
short of the previous year by only from 50,000 to 
60,000 tons—not a very great total. The percent- 
age of ship tonnage to the total is again about 
10 per 100tons. The remarkable fact, however, 
in connection with the work in progress, is that the 
vessels, generally speaking, are in a much more 
advanced stage than a year ago, the launches within 
the past week or two being very numerous in all 
districts. 
Vessels Preparing for Construction. 


Vessels. Tons. 

March, 1890 ... és sa 104 187,075 
a |. ee wes was 181 333,855 

16 RO ke 83 169,541 


These figures are included in the above Table of 
work under contract. They speak for themselves. 
There is work, however, till the end of the year in 
most of the yards, although, as we pointed out in a 
recent article, some of the firms are getting anxious 
about the future. The next Table given indicates 
the work in evidence in the leading districts. 


Work on the Stocks. 





March, 1890. | 


| | 
Vessels Tons. Vessels, Tons. | Vessels Tons. 


March, 1889. March, 1888. 








Clyde | 453 | 273,032) 145 | 297,650 114 | 198,169 
Tyne | 72 |143,196; 80 | 164,378, 55 | 114,916 
Wear oe 127,552 60 |125,091| 41 85,565 
Tees 59 |116,576' 51 | 108,394) 29 60,804 
Mersey 23 25,500 23 40,626 18 23,233 
Ireland 28 73,732 | 23 73,787 | 22 70,812 











As to our clientéle, figures show that the per- 
centage of foreign owned new tonnage to the total 
stands, as in the case of last twelve months, at 
about 22 per cent. France is now having 13 
vessels built in Britain, totalling 21,490 tons, 
principally steamers, whereas a year ago there were 
only four vessels of 9150 tons under construction 
for French customers. Germany, on the other 
hand, is less indebted to this country, there being 
22 vessels, mostly steamers, of 66,575 tons in hands, 
as compared with 30 vessels of 79,556 tons a year 
ago. Holland, Italy, and Norway have ordered 
more, the addition being 100 per cent. in the case 
of the first two, and 19,295 tons against 9800 tons 
in the case of the latter country. A year ago Por- 
tugal was getting five or six vessels built on the 
Clyde. She now figures for one. Russia and 








South America have fallen off, and the other coun- 
tries have only an unequal trade with the ship- 
builders here. One or two facts are given in the 
return as to foreign shipbuilding, indicating no 
great change in the industry abroad. The general 
tendency, so far as the figures go, is downwards, 
but at Genoa, in Italy, and in the Norwegian ports, 
there is greater activity than previous reports indi- 
cated. 





THE GLASGOW CENTRAL RAILWAY. 

THE contracts for the construction of the Glasgow 
Central Railway have just been let, and are pro- 
bably the most important railway works given out 
for some time. The line to be constructed is only 
seven miles long, but it is almost all underground, 
and passes in the line of the busiest thoroughfares 
in the city, and the difficulties of construction are 
increased by the stipulation that the traffic must 
not be interfered with, except by shafts considerable 
distances apart. In a previous article* we dealt in 
a general way with the new railway, describing the 
route, and giving a section showing the nature of 
the sub-strata. The line forms a legitimate con- 
tinuation of the Caledonian Company’s system, and 
provides the city with a much-needed local railway 
giving facility for traftic between the centre of the 
city and the east on the one hand, and on the other 
hand, the western part of industrial Glasgow, as 
also the western district where the fashionable 
residential suburbs are situated. 

The construction of the line is let in four con- 
tracts. The first, known as the Bridgeton contract, 
includes the construction of the easternmost part 
of the line, extending to 2550 lineal yards. It 
commences by a junction with the Dalmarnock 
branch of the Caledonian system, at the north end 
of a viaduct carrying the existing line over the 
River Clyde, proceeds in the open on a downward 
gradient and parallel with the present line to Dal- 
marnock-road, where it enters the tunnel con- 
structed under that thoroughfare to Bridgeton 
Cross, thence along Canning-street and other 
thoroughfares to Glasgow Green, at which point the 
first contract terminates. 

The Trongate contract is the most difficult of the 
four, owing to the rail level getting below the sur- 
face water level in the fine sand which forms so 
large a portion of the subsoil, and to the busy 
character of the thoroughfares overhead. The 
length of the line to be constructed under this con- 
tract is 2715 yards, and it extends from the Green 
along under London-road to Glasgow Cross, thence 
along the Trongate and Argyll-street, by far the 
busiest streets in the city. At the junction between 
Union-street and Jamaica-street with Argyll-street, 
the thoroughfare is very narrow, and at this point 
the stream of traftic is almost incessant, Jamaica- 
street leading to the principal bridge across the 
Clyde. At the western end is Anderston Cross, 
the centre of an old burgh long since annexed to 
the city. Here the Trongate section terminates. 

The Stobcross contract starts at this point, and 
with a fine curve west and then north, reaches the 
River Kelvin, passing under Stobcross-street, skirt- 
ing the Queen’s Docks, going under the present 
Glasgow and City District (underground) Railway, 
traversing under Kelvingrove - street and the 
Kelvingrove Park. The length of this section is 
2323 yards. 

The Kelvinside contract includes the remainder 
of the line from the Kelvin along Great Western- 
road, the thoroughfare to the west-end where are 
situated the mansions of Glasgow merchant princes, 
and thence it goes under the Botanic Gardens. The 
line then reaches the open, and further on forks in 
two directions to suit Maryhill and Eastpark re- 
spectively. The distance is 3650 yards. The line 
terminates here ; but it is expected that in the 
present session of Parliament, power will be given 
forthe extension of the line through Dumbarton- 
shire to the picturesque Loch Lomond. This new 
line is being promoted by a private company—the 
Lanarkshire and Dumbartonshire Railway Com- 
pany ; but as in the case of the Glasgow Central, 
it is supported by the Caledonian Company, who 
have taken power to guarantee interest on the 
capital. At present the North British have a line 
to the same destination ; but the district is inhabited 
by a hard-working industrious people who, know- 
ing the advantage of competition, heartily support 
the new line. However, this is by the way, and 





* See ENGINEERING, vol. xlvi., pages 330 and 332. 





only to indicate the ultimate outlet of the Glasgow 
Central line. 

Having indicated briefly the contracts we give 
the names of the contractors and an approximation 
of the sum at which they are let. It may be stated 
that over a dozen firms tendered, including all the 
leading Glasgow and Edinburgh and two or three 
London contractors. 


Contract 
Contract. Contractor. Sum. 
£ 
Bridgeton ... Messrs, C. Brand and 
n . 
Trongate Messrs. C. Brand and a aed 
n 
Stobcross ... Messrs. James Young 
and Son 200,000 
Kelvinside... Mr. A. H. Boyle 170,000 
Total 970,000 


It is interesting to note that the original Parlia- 
mentary estimate totalled 1,231,000/., of which about 
226,000/. was for lands. All the contractors are 
well-known railway contractors, having accomplished 
successfully extensive and important works. It 
is a remarkable coincidence that the Glasgow City 
and District Railway, which passes under some of 
the principal streets of Glasgow to a length of about 
three miles, and is parallel with the line now to be 
laid out, was constructed by the first two contractors 
named, Messrs. Brand having done the first section, 
and Messrs. Young the Stobcross section. The 
work in the case of the new contract will be similar. 
They were each engaged also in the construction of 
the North British Company’s Bothwell line. Messrs. 
Brand have just finished the Glenfarg line in con- 
nection with the Forth Bridge route to Perth, and 
they constructed many railways in the north of 
Scotland, as also the Grangemouth docks and 
harbour. Messrs. Young laid out a line at Dundee 
recently, and made a river embankment at that 
city. They are the contractors for the present 
extension to the North British line at Bridgeton, 
Glasgow. Mr. Boyle, who has secured the Kelvin- 
side contract, is engaged at present in the widening 
of the approach to the central station of the Cale- 
donian line at Glasgow, and at the Dalmarnock 
Bridge recently illustrated and described by us. 

It may be interesting to give a general idea of 
the works ; but we do not propose at present to 
enter into details, as we hope later to fully illustrate 
and describe the railway. The engineers are Mr. 
George M. Cunningham, M. Inst. C.E., Edinburgh, 
and Mr. Charles Forman, M. Inst. C.E., Glasgow, 
members respectively of two of the best-known 
civil engineering firms in Scotland. 

The line, for a great part of its length, is about 
20 ft. below street level, although under the Kelvin- 
grove Park the depth is nearly 100 ft., and near 
this point it starts to rise on a gradient of 1 in 100 
to clear the River Kelvin. The ruling gradient of 
the line is 1 in 80. 

The borings indicate that for the first two miles 
at the east end of the line the subsoil is mostly clay 
of various degrees of fineness, principally brick 
clay. The depth of this varies from 12 ft. to 35 ft., 
and is overlaid by sand of about a 12-ft. average 
depth. For the next mile and a half the subsoil is 
sand. In the centre of this section (in Argyll- 
street), at a depth of 12 ft. to 14ft., the level of 
the subsoil water is reached. For the purpose of 
draining the soil here a 4$-ft. diameter culvert, 
lined with cast-iron flanged segments, with sieves 
for water, is to be constructed for 730 yards along 
the centre of Argyll-street. On ground to the south 
of the thoroughfare a well of brickwork is to be 
sunk, 40 ft. deep and 6ft. internal diameter. The 
culvert and the well will be connected by a side 
culvert 24 yards long. In Stobcross-street there is 
dry sand, and it gradually passes into boulder clay, 
while at a point about three miles from the eastern 
terminus the line enters sandstone rock with boulder 
clay, which continues until the termination of the 
tunnelling. 

In the Bridgeton contract there is in all 2550 
yards, of which about a half only is in covered way. 
For fully half a mile at the easternmost part the line 
is in the open, with about 870 yards of retaining 
wall. A bridge under Strathclyde-street at pre- 
sent in existence is to be removed and extended. 
The present girders will be utilised, and the 
new span will be constructed of steel box girders. 
For the tunnelling, the total excavations re- 

uisite are estimated at 221,430 cubic yards. 
he Trongate section is entirely underground, and 
necessitates excavations of 277,970 cubic yards, 
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The Stobcross section is more miscellaneous in cha- 
racter. Fora great part of its length it is under- 
ground, and includes a bridge for carrying the 
Glasgow and City District Railway over the new 
line, the widening of a road bridge over the line, 
and the construction of embankments on the east 
bank of the River Kelvin to carry the railway. 
The excavations total 230,000 cubic yards rock and 
boulder clay. Of this 112,232 is open cutting, the 
remainder in tunnel. About a mile of the Kelvin 
side section is in tunnel, requiring the removal of 
465,885 cubic yards of material, all rock, 390,765 
being in open. This section is the most varied of 
the four. It includes three bridges over the River 
Kelvin at various points—a low-level bridge at 
Great Western-road ; a stone arch bridge near 
Maryhill Barracks, and a large girder bridge near 
the terminus. With these we will deal later. There 
is also a bridge over the railway for Kirklee-road. 
It is to be of steel girders, steel buckle plates, 
including T and A irons, with cast-iron parapet, 
and will be supported on masonry abutments and 
steel columns, There is also a girder bridge under 
Garriochmill-road. 

The streets at some points are narrow, and in 
such cases, as also where the subsoil requires it, 
the buildings on either side will be carefully un- 
derpinned. This work will be executed pretty 
much as in the case of the tunnel in Cannon-street, 
London. Spaces not exceeding 4 ft. in length will 
be excavated under the foundation of buildings to 
be underpinned and the buildings carefully tim- 
bered and supported. Equal intervals of 4 ft. will 
be left undisturbed temporarily between each length 
of excavation. When the excavation has reached 
the desired depth the space will be filled with con- 
crete in layers of 12 in. to within 9 in. of the foun- 
dations of the buildings, time being left to allow 
the layers to set, and the remaining 9 in. will be 
built solid with brick in Portland cement and 
packed firmly below the foundation. Where there 
is any irregularity it is intended to use slate pin- 
nings to insure solidity. This being thoroughly 
completed the intervening lengths temporarily left 
in their original state will be proceeded with in the 
same manner. 

In the Bridgeton and Trongate contracts the line 
is entirely in covered way ; in the Stobcross sec- 
tion, besides covered way, about 710 yards are in 
tunnel, while in the Kelvinside contract 750 yards 
are in tunnel. 

The covered ways and tunnels will be from 14 ft. 
to 18 ft. high, and in width they will be about 27 ft. 
The sections of the covered ways vary. Where the 
head-room is limited as in Canning-street, in the 
Bridgeton contract, the walls will be of brickwork 
with roofing of jack arches, supported on steel 
girders resting on granite ashlar blocks. In other 
cases, asin the covered way near Bridgeton Station, 
the roof will be formed with ridge and furrow plat- 
forms of troughing. For more than 800 yards in 
Trongate and Argyll-street the walls will be of 
brickwork, generally 5 ft. thick, with roofs of 
girders and jack arching. This is similar to 
the section illustrated on page 331 of vol. xlvi., 
as applicable to London-street, with the excep- 
tion that the walls are of brick. This method 
will enable the roof to be placed in _posi- 
tion in short lengths at night, and to be left 
supported on timbers resting on the concrete 
invort while the walls are being constructed. Where 
the work is cut and cover, and where the head- 
room admits it, will be brick arching. The sewers 
are to be built in the sides of the covered ways, 
and are egg-shaped in section 4 ft. by 3 ft., and 
formed of brick in cement. The other pipes—gas, 
water, &c.—are to be carried on the haunching of 
the arches. 

There are to be thirteen stations on the line, 
three on the Bridgeton section, three on the Tron- 
gate, two on the Stobcross, and five, including two 
terminal stations on the Kelvinsile section. The 
booking offices, &c., are on the street level with 
stairs to the platform below. The stations vary 
according to size and form of construction ; but in 
general arrangement they are not dissimilar. We 
will briefly describe two, which will give an idea of 
the method adoped. 

The West End Park, or Kelvingrove Park Station, 
will be about 500 ft. long, 44 ft. wide, and 24 ft. 
high. The platforms are 3 ft. above rail level, and 
are from 12 ft. to 15 ft. wide. The walls, sup- 
ported on the rock, with concrete dressing, are of 
conorete faced with white enamelled bricks. The 
roof of the central part of the station is carried on 





lattice girders of steel, with a 50-ft. span and 7 ft. 
deep, placed at 18 ft. intervals. Resting on these 
are longitudinal plate girders placed at 6 ft. centres, 
and springing from the plate girders are jack arches, 
rising to a height of 2 ft., and of brick 9 in. thick. 
The cross main girders are carried on granite blocks, 
but at the foot of the stairs, where the station is 
wider, three of the girders rest on cast-iron columns 
1 ft. 6in. in diameter. At either end of the central 
part of the station the roof is arched over with brick 
in cement, the brickwork being 3 ft. thick and 
springing from the solid rock. 

At the Botanic Gardens Station, which will be 
one of the busiest of the stations, as it serves the 
residential west end, the height of station will be 
15 ft. 6 in. above rail level; but although con- 
structed pretty much in the same way as the other, 
it differs in this respect that it has three skylights 
16 ft. wide and 90 ft. long. The fact that the 
station is under the garden admits of this. The 
skylights will be surrounded with walls rising 5 ft. 
above the garden level, and around them will be 
planted ornamental shrubbery. The station is 
46 ft. 9in. wide, and about 500 ft. long. The space 
between platforms is 21 ft., and they are each 13 ft. 
wide. 

Of the bridges over the Kelvin, we have already 
made mention. They come within the Kelvinside 
section. The largest bridge has two central spans 
over the river of 100 ft. each, and ten small spans 
on either side on the sloping embankment 36 ft. 
each. The central spans rise 40 ft. above water 
level. The bridge is 29 ft. wide over all, and the 
extreme length is 200 yards. The small spans are 
stone arches. The longitudinal girders carrying 
the main spans are of the lattice type, 9 ft. deep, 
and are placed at 15 ft. centres. They are braced 
by diagonal, vertical, and horizontal ties. These 
girders carry a steel platform on cross-girders. 
There is a steel railing 6 ft. high. The central 
piers are 29 ft., with a mean thickness of 8 ft., and 
are founded on rock. The bridge at Maryhill 
Barracks has three stone arches 38 ft. span and 
45 ft. high, with a smaller arch of 10 ft. span at 
each end. The low-level bridge at Great Western- 
road is on the skew, and on two spans, each of 40 ft. 

The construction of the railway has necessitated 
a rearrangement of several of the sewers. Tron- 
gate and Argyll-street run parallel with the River 
Clyde, which flows through the city from east to 
west, and the sewage from the northern part of the 
city on its way to the river crosses the thoroughfares 
named. There are seven or eight mains crossing 
Argyll-street, and it will be readily understood 
that this number would cause inconvenience in the 
work of constructing the covered way. It was 
therefore decided to intercept the sewers from the 
north and carry all the smaller drains into one large 
sewer. There are two branches of new sewers, 
which join at a point 417 yards from the river, and 
this larger sewer is the only one of any consequence 
now crossing Argyll-street. The total length of the 
new sewers is 4700 lineal yards, and they are 
being constructed by Messrs. John Paterson and 
Son, Glasgow, the contract having been let several 
months ago at 44,000/. The sewers for about 4300 
yards of the length vary from 3 ft. to 7 ft. in dia- 
meter, and from the point of confluence of the two 
sections to the outflow to the Clyde the size is 14 ft. 
broad by 7 ft. high. The depth from street level 
varies from 12 ft. to 47 ft., and the gradient in the 
case of the larger sewer is 1 in 1000, and in the 
others from 1 in 23 to 1 in 800. 

The 3-ft. sewer is egg-shaped, 3ft. broad and 4ft. 
high. It is constructed of 9-in. brickwork with 
concrete haunching and fireclay soles. The 5-ft., 
6-ft., and 7-ft. sewers are of three-ring brickwork 
(14in.). They are circular in section, and the soles, 
as before, are of fireclay. , 

The largest sized sewer (14 ft. by 7 ft., of which 
there is a length of 417 yards) is founded on con- 
crete, on which is built an invert of bricks on end, 
9in. thick, with 9in. of camber. The walls are 
3 ft. thick, built plumb for a height of 3ft. 9in. 
The springers for both invert and arch are of con- 
crete 18in. broad, and the space between and 
behind the upper and lower springers is filled in 
with brick. The arch is of four-ring brickwork, 
with a radius of 11ft. The haunching is covered 
with concrete 18 in. thick at the ends. The outfall 
is to be constructed at M‘Alpine-street. The 
wharves are to be rebuilt on the triune-cylinder 
principle, designed by Mr. James Deas, C.E., the 
Clyde Trust engineer. 

The manholes are at about 50-yard intervals. 





They vary in width according to the size of the 
sewer; but are of a uniform length of 3 ft. 6 in. 
each. The side walls, constructed of brick in 
cement, are 14 in. thick and 9 in. at the top of the 
square. When nearing the street level they are 
corbelled into 1 ft. 9in. square at the top. All the 
brickwork in the sewers is built in cement mortar 
3 to 1. 

The subsoil met with has been dry sand and 
boulder clay with a very small part of rock. The 
larger sewer is in dry sand. 

In the east end of the city there has also been a 
rearrangement of sewers, with a new main, 1450 
yards long, extending from the Bridgeton district 
through Glasgow Green. The diameter varies from 
5 ft. to 7 ft., and the construction is the same as 
that described. The contractors are Messrs. Charles 
Brand and Sons, and the cost is about 12,0001. 
The resident engineer for the railway is Mr. Thomas 
Mobet, Assoc. M. Inst. C.E. 





NOTES. 
A Swepisoh HyprocrapHic ExPepItion. 

Art the instance of Professor Otto Pettersson, of 
Stockholm, a hydrographic expedition has been 
arranged, the professor himself and Baron Oscar 
Dickson finding the necessary funds, with some 
assistance from two Swedish marine insurance com- 
panies. The expedition, which will start from 
Gothenburg, comprises the salvage steamer Skandi- 
navien, the gunboat Alphild, the pilot steamer Gote- 
borg, and the two steamers Themis and Iris. Men 
of science will be found on board all these steamers, 
and samples of water and measurements of tempe- 
rature will be taken. The Skagerak and the 
Kattegat, which are to be the places of operation, 
have been divided into different sections. The 
appliances were tested at Stockholm the other day, 
and gave great satisfaction. They comprise an 
apparatus constructed by Professor Ekman for 
bringing up water from a depth of up to 300 ft., 
furnished with a warmth isolator ; a turbine appa- 
ratus by the same gentleman for bringing up 
samples of water from any depth, and fitted with 
one of Negretti and Zambra’s deep-water thermo- 
meters, and several appliances for similar purposes 
constructed by Commander Arwidsson, very quick 
in their mode of operating, but not intended for 
any great depth nor for very large samples. 


THE TYNE. 

The revenue of the Tyne Improvement Com- 
missioners last year amounted to 293,615/., show- 
ing an increase of 19,951/. as compared with the 
corresponding collection for 1888. The total charge 
for interest, maintenance, management, &c., in 
1889 was 252,5671., showing a surplus of 41,0491. 
This surplus was made up as follows: Tyne im- 
provement fund, surplus, 40,7251. ; river moorings 
fund, surplus, 1563/.; Tyne piers fund, surplus, 
24,1441. ; Northumberland Dock fund, deficiency, 
25,3831. ; balance, 41,0487. The expenditure made 
on capital account by the Commissioners in 1889 
amounted to 53,3281. - Of this amount 14,129]. was 
chargeable to the Tyne improvement fund, 23,7361. 
to the Tyne piers fund, and 15,5511. to the North- 
umberland Dock fund. The surplus revenue of 
the year having been 41,048/., it was necessary to 
raise 12,2801. by loans to balance off the capital 
expenditure of the year. The mortgage debt of 
the Commissioners stood at the close of 1889 at 
4,203,4031. Of this amount 2,138,512/. was charged 
on or appropriated to the Tyne improvement fund, 
35,0001. on or to the river moorings fund, 750,000/. 
on or to the Tyne piers fund, and 1,279,8901. on or 
to the Northumberland Dock fund. The shipments 
of coal and coke from the Tyne last year exceeded 
those of 1888 by 483,109 tons, the aggregate ship- 
ments in 1889 having been 10,529,401 tons, as com- 
pared with 10,046,292 tons in 1888. The number 
of vessels which cleared from the Tyne in 1889 was 
13,969, as compared with 13,645 in 1888, showing 
an increase of 324. Including vessels which entered 
for bunker coal, repairs, &c., and also those which 
put in for shelter, the aggregate number of ships 
which cleared from the Tyne last year was 14,757, 
of a net aggregate burthen of 6,914,392 tons. The 
quantity of material raised by the Commissioners’ 
dredgers last year was 2,090,814 tons ; the average 
cost of dredging was 3.59d. per ton. 


Leap TEMPERING OF STEEL. 


The Chatillon-Commentry Steel Company have 
for some time past been experimenting with gun 
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tubes, projectiles, and armour plates of steel tem- 
yee in lead. The process is simple, the steel 

ing raised to a red heat and then plunged in a 
bath of molten lead, where it is allowed to cool 
gradually. The beneficial effects of this treatment 
are very marked, the elastic limit, breaking stress, 
and percentage elongation of the material being all 
increased. The following figures show the 
character of the results obtained in treating different 
varieties of steel : 
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Actual tests of an armour plate thus tempered, 
10.8 in. thick, which was tested at St. Jacques by 
firing at with a 3.75 in. gun, showed that the pene- 
tration in the tempered plate was much less than in 
an untempered one. The value of this test is how- 
ever somewhat discounted by the fact that the 
power of the gun was much below that required for 
penetrating the plate, as the striking velocity of 
the shell was only 1300 ft. per second, and its pene- 
tration in wrought iron would, therefore, be only 
about 4.85 in. 


CaBLeE Conputts IN New York. 


In a paper recently read before the American 
Institution of Electrical Engineers, Mr. W. Maver 
describes the different varieties of conduits used in 
the subways of New York City. In all no less than 
eight different types of conduit are used, namely, 
the Dorsett, the Wyckoff, zinc tubing in hydraulic 
cement, sheet-iron cement-lined pipe, wrought-iron 
pipe in hydraulic cement, wrought-iron pipe in 
asphaltic concrete, the Edison iron tube and John- 
stone sectional cast-iron conduits. The Dorsett 
system consists of blocks formed of a mixture of 
pitch coal tar and fine gravel. The blocks are each 
about 4 ft. long by 1 ft. cross-section. They 
have a number of holes 24 in. in diameter running 
through them from end to end, and are laid ina 
trench abutting each other and joined together by 
pouring between the ends a liquid compound of 
pitch and tar which soon hardens. About one mile 
of this conduit was laid in the South Avenue about 
three years ago, and is still in a fairly good condi- 
tion. The. zinc tubing in cement has not been a 
success. The sheet-iron cement-lined pipe has, 
however, given good results. This conduit is made 
in 8 ft. lengths by holding a length of pipe vertically, 
inside of which is placed a smaller brass tube. The 
iron pipe is then filled with semi-liquid cement, and 
when this has set the brass tubing is withdrawn, 
leaving ducts in the cement through which the 
cables can be drawn. About 113 miles of this 
conduit has already been laid. The Wyckoff 
conduits are pipes of creosoted wood, and of these 
about fifteen miles have been laid. The conduit 
most used, however, consists of iron pipe laid in 
hydraulic cement concrete. The pipes are 20 ft. 
long, and from 2 in. to3in. in diameter, and .217 in. 
thick. In laying them the bottom of the trench 
is levelled to grade and planks set against the sides 
of the trench to sustain it. A layer of concrete is 
then laid and rammed in the bottom of the trench ; 
on this is placed a row of iron pipes, which is then 
covered with concrete, and another layer of pipes 
laid on this, followed by another layer of concrete 
until the desired number of ducts is obtained. The 
pipes themselves are joined by screw couplings. 
The Edison system consists of wrought-iron pipe in 
which the conductors having first been wound with 
rope, are placed. The pipe is then filled with a 
compound of Trinidad asphaltum, resin, paraffin, 
and linseed oil. 


An ELEctro-PNEumatTic SIGNAL. 
An automatic block system has recently been 
introduced on the Central Railroad of New Jersey, 
between Jersey City and Bergen Point. The road 





here has four tracks, and is traversed by a very 
large traffic. The line has been divided into blocks 
of from 1000 ft. to 2500 ft. each, and unlike many 
automatic signals previously constructed, sema- 
phores are used, an improvement of considerable 
value. The system adopted is a combined electric 
and pneumatic one, the signal arm being moved by 
the piston-rod of a single-acting pneumatic cylin- 
der, the valves of which are controlled by an elec- 
tric current, and as but little power is required to 


_|operate these, a comparatively feeble current of 


electricity suffices for the work. The arm is 
weighted to fly to danger if anything goes wrong 
with the apparatus, either by a failure in the elec- 
tric current, or by breakage of the connections. 
The system has been designed for the operation of 
both the home and distant signals in much the 
usual manner. As the train enters a block, it cuts 
the current off from the electro-magnets operating 
the valves of the cylinders of both signals, which 
are accordingly both raised to the danger position. 
As the train passes into the next block the current 
round the distant signal magnet is re-established, 
and this signal then falls to line clear. The home 
signal, however, remains at danger, until the train 
enters the next block but one, when it is lowered 
in the same way. These operations are carried out 
in the following way : The rails for one block are 
insulated from the rails in the preceding and follow- 
ing blocks, and the right and left-hand rails at the 
commencement are connected with opposite poles 
of a two-cell gravity battery. Between the other 
ends of the rails is inserted a relay, the armature 
of which, when no train is in the block, is held 
down by the current from the two-cell battery, and 
completes the circuit of the battery working the 
semaphore valves. As soon as the train enters the 
block it short-circuits the relay, which in turn inter- 
rupts the current, the semaphore circuit is broken, 
and the valves of the signals, being no longer held 
down, they move over, and the signals at the com- 
mencement of the block fly to danger. As the 
train leaves the block the current is re-established 
through the relay, and the distant signal falls to 
line clear. The home signal, however, still remains 
at danger till the train reaches the next block, 
when it is lowered in its turn. The system de- 
scribed has been worked out by the Westinghouse 
Company, and would seem well adapted for appli- 
cation to existing signals. 


Baku AGAIN Dryine Up. 

Some short time since the news was again 
telegraphed from Odessa that the oilfields of Baku 
were drying up. The statement is a mere canard, as 
before, but can be more easily turned inside out. 
Odessa is situated several days distance from Baku, 
and the news arriving there would save nothing 
special over the news arriving by ordinary post in 
London four days later. At Baku there is more 
than one publication furnishing regular petroleum 
intelligence, while the town newspaper, Kaspie, an 
independent journal, reports all that is going on at 
the wells. Out of 400 wells less than 200 are 
working, because it does not pay to take oil out of 
the rest ; those 200 wells are none of them half 
as deep as the wells in America, and they prick 
only an area of three or four out of 1600 square 
miles of oil territory. It is astonishing that with 
solid facts like these, well attested and substantially 
supported by foreign experts as well as Russian, 
such ridiculous canards as the Odessa one should be 
flashed to the English papers. Professor Mende- 
laieff, however, was not far wrong last year when he 
assigned them to American speculators, who, for 
the sake of keeping up the price of Pennsylvanian 
petroleum, do their best to shake public confidence 
in all oilfields outside the United States. With 
considerations of this description we have nothing 
incommon. All the engineering profession cares 
to know is the accurate state of affairs at a given 
moment, and it is interested in the subject only so 
far as it concerns the interests of engineering. 
Summing up the actual condition of things, we 
may briefly state that the Russian supply was never 
more copious than it is to-day, while the demand 
for petroleum generally is advancing by leaps and 
bounds. To meet that demand the Americans 
themselves have had to open up new oil territories, 
and it is satisfactory to know that the results are 
pretty successful. With regard to our own oil- 
fields the Burmah fields are being tested by experi- 
mental American bores, and the drill is at work in 
South Australia. The oilfields at Taranaki will 
also be taken in hand as soon as drillers and ma- 





chinery can be sent thither from America, the New 
Zealand petroleum syndicate having no option but 
to get both from our Transatlantic rivals. Here we 
have an illustration of what England loses in busi- 
ness by having delayed to open up her oilfields— 
appliances and drillers, which ought to be furnished 
by firms at home, having to be sought for beyond 
the Atlantic. 





NEW RUSSIAN TORPEDO BOATS. 

Tue Imperial Russian Government ordered last 
year three ships from Mr. Schichau, of Elbing, and 
these have had just now their trials at Pillau, fulfil- 
ling all the conditions laid down by the contract. 

1. The torpedo cruiser, Lieutenant Kassarsky, is 
a vessel of 58 metres (190 ft. 3 in.) length and 7.5 
metres (24 ft. 7in.) breadth, with about 400 tons dis- 
placement. She is fitted with triple-expansion engines 
of about 3500 indicated horse-power ; two locomotive 
boilers supply steam at 12 atmospheres pressure, 
and work with Schichau’s forced draught arrange- 
ment. On the three hours’ continuous trial the boat 
was fully equipped, all weights being on board, and in 
addition the coal bunkers were full of coals (95 tons). 
Under this condition the contract speed of 21 knots 
per hour as a mean was easily maintained without 
— forcing the engines, 

2. The torpedo boat Anakreon is 39 metres (128 ft.) 
long, 5 metres (19 ft. 8 in.) broad, and of about 85 
tons displacement. The principal difference between 
this boat and those formerly supplied by Mr. Schichau 
to the Imperial Russian Navy consists in more powerful 
engines, and consequently greater speed. With the 
former boats a speed of 19 knots per hour was 
guaranteed ; the Anakreon was built under a guarantee 
of 21 knots, and this speed also was easily maintained 
during the two hours’ trial. 

3. The torpedo despatch boat Adler belongs to a 
new type introduced by Mr. Schichau, and is similar 
in principle to the boats built for the Italian Navy, 
Aguila, Nibbio, Falko, Avoltoio, Sparviero, illustrated 
in ENGINEERING, December 6, 1889. She is a twin-screw 
boat of 46.5 metres (152 ft. 7 in.) length and 5.2 metres 
(17 ft.) breadth, and displacement about 150 tons. She 
is fitted with two locomotive boilers and twin engines 
of about 2300 indicated horse-power collective. The 
speed guaranteed was 26.5 knots per hour during a 
two hours’ continuous run, and in many well-informed 
circles the accomplishment of this feat was looked at 
as impossible. The mean speed of the Adler during 
two hours was 26.55 knots per hour. The Russian 
Government possesses in this steamer one of the fastest 
vessels in the world. All three ships will shortly be 
taken out by Russian officers and crews round Europe 
£0 the Black Sea. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 15, 1890. 


A Goop many of the larger railway companies of 
the United States are now about contracting for bridge- 
work for the coming winter ; the managers have con- 
cluded that, at the present prices for structural mate- 
rial, it is safe to enter upon engagements for supplies 
to be furnished during the fall and early winter. A 
very large amount of new work will now be arranged 
for, it being the intention of many roads to substitute 
iron and steel structures for existing ones of wood. 
The Cofrode and Saylor Company, of Pottsville, Pa., 
have just received a contract for the construction of a 
bridge across the Susquehanna River, at Harrisburg, 
100 miles west of this city ; the bridge will be 4500 ft. 
long, and have 23 spans, with viaduct approaches. 
Many of the railroad companies are placing heavy 
orders for freight cars, and several of our locomotive 
works are now making overtime, in order to complete 
orders for locomotives, according to contract. The 
demand for all kinds of iron and steel material is 
heavy, but there are symptoms of an accumulation of 
crude iron, pointing to the probability of lower prices. 
During the past few days, large offerings of southern 
irons have been made in northern markets, and the 
result has been a slight decline in prices of Pennsyl- 
vania and western makes; but the reduction is not 
likely to be a permanent one, as it is a question whe- 
ther southern furnacemen can maintain the position 
they have taken. The stocks of crude iron in the 
country are never large, and at present are not suffi- 
cient to stand a run of even 30 days. A good deal of 
new furnace capacity will be available by September 
or October. Freight rates from southern to northern 
points have been reduced, with a view of stimulating 
demand for southern irons in the north, and the move- 
ment has been successful, so far, in stimulating a great 
deal of inquiry, at least. Most of the larger southern 
furnace companies are oversold for three or four 
months. 

The bar mills in all sections of the country are running 
day and night, as they have been for months, but 
just now, especially in the case of Pennsylvania mills, 
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orders are running short, and a shading of one-tenth 
cent. per pound has been made within a few days, with 
a view of increasing business. This is not the case 
with sheet, plate, or structural iron, the demand for 
which kinds is sufficient to keep prices for sinall lots 
at about card rates; on large contracts, the usual 
shading of one-tenth is indulged in. The wrought-iron 
pipe industry is ina most prosperous condition, and at 
a meeting held a few days ago, card rates were re- 
affirmed. One of the latest orders was for 15 miles of 
pipe to be furnished to the Marietta, Ohio, Natural 
Gas Company ; the main line is to be laid with 8 in. 
pipe. Several other large orders are in, one of them 
for 12-in. pipe. There are quite a number of schemes 
now in hand looking to the construction of pipe lines 
in Kentucky and other States west. Boston, New 
York, and Pittsburg capitalists are interested. Western 
merchant steel mills are very busy ; nailmakers have 
about as much business as they can do, especially in 
steel nails. There isa heavy demand for machinery, 
material, and all kinds of factory supplies and equip- 
ments in the Southern States ; industrial activity 
there has not abated in the least. 


PHILADELPHIA, May 22, 1890. 

Very little business is being done in spiegeleisen, 
ferro-manganese, or Bessemer pig. Buyers made pro- 
vision for large supplies of Bessemer early in the year, 
and it will probably be some weeks yet before much 
inquiry is made, Spiegeleisen is quoted at 30 dols. to 
30.50 dols., and ferro-manganese at 78 dols. to 80 dols. 
Very urgent efforts are being made by the managers of 
southern pig-iron companies to widen their market in 
the north, and the operations of the past week show 
that there is room for it. Several thousand tons of 
forge have been taken. No. 1 foundry iron from 
southern furnaces is selling at 16 dols. to 16.50 dols., 
while Pennsylvania makes command 18 dols. to 
19dols. The manufacturers of steel billets are very 
anxious to secure customers at 29 dols. The railmakers 
have booked several large orders, amounting to between 
35,000 and 40,000 tons within the past six days. 
Prices range from 30 dols. to 31 dols., the usual quota- 
tions at eastern mills for large lots, being 30.50 dols. 
An immense business in rails is sane alee the 
coming week or two, but buyers have been acting so 
cautiously lately that makers do not speak with very 
much confidence. They say that at present prices there 
ought to bea rush for rails for the requirements of the 
rest of the season. A large amount es oe mileage has 
been projected, but the obstacle in the way of con- 
struction is the fact that the railway managers are 
still cutting rates in the west, notwithstanding all 
the truces patched up, one after the other. It was 
given out confidently, two weeks ago, that finally and at 
last an arrangement had been made by which the com- 
panies were to divide traffic amicably, and live at 
peace ; but after a short peace, cutting of rates broke 
out again, and it is now evident that the western 
managersare determined to fight it out Indian fashion, 
abiding by no treaties whatever. The Wall-street 
manipulators, who understand thesituation thoroughly, 
are advising their friends to keep away from specula- 
tion in these competing companies ; only insiders are 
safe. The volume of traffic is very heavy; returns 
from 149 roads for the first quarter of the year, foot 
up over 166,000,000 dols., which is an increase of 
nearly 15,000,000 dols. in gross earnings, as compared 
to the first quarter of last year. The increase in net 
earnings was 5,589,831 dols. Business throughout the 
country is unprecedentedly good. The carpenters’ 
strike still continues in several leadin 
although a great inconvenience to individual con- 
tractors, has so far had no general bad effect. The 
manufacturers of merchant steel are busy, and expect 
demand to increase as the season progresses, The 
wrought-iron pipemakers held a meeting this week, 
and decided to hold prices where they have been, 
Several new pipe lines are soon to be constructed. 
The nail factories all over the country are working 
steadily, piling up stocks, disregarding the evidences 
of an excessive supply. In Western Pennsylvania, 
Bessemer steel billets are quoted at 27 dols. to 27.50 
dols. ; at Wheeling, 100 miles south, quotations are 
26.50 dols. on cars. There is an urgent demand at all 
points for old iron rails, and the supply is far from 
sufficient. 


LAUNCHES AND TRIAL TRIPS. 

Messrs. W. B. THompson AND Cc., Limited, Dundee, 
launched from their yard on Wednesday, 21st inst., a 
twin-screw tug steamer named Flying Eagle for the 
Clyde Shipping Company, ap a The vessel is 145 ft. 
long, 24 ft. broad, and 12 ft. deep. Her engines are of 
the triple-expansion type with cylinders 12 in., 18 in., and 
30 in. in diameter respectively, and with a stroke of 30 in. 
The boiler pressure is 150 lb. to the square inch. 








The Cunard liner Aleppo, of the Mediterranean fleet, 
has had her engines converted to the tri-compound type 
by Messrs. James Howden and Co., Glasgow, and ce 
been fitted with new boilers with Howden’s patent system 
of forced draught. On Friday, May 23, she had a six 


hours’ trial on the Clyde, the machinery working with 





cities, but | T 





smoothness and entire freedom from heating. The cy- 


The cylinders are 13 in., 214 in., and 34 in. in 





linders are 22} in., 35$ in, and 584 in. in dia 
respectively, by 48 in. stroke. Steam is generated in two 
single-ended boilers, with four furnaces in all, the grate 
area being 624 square feet. The power “eye is 
reported at 1350 indicated horse-power, or 21.6 indicated 
horse-power per square foot of firegrate. 





Another addition to the Strath line of steamers, owned 
d Messrs. Burrell and Sons, Glasgow, was launched on 

riday, May 21st, from the yard of Messrs. Russell and 
Co., Greenock. This steamer, named Strathallan, is of 
2340 tons gross. The dimensions are: Length, 244 ft. ; 
breadth, 40 ft. 2in. ; depth, 20 ft. 9in. Messrs. James 
Howden and Co., Glasgow, are providing triple-expansion 
engines for the boat ; they have cylinders 22 in., 354 in., 
and 58} in. in diameter respectively, with a stroke of 39 in. 





Messrs. William Denny and Brothers, Dumbarton, 
launched on Tuesday, 20th inst., a steamer of 1500 tons 

ross register for the Union Steamship eng of New 
Zealand, Limited. The boat is 250 ft. long by 34 ft. 
beam, and 19 ft. deep. Messrs. Denny and Co. are con- 
structing for her triple-expansion engines. The name of 
the steamer is Taviuni. 





The Fairfield Shipbuilding and Engineering Company, 
Limited, launched from their yard near Glasgow, on 
Thursday, 22nd inst., a new steamer for the Castle Line 
of Messrs. Donald Currie and Co. The steamer, named 
Dunottar Castle, is of 5000 tons gross, its length being 
435 ft. over all; breadth, 50 ft. ; and depth, 36 ft. The 
engines are of the triple-expansion type, having cylinders 
of 38 in., 614 in., and 100 in. in diameter Den Ed 
with a stroke of 5 ft. 6in. Steam will be — ied from 
four boilers, each with six of Fox’s corrugated furnaces, 
and working to a pressure of 160 lb. to the square inch. 





The new screw steamer Asphodel, built and engined by 
Messrs. Alex. Stephen and Sons, Linthouse, for Mr. J. 
B. Murray, Glasgow, has had successful speed trials on 
the Clyde. The vessel in question is 310 ft. long, 41 ft. 
broad, and 26 ft. 3in. deep. The engines are of the tri- 
compound type, with cylinders 23 in., 37 in., and 59 in. 
in diameter respectively, the stroke being 42 in., while 
the boiler pressure is 160 lb. to the square inch. On the 
measured mile the speed was 10.688 knots, 


Messrs. W. Simons and Co. launched from their yard 
at Renfrew recently a vessel of somewhat novel design 
for vehicular traffic across the harbour of Glasgow. The 
owners are the Clyde Navigation Trustees. The vessel is 
80 ft. long, 43 ft. broad, and 12 ft. deep amidships. It is 
divided internally into 13 water-tight compartments. 
The distinctive feature of the boat is that besides the 
ordinary deck it has an elevating deck extending the 
whole length of the vessel. This platform is supported 
by six steel columns of box section arranged along 
either side; large steel screws inside the columns, and, 
actuated by engines independent of the propelling machi- 
nery, can raise and lower this deck 15 ft. Two lines of 
steel rails are laid on the elevating platform for the con- 
venience of railway wagons. As we hope later to fully 
illustrate the design, it is only necessary to state here 
that the collective horse-power of the two sets of pro- 
pelling engines, working with steam at 150 lb. pressure, 
is 320 indicated horse-power. 





A new steamer for the Dampfschiff-Rhederei Hansa, of 
Hamburg, was launched last week from the yard of 
Messrs. Charles Connell and Co., at Scotstoun on the 
Clyde. This vessel, which is named Grimm, is of the 
following dimensions : Length, 320 ft. ; breadth, 40 ft. ; 
depth, 26 ft. 6 in., with a gross tonnage of about 2800 
tons. The machinery, which is of the triple-expansion 
type, has been constructed by Messrs. James and John 
homson, Finnieston, Glasgow. The cylinders are 238 in., 
374 in., and 60 in. in diameter respectively, with a 
3 ft. 6in. stroke. Steam is supplied from two boilers, 
each 14 ft. 9 in. in diameter by 11 ft. 3 in. long, having 
six furnaces 434 in. in diameter, giving a firegrate area 
of 124 square feet, while the heating pace Bol is 4250 square 
feet. The indicated horse-power expected is 1600, 





Messrs. W. B. Thompson and Co., Dundee, launched 
on Wednesday a screw steamer named Perth, built for 
the Dundee, Perth, and London Shipping Company. 
The steamer is 290 ft. 6 in. long, 36 ft. 6 in. beam, and 
15 ft. 24 in. deep. The engines have cylinders 30 in., 
47 in., and 75 in, in diameter, with a stroke of 48 in. 
Steam is supplied at a pressure of 165 lb. to the square 
inch by two steel boilers, with six furnaces. 

Messrs. David J. Dunlop and Co. launched on Monday, 
May 19th, from their me at Port-Glasgow, a steel screw 
steamer named Kallatina, which has been built and 
engined by them for the Clarence, Richmond, and 
Macleay Rivers Steam Navigation Company, Limited, of 
Sydney, New South Wales. The steamer is 179 ft. long 
between perpendiculars, 28 ft. broad, and 11 ft. 6 in. in 
depth to main deck. The machinery is of the tri-compound 
type, with cylinders 15 in., 23 in., and 38 in. in diameter, 
by 27 in. stroke. 





Messrs. Mackie and Thomson, Govan, launched on 
Friday, May 23rd, a screw steamer named Bosnian, of 
348 tons gross, built for Messrs. J. McFarlane and Co., 
Glasgow. The vessel is 155 ft. long, 33 ft. 6 in. broad, 
and 12 ft. deep. The propelling machinery, of the triple- 
compound type, is by Messrs. Muir and Houston, 
Glasgow, and is designed to develop 450 indicated horse- 








wer. 
te ter by 27in. stroke. Steam is supplied from a 
boiler 12 ft. in diameter by 9 ft. 6in. long, working to a 
pressure of 160 lb. to the square inch. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday was observed 
as the anniversary of the Queen’s birthday, and conse- 
nage | all business in the “‘iron ring” was suspended ; 
then the Whitsuntide holidays came on, and business 
remained suspended till yesterday morning. The tone 
of the market at the opening was rather stronger, and 
there were fully more ose 4 orders reported. Only a 
moderate amount of business was done, but prices im- 
roved on reports of reduced production. By noon 
tch warrants had advanced in price 6d. per ton 
above last Wednesday’s closing quotations. The price 
of Cleveland iron improved per ton, and that 
of hematite iron 44d. per ton. In the afternoon the 
advance was scarcely maintained, and at the close the 
settlement prices were—Scotch iron, 44s. 74d. per ton ; 
Cleveland, 40s. 6d. ; hematite iron, 53s. 6d. per ton. It 
was reported during the day that it was the intention of 
Messrs. William Baird and Co. to blow out two or three 
of their furnaces, certainly one each at their Gartsherrie 
Works and their Eglington Works (Ayrshire). There was 
a fair demand for tch warrants at the opening of the 
market this forenoon, and the result was that some 
20 eR oN. in prices took place, but a relapse set in 
before the close, and Scotch and Cleveland wa'rants were 
each 1d. per ton lower than the final quotations of 
yesterday. Considerable sales of hematite iron_ were 
made, which sent down the price 6d. per ton. In the 
afternoon Scotch warrants changed hands at 44s. 5d. 
to 44s, a per ton, and hematite iron at 52s. 104d. to 
53s. ; and the close was buyers at 44s. 6d. for Scotch 
iron, 40s. 6d. for Cleveland, and 52s. 11d. for hematite 
iron. No business was done in Cleveland iron. It seems 
as if the time had gone by when statements circulated as 
to the blowing out or damping down of blast furnaces could 
have any material influence on the prices of pig iron. 
Some persons were of opinion that the intimation made 
yesterday of Messrs. Baird and Co.’s intention to blow 
out two or three furnaces should have stiffened values, 
but whenever the support introduced for the pur- 
pose of steadying the market was withdrawn, prices 
at once relapsed. he public do not seem to be 
taking the slightest interest in pig iron at present, 
and any alteration made in rates 1s due almost, if not 
entirely, to market movements set agoing by brokers for 
the purpose of ascertaining the “ direction of the wind.” 
The following are the quotations for several brands of 
makers’iron, No. 1: Clyde, 61s. 6d. per ton ; Gartsherrie, 
62s ; Summerlee, 64s ; Langloan and Coltness, 65s.; Calder, 
68s.; Glengarnock, 64s.; Shotts (shipped at Leith), 64s. 6d. 
Last week’s shipments of pig iron Ten all Scotch ports 
amounted to 10,189 tons, as compared with 9035 tons in 
the corresponding week of last year. They included 
700 tons for the United States, 700 tons for Canada, 
250 tons for Australia, 328 tons for Italy, 470 
tons for Germany, 390 tons for Russia, 230 tons for 
Holland, 235 tons for Belgium, 455 tons for Spain and 
Portugal, 485 tons for China and Japan, smaller quantities 
for other countries, and 5395 tons coastwise. The stock 
of iron in Messrs. Connal and Cv.’s public warrant stores 
yesterday afternoon stood at 748,805 tons, against 757,984 
tons yesterday week, thus showing for the week a decrease 
amounting to 9179 tons. 


The Coal Trade.—In to-day’s coal market, splint coal 
was decidedly easier, and about 3d. per ton lower in price. 
Main coal was quiet, but fairly pron 29 Steam coals main- 
their position fairly well. But the best market at present 
is for ell coal, for which there has been a very large 
demand for shipment to Baltic ports. The prices at 
Glasgow Harbour to-day were as follow : 


F.o.b. per Ton 
a. d: gi s. d. 
9 3to 9 9 


Splint 

ain coal so. 9 0 
Steam 10 °9 (uk 4 
Ell 10 0 5,10 6 


Ayrshire coal, 9s. to 9s. 3d. f.o.b. at Ayrshire ports. 
There has been a very good demand for shipping coals in 
Ayrshire, and the prices there are without change. Dross 
in Lanarkshire district is very plentiful, and the lower 
qualities are easier in price. 


Shipments of Machinery, dc., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from 
the Clyde, reported last week, included the following : 
Jute, printing, and other machinery, of the value of 
8500/., chiefly for Calcutta, Bombay, Aquilas, Antwerp, 
Lisbon, Trieste, and New York ; sewing machine parts, 
valued at 7114/., chiefly for Rouen, Bordeaux, Barcelona, 
Lisbon, Gothenburg, and Antwerp; blooms, billets, 
plates, bars, and other steel goods, of the value of 98001. ; 
pipes and other castings, plates, sheets, bars, tubes, 
girders, &c., valued at 47,065/. 

Imports of Iron and Stcel Goods.—The following imports 
into Glasgow were reported last week. From Antwerp, 
1260 girders and 160 joists; from Gothenburg, 116 cwt. 
of steel bars and 40 cwt. of nails; from ee York 
170 cwt. of wheels, 210 cwt. of lawn-mower parts, and 
90 ewt. of other steel and iron goods. 


Lanarkshire Ironworkers’ Wages.—The millmen, ham- 
mermen, and other employés at the malleable iron works 
in Lanarkshire, in accordance with the late arbitration 
award in the north of England, will receive an advance of 
24 per cent. on their present wages at the beginning of 














May 30, 1890. ] 





ENGINEERING. 


657 








next week, and the increased pay will continue for at 

least two months, even though the market price of 

finished iron is now and has for some time been on the 
ine. 


Westinghouse Engines.—Messrs. Alley and Maclellan, 
of the Sentinel Works, Glasgow, who have the sole 
right of manufacturing the well-known Westinghouse 
engines for this country, the Continent and the 
British colonies are at present well provided with 
orders for them. They have upwards of 200 of them in 
hand or under order, ranging in size from 30 up to 150 
horse-power. While they are much in demand for driving 
electric light machinery, they are also used for almost 
every purpose to which ordinary steam engines are put. 
A very special feature of the demand is the number of 
orders for the triple-expansion ‘‘ Westinghouse,” which is 
Mr. Alley’s own patent, and is being made only in 
Glasgow. 

Shipbuilding Inquiries.—Within the past few days the 
shipbuilding firms on the Clyde have had numerous in- 
quiries as to the cost of construction of new vessels, but 
it is not expected that the inquiries will result in much 
business—at least, for the present. 


New Limited Liability Shipbuilding Concern.—The old- 
established firm of Robert Duncan and Co., shipbuilders, 
Port-Glasgow, has recently been transformed into a 
private limited liability company, the shareholders being 
penwenty the members of the late Mr. Duncan’s family. 

wo of them, however, are Mr. Livingston, the head of 
the commercial department, and Mr. Lousan Walker, 
accountant, Greenock. 


Proposed New Water Bill for Dundee. — Yesterday 
afternoon at a meeting of the Works Committee of the 
Dundee Water Commission a discussion took place with 
reference to the proposals of Mr. Watson, the engineer, 
to execute new works for the more effective supply of 
water to Dundee and surrounding district. Mr. Watson 
proposes to lay a new pipe between Pitnappie and Clatto, 
and perfect the present system by laying a new pipe for 
five miles in the valley of Strathmore. e also proposes 
to take up the present pipe between Pitnappie and Clatto, 
and to lay the line with the old pipes, whieh would be 
sufficient to withstand the pressure at this particular 
part of the route. At present the Commission pay 
annually, on an average, 330/. for compensation and for 
bursts, and if this sum were capitalised it would almost 
cover the expense of laying down the new pipe. The 
total cost of the works is estimated at 39,7401. The 
Commission could lift the old pi and relay 
it in another part of the route without additional 
Parliamentary powers, but the laying of the new 
pipes and certain works at the Bridge of Isla, as well as 
the fulfilment of the promise that Tayport, Wormit, 
Monifieth, Barnhill, Invergowrie, Mylneheld, Downfield, 
and Birkhill should be included within the compulsory 
limit, can only be carried out by applying to Fosleanus 
for a new Bill. It was also palebet out that the borrow- 
ing powers of the Commission were almost exhausted, and 
the power to create additional debt can only be got from 
Parliament. Several members of the Commission ex- 
pressed the opinion that the Commission should at once 
apply to Parliament for a new Bill, and, after discussion, 
it was agreed to meet again to-morrow to consider the 
proposal. 

Big Crane for Glasgow Harbour.—The Clyde Trustees 
have under consideration a proposal to erect a crane at 
Glasgow Harbour capable of lifting 120 tons. If the 
proposal is agreed to, the crane will probably be erected 
at Govan, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Steel Trade.—It is announced that very heavy 
additional orders for tyres and axles are about to be placed 
in this district on account of Indian and colonial railway 
companies, and that the tyres alone will number some 
20,000. This has caused a considerable amount of satis- 
faction, though for some months past the demand for all 
classes of railway material has been heavier than has been 
previously known in the history of the trade. Locomo- 
tive tyres are realising from 12/. per ton; carriage and 
wagon tyres, 11/. 5s. ; axle forgings, 117. 5s., and springs 
10/. 15s. Inquiries for Siemens and Bessemer steel are 
becoming very heavy, and eit ars points to the fact 
that the prosperity of the heavy steel trade in the district 
is pthc, for a considerable time to come. The drop in 
the price of coke is also enabling manufacturers to com- 
pete on a fair footing in the open market. 


New Colliery.—His Grace the Duke of Portland has 
turned the first sod of a new colliery at Whitwell, where 
he has leased 1500 or 1600 acres of the Barnsley seam 
to the Shireoaks Colliery Company. The demand for 
“hard” coal hewn from this seam is greatly on the 
increase. 


Locomotive Coal Contracts.—A meeting of the South 
Yorkshire Steam Coalowners’ Association has just been 
held at Barnsley to consider the prices to be charged the 
railway companies for hard steam coal, as most of the 
contracts expire next month. The cost of raising coal 
has greatly increased since the last contracts were made. 
It was stated that the shippers from the Humber did not 
object to pay 11s. per ton for the quality in question, 
and it was understood that this should be the figure 
demanded from the railway companies. 


Yorkshire Enginemen’s Association.—A meeting of re- 
ere of the enginemen’s societies of South and 
est Yorkshire has been held at Wakefield to consider 
the question of amalgamation or federation, It appears 





that many societies of enginemen exist in Yorkshire, but 
they are small and isolated. e men are seeking to 
obtain higher wages and shorter hours, and it was thought 
that there should be unity of action amongst them. After 
a long discussion it was resolved, on the motion of Mr. J. 
Smith, Castleford, seconded by Mr. J. Hook, Barnsley, 
that the whole of the Yorkshire societies should initiate 
steps for federation. 


Davy Brothers, Limited.—This engineering company, 
carrying on a large. business at Sheffield, has obtained 
authority to reduce its capital. The shares were 50l. 
each, on which 22/. 10s. had been called and paid up, leav- 
ing 27/. 10s. uncalled. The company is a prosperous one, 
but it was considered desirable not to have so large an 
amount of liability upon the shares, and therefore the 
petition asked that the capital be reduced by reducing 
the value of the shares to 35/. each instead of 50/. 


Agitation in the Table-Knife Trade.—The table-blade 
grinders, numbering about 1000 hands, are agitating for 
an advance of wages varying from 5 to 10 per cent. 
Since 1871-2, the period of the last advance of wages, 
they claim that stone has gone up 60 per cent. in price. 
Wheel rents and trough rents have also risen. Inworkers 
have to pay 4d. out of every 1s. earned for rent. The 
men pursue a policy of demanding the increase from only 
three or four firms at a time and if the terms are not con- 
ceded, then ‘‘striking.” By adopting a similar course 
of action the spring-knife cutlers ae secured an almost 
general advance of 10 per cent. in wages. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLesBRoucH, Wednesday. 

The Cleveland Iron Market.—Yesterday the attendance 
on ’Change was particularly thin in consequence of the 
holidays, and hardly any business was done. A few small 
parcels were disposed of at 41s. 6d. for prompt f.o.b. de- 
heey of No. 3 g.m.b. Cleveland pig iron, but the general 
quotation was 41s. Middlesbrough warrants opened at 
403s. 8d. but became easier and closed with buyers at 
40s. 6d. Grey forge iron was quoted 40s, 6d. East coast 
hematite was obtainable at 55s., which is cheaper than west 
coast warrants can be bought for delivery here. Prospects 
for the future are not of the brightest, but there are several 
people who have had long experience of the trade who 
consider the outlook more satisfactory than they did a 
little while ago. Shipments have improved lately and 
stocks of pig iron in the public warrant stores are still 
decreasing satisfactorily. We are glad to notice that 
Scotch iron maintains its lead of about 4s. per ton over 
Cleveland iron, and if this state of affairs continues we 
may expect to be able to class Scotland once more 
amongst our best customers instead of having her as a 
competitor, as has been the case for some months past, 
owing to Cleveland iron being as dear as Scotch. To- 
day the market was very quiet, with little or nothing 
doing. No. 3 Cleveland was 41s. for prompt delivery, 
and Midtadcons warrants closed 40s. 6d. cash buyers. 


Manufactured Iron and Stcel.—Owing to the holidays 
most of the establishments in these two important indus- 
tries have been closed a portion, and some of them the 
whole, of the week. The condition of the manufactured 
iron trade continues very unsatisfactory, and so far as 
can be seen at present, there is little hkelihood of any 
material improvement. New orders are most difficult to 
secure. It is not likely, however, that any one who has 
work to give out will place any more orders than they 
can help in the face of the continued fall in prices. The 
cost of production, although not so great as it was some 
little time ago, continues heavy, and notwithstanding 
the fact that makers have reduced their quotations to 
a very low figure, buyers cannot be tempted. Common 
bars are 5/. 17s. 6d.; ship plates, 5/. 10s.; and ship angles, 
51. 7s. 6d.—all less 24 per cent. discount for cash. The 
steel trade is in as quite an unfavourable a position as the 
manufactured iron trade. Makers complain greatly of 
the dearth of new contracts, and some of the leading 
establishments have been running short time for a week 
or two. Heavy sections of rails are 4l. 17s. 6d.; ship 
plates, 6/. 15s.; and ship angles, 67. 10s.—all at works. 


The Fuel Trade.—The fuel trade is steady. Good blast- 
furnace coke can now be bought at 15s. per ton for delivery 
here. In accordance with the decision arrived at between 
the representatives of the masters and those of the men 
at Messrs. Straker and Lovel’s collieries, to submit the 
case of the discharged men to arbitration, work was 
resumed on Tuesday morning at Brancepeth, Willington, 
Oakenshaw, and Brandon Collieries, and it is hoped that 
everything will now work smoothly. 








NOTES FROM THE SOUTH-WEST. 

Cardif.—A comparatively limited business has been 
passing in steam coal, transactions having been _inter- 
rupted to some extent by the Whitsuntide holidays. 
Prices have, however, shown firmness, the best qualities 
making 14s. 9d. to 15s. 3d. and good dry coal 14s. per ton. 
House coal has been in less demand ; No. 3 Rhondda has 
made 14s. to 14s. 3d. per ton. Foundry coke has been 
quoted at 21s. 6d., and furnace coke at 19s. perton. The 
manufactured iron and steel trades have shown little 
change. 


Bristol Docks.—These docks are still involving a loss of 
4501. per week to the yom of Bristol. The dues 
collected in the last financial year amounted to 86,363/., 
as compared with 86,216/. in 1888-9. The balance would 
have been on the other side but for a recent increase made 





in coastwise dues, the foreign tonnage having fallen from 
642,000 tons in 1888-9 to 524,000 tons in 1889-90. 


Lynton Cliff Railway.—The Lynton Cliff Railway Com- 
pany having proved financially successful, is contem- 
plating the construction of a pier as an extension of its 
present works. A survey has been made and measure- 
ments taken for a pier by Mr. B. Jones. It is to run out 
below low-water mark, a distance of about a quarter of a 
mile from the western end of the Lynmouth Esplanade. 


Llanelly.—The Old Lodge Tinplate Works, Llanelly, 
are now complete, and operations were commenced on 
Monday. The works possess six mills and every facility 
for turning out first-class work. They are constructed 
= — newest lines, and are fitted up with the electric 
ight. 


The Rhymney Valley.—The house-coal trade in the 
Rhymney Valley is not so brisk as it was a few weeks 
since. At the steam coal collieries trade continues good. 
A block of 24 coke ovens at Gwerna, near Maesyewmmer, 
have been stopped — to the downward tendency in 
coke. In consequence of a recent demand for the Maesy- 
cwmmer seam of coal several o!d levels have been opened 
up for working. 


Welsh Railway Men.—A mass meeting of Welsh rail- 
way servants was held on Sunday. Over 1000 men em- 
em on the Taff Vale Railway were present, besides 

ies of men from the Rhymney and Barry Railways. 
The question of coming out on strike was lost by a lar, 
majority, and arbitration is to be resorted to on certain 
points of difference between the men and the directors 
of the Taff Vale Railway Company, especially as regards 
payment for overtime tocommence after ten hours’ work 
in one day. Mr. D. Jones, ex-mayor of Cardiff, was re- 
commended as arbitrator. The signalmen in large boxes 
wanted eight hours a day, but they were persuaded to 
join with the train men. The probability of a strike is 
now considered at an end. 


The Telephone in the West.—The directors of the 
Western Counties and South Wales Telephone Company 
(Limited), states that the capital expenditure in 1889 was 
25,817/., making a total of 139,9937. The gross revenue 
for the year 39,046/., against 32,206/. in 1888, and the 
amount of income carried forward to next year’s revenue, 
as representing sums received in advance for periods 
extending beyond December 31 last, is 12,293/. against 
10,403/., brought in from the previous year. The balance 
on net revenue account is 7867/., and of this sum 6000/. is 
absorbed by a dividend of 6 per cent. on the preference 
share capital, leaving a balance for appropriation of 1867/. 
Of this sum the directors recommend that 500/. be added 
to the special reserve fund, and that the balance be carried 
forward to 1890. Regretting that they are unable to re- 
commend a dividend on the ordinary capital, the directors 
attribute this principally to the expenditure made on 
trunk lines in the past and previous years. The business 
of the company continues to advance. The number of 
subscribers to the exchange system and of private line 
centres has considerably increased, and the directors note 
with satisfaction that in all the principal centres the 
progress has been steady and continuous. The rapidly 
Increasing importance of the telephone is shown by the 
number of messages sent from time to time over the trunk 
system of the company. In September, 1887, the calls 
were 5582; in the same month of 1888 they had increased 
to 13,597 ; in September of last year they amounted to 
15,236 ; and in December they had still further increased 
to 17,068. 


The “‘ Barham.”—The cruiser Barham, launched about 
twelve months since and engined by Messrs. Hawthorn, 
Leslie, and Co., Newcastle-on-Tyne, made her prelimi- 
nary steam trial on Tuesday under the charge of the 
commander of the Asia and officers of the Steam Reserve. 
The machinery did not develop the horse-power required 
by the contract, as instead of working up to 3500, or two- 
thirds of her nominal 5000 at the forced drought, only 
2000 horse-power could be reached, owing to stiffness of 
the bearings, and a difference in the number of revolu- 
tions between the port and starboard engines. It was 
shown, however, that the Barham will a fast ship 
when her engines work up to their proper strength, as she 
made over 14 knots per hour at the measured mile, so that 
she ought to be for at least 16 knots per hour when 
the defects in her machinery are remedied. The Barham 
will go out for her contractors’ trial next week. 


Lhanbarry.—The Lhanbarry Iron Ore Works, which 
have been closed for fifteen years, have been just re- 
opened by the Mwyndy Iron Ore Company. The ore is 
plentiful and of excellent quality. 


Taff Vale Railway.—The first train run by the Taff Vale 
Railway Company to Cadoxton arrived there on Thurs- 
day. It was accompanied by Mr. J. Hurman, 7 
manager; Mr. G. John, traffic inspector; Mr. W. B. 
Morgan, assistant manager, Barry Dock, &c. The train 
was a quarter of an hour late, owing to certain diffi- 
culties. 


Gas at Merthyr.—In consequence of the advance which 
has taken place in the cost of coal, lime, fireclay goods, 
and labour, the Merthyr Gas Company has raised the 
price of its gas 4d. per 1000 cubic feet. 





FOREIGN AND COLONIAL NOTES. 
Water in Western Australia.—The Western Australian 
Government is arranging for the conservation of water ab 
Yilgarn, particularly at the Southern Cross and Parker’s 
Ranges. 
Petroleum in New Zealand.—The New Zealand Govern- 
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ment is attaching a good deal of importance to indications 
of extensive oilfields in the neighbourhood of Taranaki. 


German Shipping.—In 1888 the number of steel and 
iron vessels built for German owners in German and 
foreign yards was 43. In 1889 the number increased 
to 101. 


Brazil and the United States.—A contract for a sub- 
marine cable between Brazil and the United States has 
been awarded to a French firm. 


German Steam Navigation.—The Hansa Steamship 
Company, of Hamburg, has ordered five large vessels to 
be built at English shipbuilding yards, to meet the grow- 
ing demands of its ne 


Steel Rails in the United States.—The production of 
Bessemer steel rails in the United States last year 
amounted to 1,510,060 tons. The corresponding produc- 
tion in 1888 amounted to 1,386,280 tons; in 1887, to 
2,101,000 tons ; and in 1886, to 1,574,700 tons, 


Norfolk and Western Railroad.—The quantity of coal 
and coke carried over the Norfolk and Western Railroad 
last year was 2,124,249 tons. The corresponding move- 
ment in 1884 did not exceed 272,178 tons. Last year’s 
figures related only to steam and coking coal from the 
Pocahontas district. Shipments of gas coal will com- 
mence upon the completion of the Clinch Valley exten- 
sion. 


Australasian Population.—The population of the seven 
Australasian colonies at the close of 1889 is returned as 
follows : New South Wales, 1,122,200; Victoria, 1,118,077; 
New Zealand, 620,279; Queensland, 406,590 ; South Aus- 
tralia, 324,484’; Tasmania, 151,470; and Western Aus- 
tralia, 48,698. The density of population per square 
mile is greatest in Victoria and lowest in Western Aus- 
tralia. The last-mentioned colony is still, indeed, prac- 
tically uninhabited. 


Pig in the United States.—The production of pig in the 
United States last year aennel to 7,603,630 tons. The 
corresponding production in 1888 amounted to 6,489,740 
tons ; in 1887, to 6,417,150 tons ; and in 1886 to 5,683,300 
tons. 


South Australian Locomotive Building.—The first loco- 
motive built in South Australia has just been completed 
at Gawler. Some 52 engines are to be made in the colony, 
a tender of Messrs. J. Martin and Co., Limited, to sup ‘4 
the engines for 167,700/. having been accepted. he 
delivery of the engines is to be spread over cigkt years, as 
from May, 1888. The engines supplied by Messrs. 
Martin will cost about 600/. per engine more than 
a ag locomotives ; but the object of the South Aus- 
tralian authorities is of course to encourage colonial 
mechanical industry. 


Gas at Rio de Janeiro.—The Rio de Janeiro Gas Com- 
pany gives its ordinary shareholders a dividend of 2/. per 
share for 1889, The company’s business is steadily ex- 
tending, the quantity of gas made last year having been 
13,095,000 cubic metres, as compared with 12,770,000 cubic 
metres in 1888. 

The Suez Canal.—The dividend of the Suez Canal Com- 
pany for 1889 is to be at the rate of 18} per cent. per 
annum, less income tax. The corresponding dividend for 
1888 was at the rate of 17 per cent. per annum, less in- 
come tax. 

Shipbuilding on the Delaware.—The value of the mer- 
chants’ steamers now under construction at Messrs. 
Cramp’s yard amounts to nearly 400,000/. Including 
their contracts for the Newark (249,600/.) and the Phila- 
delphia (270,000/.) which they are building for the United 
States Government, the value of the work which Messrs. 
Cramp have now on hand may be estimated in round 
figures at 1,000,000/7. 





THE Usk or EXxpLosives IN BOREHOLES FOR WATER. 
—An interesting experiment has just been made at the 
Herne Bay Water Works Company’s pumping station at 
Ford, from which the principal supply of wateris obtained. 
The site of the station was chosen as being the most likely 
place in the neighbourhood for obtaining a supply of 
underground water, the geological map indicating the 
Thanet sand formation, and the depth to the chalk being 
about 100 ft. below the surface. In the first instance a 
well was sunk through the sand and a short distance into 
the chalk, adits being driven in the sand under the com- 
pany’s land, but the resultant supply was of small volume, 
and only barely sufficient for the purposes of the com- 
pany, it was therefore decided to bore into the chalk, and 
a boring commencing 12 in. in diameter and terminating 
54 in. in diameter was carried to 576 ft. below the surface, 
nearly seer chalk formation ; but it yielded little 
or no water. Under these circumstances it was decided 
upon the advice of Messrs. John Taylor and Sons, of 27, 
Great George-street, Westminster, S.W., the company’s 
engineers, to fire a series of heavy charges at ees Ae 
intervals in the borehole from the bcttom upwards, in the 
hope of breaking into one of the numerous fissures which 
are generally found in the chalk formation, and diminish- 
ing the weight of the charges as they approached the 
surface to avoid all chance of injury to the surface work. 
Theexplosive adopted was ‘‘ roburite,” fired by electricity. 
The first charge consisted of 27 lb. of roburite at the 
bottom of the boring ; the second charge weighed 25 lb., 
and was lowered to a point 50 ft. above the place where 
the first was exploded. The second shot was so successful 
that it was considered unnecessary to proceed further. A 
large volume of water at once made its appearance at the 
mouth of the bore pipe, and has since continued to rise. 
The additional quantity of water obtained is estimated at 
about 50,000 gallons per day; which can doubtless be 
increased if necessary in the future by further explosions, 





MISCELLANEA. 

Tue London Hydraulic Power Company pumped 
16,400,000 gallons in 1889, and supplied 1022 motors with 
water. In 1888, 12,000,000 gallons were pumped and 814 
motors supplied. 


Mr. Desmond Fitzgerald has succeeded in getting 
under practical working conditions an output of 14 am- 
peres are pound weight of his secondary battery. This 
is, we believe, a considerable advance on what has been 
accomplished previously. 

The gross receipts of the twenty-three principal rail- 
ways in the United Kingdom for the week ending May 18, 
amounted, on 16,159} miles, to 1,333,497/., and for the 
pene te seers | apa 1889, on 16,031 miles, to 1,273,712/., 
an increase of 128} miles, or 0.8 per cent., and an increase 
of 59,785/., or 4.7 per cent. 


The ultimate rey a8 of a number of guns has recently 
been tried by the lgian Government, and amongst 
those tested was a 3.45 in. mortar, which gave way at 
four times its proper working pressure per square inch. 
Another gun of 5.94 in. calibre burst at a pressure of 
72.2 tons per square inch, or more than five times its 
usual working pressure. 


From a list compiled by the Railroad Gazette it appears 
that there are 47 — of upwards of 400 ft. span in 
the world. As was to be expected, the United States has 
by far the largest proportion of these, or 29 in all. Of 
the total, 9 are cantilever bridges, 7 arch bridges, 4 
stiffened suspension bridges, 19 are truss bridges, 2 
tubular girder bridges, and 6 drawbridges. 


The rock-filled dams used in America are but little 
known in this country. In the States they seem to be 
more frequently used than any other kind, and a large 
one is now being erected across the Pecoss River in Ed 
County, Colorado. This dam is to be 1040 ft. long, with 
a maximum depth ‘of 40 ft. The downstream side of the 
dam is made of rock tipped to its natural slope of 1 to 1, 
whilst the upstream side is a rough-laid wall with a slope 
of 4 to 1, and having an earth face to the top of the wall 
at a slope of 14 tol. At its bottom the dam is 25.5 ft. 
broad, and at its top 6.5 ft., so that the quantities are 
much less than is used in this country for earthen dams. 


A meeting of the Institute of Marine Engineers was 
held on Tuesday, May 20th, when Mr. R. E. Crompton 
gave a second lecture on electrical engineering, dealing in 
this case more particularly with the question of speed of 
running, in regard to which he stated that the cost of a 
dynamo for a given output varied nearly inversely with 
the speed at which it was run. The speaker next dealt 
with the lamps themselves, describing fully the manu- 
facture of the Edison-Swan lamp, and finished by com- 
menting on the single and double wiring systems for 
ships and on the necessity of providing safety fuzes to 
the different mains. 


The latest type of cruiser for the American Navy is a 
boat measuring 330 ft. by 53 ft., with a mean draught of 
21 ft. 6 in. The displacement is 5500 tons, the power 
13,550 indicated horse-power, and the speed is expected to 
reach 20 knots. The whole vessel is to be covered with a 
protective deck of steel 4f in. thick on the slopes, taper- 
ing to 2 in. on the flat. As a further protection the 
water-line is to be surrounded with a belt of woodite 
33 in. thick, which is to be confined in cofferdams, and 
will extend 4 ft. above and 4 ft. 6 in. below the load 
water-line. The main armament will consist of 8 in. and 
ten 4 in. guns, whilst the secondary armament comprises 
eight 6-pounders, six 3-pounders, and fourteen machine 
guns. 


On May 16 last a party of the members of the Society 
of Civil and Mechanical Engineers paid a visit to Henley’s 
Telegraph works at North Woolwich. The whole process 
of preparing the gutta-percha and india-rubber coverings 
for canis was explained to the party, and the machinery 
used in turning out the finished cables was inspected by 
them. The Bermuda cable has just been completed at 
these works, and during the visit was being paid out into 
the cable tanks on the Westmeath, which is to lay it 
between Halifax and Bermuda. As this boat was not 
originally intended for cable-laying, it has been necessary 
to make very considerable alterations in its internal 
fittings, but it is now completely equipped with the neces- 
sary plant. 


Our readers will have observed the announcement 
that a Chair of Mechanical Engineering is about to 
be established at the University College, South Wales. 
Since 1883 the council have been desirous of having a 
department of engineering which should be worthy of 
the great manufacturing district in which the college is 
situated, and, thanks to the generosity of the Worshipful 
Company of Drapers, a commencement was made, which 
was warmly seconded by several prominent men in the 
neighbourhood. <A lectureship on mining engineering is 
also to be established, and as electrical engineering is 
becoming of increasing importance, it is also intended to 
provide the college with a central electric lighting station 
on a reduced scale, It is confidently expected that the 
above arrangements will be sufficiently advanced for a 
start to be made next October. 


Schemes for establishing a fixed communication be- 
tween England and the Continent continue to com- 
mand much interest in France. The latest project 
is due to a M. Bunau Varilla, a French engineer, who 
proposes to build a pier or viaduct half a mile in length 
on each side of the Srennal: These piers are to con- 
nected by a tunnel with continuous rails, the descent 
from the bridge to the tunnel being effected in a tube by 
lifts, or any other system serving for steep or vertical 
inclines, The distance from the extremity of the pier to 


the mouth of the tunnel would be only 80 or 100 yards. 
It is estimated not to cost more than the tunnel. It 
would not, it is claimed, obstruct the navigation or create 
any international difficulty, for the — of the piers 
are to be 500 yards apart, with a height of 50 yards, and 
would be no obstacle to navigation. The designer esti- 
mates that the scheme could be carried out in six years. 


M. Le Chatelier has presented to the French Physical 
Society an apparatus for measuring high temperatures 
which is based on some investigations of Mr. G. Barus. 
In studying the viscosity of gases, this physicist was led 
to think that the very considerable increase in the re- 
sistance which small capillary tubes offer to the eee 
of gases through them, when these latter are highly 
heated, might be used as a measure of the temperature of 
the tube. In the apparatus brought before the Society 
the capillary tube is of silver and is 7? in. long, and has 
an internal diameter of .0176in. The time necessary for a 

iven volume of air to traverse this tube under a constant 

ead << to about 5 in. of water is shown by the follow- 
ing table : 

Temperature in deg. (Cent.) 15 100 320 500 700 

Time in seconds _... .. 80 115 270 310 427 


These numbers vary nearly as the 1.37 power of the 
absolute temperatures. 

Although the proposal for a zone _ tariff on the Swedish 
State Railways was not carried in this year’s Parliament, 
we shall no doubt hear of it again, and in the mean time 
a private Swedish railway company has taken the initia- 
tive. The Uddevalla-Venersborg-Herrljunga Railway 
will make the experiment, which is to commence on 
June 1. For its basis has been taken the Australian 
system, with its movable zones, and not the Hungarian, 
with its stationary limits. The former favours the short, 
and the latter the long distance travellers. With the 
movable zone system the station where the journey is 
commenced simultaneously becomes the starting point for 
the zone, and from which the same fare is charged to 
all points within it. The latter system will now be 
adopted to the above railway. The railway will be 
divided into eight sections, each of 12 kilometres length, 
and the fare to each station within the zone is, third- 
class, 25 dre (34d.), or a shade above 2 dre (74 6re=1d.) 
»er kilometre, whereas the present charge is 4 dre per 
<ilometre. A journey between Uddevalla and Herrl- 
junga will thus cost 2 kr. third-class by the new tariff, 
instead of 3kr. 70 Gre as now charged. With the intro- 
duction of the zone system return tickets will be abolished. 
In other countries the passengers have not been allowed 
to have any other luggage than they took with them in 
the carriage, but on the above railway they will still have 
the right to bring luggage with them in the van free of 
charge up to 25 kilometres. 

The last_annual report of Mr. Pinching, Inspector of 
Mines for Devon and Cornwall, has just been laid before 
Parliament. The total number of persons employed 
was 13,464, or 275 less than the previous year. The 
quantity of minerals wrought from the various mines of 
the two counties was 118,201 tons, of which 12,464 tons 
consisted of tin ore, 7688 tons of arsenical pyrites, 7618 
tons of dressed copper ore, 4758 tons of arsenic, 3200 tons 
of iron ore, and 1200 tons of barytes. Of the rest 81,051 
tons consisted of clays, stone, and slate, and there were, 
in addition, small quantities of zinc ore, ochre, and 
copper. The number of deaths by accident in 1889 was 
twenty-three, being one less than 1888, and the number 
per 1000 was 1.70. The average for the past seventeen 
years was 1.63, The inspector thinks that many of the 
accidents underground are due to the negligence of the 
miners themselves. There were four prosecutions, followed 
by the conviction, of mine managers during the year. Mr. 
Pinching thinks the proportion of accidents in connection 
with man engines are still larger than it should be. Tin 
mining, he observes, has progressed steadily during the 

ear, in spite of market fluctuations. Amongst the several 
odes which have shown a marked improvement the most 
important is that being worked at the Carn Brea mine, 
which has caused the shares to rise 500 per cent. value. 
Dolcoath mine adit, although sunk to a depth of over 
400 fathoms, still continues to make large returns, and 
the lode at this great depth shows no sign of decreasing 
in value. Amongst other mines which have much im- 
proved during the year are Tincroft, Wheal Grenville, 

uth Frances, West Kitty, and Wheal Kitty. During 
the year 24 mines, several of which were suspended last 
year, have been abandoned, 12 have been suspended, and 
16 new mines have been started. 








Our AntipopEs.—The aggregate population of the 
Australasian colonies is returned this year at 3,786,798. 
Twenty years since the corresponding population was 
about 1,825,000. It is expected that the aggregate will 
be carried to 10,000,000 by 1910. 





AUSTRALASIAN ForrEstry.—The Government of New 
South Wales has set apart 5,000,000 acres in that colony 
for forest purposes, it being considered that larger forests 
will prove of great value to the Tre and agricultural 
interests of the colony. Mr. J. E. Brown, at present 
Conservator of Forests in South Australia, has been in- 
vited to accept a similar appointment in New South 
Wales. 


Russian Raitways.—The lengthof railway in operation 
in Russia at the close of last year was 26,537 versts, as 
compared with 26,133 versts at the close of 1888. The 
aggregate revenue acquired upon all the Russian lines last 
year was 274,367,884 roubles. The corresponding collec- 
tion in 1888 was 276,700,140 roubles. The grain move- 
ment of 1889 was smaller than that of 1888: hence the de- 








cline observable in the revenue last year, 
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THE double-headed lathe for turning the plugs of 
cocks or for finishing the taper plugs of the joints of 
gas fittings, of which we annex illustrations, formed | 
one of the very interesting series of machine tools for | 
the manufacture of steam valves and other brass 
fittings which were exhibited at the Paris Exhibition | 
last year by Messrs. Warner and Swasey, of Cleve-| 
land, Ohio, a firm whose name will be familiar to 
many of our readers as the constructors of the mount- 
ing of the great equatorial telescope at the Lick Obser- 
vatory. As will be seen from Fig. 1, the machine tool 
consists of two complete machines mounted on the 
same bed, so that one man can attend to both. 

The special feature in the machine is the arrange- 
ment of the automatic feed gear which is shown in 
detail in Fig. 2. From this it will be seen that the 
tool rest, which is capable of being set to traverse at 
any angle, is connected to a rack which is geared into 
by a pinion fixed on the same axis as a wormwheel. | 
This latter wheel is in turn driven by a worm formed | 
on a shaft fitted with a reversing motion, a clutch | 
actuated by the lever shown connecting the shaft to 
either of two bevel wheels which are driven in opposite | 
directions. With the lever standing in the vertical 
position in which it is shown in Fig. 2, the shaft is! 





disconnected from both bevel wheels, and the traverse 
of the tool is thus stopped. 

When a plug has been placed on the lathe to be 
turned the feed gear can be set either to make the tool 
take a single cut along the plug and then stop, or it 
can be arranged (as is generally preferable) to take a 


| cut in one direction and then traverse back to the start- 


ing point, where it will stop. With this arrangement 
the tool will take during its return traverse a light cut 
due to any spring which may have occurred during the 
first cut. The manner in which either of these feed 
movements is given is as follows: Referring to Fig. 2, 
it will be seen that attached to the rest is a rod having 
mounted on it three sliding stops. Two of these are ordi- 
nary stops which can be fixed in any desired position 
by set screws, and when these are used to act on the 
clutch lever the tool makes a single traverse, it being 
arrested at the end of that traverse by one of the sliding 
stops pushing the clutch lever into its central position. 
The third sliding stop (that nearest the tool rest) on 


the other hand is bored out to contain a short spiral | 


spring, and when it is used the adjoining ordinary 
stop is left free on the rod. The effect is then 
as follows: Supposing the tool to be at the end of 
its traverse farthest from the faceplate, and the 


clutch lever in its central position, then, a plug to 
be turned being placed between the centres, the feed 
is started by pulling the upper end of the clutch lever 
over towards the tool rest. The tool then moves 
towards the faceplate, taking the first cut off the plug, 
and the traverse continues until the stop on the rod 
comes into contact with the clutch lever. The first 
effect is to compress the short spring just mentioned, 
and as soon as this has been done the stop containing the 
spring comes into contact with, and depresses, a detent 
shown in Fig. 2, which would otherwise limit the move- 
ment of the clutch lever to the central position. 
The spring in the stop is thus left free to carry the 
clutch lever right over and reverse the direction of 
the feed. The tool then traverses back again taking 
the light cut above mentioned, while finally the other 
or left-hand stop on the rod acts on the clutch lever 
and moves it into its central position, thus bringing the 
tool to rest in the position from which it originally 
started. 

In working the machine a plug is placed in one of 
the heads and the cut started. Then while the opera- 
tions just described are taking place, the man in charge 
proceeds to the second head, removes the plug last 
finished, and inserts a new one then starting the too] 
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of that head. By the time he returns to the first head, 
he finds the plug in that head finished and the tool 
standing in its starting position. In this way the two 
heads are charged alternately, and the machine can get 
through an immense amount of work with but very 
little attention. 





INDUSTRIAL NOTES. 

THE event of greatest importance in connection 
with labour during the last week was the miners’ con- 
ference at Jolimont, in Belgium. There were forty 
delegates present, representing 265,000 unionist 
miners, of these 200,000 were represented by British 
delegates and 65,000 by the whole of the foreign dele- 
gates. The representation was in a reverse ratio to 
members, there being sixty foreign delegates for 
65,000 Continental members, and only forty delegates 
for 200,000 British miners, the proportion being, 
English, one delegate to 5000 members ; Continental, 
one delegate to 1083 members. The sittings were 
public, each speaker was limited to ten minutes ; each 
delegate had to present a written report upon his 
union and its work, the rates of wages, hours of work, 
and condition of the mining population he represented. 
Mr. Thomas Burt, M.P., was elected president of the 
congress, and two other English delegates, Mr. W. 
Crawford, M.P., and Mr. Ashton were appointed 
officers, togethér with one from Belgium and one from 
France. The president, Mr. Thomas Burt, M.P. 
discharged his Sotlen in a manner worthy of a member 
of the British Parliament. In his speech he said: 
‘British unionists were strongly opposed to violence 
and illegality. Let them regard as their greatest 
enemies, in whatever guise of friendship they came, 
those who counselled intimidation, violence, and 
outrage. Such advice was not only imprudent and 
suicidal, but in a free country it was wicked and 
criminal in the extreme. Let them trust to the reason- 
ableness of their cause. What they asked from 
parliaments was fair play rather than coddling, equality 
rather than privilege.” 

With regard to strikes, Mr. Burt said: ‘‘He was 
not prepared to condemn them without qualification. 
In the last resort a strike was the only weapon avail- 
able to the workmen ; but it was a two-edged weapon, 
that required to be used with skill and discrimination, 
or it recoiled on the heads of those who used it. Young 
societies rushed into strikes without thought; they 
were often defeated, disheartened, disorganised, and 

laced in a worse position than they were before.” 
Referring to peaceful methods, he said: ‘‘ In every case 
they should try conciliation and arbitration as a means 
of settling their differences, These were the lessons 
they had learned from experience, and their gains 
were the result of patient, steady, and persistent agita- 
tion, by legal, rational, and constitutional means.” 
He counselled united action, rather than legislative 
interference with the hours of full-grown men. The 
resolution for an eight hours’ day, by legislation, was 
carried, the whole of the foreign delegates, and 21 of 
the British delegates voted for it, while nine of the 
latter voted against it. The Scotch delegates spoke 
strongly in favour of a general strike on May 1, 1891, 
and one in favour of striking, by British miners, 
in order to ameliorate the lot of Continental 
miners. How paralysing British trade can help Con- 
tinental miners does not aneren, except that it might 
lead to longer hours on the Continent, and hunger 
and misery at home. The reports showed that Bri- 
tish miners, in numerous instances, worked from 6} to 
8 hours from bank to bank, while in some districts 
the time was from 9 to 10 hours; on the Continent the 
hours are from 10 to 12 generally, in some cases more, 
and that the rates of wages are much lower than in 
Britain. In Bohemia they work 18 hours per day for 
41, per month, 


The Central Committee which took an active part, 
in conjunction with the London Trades Council, in 
promoting the demonstration on May 4, has deter- 
mined to constitute itself a permanent body under the 
title of the ‘‘ Legal Eight Hours’ Day and Inter- 
national Labour League.” The draft constitution of 
this new body was considered and adopted at a meet- 
ing of the committee on Friday last. The document 
embodying the constitution gives a brief history of the 
International Socialist Workers’ Congress, held in 
Paris last year, and of the subsequent events from that 
date to the May demonstrations of this year. It quotes 
the proposed international labour legislation agreed 
upon at the Paris Congress as the basis of future work, 
the necessity for which it urges. The ends, objects, 
and means of the new constitution are then stated. 
The chief end aimed at, it declares, is the formation of 
a new labour party, distinct from the two old parties 
in the State. This document is to be printed and cir- 
culated, and submitted to a delegate meeting to be 
held on Sunday, June 22. They are so much in favour 
of shorter hours of labour that they utilise the seventh 
day, not as a day of rest, but of agitation. Mr. 


Cuninghame Graham and Mr. J. W. Phillips tried to 
induce the Government on Friday last to give a day 


for the discussion of the Eight Hours’ Bill for miners, 
but the First Lord of the Treasury made no sign of 
acquiescence. It was stated that 145 members had 
signed a memorial in favour of a discussion, but many 
of these had not committed themselves to the prin- 
ciples of the Bill. 





At the last meeting of the Royal Statistical Society, 
held in the theatre of the School of Mines, Jermyn- 
street, Mr. L. L. Price read a paper on ‘‘ The Position 
and Prospects of Industrial Conciliation,” as —- 
mentary to a paper read in December, 1886. The lec- 
turer referred at considerable length to the more recent 
disputes, and to the efforts which were made to effect 
a settlement by peaceable means. His conclusion 
seems to have been that this mode of arranging differ- 
ences between employers and employed had to some 
extent broken down, instances being quoted in support 
of that view. On the other hand steps had been taken 
to extend the system, not altogether without success. 
In the discussion which followed, Mr. Sydney Buxton, 
M.P., Mr. George Howell, M.P., Mr. Norwood, chair- 
man of the United Docks Committee, and the presi- 
dent of the London Chamber of Commerce, took part, 
the contention being that substantial progress had been 
made in the direction of conciliation, although in a few 
cases the sliding scale was suspended. Reference was 
also made to the efforts of the London Chamber of 
Commerce to introduce regular and systematic action 
in connection with labour disputes, to prevent if pos- 
sible their eventuating in strikes, and to open a door to 
an amicable discussion of the matters in dispute when- 
ever they occurred. The general feeling of the meet- 
ing was strongly in favour of conciliation in all cases, 
but one speaker, the secretary of the Ironfounders’ 
Union, thought that arbitration was not so favourably 
regarded by some. 





The condition of the engineering trades throughout 
Lancashire is much the same as it has been for some 
weeks past. All classes of men are well employed with 
orders on hand, and in some departments the activity 
is improved by an accession of new work. Still the 
cry is that the old orders are being run out more 
rapidly than they are being replaced, so that the out- 
look seems to indicate a slackening off at no distant 
date. There appears, however, to have been a larger 
attendance at market than there has been for some 
time, which shows increasing interest in what is being 
done, although the actual business transacted is not 
much increased. The quoted rates remain nominally 
the same, but sales were effected at lower rates. 





The report of the accountant to the North of Eng- 
land Manufactured Iron Trade Board of Conciliation, 
made known on Friday last, shows that the production 
of the firms connected with the Board amounted to 
50,239 tons in March and April, as against 53,320 tons 
in the same two months of last year. The net average 
selling price was for the four classesof iron 6/. 16s. 5.73d., 
as against 6/. 12s, 2.39d. in January and February. 
This increase of 4s. 3d. per ton carries with it a rise of 
3d. per ton on puddling, and 24 per cent. advance to 
other ironworkers ; making a total advance of 74 per 
cent. this year, the total increase in the net selling 
price being 15s. 1d. since December 31, 1889. This 
advance of 24 per cent. to the northern ironworkers 
will about equal one-half of the extra premium com- 
plained of by the Midland Wages Board. 

In the Cleveland district a strike of labourers at the 
Bon Lea Foundry, Stockton, took place against a 
reduction in wages of ls. per week. It appears that a 
few months ago the labourers’ wages at these works 
were advanced from 18s, to 19s, per week. The firm 
state that owing to slackness of trade and the general 
cost of production it is necessary to return to the 
old rates. This the men refused. The moulders 
thereupon, although having no dispute themselves, 
decided to support the labourers, and consequently 
ceased work. About 200 men are thus laid idle. The 
moulders state that they have nothing to complain of, 
but that they stand by the labourers as a matter of 
principle. 





A movement is on foot along the north-east coast to 
establish a board of conciliation for the engineers and 
other workmen and their employers. Both parties are 
co-operating in this matter, with the view of pre- 
venting disputes or of settling disputes in the future 
should they occur. The terms and conditions are to 
be settled at a conference of employers and employed. 

bout 300 men, mostly smelters and gas producers, 
employed at the Consett Steel Works, are on strike 
with reference to a personal matter between the 
members of the union and non-union men. The firm 
takes no side in the matter, having determined to be 
neutral in the dispute. The firm say that they will 
not insist upon the men joining the union or remaining 
outside of it. Some 1400 or 1500 men are idle through 
this strike of 300 men. At West Hartlepool a large 
plate mill has been closed, about 100 hands bein 
thereby thrown idle. The other works remain in ful 





operation, 





The wages of the steel workers at Workington have 
been reduced 74 ee cent., this reduction to stand good 
until the end of July. The manager of the works 
stated that if the reduction was accepted an order for 
20,000 tons of rails might be obtained, as it was in the 
market. The settlement of the dispute was left in the 
hands of Mr. G. Trow, the secretary of the North of 
England Iron and Steel Workers, and Mr. White, 
manager of the works. 

At the West Cumberland Works a reduction of 
174 percent. has been enforced in the Bessemer depart- 
ment, making a total reduction of 274 per cent. in two 
weeks. The men met and determined to resist the 
reduction, which might result in closing for a time the 
entire works. The wages of the men in this branch 
had been advanced 50 per cent. during last year ; the 
reductions effected and proposed will be 23 per cent. 
more than a half of the total advance. 





In the mining districts there is little to report. The 
miners work bravely when holidays are approaching, 
so as to be able to enjoy themselves when the holidays 
arrive. This year has been no exception ; on the con- 
trary, great exertion was the rule for some days, then 
an entire cessation of work at Whitsuntide. 


In North Staffordshire the iron trade is described as 
very dull. Some of the iron works were idle all last 
week, and another, the Midland Coal, Coke, and Iron 
Company, gave fourteen days’ notice to all hands, ter- 
minating all existing contracts. In the latter case it 
is said that the works are changing hands, and that 
the furnaces will need repair, &c. The Cliff Vale 
Iron Works have re-started a portion of their works, 
and expect to re-start the rest shortly. The Hanley 
Tron Works, the Shelton Bar Iron Works, and some 
others, are fairly busy, and doing moderately well. 


The Midland iron trade is reported to be more 
encouraging. Common bars and sheets are weak, but 
best bars, plates, angle iron, and engineering sections 
of the trade have a good deal of business on hand, and 
the prospects are brighter generally than they were. 
Bridge-work, roofing, and railway wagon work are 
very active in the district. The demand for railway 
material and rolling stock from South America has 
increased freely, and has given an impetus to this kind 
of production. 

It is rumoured that a 10 per cent. reduction in the 
wages of the iron and steel workers is to take place on 
June 2, and rumour has it that the reduction has been 
agreed to. The rumour does not tally with the recent 
advance of 24 per cent. just announced, but of course 
the subject might have been under consideration. As, 
however, the basis of prices exists for the present, and 
as no further report will be given by the accountants 
until after the end of June, the rumour is suspicious. 


In the Sheffield and Rotherham district trade is 
still very good, full employment for all hands being 
general, in all branches of trade. The unionists of 
Sheffield are naturally elated by the success of the 
stove-grate makers, in securing an advance of 10 per 
cent., the victory being celebrated at a great meeting 
some days since. One of the results of the strike will 
doubtless be the establishment of some tribunal for 
settling disputes in the trade in future. 


The dockyard workmen at Pembroke, including the 
skilled labourers, such as rivetters, drillers, painters, 
&c., and other labourers, have been demonstrating 
rather seriously ; some 400 of them marched to the 
Chief Constructor’s office and demanded to see the 
revised list of payment. For some time they refused 
to leave until the list was shown to them, but the 
Chief Constructor told them that he could not comply 
with their request, by the orders of the Admiralty. 
The wages of these workers are said to be extremely 
low. 





The Barnsley gas stokers have struck work. The 
manager of the works had given notice that a number 
of men would not be required in the summer months ; 
this the men construed as a blow at the union. They 
thereupon gave in their notices, and the whole of them 
were paid off on the expiry of the notice. At the 
Becton Gas Works, London, the men are up in arms 
against the ‘‘iron man,” or mechanical stoker, which 
is said to do the work of three men. About 5000 are 
employed at these works. 





The barge builders’ strike continues. On Saturday 
last the men were paid 12s. each, this being the 
seventh week of the strike. There seems little pro- 
spect of a settlement at present. One firm at Batter- 
sea has given in, and about one-half of the total number 
have found work at the increased rates, in some 
cases. 





The dock labourers at Hay’s Wharf are still in a 
state of ferment over the stoppage of strike-pay. 





Mr. Tom Man and Mr, Ben Tillett, so it is alleged, 
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refuse to meet the men openly, and their conduct is 
much commented upon. 





The coal porters at Dover suddenly struck work on 
Saturday last, demanding 5s. per day. A number of 
men were thereupon brought from Folkestone, but they 
also struck ; the cargo of coal which was the subject 
of dispute was not unloaded in consequence. 





The ‘Socialist party” in the London trades are 
seeking to oust Mr. Shipton from the position of secre- 
tary to the London Trades Council, which he has 
held for many years. Mr. Parnell, a cabinet-maker, 
is put forward as the advanced candidate. The salary 
is only 30/. a year. It is proposed to secure the 
manipulation of the trades through the TradesCouncils, 
and through the Trades Union Congress, at the forth- 
coming congress to be held in Liverpool in September 
next. With this view the ‘‘delegation” to the con- 
gress is estimated to reach 400 delegates, the highest 
ever before attained being 210, at the Dundee congress 
last year. This increase is effected by branches of 
unions sending a number of delegates, thus controlling 
the larger unions, a policy as destructive as it is per- 
nicious to true representation. 





A labour riot has occurred at Ravenna, in Italy, in 
which three men were killed and several were 
wounded, one of the latter being Lieutenant Signor di 
Mauro, of the carabinieri, sent to quell the disturb- 
ance. If English labour disputes are severe and pro- 
longed sometimes, they have ceased to he riotous. Self- 
restraint is the natural offspring of organisation. 





NOTES FROM NORTH-WESTERN INDIA. 
KurrRACcHEE, April 31, 1890. 

A MORE acute development of railway competition 
than any that so far exists in India, will be seen ere 
long, if it be true that the Secretary of State has 
accepted the proposals of a Kurrachee syndicate to 
connect that port with Delhi by a direct railway, built 
by private enterprise without Government guarantee 
- — subvention than a free grant of the necessary 

and. 

The Suez Canal, it need hardly be remarked, has 
had an immensely modifying effect on Indian railway 

roblems, and especially on the relative fortunes of 

ombay on the west coast of the peninsula as com- 
pared with Calcutta in the east. In the days of sail- 
ing ships rounding the Cape of Good Hope, the two 
were practically equidistant from Europe, whereas now, 
through the canal, four voyages to Bombay scarcely 
exceed in length three to Calcutta, a ratio that when 
modified by the facts that the heavy canal dues are in 
all cases the same, and that coal is cheaper in Calcutta 
than in Bombay, is still equal to about five to four. The 
relative cost of coal has less influence than it might 
have, owing to the balance of home freight being greatly 
in excess of the outward, a circumstance that enables 
— to carry out coals when they would otherwise 
sail to some extent in ballast. Both ports are strain- 
ing every nerve to improve their facilities for giving 
ships quick despatch, but on this point Bombay has 
got, and is likely to retain the lead, in spite of the mag- 
nificent dock works that in Calcutta are rapidly 
nearing completion; for while Bombay, with one of 
the finest natural harbours in the world, has an easy 
entrance, the approach to Calcutta is through the 
dangerous and difficult tidal River Hooghly. In short 
the eastern port stands at an all but fixed ratio of dis- 
ag in competing for the sea-borne trade of 
Upper India against its western compeer, and in 
spite of the natural facilities in point of coal supply 
and good grades that distinguish the East Indian 
Railway to Caleutta from those that debouch on the 
west coast, the trade centre of gravity has un- 
doubtedly shifted, and has capsized the equilibrium 
that Lord Dalhousie’s original railway programme 
aimed at. 

Among the more notable results of this change of 
front, the cross country lines which traverse the 
sparsely cultivable highlands of the Upper Peninsula, 
lines that the projectors of the old guaranteed lines 
warily fought shy of, are now in the greatest demand. 
The first in the field, the Rajpootana State Railway, in 
spite of the inherent disabilities of the metre gauge 
and of primary mistakes in the way of paltry stock 
and a flimsy road that have cost money to correct, is 
now one of the best concerns in the country, and so 
highly do its lessees—for it is a State line worked by 
acompany—think of its prospects that they are believed 
to contemplate constructing an alternative broad 
gauge (5 ft. 6in.) line of their own through a still 
more mountainous country, partly as a relief line and 
— to hold a lien on the traffic if the terms asked 

or renewing their lease ten years hence prove too 
onerous. 

In a more northerly alignment a peaceful alliance of 
certain native States is, piece by piece, makinga third 
line on the metre gauge, and now, if the telegrams are 
right, a great step has been taken towards inaugurat- 





ing a fourth line on the broad gauge, but intended to 
debouch on the Western Sea at Kurrachee. 

Kurrachee as a seaport has, doubtless, fewer natural 
advantages than Bombay ; its harbour is kept open, 
but at no very serious cost, almost purely by dredging, 
and until the amount of shipping warrants a much 
more costly scheme, the Harbour Board wisely keep 
their bar no lower than suffices for the use of big ships 
at and near high water. If Liverpool can manage 
with a tidal bar, the deepening of the Kurrachee bar 
may well wait ; once over the bar the port is more 
than ample for present needs, the tidal range is at 
most 9 ft., so that docks and locks are not needed, and 
the recently constructed wharves have such commo- 
dious warehouses, hydraulic cranes, and railway 
facilities that the shipping gets as quick despatch there 
asin Bombay, if not quicker. Though now only served 
by the North-Western Railway of India, this port lies, 
as the crow flies, just as near the centre of the great 
granary of the country as Bombay does, and the issue 
which the Kurrachee merchants and their friends at 
home are seemingly about to try, is how far a line can 
be made to pay that depends almost exclusively on 
‘*through” traffic, and has a very small chance of 
picking up a living locally. 

As projected originally in Lord Dalhousie’s magnifi- 
cent, and in all points but that of gauge, well-considered 
scheme, each main line of the country was master of a 
valuable and practically inalienable local traffic which 
each still carries down to its terminal sea port. The 
change that has occurred, so far as it concerns other 
than new districts, has diverted the traffic that is col- 
lected on the upper reaches of the East Indian and 
North-Western lines, into entirely fresh westward 
channels that utilise at least 300 miles of westward 
lines, whose financial stability was already assured on 
local grounds. 

It is very clear that any line which already clears its 
main expenses out of an assured local revenue, can 
afford to indulge in extensions which, if they do not 
pay per se, bring a large modicum of grist to the parent 
mill that is already self-supporting, and can count a 
very large percentage of the new earnings over 
its own length as pure profit, but it is by no 
means so clear that an entirely new concern will 
pay that has no local resources to fall back on, and 
that must, in fact, pay older lines for terminal facilities 
at both ends. On the point of local traffic it is pretty 
clear that the projectors of the new line have but little 
room for self-deception; they are going to make almost 
a bee-line across a country that is so utterly desert 
that they expect to get a very cheap line because it 
has no bridges to speak of, ergo no watercourses and 
ergo no calivetion worth the mentioning. Surveys 
of the country traversed have been more or less on the 
tapis any time these twelve years hack. Naturally 
enough the first scheme of all was the shortest, and 
purported to connect the Indus Valley section of the 
North-Western Railway at Kotri, — Hyderabad 
Scind, with Deesa, which is close to Rajpootana metre 
gauge line, vid Umarkot. From Hyderabad to Umarkot 
is an ordinary piece of line across a flooded plain, that 
presents ample local resources for some 80 or 90 
miles. But beyond this the line enters the desert, 
crosses, according to its surveyor, Colonel— then 
Captain T. Gracey, R.E.—no end of sand hills, each 
150 ft. to 200 ft. high, a country that looks like a 
magnified edition in sand of the Monsoon Sea, that 
breaks on the adjacent shore. In 1878 Captain 
Gracey’s objective was to connect the Indus Valley 
with Bombay, and he very properly advocated a more 
circuitous route by the edge of the Ram of Kutch, a 
vast plain that before its upheaval in the earthquake 
of 1819 was a salt-water lagoon and is stilla salt plain, 
but now only inundated to a few inches depth by occa- 
sional rainfall. In those days Mr. Wellington’s lucid 
exposition of the problem was doubtless not in Captain 
Gracey’s hands ; had it been he would have had less 
hesitation over the question, for in these days, at least, 
it is very plain that, mile for mile, 150 miles with 
nothing worse than a grade of three per mille is at least 
as good an investment as 100 miles with the grade of 
twelve per mille, which is the best to be expected on a 
line crossing the dhunes of the great Indian desert at 
an angle of 45 deg. If the present project is for a still 
more direct line to Delhi from Kurrachee, it partly 
avoids crossing the dhunes by the expedient of taking a 
valley line between them, which only therefore crosses 
the sand hills that connect the main waves of the sandy 
sea obliquely. On such a bearing hopes are entertained 
that a 1 per cent. grade can be got without very deep 
cuttings at the summits, and without a more enormous 
amount of earthwork than can be dealt with in such a 
country by the aid of machinery, which has to be 
invoked owing to the difficulty of supporting an ade- 
quately large body of hand labourers. That it is quite 
possible to maintain and work a line of railway in a 
country that cannot support the vast gangs of 
labourers that would be required to make it, has been 
proved over and over again, and so far Mr. Condace’s 
daring project cannot for a moment be justly decried 
as impossible. Mr, Wellington, as has been hinted, 
gives ample proofs that it is better and cheaper to 





carry goods round a hill than over or through it, but 
such a contention, however just, hardly suits the case 
of Kurrachee, for in India, as elsewhere, freights are 
generally calculated on that most obvious of all 
possible considerations, the mileage. Kurrachee 
inclines very naturally to the view that if she 
can bring the port within 800 miles of Delhi, 
while Bombay is at present over 900 miles from 
that centre, and cannot by any feasible possibility 
shorten that distance by more than 50 miles, Kur- 
rachee will get a pull that cannot be taken from her, 
and her railway, though it costs more than a more cir- 
cuitous one to work, will, by mere dint of shortness, 
get a share of traffic that would not in any case come 
to the longer alternative. In fact, the shorter line 
will act in the nature of an attractive advertisement 
and bring traffic in such quantities as will more than 
repay collateral disadvantages. This, as the reader 
will perceive, constitutes a very complex problem 
indeed, one on which it is obviously unsafe to hazard a 
decided opinion. If—but ifs are so unsatisfactory—if 
the Government of India, or any other competent 
authority, would only formulate a scale by which 
curves and gradients could be readily translated into 
extra mileage, the question of how to put Kurrachee 
in its best light ie so the grain trade would be an 
easy one. Asit is, the best that appears to be within 
the scope of practical expectation is that whatever 
new line is made the rates from up-country centres 
will be exactly equal for either Kurrachee or 
Bombay. If so it is important, so far as the new 
railway is concerned, that it selects an alignment 
and contour that will leave a reasonable margin 
of profit on a moderate traffic. In this light it seems a 
pity to abandon the line that is, as remarked above, 
being pieced out by an alliance of native States. If 
the native States are not being —— and urged 
by a power behind the scenes, it is highly improbable 
that they will invest in a metre gauge line that has no 
local traffic worth the name. In any case it is plain that 
a poor country’s local trade will divide better among 
three lines than among four, and it is lastly by no 
means improbable that by deviating the line and pro 
tanto lengthening it, it may secure not only local traffic 
but also may serve some third purpose, such as the 
military or other exigencies, which the Government 
may be prepared, if not to pay for, at least to aid and 
countenance. 


THE PHYSICAL SOCIETY. 

At a meeting of the Physical Society, held May 16th, 
Professor W. EK. Ayrton, ER. S., President, in the chair, 
Professor W. Coleman was elected a member of the 
Society. Lord Ra: leigh exhibited and described an 
arrangement of ‘‘ Huyghen’s Gearing in illustration of 
Electric Induction.” is gearing consists of two loose 

ulleys mounted on the same axle, with an endless cord 
faid over them, the loops or bights of which carry 
weighted pulleys, whose planes are parallel to the axis on 
which the upper pulleys turn. If one of the latter pulleys 








be started to rotate, the other one turns in the opposite _ 


direction until such time as the speed of rotation of the 
first becomes constant. Whilst this constant speed is 
maintained the second pulley remains stationary, one 
weight being raised and the other lowered, but on retard- 
ing the motion of the first pulley, the second commences 
to turn in the same direction as the first. It will be 
noticed that the phenomena are analogous to those which 
occur in electric induction, where starting or increasing a 
current in one circuit induces an opposite currrent in 
a neighbouring circuit, whilst decreasing or stopping a 
current induces one in its own direction. Lord Rayleigh 
pointed out that in this apparatus there is nothing strictly 
analogous to electric resistance, for the friction does not 
follow the same law. The analogy, he said, was complete 
as regards there being no change of potential energy, and 
the mathematical equations for the kinetic energy of the 
system are precisely the same as those given by Maxwell 
for electric induction. 

Dr. S. P. Thompson made a communication on “ Dr. 
Keenig’s Researches on the Physical Basis of Music,” in 
the course of which Dr. Keenig performed numerous novel 
and interesting experiments clearly illustrating the sub- 
ject to a crowded audience. 

After referring to the classical researches of the great 
mechanician and to the remarkable precision with which 
his ingenious and unique acoustical apparatus is con- 
structed, Dr. Thompson said the subject with which he 
wished to deal could be divided into two parts, the first 
relating to beats and the second to the timbre of sounds. 
On the question of beats considerable discussion had taken 
place as to whether they formed independent tones if 
they were sufficiently rapid. Different authorities had 
come to different conclusions on the subject, the disagree- 
ment probably arising from the impure tones used in 
their investigations. Dr. Kcenig, however, had succeeded 
in making tuning-forks whose sounds are very nearly 
pure tones, and by the aid of such forks had conclusively 
answered the question in the affirmative. Before pro- 
ceeding to show experimentally the truth of the con- 
clusions arrived at, Dr. Thompson said it was necessary 
to define exactly the meaning of the term “ harmonics.” 
By this he meant tones whose frequencies are true in- 
tegral multiples of their fundamental. This, he said, 
might seem to be identical with the ‘‘ upper partial tones” 
of Helmholtz or the “overtones” of Tyndall, but such 
was not the case, as the upper partial tones of piano wires, 
&c., are not true integral multiples of the fundamentals, 
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for the rigidity of the wire comes into play and prevents 
the subdivision being exact. 

According to Helmholtz’s theory two tones harmonise 
when they do not produce beats of sufficient slowness to 
grate upon the ear, and the frequency of the two sets of 
beats was supposed to be equal to the difference and the 
sum of the frequencies of the two fundamental tones. 
In investigating the subject Koenig finds it necessary to 
dedinguleh between primary and secondary beats, and 
also that primary beats belong to two categories. These 
categories he calls “inferior” and “ superior ” respec- 
tively, and the frequencies of the two sets correspond 
respectively to the positive and negative remainders 
obtained by dividing the number representing the number 
of vibrations in the tone of lowest pitch into the corre- 
sponding number for the higher tone. For example two 
forks of 100 and 492 vibrations, produce beats having 
92 and 8as their vibration frequencies for 


492 = 100 x 4 + 92 


492 = 100 x 5— 8. 


A set of ‘superior ” beats of 8 per second and an in- 
ferior beat tone of 92 per second may be heard when 
two such forks are sounded together. These primary 
beats or beat tones act as independent tones, and produce 
secondary beats. Tertiary ones may also be obtained. 

To demonstrate the existence of beats to the large 
audience assembled, Dr. Keenig had provided two large 
tuning-forks with resonators about 4 ft. long. One of the 
forks gave 64 vibrations per second, and the other 128, 
but the latter had sliding weights whereby its frequency 
could be made anything between 128 and 64. Adjusting 
the weights so as to give 72, and bowing both forks, the 
beats of about eight per second were distinctly heard at 
the extremity of the room. By varying the weights so 
that the fork gave 80, 85}, 96, 1064, 112, 120, and 128 
vibrations successively beats of various frequencies were 
produced, and it was remarkable to note that tones of 64 
and 120 produced 8 beats a second exactly like 64 and 
72. When the forks made 64 and 96 vibrations, i.e., at 
an interval of a fifth, then the inferior and superior beats 
agree in frequency, viz., 32, and by careful observation 
a low tone of about this pitch can be heard. 

If the tones sounded simultaneously differ by more 
than an octave, the same law for the number of beats 
holds good, whilst Helmholtz’s difference and summation 
tone law is inapplicable. This was shown by sounding a 
fork and its double octave slightly mistuned by weight- 
ing ; slow beats were quite evident, although the differ- 
ence in the frequencies of the primary notes was larger. 
Similarly forks vibrating approximately at rates in the 
proportions 1:5 and 1: 6 gave slow beats. 

oming to the main question as to whether beats when 
sufficiently rapid blend into tones just as primary shocks 
do, Dr. Seannee briefly recalled the various arguments 
for and against such an effect, and then Dr. Kenig 
proceeded to experimentally prove the affirmative. 
aking two forks tuned to 2048 and 2304 vibrations re- 
spectively (ratio 8 : 9), and sounding them simultaneously, 
the middle C of the piano (256) was distinctly heard. The 
same beat tone resulted from forks having Gesenaies in 
the ratio of 8:15 whose negative remainder was 256. 
Various other tones were sounded simultaneously in 
pairs, and in all cases the corresponding beat tone was 
quite distinct. In these experiments the existence of 
nodes and loops in air was particularly noticeable, for as 
Dr. Keenig turned the tuning-forks in his hand the in- 
tensity of the beat tones heard at a particular spot varied 
enormously, The experiments were carried a step further 
by impressing vibrations of different frequencies on one 
and the same body; the beat tones in this case were 
quite perceptible. In carrying this out Dr. Keenig had 
constructed steel bars of approximately rectangular 
section whose period of vibrations were different in 
two directions at right angles. Striking one face of 
the bar a certain note resulted, whilst a blow on an 
adjacent face produced a different one. When 
the bar was struck on the edge joining the two faces both 
the notes could be heard as well as the beat tone resulting 
therefrom. The experimenter had gone still further, and 
made such bars so chowt that neither of the fundamental 
notes are within the limits of audition, but the resulting 
beat tone can be heard quite distinctly. In all cases the 
frequency of the beats agree with that calculated from Dr. 
nee formula, and secondary beats follow the same 
aw. 

It was then pointed out that not only beats, but the 
maxima of a series of pulsations varying in intensity 
will, if isochronous and sufficiently rapid, give tones just 
as a series of primary vibrations do, This was illustrated by 
tuning-forks and by directing a stream of air issuing from 
a slit against a notched rim of a rotating disc. A further 
confirmation was given by a modified disc siren ; in this 
the holes, instead of being of the same size all round a 
circle, increase to a maximum and then decrease again, 
there being several sets of such holes in one circum- 
ference, When this was putin operation notes correspond- 
ing in pitch to the number of holes, and also to the num- 
ber of sets of holes, could be heard. A wave siren was 
also used to illustrate the same fact. The matter was 
further illustrated by moving a tuning-fork towards a 
wall or other reflecting surface at various velocities. 
According to Doppler's principle, as the fork recedes from 
the observer and approaches the wall, the frequency of 
the direct waves is less, and that of the reflected waves 
greater, than that of the fork, and these two series of 
waves produce beats. By sufficiently increasing the 
velocity and using a fork of high pitch, the beats blend 
into tones, 

Coming to the second half of Dr. Koenig's researches, 
Dr. Thompson said that Helmholtz contended that the 
timbre” of musical sounds was not affected by differ- 


and also 





ences of phase amongst the component tones; on this 
point, however, Koenig had come to the opposite conclu- 
sion. To illustrate graphically why phase should affect 
timbre, a number of diagrams were exhibited, some 
showing the resultant wave form produced by combining 
a tone with its harmonics of equal intensity when the 
differences of phase between them were of }, 4, and ? 
amg i whilst others represented the wave forms, 
when the harmonics and the fundamental were of dif- 
ferent intensities. The effect of phase on the shape of 
the wave form was very marked. The subject was treated 
experimentally by means of a wave siren against which 
a stream of air issuing from a slit could be directed. By 
inclining the slit to one side of the radius or the other 
the phases of the component waves could be altered, and 
this had a marked effect on the character of the sound 
roduced. Illustrations of Keenig’s multiple wave sirens, 
th of the cylinder and disc forms, were next shown, and 
the results of investigations made with the apparatus 
described. From these resultsit appears to be impossible 
to produce the timbre of instruments, such as trumpets, 
clarionets, &c., by any combination of a tone and its pure 
harmonics. This led to the investigation of impure har- 
monics. By plotting and combining curves it was shown 
that the wave form obtained from a tone and its impure har- 
monics changes in successive periods, and this peculiarity 
was observed to exist in a record taken from a vibrating 
string. Various discs with wavy edges of different form 
were spun before an air slit and the varying character of 
the resulting sounds, as the slit was turned, demon- 
strated. 

Before concluding, Dr. Thompson remarked that the 
word ‘‘ timbre ” requires to be re-defined, for the rigidity 
of strings, wires, &c., and the interference of the wood 
and metal parts of organ pipes and other wind instru- 
ments generally prevent the formation of pure harmonics. 
A model consisting of vibrating — placed vertically or 
inclined was exhibited to show the different kinds of 
timbre. The difference between mixtures and compounds 
of tones was pointed out, and the inability of the ear to 
distinguish between pure and impure sounds referred to. 

Lord Rayleigh thought more information was required 
on the important subjects brought forward, and asked in 
what class of musical sounds are the overtones strictly 
harmonious. He could admit that in — wires they 
may not be so, but he was not quite so clear about organ 
pipes. He said he was filled with admiration with the 
perfection of the apparatus displayed, and expressed a 
wish that such mechanical acousticians could be found on 
this side of the Channel. 

Mr. Bosanquet said he had been carefully over the 

ound investigated by Dr. Koenig. He believed Dr. 
ee was the first to get at the facts concerning beats, 
but it was difficult to admit all that had been said about 
them. However, the chief difference between authorities 
seemed to be one of language. 

Owing to the lateness of the hour he could not discuss 
the question fully and so asked to be allowed to reserve 
his opinion on the matter. 

As regards ‘‘timbre’’ he thought the experiments on 
the effects of phase were not conclusive. e sounds of 
wind instruments, such as trumpets, he said, depended 
greatly on who produced them, It was no easy matter 
to bring out their full sweetness, and it was comparatively 
few persons who could ever attain perfection. He ven- 
tured to think that in a properly used instrument none of 
the harmonics are out of tune. 

Mr. Blaikley agreed with Lord Rayleigh about piano 
wires, and as regards wind instruments, he could hardly 
think that the overtones were so inharmonious as Dr. 
Thompson would have him believe. In fact, Mr. Stroh 
had obtained wave-forms for him from various instru- 
ments, but in none of them was there any discontinuit 
such as shown on one of the diagrams pean anenf 
However, he was of opinion that there is something in 
‘timbre ” not accounted for by the ordinary theory. 

The President said that in view of the production of 
audible sounds by the beats from notes beyond the range 
of audition, it might be possible to demonstrate that 
insects produce sounds inaudible to the human ear by 

utting several together in a box and listening for 
eat tones. 

Dr. Keenig acknowledged the most cordial vote of 
thanks accorded to himself and Dr. Thompson. 





THE CHANGES IN IRON PRODUCED BY 
THERMAL TREATMENT.* 
By E. J. Batt, Ph.D., London. 

THE following experiments were made in the year 1884 
in the metallurgical laboratory of the Royal School of 
Mines, at the request of Professor Roberts-Austen, F.R.S. 
They were not considered at the time to be sufficiently 
complete for publication, but in view of the recent work 
of Osmond and Le Chatelier, they have acquired a new 
significance, and Professor Roberts-Austen has requested 
the writer to submit them to this Institute. It will, how- 
ever, be of course understood that no claim to priority is 
in any way suggested. 

In a paper recently read before the French Academy of 
Sciences, M. H. Le Chateliert has given the results of an 
examination of the changes in electrical resistance which 
both malleable iron and steel experience at high tempera- 
tures. He has observed such changes at two definite 
points, the one about 710 deg. Cent., and the other about 
855 deg. Cent. In a research on the ‘‘ Electrical Resist- 
ance of Iron at High Temperature,” Dr. J. Hopkinsont 





* Paper read before the Iron and Steel Institute. 

+ Comptes Rendus, vol. cx., page 283; see also Roberts- 
Austen, Nature, November 7 and 14, 1889. 

} Proceedings of the Royal Society, vol. xlv., page 457. 





has observed the higher of these points though not the 
lower, probably because the material he used was unsuited 
for its determination. In a still more recent paper, 
Osmond* gives the results of a further elaboration of his 
research, based on the conclusion of Roberts-Austen that 
it would be found that in the case of iron, as in that of 
gold,t the influence of impurities is directly related to 
their atomic volume. Osmond gives strong experimental 
evidence in favour of this view. 

In the present paper an attempt will be made to show 
that changes in the magnetic capacity and tensile strength 
of steel, which occur at definite temperatures, may be 
made evident when the meatal is rapidly cooled in water 
or in oil. The results are shown in the form of curves 
and from them it will be observed that in steel quenched 
at certain temperatures the changes both in magnetic 
capacity and in tensile strength are most distinct. 

he experiments consisted in heating pieces of steel to 
definite temperatures in a muffle, three pieces at a time. 
When the desired temperature was reached, one of the 
pieces of steel was rapidly removed from the muffle and 
plunged vertically into distilled water of a temperature of 
15 deg. Cent., the second was similarly plunged into oil 
of the same temperature as the water, and the third was 
allowed to cool slowly in air. 

The oil employed was ‘‘ Ragosine,” a Russian petro- 
leum, having the specific gravity 0.90445. The tempera- 
tures were determined by placing the steel rods under 
examination on a thin clay slab in a muffle, and then 
covering them lightly with fine sand to prevent oxidation, 
except at one spot near the centre of each rod. At this 
spot there was placed a bent piece of metal foil in direct 
contact with the steel, but shielded from radiated heat 
from the muffle walls. The fusion of this piece of metal 
foil determined the temperature. 

In preliminary experiments, the steel rod to be ex- 
amined was placed in a porcelain tube, and this again in 
an iron one, the = being determined either by 
the method described above, by the Carnelly water pyro- 
meter, or by the calorimetric method of mixtures; but it 
was not found possible to obtain under these conditions 
temperature determinations which were even approxi- 
mately accurate, and it was therefore considered_prefer- 
able to employ the simpler method of a pyrometric scale, 
which was finally adopted. 

The temperatures noted were (1) the melting point of 
lead, 326 deg. Cent.; (2) a dull red heat, estimated at 
600 deg.; (3) the melting point of aluminium, estimated 
at 700 deg.; (4) a bright red heat, estimated at 800 deg.; 
(5) the melting point of silver, 940 deg.; (6) a bright 
yellow heat, estimated at 1100 deg.; and (7) a very bright 
yellow heat, which for tabular purposes has been esti- 
mated at 1300 deg. 

The melting point of aluminium is variously stated at 
from 600 deg. to 800 deg., but it was found to melt before 
sodium chloride (775 deg.), and the mean of the several 
estimates was therefore taken. 

Two samples of steel were submitted to examination, 
the one made by the basic Bessemer process, and the 
other by the acid open-hearth process—two widely dif- 
ferent methods of preparation. Hey were in the form of 
rods, the Bessemer rods having an average diameter of 
0.194 in., and the open-hearth rods an average diameter 
of 0,212 in. The chemical composition was as follows : 


C. Mn. ®: 8. Si. 
Bessemer metal 0.13 0.284 trace 0.069 0.004 
Open-hearth metal 0.12 0.546 ,, 0.089 0.011 


It will be observed that whilst the percentages of carbon 
and of the other elements present were practically iden- 
tical, that of manganese was not so concordant. It is of 
interest, therefore, to note that whilst the curves repre- 
senting the experimental results obtained with the two 
steels show great similarity, the temperatures at which 
one of the changes takes place !are higher in the case of 
the metal containing the larger percentage of manganese 
than they are in that of the steel containing less of this 
element. ; 

The method of procedure consisted in cutting these 
steel rods into 3-in. lengths, treating them in the manner 
described, and after either hardening or annealing from a 
definite temperature, transferring them to a Hughes 
magnetic balance, and noting their repellent influence on 
the suspended magnetic needle. This being done, a 
current from two pint Daniel cells was then passed through 
the coil of the balance surrounding the rod under exami- 
nation, and the repellent influence again observed. The 
rods were then placed in the multiple lever testing 
machine employed at the School of Mines, strained to 
the yield point, transferred to the magnetic balance, and 
examined as before; then replaced in the testing machine, 
and the stress increased almost to the breaking point. 
The bar so treated was then again examined in the balance 
and finally strained in the testing machine to the breaking 
point itself. 

he results are shown in the curves on the next 
page. Of these curves the lower unmarked ones in each 
figure represent the repellent influence of the rod on the 
magnetic needle of the Hughes balance, no current being 
passed through the surrounding coil. The upper curves 
marked M c represent the repellent influence when a 
current of the strength previously mentioned was passed 
through the balance ; and the curves marked T S repre- 
sent the ultimate tensile strengths. The curves shown 
thus — refer to the Bessemer metal, and those shown 
thus to the open-hearth metal. 


From the curves it will be seen that certain critical 
points are well marked. The first and most important of 
these occurs at a temperature somewhere between a dull 

* Comptes Rendus, vol. cx., page 346. . 

+ Philosophical Transactions of the Royal Society, vol, 

clxxix., page 339, 1888, 
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ture determinations, and the numerous unavoidable 
errors, it may fairly be considered that the first and 








: . second points correspond with the A! and A’ of Osmond. 
Fi “ye 1. Fi ed 2 Fig.3. The third, however, is a new point and has not been 
HARDENED IN WATER. HARDENED IN OIL ANNEALED. noticed by Osmond or Le Chatelier, whose experiments 


did not for the most part relate to so high a temperature. 
It is distinctly marked in nearly every one of the curves, 
the curve dropping sharply when this temperature is 
exceeded. (It should be observed that the next higher 
temperature, described as a very bright yellow, and esti- 
mated at 1300 deg., was about the highest attainable tem- 
perature in a muffle such as those used for nickel assay 
purposes, anthracite being the fuel employed). In the 
tensile tests especialiy, this third point is most prominent, f 
the tensile strength of the basic Bessemer rod, hardened in ! 
water, having increased from 28.9tons as hardened from the 1 
melting point of lead to 57.8 tons when hardened from a i 
bright yellow heat, dropping again to 45.6 tons when 
hardened at a still higher temperature. Similarly, the H 
Fe metal increased in strength from 25.3 tons at { 
the melting point of lead to 60.7 tons at a bright yellow 
heat, falling, however, to 48.1 tons at a further increase 
of temperature. 

This decrease in the tensile strength, after the tem- 
poston of hardening has exceeded a bright yellow 

eat, is accompanied by a marked increase in the elon- 
gation. 

In order to determine this third point of change with 
greater accuracy, another series of basic Bessemer bars 
was tong “. the same ee, ak ee See 

EES ? a> "i as ore, the temperatures being determin y the 

sore:- Basie — ans ss semanas a method of mixtures. SThe results were as ; 
follows : 
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Tensile Strength. | 
MAGNETIC CAPACITY OF THE SAME BARS STRAINED TO THE YIELD POINT. Temperatures. ean ol 
. Melting point of silver (940 deg. Cent.) 44.08 
Fug. 4. Fig. 5 Fig. 6. TR cc xs os ee, | 
HARDENED IN WATER. HARDENED IN QL. ANNEALED. 1293 ue, cies. Pony oe 60 80 | 
Bn ipa eel at en ey ake 
Temperatures Temperatures Termperatures 1343 ,, az, ~ a .- 52.44 
; ae 52.28 


What is the change which occurs at this critical point { 
must be the subject of further examination, but the point | 
itself is most distinct, and the change in the nature of the 
metal, which reaches its maximum at this temperature, 
must be very considerable, as, indeed, the above experi- 
ments show. 

The presence of manganese in the open-hearth steel 
appears to have raised the temperature at which the first 
change took place in the metal under examination, but it 
does not appear to have much affected either the second 
or the third critical points. In his recent paper, to which 
reference has already been made, M. Osmond points out 
that manganese has the effect of delaying the changes in 
iron, an effect, that is, similar to that which the experi- 
ments described in this paper would appear to indicate. 

It is evident that the molecular changes which take 
place when iron is heated to high temperatures resemble 
in their nature the dissociation of chemical compounds in 
the sense that in both cases the process is gradual and 
not abrupt, beginning at one temperature and reaching a 
maximum atanother. When this maximum temperature | 
has been exceeded, the products of the first dissociation | 
may again be subject to a similar change. Further, if a 
mixture of several chemical compounds is treated in this 
manner, each compound, apart from other influences, will 
j Spere- hearth Steel»... have its own maximum temperature of dissociation, and 
a curve representing the general result would show a series 
ALMOST TO THE BREAKING POINT of maxima in accordance with the number of compounds 

ARS STRAINED + | present. 
MAGNETIC CAPACITY OF THE SAME B So, too, with steel. If the metal is examined at any 
temperature between that at which the change or disso- 
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constituents of the metal reaches its maximum tempera- 

HARDENED IN WATER HARDENED IW O/L. ANNEALED. cual hanes, ania must of neces, be foun ed | 
ay eee possess properties varying with the degree of complete- 

Lay apy — or ness which the change or changes had attained. i 


In the experiments described in this paper, an effort 
has been made to make the gradual progress of these 
changes evident, by arresting, and, as it were, “‘solidify- 
ing” them by more or less sudden cooling, at certain 
stages of completeness. 





AN EXPERIMENTAL STUDY OF ATMO- 
SPHERIC RESISTANCE.* 
By O. T. Crossy. 


WHILE making plans for train service at very high 
speeds it recently became important that I should examine 
what was known of atmospheric resistance to bodies in 
motion. As a result of some nt. I found the subject 
to be one concerning which the doctors widely differ. 
Experiments were therefore undertaken with the view of 
obtaining guidance for the special problem. As in some 
directions these experiments were of greater range than 
any similar ones, and as they furnish new values for 
certain important functions, it seems that they shou'd be 
publicly reported. i 
The questions presented are : 
A. What are the laws connecting the pressure with f 
variations in relative velocity of air and resisting solid ? | 
B. What are the laws connecting pressure with varia- : 
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* Paper read before the West Point Branch of the 
United States Military Service Institution. 
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tions in (1) density, (2) temperature, (3) humidity of the 
atmosphere ? . ‘ 

C. What are the laws connecting pressure with varia- 
tions in (1) size, (2) shape, and (3) angle of incidence of 
the resisting solid ? “ 

D. What are the constants, which, supposing know- 
ledge of the laws of variation, permit solution of a par- 
ticular case ? 

E. What is the relation between pressure of the atmo- 
sphere against a rigid body in motion and that of atmo- 
sphere in motion against a rigid body fixed in space ? 

The experiments to be here set forth, made by Mr. B. 
J. Dashiell, Jun., M.E., and myself, give direct informa- 
tion concerning questions A, B, C, and D; concerning E, 
inference of Jess certain value is had. 

Before detailing the experiments, I will collate some of 
the authorities on the subject, that their embarrassingly 
variant positions may be appreciated, and the relative 
value of the new matter better understood. 

Authorities on the subject may be classified as (1) 
those who have deductively studied the problem without 
experiment, and (2) those who have made actual experi- 
ment. These again may divided into two classes: 
(1) those dealing with relatively high velocities (as in 
ordnance practice), and (2) those dealing with relatively 
low velocities. ‘ 

Eminently unsatisfactory have been the purely theoretic 
studies of our subject, and there exists to-day no purely 
mathematical analysis whose conclusions are generally 
applicable. Our only authorities for values are given by 
tables or empirical formule interpreting experiments and 
— strictly within the range of conditions actually 
covered, 

Newton, treating of fluids in general, deduced as an 
expression for the pressure : 

P=DAVY- 
29 
in which D = density of fluid, A = maximum resisting 
area of solid y, V = velocity of relative movement, 
g = gravity coefficient. : e 

This formula sets forth the law of velocity variation 
(part A of our problem) as an increase of pressure in pro- 
portion to the squares of velocities. In it, a theoretically 
perfect fluid is supposed, namely, one whose particles are 
perfectly free to move past each other. tne 

Later philosophers have concluded that the viscosity of 
the fluid must be considered as introducing a term in 
which v enters to the first power. Thus, in general terms, 
they would place BR = av_ + 67%, the first term for 
viscosity, the second for inertia. This form has also been 
reached by Dubuat and others in the interpretation of 
experiments, chiefly those made in water. It is sup- 
posed that deductions from such experiments are applic- 
able to phenomena in air, difference of density only 
being taken into account. ; 

On this point Poncelet remarks (‘‘ Cours de Mechanique 
appliquée aux Machines”): ‘‘ We will however observe, 
Senet, that when the pressure, hence the density, of 
gases varies in fact very little, they may be considered as 
sensibly incompressible, and we may apply to them the 
same reasoning as to liquids.” Inasmuch as nearly all 
authorities agree that, in a gaseous medium, considerable 
variations of pressure exist in the neighbourhood of a 
resisting body, it would seem that we should not place 
large value upon coefticients or relations determined by 
experiment in liquids, and afterward applied to pheno- 
mena of pressure between a solid and a gas having 
relative movement. : 

Bashforth, a high English authority in ordnance work, 
concluded that between the velocities 100 ft. and 500 ft. per 
second, P varies as V2; between 900 ft. and 1100 ft. per 
second, P varies as V6; between 1100 ft. and 1350 ft. per 
second, P varies as V*; beyond that — P varies 
as V2. It is, of course, understood that changes of 
function are not as abrupt as given for convenience in 
this scale. ' : 

Mayeoski, an equally high Continental authority, 
introduces in his formula the square as the function 
throughout the higher practical veledtie, though recog- 
nising the existence of higher powers as entering for the 
lower velocities of practice. 

Colonel Maitland, R.A., in the article “Gunnery,” 
Enc. Britt., says: ‘“The resistance of the air to slow 
movements, say 10 ft. per second, seems to vary with the 
‘first power of the velocity.” So Theisen (Wiedeman, 
Annalen, 1885, vol. xxvi.), as quoted by Professor Cleve- 
land Abbe, referring chiefly to velocities lower than in 
ordnance practice, summarises the “* prevalent views” as 
in favour of the first power of the velocity for ‘‘ very 
small velocities and very small dimensions of the body,” 
while for higher values, P varies as V°. Theissen, how- 
ever, questions the correctness of what he calls the 
‘* prevalent view,” says that certain experiments familiar 
to him, indicate a higher power than the second for V, 
and concludes: ‘‘I have, therefore, for a long time 
endeavoured to find a theoretical solution of the problem 
of hydro-dynamic resistance, but have arrived at no 
valuable results . . .” He gives elsewhere a formula for 
resistance to motion of long rods, in which formula V 
enters in three terms, of the first second, and third degree, 
respectively. 

he mi | majority of those who have worked in this 
matter and at the lower velocities, have assumed without 
question that the square of velocity is the only form of 
the function to be considered. Their experiments have 
not covered wide ranges of velocities, and in some cases 
—notably in that of Hagen, generally referred to as one 
of the best authorities—the actual recorded experiments 
were far from sufficient to establish the velocity variation. 
The observations were indeed very numerous, but at 
extremely low velocities, and dealt with forces so small 
that even the change, during experiment, in viscosity of 





lubricant for the pivotted end of a small wire, produced 
quite noticeable disturbance. The many difficulties sur- 
rounding such delicate work are clearly set forth b 
Hagen; he selects from numerous trials, those wer dd 
nearly follow the law of the square of V.: Hutton’s expe- 
riments, made with great care, seem to show, over the 
range covered by Hagen, a change in P with Vi 5, or 
lower power. 

Between 10 ft. and 25 ft. per second, his records seem 
to show a variation with V2; the forces dealt with by 
him were also small. 

After making an analytical investigation of the pres- 
sure of a nag ean small jet impinging against a 
comparatively large surface, Weisbach says: ‘‘ Although 
wecannot determine, @ priori, the intensity of this pres- 
sure (referring to impact or resistance of unlimited 
streams), yet, as the circumstances are very similar to 
those of the impact of an isolated stream, we can at 
least assume that the general law of impact of an unli- 
mited stream, does not differ very much from that of an 
isolated stream.” (Page 1030, Coxe’s Translation, 1872.) 

He then continues the use of the general formula given 
above as from Newton, involving Fe. The uncertainty 
of the language deserves notice. Later, however, in 
speaking particularly of the case of motion of the solid 
in the fluid mass, he distinctly assumes, though without 
proof, that P varies as V°. 

All of the best authorities consulted by me agree in 
stating, as suggested by Theissen, that mathematical 
analysis is unable to solve the general problem. This 
fact, and the wide diversity of experimental determina- 
tions of the velocity function, have led me to the con- 
clusion that for the law of pressure velocity variation 
between velocities a and b, no other authority should be 
taken than careful experiment made between velocities 
a and b, 

er of general formule for relation between P 
an : 


P=f (V2) By many taken as true for all values of V. 
P=f(V) +f(V?) ” ” ” ” 
P=;y) By some » small ,, 
P=f(V)+f(V2)+f(V*) ,, 4 3) Special cases 
P=f(V2+ V*) Be a », high valuesofV. 
P=j(Vi—s=3) 3, Showing change 


in form of law for different values of V. 


As to part B of the problem—variations in the con- 
dition of the fluid—almost nothing has been done experi- 
mentally. It seems to be a fair assumption from the 
general theory of hydro-dynamics that pressure should 
vary at least with the first power of the atmospheric 
density. The phenomenon seems to be one of delivery of 
energy from or to so many molecules of the fiuid con- 
sidered, this number, for any particular fluid, increasing 
with the density. ri 

However reasonable it may seem to introduce D 
(density) in a formula for pressure variation, I think, on 
account of the uncertain possible collateral effects of 
density variation (as upon viscosity and elasticity of 
individual particles), that no decision save that of experi- 
ment can be considered final for strictly accurate results. 

In practical cases, differences of density are not great 
enough to be of importance. Several of the most 
approved ordnance formule do not introduce the density 
variation. Mayeoski, however, does introduce it, 
making the pressure vary with b, and supposes deter- 
mination thermometrically of varying densities. 

B (2). Increase of temperature has been regarded as 
increasing viscosity or ‘‘internal friction” of gases. 
This should, therefore, result in un increase of pressure 
for an increase of temperature. I have seen it stated that 
Stokes, in 1851, interpreting pendulum experiments of 
Bessel, Coulomb, and others, obtained a value for vis- 
cosity in terms of temperature, but this value was 
thought by Maxwell, Helmholtz, and others to be about 
twice as great as the true value. On account of the un- 
certain testimony of experiment as to the absolute value 
of the total atmospheric resistance, it is questionable as 
to whether we can consider as reliable the determination 
of any particular element of that resistance (as viscosity). 
Much less may we consider as known an obscure relation 
between such element and any other variable. 

Mr. Alfred R. Wolff, in a work entitled ‘‘ Windmill as 
a Prime Mover ” (N.Y., 1888), deduces a temperature 
correction to be applied to any supposed correct tabu- 
lation of pressures at a standard temperature. This 
is done, however, on the supposition that the density 
and temperature of the open air are related as in the case 
of a gas varying its volume under constant pressure and 
varying i Hig sa 

is formula, therefore, does not apply to the case here 
considered of supposed independent variation of density 
and temperature, and the values given by it may be 
expressed either in terms of the former or the latter. 
Mr. Wolff calculated a decrease of about 20 per cent. in 
pressure due to a change from 0 deg. to 100 deg. Fahr. 

Concluding, it may be said that little is known con- 
cerning the pressure-temperature variation, except in the 
well-known relation under certain conditions, between 
density and temperature. It is not, in practical cases of 
engineering, a matter of much importance. 

(3). As to the effect of humidity, I have found no 
experiment on record. While it would doubtless be 
—— to weave some theory of relation between 

umidity and viscosity, it is as well to content ourselves 
by considering that the whole effect of aqueous or other 
vapour in the air, is merged in its effect upon the density 
of the mixture. 

C (1). As to variations in size of the resisting area, we 
find but little experimental evidence, and that indistinct 
and conflicting. Hagen has introduced into his formula 
for total atmospheric resistance (0.0028934+0.0001403 P 
A V?), a term increasing with increase of the perimeter, 





thus increasing the pressure per unit with increase of 
area. For the determination of this particular relation 
(area pressure) Hagen’s experiments were well arranged, 
the surfaces varying from 4 to 36 square inches in area. 

Professor Cleveland Abbe leans towards the opposite 
conclusion from the general theory of the disturbances 
due to motion. Thus he says: ‘‘The amount of fluid to 
be carried away from behind the plate each second, in 
order to maintain there a static pressure less than the 
normal elastic pressure within the undisturbed current, 
increases with the area of the plate, while the bounding 
surface of discontinuity through which the fluid must 
pass, and where the eddies are formed, increases with the 
perimeter ; therefore, the diminution of pressure at the 
rear per unit of area of the plate will greater, the 
greater the ratio of the perimeter to the area. Conse- 
quently the above factor, giving total effective pressure, 
will diminish as the surface increases, and for the same 
area will be least for a circular plate and greatest for a 
long slender rod, assuming that the velocities are such 
as to produce a preponderance of fluid over viscous 
friction.” 

This reasoning, which I believe is grounded upon that 
of Dubuat, seems faulty when applied to the case of a 
moving solid, however true it may be as to fluid impact. 
In the former case there would be at the rear of a 
moving at any velocity a perfect vacuum, unless there be 
an inflow, not an outflow, or carrying away of air. 

The length of path along which lateral inflow takes 
place increases only with the perimeter, hence in the case 
of enlarging surface, the increase is not as fast as is the 
increase in the space to be filled, this varying with the 
resisting area. 

The static pressure per unit area at the rear would then 
be less for the larger surface, and the resistance to move- 
ment would be greater per unit, as well as per total area. 

In pursuing such reasoning, moreover, it should be 
noted that on the front surface a similar tendency, one 
toward an increase of pressure per unit, may, with as 
much reason as in the other case, be argued. Thus, it 
would seem that as the measure of perimeter grows small 
in comparison with measure of area (i.e, as area in- 
creases) there may be a decrease in the relative number 
of fluid molecules deflected at easy angles over, or around 
the surface edges, and which, in case of fluid impact, give 
up per me of their energy, as compared with those 
central molecules which give up all or nearly all their 
energy in the direction of motion, and go off on lines at 
right angles to their original direction of motion. 

Whether or not these theoretical considerations are 
sound, remains to be determined. It is worthy of note, 
as indicating a decrease of resistance per unit area, with 
increase of total area, that Mr. Arthur Wellington, in 
experiments _— the front of a freight car, arrived at a 
very low absolute value for the atmospheric resistance. 
The area used by him, about 80 square feet, is one of the 
largest known tu me as in any way carefully tested. In 
his valuable work, ‘‘The Economic Theory of Railway 
Location,” he says, page 911: 

“The current estimates of this resistance, 0.5 1b. to 
1 1b. per square foot at 10 miles per hour, are erroneous 
by from 250 to 500 per cent. when applied to surfaces of 
this size.” 

Sir Benjamin Baker, of the Forth Bridge, observin 
wind pressures against one quite small surface, an 
another of 300 square feet, concluded that the pressure 
per unit of area in the latter case was somewhat smaller 
than in the former. His records show pressures con- 
siderably lower than those generally assuined for storm 
velocities, and are the most careful ever obtained for large 
surfaces, 

Hutton concluded, from the use of small plates of rela- 
tive sizes 1 and 2, that the pressure per unit for the 
smaller is to the pressure per unit for the larger as 7:8. 
The experiments do not seem to justify the generalisation 
based on them. 

Professor Unwin, in the ‘‘ Encyclopedia Britannica,” 
Art. Hydromechanics, quotes the experiments of Borda, 
Hutton, and Theissen as indicating an increase of pres- 
sure per unit, with increase of total area. He, however, 
states that this apparent increase may be in part, or 
wholly, due to centrifugal action in the experiments, all 
of which were made with ‘ whirling machines,” that is, 
the surfaces attached to radial arms were revolved through 
still air. Duchemin thought an increase of resistance, as 
compared with rectilinear motion, was caused in such ex- 
periments by the centrifugal motion given to portions of 
the fluid. A rather complicated formula for determining 
this extra pressure was constructed by Duchemin. Its 
value has never been determined authoritatively by ex- 
periment. 

No sound conclusion can be drawn from any existing 
records as to this matter of pressure-size variation, but 
the trend of authority is towards the theory of increase 
of P per unit, with increase of area in case of fluid resist- 
ance. Perhaps the opposite conclusion may be drawn in 
the opposite case—that of fluid resistance. 

Whether the true law of velocity variation may not be 
connected with area variation, 1s a not unreasonable 
inquiry, but one to which at present no answer can be 


given. 
(To be continued.) 





PanaMA RalLRoAv.—The revenue of the Panama Rail- 
road was seriously affected last year by the stoppage of 
the works on the Panama Canal, although the check 
which the latter undertaking has experienced will, of 
course, prolong the carrying monopoly at present enjoyed 
by the railroad. The revenue of the Panama Railroad 
declined last year to 359,946/., as compared with 578,2911. 
in 1888. The net profit realised last year was 115,841/. as 
compared with 171,081/. in 1888. 
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Compitzep sy W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1888. 
The number of views given in the ification Drawings is stated 
in each case after the price ; be none are mentioned, 
Specification is not illustrated. - 
Where Inventions are communicated from abroad, the Names, 
&c., of the Communicators are given in italics. 
— of Specifications may be obtained at 38, Cursitor-street, 
hancery-Lane, E.C., either personally, or by letter, enclosing 
amount A badge and postage, addr to H. ER LACK, Esq. 
The date of the advertisement of the acceptance of a com 


cification is, in each case, given after the abstract, unless the 
‘atent has been sealed, when the x of sealing is given. 


Any person may at any time within two months from the date of 
the advertisement of the acceptance of a specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS. 


8539._'T. Henderson, Liverpool. Steam Boiler and 
other Furnaces. (8d. 6 Figs.) May 22, 1889.—This invention 
relates more especially to improvements in the system of self- 
cleaning firebars described in the specification of former patents 
granted to present inventor. The apparatus consists in providing 
at either end of the furnace, according to the direction of travel of 
the clinker, a movable deadplate or a series of movable firebars, 
having small or no air spaces, being so mounted and arranged in 
combination with an operating device worked from any conve- 
nient point, that it may be tilted from time to time as desired, in 
order to discharge the clinker into the ashpit. In the arrange- 
ment shown the firebars E F feed the clinker from front to rear of 
the furnace, and the clinker-plate K is therefore placed at the 
rear of the bars, its upper surface being in continuation of the 











upper surface of the deadplate G and at an inclination thereto. 
The clinker-plate K is formed of a series of firebars k with small 
air spaces, the spaces at each side of the clinker-plate being 
occupied by side-pieces k! and fixed bars k?. The clinker-plate K 
is adapted to turn about its rear end, and is shown in its tilted or 
open position. The bars K forming the movable clinker-plate K 
are mounted upon a rotatable shaft k3 in such a manner as to move 
therewith asa whole, being threaded upon a square portion of the 
shaft. L is a depending toothed sector, fixed on the shaft k3, and 
gearing with a worm L! fixed on the shaft L? lying along the 
bottom or side of the ashpit H!, and mounted in bearings L3. The 
shaft L2 is provided at the front end of the furnace, with a hand- 
wheel L4 by which it may be turned, and the clinker-plate tilted, 
as desired. (Accepted April 9, 1890). 

9002. W. Vorbach, Zittau, i/S, Germany. Appa- 
ratus for Introducing Substances into Steam 
Boilers to Prevent Incrustation therein. [6d. 1 Fiy.| 
May 30, 1889.—The apparatus consists of a receptacle A provided 
with a cover d, branch pipe e, and discharge cock k, and included 








k 902 ——_Y 
in the feed pipe, in which receptacle a pipe h extending down 
close to the bottom of the same is joined to a pipe ¢ leading to the 
boiler, for the purpose of introducing solvents of incrustation into 
steam boilers during their operation. (Accepted April 9, 1890). 
9349. Tangyes Limited, Soho, and E. Barnes, 
Handsworth, Staffs. Duplex Pump ngines. 
[8d. 7 Figs.) June 5, 1889.—The action of the mechanism is as 
follows: When the parts are in their respective positions shown, 
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that is, with the pistons of both cylinders A, B at the end of their 
outward strokes, the steam and exhaust ports of the engine A are 
closed, while the front steam port and back exhaust port of the 
engine B are fully open. The piston of the engine B having steam 
admitted to its front side, and being exhausted on its rear side, 
will make a stroke inwards, at the same time causing the cut-off 
valve cl to be closed by means of the short arm of the lever g!, 





connecting-rod U1, and side block d!in contact with the collar e! 
on the rod il, and thereby reversing by means of the toothed 
sector q! on the lever gl, operating through the toothed sector q, 
the fulcrum shaft &, and the cam f, the main valve a of the engine 
A. The valves of the engine A being now in the same relative 
positions as those of the engine B, the piston of the engine A 
makes an inward stroke, closing its cutoff valve c, by the action 
of the lever g and reversing by means of the shaft / and cam /1, 
the main valve a! of the engine B. Both the valves of the engine 
B are now in positions such that the piston of the engine B makes 
an outward stroke operating its cut-off valve cl as before described, 
but in the opposite direction, and at the same time operating the 
main valve a of the engine A as before described also in the oppo- 
site direction, when the piston of the engine A will make an out- 
ward stroke, bringing its cut-off valve c and the main valve al 
into their original positions, and thus completing the cycle. (Ac- 


cepted April 9, 1890). 
3485. P. Brotherho London. Slide Valves f 
Steam and other Fluid- ssure es. (Sd. 7 Fige | 


March 4, 1890.—In the arrangement shown in Figs. 1 and 2 the 
slide-rod A has attached to it a crosshead B, to which are attached 


the rods C of the upper valves D and lower valves E, each valve. 


being a simple piston fitting a circular hole formed in a partition 
close to each cylinder port. The steam enters at F into the space K 
surrounding the slide valves, which are tubular, so that the ex- 
haust from the upper ports passes down through them to the 
space G below, in which the crosshead Bis free to move. In the 
arrangement shown in Figs. 3 and 4 the main slide-rod A is attached 
to two crossheads B, B! within a cap H, and to these crossheads are 
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attached the rods C of the high-pressure slides D and E, and also 
the rods C! of the low-pressure slides D' and E'. At the top there 
is a cap H! forming a communication between the upper ports of 
the two cylinders; a cap H forming a similar communication 
between the lower ports. The steam enters at F into the surround- 
ing space K surrounding the high-pressure slide. The exhaust 
from the high-pressure cylinder passes directly through the cap H 
or H' to the low-pressure cylinder, and the exhaust from the low- 
pressure cylinder passes into the space K! surrounding the low- 
pressure slides, and thence by the exhaust passage G. The slides 
in this case are tubular, so as to equalise the pressure above and 
below in the spaces H' and H. (Accepted April 9, 1890). 


ELECTRICAL APPARATUS, 


9119. E. T. Fiford, Southampton. Electric Bells 
and Indicators. [6d. 3 Figs.) June 1, 1889.—The object of 
this invention is to effect the combination of an indicator with 
an electric bell, in a simple and reliable manner. In Figs. 1 and 
2, A is the framing of the bell, carrying two electro-magnets 
B, B! for ringing the bell C in the usual manner. Al! is a prolon- 
gation of the frame A, carrying an additional magnet D. A pen- 
dulum indicator is hung from an extension of the bell frame, in 
front of the electro-magnet D. This indicator consists of a wire 
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or rod E hung by a thin spring F, and has a small soft iron arma- 
ture H attached to it, opposite the pole of the electro-magnet D. 
The electro-magnet is included in the circuit of the bell coils B, B!, 
so that when the bell is rung the armature H is attracted and the 
indicator drawn to one side, but when the circuit is broken and 
the bell stops ringing, the armature H is released and the pendu- 
lum swings for some time, indicating that the bell has rung. A 
disc J is attached to the end of the pendulum to make its motion 
more apparent. (Accepted April 9, 1890). 

9162. C. E. L. Bro Oerlikon, Switzerland. Ar- 
matures of o es. (8d. 3 Figs.) June 3, 
1889.—This invention relates to the construction of a drum-wound 
armature in which the wires, between which the maximum 


difference of potential may exist, are completely separated over | 





the whole armature and throughout their length by an inte ed 
continuous sheet of insulating material, one-half the wires lying at 
one side of the sheet, and the other half at the other side. Fig. 1 
shows diagrammatically the method of winding with the wire in 
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two separate layers 1, 3, 5, 7, &c., and 2,4, 6, &c. Fig. 2 shows 
diagrammatically the method of winding when the two series of 
wires are wound in one layer but separated by a continuous sheet 
of insulation. (Accepted April 9, 1890). 


SEPARATING MATERIALS. 


6391. W. Hucks, London. Separating Solids from 
Liquids. (6d. 1 Fig.) April 15, 1889 Tip circular pans 
inverted over each other are adapted to form a hollow chamber 
with a water-tight joint at their circumference at A A. is a 
hollow disc having inlets and outlets, and rotated by the shaft J 
pore es get of the containing chamber. A circular plate C is 
fitted with wire gauze (indicated by dotted lines) in a similar 





manner to the hollow disc B; these gauzes serve to prevent solid 
matter from entering thedisc. The liquid enters through a hollow 
rotating spindle G, passes through the — F F, through the plate 
C and dise B and out at K K. The solid matter is arrested by the 
gauzes and is thrown by centrifugal action through the passages 
H, H, towards the circumferential of the chamber, whence it can 
be discharged at A by raising the top half of the chamber by 
means of the lever M. (Accepted April 9, 1890). 


9354, F. J. Brougham, London. (8S. Jénsson, Copen- 
hagen.) Centrifugal Separating Machines. [6d. 3 Figs.) 
June 5, 1889.—This invention relates mainly to a centrifugal 
separating machine for treating milk, constructed with a p: e 
bounded by two partitions R and P, which extend close up to the 
inner surface A of the drum and between which is an upper out. 





flow opening for skim milk, the partitions being arranged in such 
a manner as to provide a narrow passage a@ between the outer 
edge of one or both of the said partitions and the adjacent surface 
of the wall of the drum for the passage of skim milk, which rises 
up and passes through the outflow opening L into the outflow 
conduit P! Pll, whilst the cream passes through an outflow pipe 
O into the outflow conduit QQ!. (Accepted April 9, 1890). 


PREPARING CEREALS. 


$426. R. A. Baumgartner, Rosenheim, Bavaria. 


Machine for Cleaning or Washing Barley for Brew- 
ing Purposes. [6d. 4 Figs.) May 21, 1889.—The washing of 








barley is effected as follows: Through the adjustable slide b2 the 
barley passes into compartment B, where it is lightly brushed in 
clean water by horizontal brushes b! for the purpose of macerating 
the adherent impurities. The barley passes thence through an 
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[May 30, 1890. 








opening el into a compartment C, and is brushed in the space 
intervening between the rotating brush drum ¢ and mantle brush 
cl, while clean water is continually admitted through pipes a! and 
a2, and the waste water expelled through the slots of the mantle. 
The operation is repeated in a compartment D until the cleaned 
barley passes through opening E! into the transporting worm for 
further treatment. (Accepted April 2, 1890). 

221, A. Perry, London. Treatment of Rice and 
other Cereals for Brewing and other [8d. 
6 Figs.) January 5, 1889.—The whole rice falls from aspout a into 
the hopper b! of a fixed cylinder b, in which is a feed screw b? that 
feeds the rice into a revolving cylinder d of wire gauze partially 
immersed in a bath e of water kept at boiling point by means of 
steam supplied by pipes el from a boiler with stove k. The rice is 
thereby washed and scalded, its starchy constituents becoming 
gelatinised ahd its germ removed by dissolution. The residuum 
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containing the germ in solution is drawn off through a pipe e?. A 
wire gauze screw conveyor d? conveys the rice gradually through 
the revolving cylinder d into a fixed cylinder, whence the rice is 
conveyed by a screw conveyor and allowed to fall through a spout 
f5 into ashredding apparatus g inclosed in a hot-air chamber h, 
and comprising rollers g? revolving on a perforated die or plate g 
The shreds are received upon an endless travelling band ¢!, where 
they are dried by the hot air, and whence they fall upon an end- 
less band j, which conveys them to any desired destination. 
(Accepted April 16, 1890). 


MANUFACTURE OF GAS. 


9279. B. Loomis, Hartford, Conn., U.S.A. Manu- 
facturing Heating and Illuminating Gas. [11d. 12 Figs.) 
June 4, 1889.—Water gasis generated by the passageof steam from 
pipe sl up through the incandescent fuel in the furnace A, and 
passes out by pipe E! intoa seal box G, and thence bya pipe E11 to 
any point of consumption, or it may pass into a rotary mixer LI, 
where it is mingled with oil supplied by a pipe 7 from a tank R 
overhead. The carburetted gas then passes through a series of 
iron retorts B inclosed in a chamber A!, where it becomes a fixed 
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illuminating gas, which passes by a pipe L1!1 from the bottom re- 
tort to the point of consumption. The retort chamber A! isheated 
by means of producer gas made in the furnace A during the in- 
tervals of production of water gas, and conveyed down througn 
the furnace grate P and through a flue F into and around the retorts 
Bin the chamber A!, whence it is drawn by means of an exhauster 
T through a pipe F111 into a tubular cooler H, and thence out 
through a pipe X, or it may be through a pipe J to be mixed with 
water gas. Y is a stack for drawing off the smoke gases by natural 
draught when desired. (Accepted April 9, 1890). 


9327. S.Fox and E. Blass, Leeds. Manufacture of 
Water Gas. (8d. 1 Fig.) June 5, 1889,—This invention has 
reference to the manufacture of water gas on the system of blow- 
ing in air at the bottom and steam at the top of a column of live 
fuel in acupola. When the fuel becomes sufficiently hot it acts 
asa medium for giving out the necessary degree of heat fordecom- 
posing the steam and at the same time for supplying the necessary 


th, 





9327 


carbon to produce the carbonic oxide. Inorder to decompose the 


steam, the fuel has te be brought to a certain temperature, for 
which purpose a certain quantity of the fuel has to be consumed. 
To supply this amount of heat or part of it and to minimise the 
consumption of fuel forming the column, inventors propose to 
introduce fuel in a finely disintegrated state by the action of the 
air blast f. This fine fuel is consumed in the interstices of the 





column of fuel ¢, thus maintaining the heat of the column without 
consuming much of it. In order to effect the proper introduction 
of the finely disintegrated fuel into the existing column of fuel, the 
generator shaft is enlarged at the bottom so that the fuel or that 
part of the column within the enlarged part a@ may assume a 
conical form, a portion of the fine fuel on its passage into the 
enlarged part a of the generator shaft being collected or deposited 
upon the conical pile of fuel while the remainder is carried for- 
ward by the air blast into the interstices of the upper part of the 
column. (Accepted April 9, 1890). 


MISCELLANEOUS. 


5978. R. W. Thomas and Thomas’ Patent Bottle 
and Spee «gad Company. London. Tools for Forming 
the Necks of Glass Bottles, &c. [8d. 5 Figs.) Aprils, 
1889.—The improved tool or instrument for forming grooves or 
recesses in the necks of bottles, jars, or like receptacles to receive 
specially adapted internal ay ry somprare pair of clamping 
jaws C, C! to receive the neck A of the bottle and operated so as 
to approach or recede from each other, spring-united levers D, D', 


fig 2 Fug3gh Lig 4; 


fs 
tk 
= 





ae 





i. ----— -_ 

















ee 




















a rotating mandrel B carried by the frame of the tool and having 
cutting or moulding dies M, M?! arranged to operate from the 
same, and a yoke or device H worked from the spring levers so 
that the yoke may in turn force the cutting or moulding dies 
(when the bottle or like receptacle is placed in the mandrel and 
the same to be rotated) to cut or form the grooves or recesses in 
the heated or softened article. (Accepted April 2, 1890). 


7151. T. Airey, Darlington, Durham. Metallic 
Sleepers, Chairs, and Fastenings for Railway and 
Tramway Rails. [1l1d. 19 Figs.) April 30, 1889.—Fig. 1 is 
a cross-section through the body of a transverse sleeper, and Fig. 2 
is a cross-section through the body of a longitudinal sleeper. The 
sections of the sleepers show a flat top and with webs at right 
angles thereto for a certain depth, from which they curve out- 
wardly. Figs. 3 and 4 show a sleeper provided with an ordinary 
cast-iron chair e for a bull-headed rail. The base of the chair has 
bevelled ends f, and fits between the raised abutment pieces g, 
which are formed on the sleepers and serve to hold the chairs in 
position. The chairs are fastened to the sleepers with ordinary 



































bolts with nuts ¢ made with tongues to fit into the recesses under 
the abutment pieces g to prevent the nuts from working loose. In 
tightening up the nuts the head of the bolt has to be turned and 
the bolt screwed into the nut; and the inclination of the rail is 
given in the ordinary way in the chair itself. Figs. 5 and 6 show 
a flat-bottomed rail fixed between half-chairs %, the rail resting on 
the sleeper direct, with the chairs abutting against the raised 
abutment _— g._ The chairs are fastened to the sleepers with 
bolts h and tongued nuts 7; and the part of the sleeper 7 support- 
ing the rail is formed between the abutment pieces g with a 
bevelled surface to give the rail the necessary inclination. (Ac- 
cepted April 9, 1890). 


8783. E. Edw: London. (F. Wennemede, Saaringen, 
Germany.) Motive Power Ap tus Driven by 
Horses. [8d. 3 Figs.] May 27, 1889.—This invention relates to 


an improved horse gin in which the crossbeam A has secured to 
both of its ends a pivotted toggle or bell-crank G of equal or 
unequal length of arms, forming a frame with the bent bars H, 
bolts J,and bar K. The inner ends of the two toggles G are con- 








nected to each other by rings N and rods O, for the purpose of 

equalising any difference of pull on the two ends of the beam, and 

thereby preventing any undue strain from being put upon the 

animals. The difference of strain is neutralised by a toggle of 

different length of arms in those cases where horses of different 

strength or number are working at the two ends of the cross- 
(Accepted April 2, 1890). 





8136. T, Thomas, Pontypridd. Miners’ Shielded 








Safety Lamps. (8d. 5 Figs.] May 16, 1889.—The improved 
lamp comprises an outer shield A extending from the base ring C 
above the glass G to the top of the lamp, and an inner shield B 
extending from the top to nearly the bottom of the gauze F. The 
air enters through apertures cl, c2 at bottom and top of the base 
ring C and passes in coal down through the gauze to the wick to 
feed the flame of the lamp, and in the greater part up between the 
































outer and inner shields A, B and out through an opening in the 
top of the outer shield. The products of combustion pass up 
through a vertical central conical tube E and up through the gauze 
and through an opening in the top of the inner shield B and out 
through the opening in the top of the outer shield A. The conical 
tube E serves to prevent contact between the outward and inward 
currents of air. (Accepted April 9, 1889). 


10,324, A. J.Boult, London. (J. W. Bookwalter, Spring- 
jield, Ohio, U.S.A.) Converters. ([8d. 9 Figs.] June 25, 
1889.—The lower portion of the converter A which holds the body 
of the molten metal is divided into two chambers 2, y by means of 
a tubular — 1 of refractory material projecting upward 
from the bottom of the converter and vertically adjustable by 
means of a rod 2 extending through the top of the converter and 
provided with a rack 3 engaging with pinion 4. The lifting of the 
tube 1 leaves between it and the bottom of the converter a channel 
4 through which the molten metal from the chamber 2 may flow 
into the other chamber y. By elevating or lowering the tube 1 
the dimensions of the channels may be changed to regulate the 
flow of metal into the conversion chamber y. Communicating 
with the conversion chamber y is an air pipe 5 terminating in 
tuyeres 6 through which the blast may be directed longitudinally 
through the tube to meet and carry with it the inflowing current of 
metal. When the blast constitutes the converting agent it acts 
directly upon the small body that flows into the conversion 











chamber, but when the blast is not the converting agent 
it serves to throw the metal as fed into the conversion chamber 
into the converting agent, which in such case is introduced into 
the converter in the form of a gasabove the molten metal. A 
different form of device for controlling the flow through the 
channels 4 is shown in Fig. 2, in which a valve 7 carried by a rod 2 
is moved to obstruct the channel to a greater or less extent. In 
Fig. 3 the converter is divided into two chambers by means of a 
partition 1, so that the contents of the conversion chamber are 
thrown diagonally across the converter. This partition may con- 
sist of tubes arranged side by side. By dividing the hath into two 
connected sections, it is practicable to greatly increase the depth 
of the bath without materially interfering with the rapidity and 
thoroughness of the conversion. Thus the converter may extend 
toan unusual degree below the tuyeres as shown in Fig. 4 with 
a long partition 1 forming one large and one small chamber and 
the metal flowing from the larger to smaller chamber. (Accepted 
April 9, 1890). 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the Bony time, and 
reports of trials of patent law cases in the United States, may be 
— tn at the cffices of ENGINEERING, 35 and 36, Bedford. 
street, : 
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MODERN FRENCH ARTILLERY. 
No. XXIT. 


Tue Forces ET CHANTIERS GuN Factory— 
MovuntTAIN AND FIELD Guns. 


In the following articles we propose to describe 
the various types of field and mountain artillery | 
manufactured by the Forges et Chantiers de la 
Mediterranée upon the Canet system ; the standard | 
sizes of field guns are of 75 millimetres and 84 
millimetres (2.95 in. and 3.31 in.); the standard | 
types are each of two classes, short and long. These 
models only differ from each other in their dimen- 
sions and weights, which vary according to the 
special class of service for which they are intended. 
They are designed with the object of combining 
thorough efficiency and destructive effect with as 
little weight as is possible. The efticiency of field 


artillery has during the last few years been largely 
increased by modifications in its form, and by the 
use of new and special powders; at the present 
time it is remarkable for its high power, accuracy of 
aim, and long ranges, qualities which are due to the 
comparatively great length of bore, to the form of 





Fic. 237. 


in such a way as to simplify the various parts, to! 
render the maintenance more easy, and to check 
their being injured by mud or sand, which by this 
arrangement is prevented from entering the mecha- 
nism, and especially from getting between the 
breech-block and the carrying ring. 

The body of the carriage is made of two steel 
side-plates strongly braced transversely by steel 
cross-framing ; the wheels are of steel with bronze 
centres, and a method of oiling is introduced which 
is continuous and automatic. While the frame is 
extremely light it has an ample margin of strength, 
and the material throughout is arranged to take 
its part of the strain in the most advantageous way ; 
by this means the dimensions are reduced to a 
minimum throughout the whole of the carriage. 
The amount of recoil is very small and is taken up 
by the Lemoine cord brake, which is the standard 
form adopted in France ; this brake is absolutely 
automatic, and releases itself as soon as the gun is 
brought back into firing position. 

For field guns the range for vertical training has 
an amplitude of from — 6 deg. to + 20 deg., and 
can be regulated with great accuracy and speed. | 


The Canet mountain and field artillery is adapted 
for firing five classes of projectiles ; the common 
cast-iron shell, the high capacity steel shell, shrap- 
nel, mitraille, and case shot. The weight of each 
class is the same for the same calibre, 10.12 Ib. for 
the 75-millimetre mountain gun, and 11.4 Ib. for 
field artillery. On another page are given sections 
and particulars of the various types for mountain 
guns. (See Figs. 238 to 242.) 

The common shell, filled with very violent powder, 
is fitted with a percussion fuze ; the other types of 
projectiles are fired with combination time and per- 
cussion fuzes. Each field gun is provided with a 
limber in which is stored a part of the ammunition, 
the remainder being placed in the tumbrils. The 
cartridges are stored in boxes made of wood with 
steel mountings. Special wagons are provided with 
each battery for containing tools, spare parts, &e. ; 
this material is very light and strong; the width 
between the wheels is the same as that for the 
gun carriages, so that they can pass through very 
narrow roads and turn freely. Table XV. contains 
the results of firing trials with 75-millimetre moun- 
tain guns carried out between 1887 and 1889; the 





75-MILLIMETRE MOUNTAIN GUN AND BOAT GUN CAISSON. 


the chamber, to the nature of the powder, and to| While preserving ample stability in the carriage, | data are sufficiently detailed to show clearly the 


the character of the projectiles. 


The great strength the width of wheel base has been reduced; such field | efficiency of the arm, and indicate the average duty 


of the material employed in these small-bore guns, | artillery can therefore be drawn through narrower | obtained. 


allows the use of very high charges, and consequently | 
of the attainment of correspondingly high initial | 
velocities. It is almost unnecessary to say that | 
both as regards the quality of steel employed, and 
the care in its subsequent manipulation, as much 
trouble is taken in the selection of material and in 
its manufacture, as is done with guns of high calibre ; 
the steel used in all field guns is forged, tempered, 
and afterwards annealed, and on account of the 
relatively small weights employed, and the uni- 
formity of form adopted, the tempering and other 
operations are carried out under the best possible 
conditions to obtain a maximum degree of resistance 
for the gun. The jacket which reinforces the rear 
part of the tube possesses an equal strength both 
longitudinally and transversely, and it is claimed for 
the Canet system that no such high degree of longi- 
tudinal strength is obtained either in the French 
Government gun factories, nor at the Krupp Works. 
Rapidity of firmg and simplicity of handling are 
secured by the adoption of a system of breech- 
closing adopted from the French standard type but 
modified in many important details. Considerable 
changes have also been made in the plastic obturator 
of De Bange in order to avoid hardness in work- 
ing, and modifications have been introduced in the 





method of firing the gun, while safety appliances | 


have been added consisting mainly of an automatic | 
vent protection ; thanks to this simple addition it 
is impossible for premature discharge to take place, | 
or for the gun to be fired until the breech is entirely 
closed. The necessity for such a safety apparatus, 
which it is stated does not exist either in the French 
standard type, nor in the Krupp field guns, has 
been fully realised in consequence of various acci- | 
dents that have happened from the accidental 
premature firing of the cartridge, on many occasions. 


The form of the breech screw has been modified | 


paths than those which are required for the passage 
of standard French or German field guns. 


TABLE XV.—Firine 




















Dates of Trials. Weight of Projectile. —s 
lb. kilos. 
December, 1888 .. 10,12 4.600 C2 5th lot 
May, 1887 .. 10.12 4.600 C2 4th lot 
” 10.12 4.600 C2 8rd lot 
‘a 10.12 4.600 C2 4th lot 
“ ‘es a 10.12 4.600 C2 3rd lot 
December, 1888 .. 10.12 4.600 C2 5th lot 
April, 1888 10,12 4.600 C2 8rd lot 
February, 1887 11.44 5.200 C2 special 
May, 1887 .. ‘ 11.44 5.200 C2 4th lot 
February, 1887 .. ea .. 11.44 5.200 C2 special 
| re PP ad .. 11.44 | 5.200 Do. 

| May, 1887 .. 11.44 | 5.200 C2 4th lot 
| April, 1888 11.44 | 5.200 C2 3rd lot 
' December, 1888 .. * .. 11.44 | 5.200 C2 5th lot 
| - a a ... 13.64 6.200 C2 5th lot 
| April, 1888 13.64 6.200 C2 3rd lot 

ie 13.64 6.200 C2 3rd lot 

May, 1887 .. ° 15.62 7.20€ C2 4th lot | 

December, 1889 .. 10.12 4.600 | BN smoke- | 

less 1st lot | 

» 10.15 | 4.615 Do. | 

” 10.23 4.650 Do. | 

- 10.12 4.600 | BN 2nd lot | 

” 10.12 4.600 Do. | 

” 10.12 4.600 Do. 

. 10.12 4.000 Do. | 

” 10.12 4.600 Do. 





The mountain guns made on the Canet system 


jare, like all others of the same class, especially 


Trsts or CaneT Mountain GUNS 75 MM. (2.95 1N.) MADE AT THE Hoc POLYGON AND AT 


Srvran-Livry, BETWEEN FEBRUARY, 1887, AND JANUARY, 1890. 





Weight of Charge. | Initial Velocity. Pressure. 
Ib. | kilos. ft. | metres Ib. per | kilos, per 
| sq. In. sq. cent, 
882 | 0.400 951 290 12,131 853 
992 | 0.450 925 282 8,818 620 
.992 0.450 1060 323 14,122 993 
1.058 0.480 1020 311 11,121 782 
1,053 0.480 1096 334 14,038 987 
1.102 | 0.500 1083 330 14,094 991 
1.102 0.500 1079 329 14,080 990 
.882 0.400 922 281 11,121 782 
992 | 0.450 951 290  ~=- 10,084 709 
.992 | 0.450 974 297 12,131 853 
1.058 | 0480 | 1010 308 14,578 1025 
1.058 | 0.430 978 298 = «12,131 853 
1.102 | 0.500 1076 328 14,094 991 
1.102 | 0.500 1089 832 18,731 1317 
.992 | 0.450 896 273 «= 14,122 993 
1.058 | 0.480 935 285 16,910 1189 
1.102 | 0.500 | 948 289 16,910 1189 
992 | 0.450 830 3 ©=-:11,121 782 
441 | 0.200 938 286 7,708 542 
.529 0.240 1092 333 14,193 998 
551 0.250 1138 347 15,417 1084 
529 | 0.240 971 296 9,869 694 
617 0.280 1145 349 15,986 1124 
.595 | 0.270 1063 | 324 13,326 937 
595 0.270 1082 | 3833 13,027 916 
661 0.300 1207 368 19,257 1354 
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intended for service in hilly countries, where their 
transport, except on the backs of animals, is difti- 
cult or impossible. The standard type for these 
guns has a bore of 2.95 in. and the weight is 218 lb. ; 
the comparatively large calibre enables a destructive 
fire with relatively heavy projectiles to be main- 
tained while the weights are kept down as low as pos- 
sible. Considerable power and accuracy at long range 
are claimed for this class of gun, these qualities being 
due to the form of the powder chamber, the nature 
of the powder, and the character of the projectile. 
The gun is made of a single block of steel, forged, 
oil-tempered, and annealed in the usual way ; the 
breech-block, the trunnion ring, and a ring over 
the breech, are the only separate parts to the con- 
struction. The method of breechclosing is very 
similar to that employed for the field guns just 
described, the same system of gas and fuze checks 
being also used, as well as the various safety ap- 
pliances. The carriage consists of two steel frames 
connected by cross-bracing, and the mode of check- 
ing the recoil is similar to that adopted in the field 
guns; the gun can be very easily dismounted from 
the carriage, and the latter can be divided so as to 
reduce the weight of transport. The gun can be 
trained for elevation from — 20 deg. to + 20 deg. 
Excepting for size the projectiles correspond with 
those for field guns both as to class and construc- 
tion ; the weight, however, is, as stated above, 
10.14 1b. The system of subdivision applied to the 
gun and carriage, the limber ammunition wagons, 
&c., is such that no single piece exceeds 220 lb. in 
weight. 

The powder chamber* both for field and moun- 
tain guns is cylindrical and considerably larger in 
diameter than the bore ; the length is a little more 
than 5 calibres. The rifling consists of twenty-two 
grooves on an increasing pitch. The breechclosing 
mechanism is illustrated by Figs. 224 to 230 ; its 
principal organ is the steel block with inter- 
rupted screw threads divided into three equal 
sectors, and a bronze carrying ring hinged to the 
side of the breech ; the central position of this ring 
in relation to the bore of the gun is secured by 
coning out a seat for the ring—which is tapered 
to correspond—in a recess in the breech of the gun, 
as shown in Fig. 224. A recess is cut in the back 
of the ring as shown at a in Fig, 224, and in this 
an enlargement of the breech-block takes its bear- 
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left and shift the latch in such a way that it 
becomes locked to the ring and so holds the 
breech-block securely. In closing the breech a stud 
which is screwed into the back of the gun, enters 
an opening made in the latch and forces the inner pro- 
jection out of its seat and at the same time causes 
the outer latch to enter a recess cut in the gun and 
so making the latter fast with the ring. Figs. 224 and 
225 illustrate in detail the breechclosing mechanism 
of these guns, while Figs. 231 to 237 show the 
form employed for a gun of somewhat different 
character but which may be conveniently referred 
to in this article. This is the standard type of 
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sponding recess cut in the face of the block. On 
the axis of the main lever is a cam h, Fig. 235, 
with teeth on one side gearing into the rack on the 
bolt, and with a forked projection k on the other 
side. To the breech-block is attached an extractor, 
the head of which, m, projects somewhat into a 
recess cut in the carrier ring; the bent lever of 
this extractor, which is mounted on an axis as 
shown, is constantly pushed outwards by a small 
spiral spring recessed in the block. When the 
main lever is thrown upwards to open the breech, 
the finger d of the cam presses against the bolt and 
forces it down, carrying with it the hammer, the 


















BREECHLOADING MECHANISM FOR 765-MILLIMETRE BOAT GUN. 


ing; this arrangement appears an extremely useful 
one, as it helps to exclude dust or dirt from work- 
ing its way into the breech. In the inward and 
outward movement through the ring, the breech- 
block is guided by the projecting edges of the lower 
threaded segments ; the principal working lever is 
hung vertically to the block as shown in Fig. 225. 
The block is secured either to the ring or to 
the gun by means of the belt d see (Fig. 196), 
and which is placed in a recess on the right-hand 
side of the ring; when the breech is closed the 
projection is locked in a recess made in the side of 
the breech-block, while the outer projection b 
extends outside the ring and enters a recess cut in 
the jacket. When the breech is opened and the 
block is drawn to the rear, the bolt does not 
move and the latch remains in its place, but at 
the end of the movement, the effect of the block 
striking the ring is to force the bolt towards the 





* See La Revue d'Artillerie, October, 1889. 








boat gun of 75 millimetres, made on the Canet 
system at Havre. 

In this arrangement the stem of the obturator is 
screwed into the block and the mushroom head is 
loose upon it. The firing mechanism and safety 
device are as follows. 
groove cut in the back of the block ; at the upper 
end of this bolt is a short rack b, Fig. 235, on the 
left side of which is a recess c that receives the 
finger d of acam on the main lever axis. Below 
the recess ¢ is a rectangular opening e and below 
this again is fixed the striker B, which is held back 
by a spiral spring ; the head of the striker projects 
from the face of the bolt, and beneath it is a recess 
in the bolt through which passes the finger / of the 
hammer C ; this hammer turns upon the centre 0, 
and the finger / is exposed constantly to the pres- 
sure from a spiral spring lodged in a recess cut in 
the lower part of the breech-block at I’. <A flat 
spring with a projection at the bottom is attached 
to the bolt and holds it fast by entering a corre- 


A bolt A slides in a vertical’ 





finger 1 of which, compressing the spiral spring, 
turns the head of the hammer away from the bolt, 
but when this movement has continued until the 
axis of the hammer is lower than the centre of the 
spring, the effect of the latter is to hold the hammer 
at half-cock. In this position the projection at- 
tached to the flat spring fastened to the bolt enters 
the recess in the block and keeps all the parts 
fixed ; the operation of unfastening the breech- 
block can then be continued. With the turning of 
the block, however, the extracting lever strikes 
against a stop on the inside of the ring and starts 
the cartridge case. In closing the breech the 
various operations are reversed ; the gun is fired 
by means of a lanyard passed over the hook k of 
the cam h; by pulling on this cord, the bolt is 
lifted through the teeth on the cam, gearing into 
those on the rack of the bolt ; when the movement 
has been continued until the axis of the hammer 
is above the centre of the spring, the top of the 
bolt strikes against a stop p fixed to the gun, and 
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just as this takes place the hammer has been driven 
against the fuze and the gun is fired. 

It has been found unadvisable to fit guns for this 
purpose with friction fuzes, because when they are 
used on boat service, the man firing the gun must 
often stand behind it, and in this position he would 
be exposed to the danger of a rush of gas, or pos- 
sibly the projection of a part of the fuze. For this 
reason the Canet boat guns are always fitted with 
percussion locks. The equipment of this weapon 
always comprises water-tight iron caissons that 
serve for the transport of ammunition, and on occa- 
sion for baggage and ambulance purposes. 


excepting when the breech is fully closed, covers the 
vent. The rising and falling movement required 
_ to operate this safety device is controlled by the com- 
| bined action of the starting lever, and the turning of 
the breech-block in its seat. It will be seen that 
‘on the spindle upon which the lever is secured, is 
fastened the cam h, the tooth formed on which 
gears into the two teeth i i cut upon the upper part 
of the sliding bolt C ; the front face of this bolt 
has a slot cut on it in which enters the finger k 
_attached to the upper part of the ring ; one part of 
| this slot is straight and is cut parallel to the axis 
of the bolt, the other part is curved. In a recess 


Fig. 237, page 667, illustrates a mountain gun, with at the top of the bolt is fixed the small double- 


the caisson made for the beat gun. 


Both types of ended lever E shown in Fig. 227 ; this turns upon 


weapon are identical, except for the firing me- | the axis o and a flat spring / presses constantly upon 


TABLE XVI.—ParticuLars OF PROJECTILES FOR 2.95-IN. Mountain Gun. 





NOTE.—The various weights given in the following Table are those to which the nearest approximation is 
made, but the actual weights are subject to slight variations. The fuze employed for the different 
kinds of shell is a combination time and percussion fuze ; except for common shell, in which a percus- 


sion fuze is employed. 
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Fig. 238.—Common Shell. \ 
Ib. kilos. = 
Weight of cast iron .. 8.987 4.085 “% 
a and 154 0.070 =; 
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Fig. 239.—High Cognetig, Snes, 
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Weight of steel .. 8.118 3.690 
#0 nd ee F 0.070 
9 fuze .. ee 0.220 
‘a bursting a7 
charge ° -- 1,364 0.620 iY 
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Total weight... 10,120 
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Fig. 240.—Shrapnel. = iG 
Ib. kilos. Lond VY} 
Weight of cast iron 5.764 2.620 , GB 
» —_ Dalls.. 3.454 157 | FY 
- band 154 0.070 GY) 
ne fuze .. es 484 0.220 | Ye A 
ea bursting ar i 
charge ta -- 64 .120 | Lp WZ, 
Total weight .. 10,120 4.00 ; G/777/777 
Fig. 241.—Mitraille. 
Ib. __ kilos. 
Weight of cast iron 5.764 2.620 
ig alls.. 3.454 1.570 
* band 154 0.070 
Be fuze .. ‘ -484 0.220 
wi bursting 
charge -¥ a -264 0.120 





Total weight .. 10.120 4.600 
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Fig. 242.—Case Shot. L,..44 
Ib. YK 
Weight of balls.. J 


ee le i. ' SH 
case .. 2.387 1.085 | SSG 3 
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Total weight .. 





chanism, as already explained, and they each weigh 
220 lb. The mountain gun and carriage are 
arranged to be taken apart for mule transport, and 
there is nocaisson. The boat guns, which are also 
intended to be used on shore by landing parties, 
can be drawn by hand, or by mules if available. 
The caisson for this gun contains two ammunition 
boxes of ten rounds each. The various parts are, 
however, so designed that they can, in case of 
necessity, be easily separated and loaded upon 
animals when the conditions of transport require it. 

The obturator of the block shown in Fig. 224 
is of a modified De Bange pattern with tin discs 
and brass split rings. A collar B is placed at the 
rear end of the movable stem and is fastened to it 
by a staple g ; the stem is drilled to receive the fuze 
and is bushed in front with a copper bushing. The 
safety apparatus is illustrated by Figs. 226 to 230, 
and is of a very ingenious character ; it consists of 
the bolt C shown separately in Figs. 226 and 227 ; 
this bolt projects at right angles to the breech of 
the gun and terminates in an enlarged end D, which, 


the lower arm of the lever at the bottom of which 
is a small cross-piece m that enters a recess cut to 
receive it in the breech-block. The various posi- 
tions occupied by the safety bolt are shown in 
Figs. 228, 229, and 230; of these, Fig. 228 shows 
the breech closed and ready for firing ; Fig. 229 
illustrates the position of the bolt when the main 
lever is thrown up prior to starting the breech- 
block, and Fig. 230 the position of the various parts 
when the block is free and almost ready to be 
withdrawn. The action of this apparatus will now 
be clear ; the first result of throwing up the main 
lever is to lower the shield on the bolt D over the 
vent by means of the cam h gearing into the teeth 
ii; itis evident that as soon as this movement takes 
place, firing is impossible until subsequent opera- 
tions raise the shield clear of the vent. As the 
breech-block is turned, the finger k on the ring, 
after passing the straight part of the slot in the bolt 
C, enters upon the curved portion and pressing 
against the upper end of the lever E causes the bolt 





to fall into the position shown in Fig. 230; the pro- 





— m then enters the recess made for it, and 
ocks the bolt. At this moment the cam h on the 
lever axis is free of the teeth i on the upper part of 
the bolt and the vent is thus absolutely protected. 
The reverse operations take place when the breech 
is closed and when the block is securely fixed in its 
seat, the safety shield is lifted clear of the vent and 
the gun can be fired (Fig. 228). 

Figs. 238 to 242 illustrate the different kinds of 
projectiles for the 75-millimetre mountain gun ; 
the weights are given in Table XVI. 








DREDGING IN THE MERSEY DOCK 
ESTATE. 
(Concluded from page 639.) 

Third Period, 1885 to the Present Time.—The 
increase of the dock area at Liverpool and Birken- 
head by the opening of certain new docks from 
time to time, and the large increase due to the 
completion of the New North Dock system, rendered 
it necessary in 1884 that additional dredging appli- 
ances should be obtained. A small Priestman 
dipper dredger, mounted on one of the ladder 
dredgers, had been in use for some time, and from 
the satisfactory manner in which it worked, it was 
determined to adopt that kind of appliance on a 
very much larger scale. After mature considera- 
tion it was decided that a large steam hopper barge 
should be fitted with four Priestman’s grab buckets. 
The vessel was to be 185 ft. long and 33 ft. beam, 
with a hopper capacity of 800 cubic yards, the 
engine to be compound and the speed 10 knots, the 
‘* grabs” to be of the A size, and to be capable of 
raising about 36 cubic feet per lift. The contract 
was let to Messrs. Simons, and was completed by 
them in a highly satisfactory manner in 1885, 
the cranes and grab buckets having been made by 
Messrs. Priestman, of Hull. In Fig. 6 on page 
678 we give a perspective view of this vessel, while 
a longitudinal section, plan, and cross-section are 
shown by Figs. 7, 8, and 9 on pages 670 and 671. 

The advantages of this system of working soon 
became apparent. The vessel named ‘No. 9,” 
being self-contained, could proceed direct to dock 
on returning from the tipping ground, while she 
occupied less room in dock than a dredger and 
steam hopper, a matter of great importance in 
docks crowded with shipping. She carried nomi- 
nally as much as two of the largest hoppers, but 
in reality a good deal more, as the mud being 
raised in a larger volume than with the small 
buckets of the ladders, is more solid, and as a con- 
sequence there is less slush and water. Great 
as were the advantages in connection with this 
mode of working, there was one drawback, and - 
that was the wear and tear to the grab buckets, 
although the workmanship of these buckets was 
excellent, and the materials of good quality. Mr. 
Morgan, the superintendent of dredging, looked 
into the matter, and after consideration a bucket 
of a new type was made and tried. This gave 
such excellent results that it is now being employed 
by the Mersey Dock Board for all the dipper dredgers 
in use by them. 

The general construction of the bucket, which 
Mr. Morgan has patented, is shown by Figs. 10 to 
13 on page 672, which scarely need description. It 
is worked by two chains passing over the jib-head of 
the crane. The lifting chain is shackled to a large 
cam-shaped ring or eccentric fixed on a sleeve, 
which turns loosely on a shaft passing along the 
apex of the bucket from one end to the other; 
to the same sleeve are fixed two smaller eccentrics, 
one on each side of the centre, and to these are 
attached chains of fixed length made fast to an 
upper crosshead, from which connecting-rods pass 
to the top edges of the sides of the bucket. The 
opening chain is attached to the crosshead referred 
to. When the bucket is open the lifting chain lies 
wound round the large eccentric. The closing is 
effected by hauling on the lifting chain, thereby 
winding in the chains on the small eccentrics, and 
so pulling down the crosshead, the connecting-rods 
from which force the sides of the bucket together. 
The bucket opens when the opening chain is held, 
and the lifting chain let go. The central shaft then 
lowers away from the crosshead and the sides of the 
bucket expand, until the short chains between the 
latter and the small eccentrics are fully unwound ; 
at the same time a certain length of the slack of the 
lifting chain becomes wound on the large eccentric. 
The eccentrics on the shaft are so arranged as to 
give a large power towards closing the bucket at the 
commencement of closing, it being then desirable 
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DREDGING AT THE MERSEY DOCKS; HOPPER DREDGER NO. 




























































































Fia. 14. MoraGan’s GRAB-DREDGER BUCKET. 


(except, of course, that we have been unable to| 
print the figures denoting depths in different 
colours), and—as we stated when previously refer- 
ring to them—serve the twofold purpose of repre- 


senting the extent of the docks and also giving | 


an example of the system in vogue for ascertaining 
at a glance the condition of the estate. 

It is a very difficult matter to arrive at any basis on 
which to make an exact comparison of cost between 
the old and new systems of working. In the first 
place the conditions are widely different, and again 


the alterations have been gradual and have grown out 
of the necessities arising from an increasing traffic 
and extent of accommodation. There can be little 
doubt that the water of the Mersey now carries as 
much silt as ever it did since the docks were first 
| built. When the docks were cleared by the first 
system this silt was returned in the manner already 
|explained. By the second system a large expendi- 
| ture of power was devoted to lifting a great pro- 
| portion of useless iron as compared with the mud 
|dredged. Then the proportion of weight of bucket 





|was reduced, and the improvements in engines 
and boilers reduced the cost; but, with both 
|systems of ladder dredging the effect was the 
|same upon the material lifted. Mud and water 
were lifted together ; these were turned over and 
churned up in their passage into the barges until 
the stiff mud had become a sort of batter. The 
barges were then filled up with this batter, and the 
| solid portions sunk until the whole represented a 
load of varying consistency, but all so soft that a 
pole could easily be pushed to the bottom of the 
barge by the pressure of one hand. Then as the 
barge was being filled the upper portion was repre- 
sented by a few feet of water which carried mud 
in suspension in proportions varying from anything 
up to perhaps 40 per cent. of its volume. Through 
this all the stuff had to pass, and as the buckets 
continued to lift mud and water, the barges were 
soon filled with slush, and from them passed back 
into the water during quite the latter half of the 
filling operation a continual stream of turbid water 
carrying with it a very heavy percentage of mud held 
in suspension. But all this is now changed. The 
Morgan bucket, or grab, brings up the mud quite 
free of water, and even to a certain extent com- 
presses it. When the hopper is quite full it is as 
free of water as at the beginning or any part of the 
operation, and the silt is stiffand solid. In proof 
it is notable that a fewer number of barges of 
silt are now sent to sea than in the past, notwith- 
standing the increased area of dock space requiring 
dredging. Mr. Morgan has also devised an arrange- 
ment to be fixed to the jib head of an ordinary 
crane, to accelerate the opening and closing of his 
bucket, also to be used in the lifting of cargo, coal 
trucks, wagons, &c., or under any conditions where 
rapidity of working isa consideration. Judging by 
the drawings and models the arrangement is one of 
considerable value, and gives every promise of 
coming into general use. We hope later on to 
illustrate and describe it fully. 

The maintenance of docks connected with tidal 
rivers is a matter of such vast commercial im- 
portance that the experience gained at Liverpool 
is worthy of close study. Judging from the facts 
we have stated, the requirements to be fulfilled in 
the case of the Mersey have been most carefully 
considered, and Mr. Lyster is to be congratulated 
on the success which has attended the modifications 
in the mode of working which he has from time to 
time introduced. 








Coa. IN ALASKA.—Several coal mines in Alaska will be 
opened during the coming summer. Those on Admiralty 
Island are the most promising. 
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BRASS CARTRIDGE CASES. 
To THE Eprtor OF ENGINEERING. ; 

Sr, — Some few years back I wrote to the Field with a 
view of securing information relative to the cause of 
inaccuracy of rifle fire, which was distinctly traceable to 
the badly fitting cartridge cases. The facts are briefly as 
follows : Drawn brass solid cases, which are not an abso- 
lutely accurate fit in the chamber of a rifle, will give great 
inaccuracy of fire, but if the cases are reloaded they will 
shoot better and better until worn out, i.e., good shooting 
is only possible when cartridge cases become the exact size 
of chamber. : ue 

The difference of x}, in. will give such wild shooting in 
a 450-bore rifle at 200 yards that with exception of the 
Jirst shot out of a clean cold rifle, the others cannot put 
a bullet into a 20-in. circle. an 

If the charge and bullet are reduced, say, one-third in 
weight, good shooting can be obtained with very loose 
cases. f have had very large experience with several 
American as well as English rifles, and can vouch for the 
above facts, but so far have been quite unable to account 
for them, 

There is no leakage of gas, because the case expands and 
prevents this effectively, unless, say, gz in. too small for 
the rifle named ; so it is in no wise due to this, neither is 
it solely due to the expansion of the case, or why should 
the first shot be accurate ? 

The subject is a difficult one, and any information 
you or your readers can give will be of value, especially as 
the Army and Navy are to be soon provided with solid 
drawn cases for the Lee rifle. 

I could give numerous instances where good rifles and 
good men fave been abused and condemned gue J from 
the slight misfit indicated, and it is extremely doubtful if 
rifles and ammunition can be commercially made in quan- 
tities without such minute errors rendering numbers of 
weapons worthless for all accurate firing. 

The miserable coil case as usual in the Martini may 
after all be the correct thing, but for a totally different 
reason than for which it was originally designed. I can 
safely say that fully 50 per cent. of the solid cases made 
in Europe and America are useless for matches or sporting 
purposes, until expanded to fit the rifle. 

Yours truly, 
C. W. KInpeEr. 

Kaiping, North China, March 8, 1890. 





COMPOUND LOCOMOTIVES. 
To THE Eprror oF ENGINEERING. 

Si1r,—I have been much interested in Mr. Urquhart’s 
vaper on ‘‘ Compound Locomotives on the Grazi-Tsaritsin 
no Russia,” read before the Institute of Mechani- 
cal Engineers, which lately appeared in your journal. It 
occurred to me that it might S of interest to many of 
your readers to see some of the results obtained by com- 
pound locomotives on the German State railways. At a 
meeting of the Verein Deutscher Maschinen-Ingenieure 
in January last, a paper was read by Mr. Stambke, of 
Berlin, on this subject. He gave the results obtained 
with compound engines by the various State railway 
directions. These results are of value, as they were given 
after trials made by engineers who had never committed 
themselves, either for or against the compound system. 
It is notorious that while many professional men think 
compounding a locomotive a great success, others con- 
sider the game not worth the candle. With the best 
intentions in the world, the designer or inventor of acom- 
pound is sure to give the most favourable results he 
possibly can. For this reason I think these German 
reports of more than ordinary value, because they were 
drawn up, as I have already mentioned, by neutral engi- 


neers. 

On December 1, 1889, there were 118 compound loco- 
motives running on the State railways and_87 on order. 
Of the 205, 16 were express, 35 passenger (Personenzug) 
139 goods, and 15 tank engines. hey were divide 
among the various railway directions as follows : 














| 
—_— Express. | Passenger. | Goods. | Tank. 
Bromberg .. ee re “w {Ss 
Hanover .. i $s 16 22 39 12 
Frankfort-on-the-Main .. 10 | 
Magdeburg ee * és | se 29 


| 
i 





Since 1883 no tank locomotives have been ordered. 

Reports of the various Royal State Railway Directions 
on their compound engines. 

1. Bromberg.—The compound locomotives start easily 
in every pen, The jerky motion of the engine — 
the first few revolutions is, since the driver has got u 
to his engine, hardly noticeable. The steam supply, even 
with the heaviest trains, is sufficient and ample. The 
work (load x speed) done by the compound locomotive, is 
considerably greater than that done by the ordinary 
standard engine. 

The coal consumption, 10 to 15 per cent., average 12 
per cent. less. Sparks are never thrown out even with 
the heaviest trains. 

The cost of the compound is about 50/. more than the 
standard engine. The cost of repairs has so far not been 
found heavier than with ordinary engines, although 
special starting apparatus is fitted. 'The compound loco- 
motive runs very steadily, the motion work, however, is 
not so steady when running with high grades of expan- 
sion, This railway direction strongly recommends the 
adoption of compound 8 engines. 

2. Hanover tapes of three traffic offices and two re- 
pairing sheds).—Failures in starting are not more nume- 


rous with compound than with ordinary locomotives, 
During the first few revolutions a jerky motion is notice- 





MORGAN’S GRAB DREDGING BUCKET; MERSEY DOCKS. 
(For Description, see Page 669.) 
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able; it is not, however, of any importance. Locomo- 
tives tried with the Lindner starting gear have not so 
great a tractive power in starting. 

The steam supply even with the heaviest trains has 
always been found to be ample. The power of the com- 
pound locomotive is considerably greater than that of the 
ordinary standard locomotive. 

The premium for economy in coal consumed earned by 
the drivers of the compound is always higher than that 
earned by the drivers of the ordinary locomotives, 
although a deduction of 5 per cent. is made against the 
compound. 

The amount of sparks thrown out of the chimney of the 
compound is vlways less than with the ordinary standard 
locomotive. 

At first defects were found in the starting gear which 
have, however, now been made good. ith one delivery 
of compound passenger engine it was found that the 
steam chests cracked and that the valve face was much 
eaten away and scored. This cannot, however, be cited 
against the compound locomotive, as the first was caused 
by stresses in the casting, and the second by the port 


faces and valve not being equally hard. Valves with! 


composition of 82 per cent. copper, 14 per cent. tin, 2 per 
cent. zinc, and 2 per cent. antimony, have, where the 
lubrication was efficient, proved better. These remarks 
refer only to aan gd engines, with goods engines nothing 
of the sort occurred. The compound goods run steadier 
and the compound passenger quite as steadily as the 
standard locomotives. 

The Hanover-Cassel traffic office recommends that in 
future only compound engines should be ordered. 

3. Frankfort-on-the-Main.—The tractive power of the 
compound locomotive on starting is quite as great as that 
of the ordinary standard locomotive. 

The compound engine generates steam quite as well 
as the standard locomotive, The compound is more 
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| powerful than the standard engine and double running 


is not so often necessary. 

The coal used is found to be 17 per cent. less in the 
Nordhausen traffic district and 18 per cent. in that of 
Frankfort. 

When the compound is heavily pressed, less sparks are 
thrown out of the chimney than with the standard loco- 
motive. With ordinary loads no sparks are thrown out. 

The remarks on the slide valves in the Hanover report 
apply here. Cost of repairs in the most favourable cases 





is not higher than with the standard locomotive. 
| The compound runs steadily at the greatest speed 
allowed. 
| 4, Magdeburg.—As yet the compound engine does not 
“Ret away quite so quickly as the ordinary locomotive. 
| The jerky motion when starting disappears after two or 
| three revolutions. Three of the goods engines have the 
| Von Borries starting valve ; with the other engines live 
steam can be admitted to the low-pressure cylinder 
| through a cock under the control of the driver. This 
| arrangement is not automatic, the driver must shut off 
| the live steam supply. <A flap valve prevents this steam 
obtaining access to the high-pressure cylinder. This 
| latter arrangement is found to be quite as good as the 
| Von Borries. In long runs the generation of steam is 
| better with the compound than with the standard engine. 
| The work done by the compound engine (load x speed) 
| is greater than that of the standard. The greatest trac- 
| tive power is about the same. The coal and water con- 
| sumed is less with the compound than with the ordinary 
locomotive. The amount depends, however, on what 
|class of work the engine is doing. Engines engaged in 
various classes of work only show from 3 to 6 per cent. 
economy in fuel. Compound goods engines drawing 
| heavy loads long distances show from 15 to 20 per cent. 
| economy ; of course this is when the driver is used to his 
| engine, 
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A definite opinion as to the cost of ag com- 
pound in working trim cannot yet be given. Piston and 
slide valve require careful lubrication. The nut on the 
reversing screw was much worn, but on the other hand 
the firebox and tubes give promise of lasting longer. One 
drawback of the compound locomotive is that if leakage 

ast the high-pressure piston takes place it cannot be 

eard. The cost of keeping the flap valve starting 
arrangement in order is less than that of the Von Borries 
apparatus. 

5. Erfurt.—This railway direction have no compound 
locomotives of their own, but in order to gain experience 
as to their working, they borrowed a compound express 
engine with 1860 mm. driving wheels from the Hanover 
direction. Trials were made with this ~— and a special 
train in February and March, 1889. In May the standard 
locomotive was tried under the same conditions. The 
results, however, with the exception of some particulars 
about the exhaust pressure when running, are not given. 
The area of the pat orifice of the compound was 163 
square centimetres=10.7 per cent. of the area of the high- 
pressurepiston. Theareaof thestandard locomotiveexhaust 
orifice was 113 square centimetres = 9 per cent of piston 
area. At a speed of 50 kilometres per hour, 10 atmo- 
spheres pressure of steam, and 25 per cent. cut-off, a 
vacuum of 7 to 8 centimetres of water was measured in 
the smokebox of the standard engine. With the com- 
pound at the same speed and cut-off, but 12 atmospheres 
steam pressure, a vacuum of only 2.5 centimetres was 
recorded. The boiler of the standard engine supplied 
40 to 45 kilogrammes of steam per square metre heating 
surface per hour, while the compound’s highest figure was 
30 kilogrammes. In consequence of this the power of the 
compound engine was not so great as that of the standard. 
The exhaust orifice of the compound was afterwards made 
the same size as that of the other engine. The vacuum in 
the smokebox was then naturally greater. Under these 
circumstances the power of the compound was greater 
than that of the standard engine, with only a slight 
increase in steam consumed per unit of work performed. 

I refrain from making any remarks on these results, as 
no doubt your readers will prefer to draw their own con- 
clusions, 

I am, Sir, yours faithfully, 
AROLD Hawkins, St. I.C.E. 

8, Moencheberger Strasse, Cassel, April 14, 1890. 





ELECTRICITY ON SHIPBOARD. 
To THE Epitor OF ENGINEERING. 

Sir,—The inclosed is a translation* from La Revista 
Marittima of March last, which I have thought may be 
interesting to some of your readers as showing the 
attention that electricity as a science is receiving 
amongst the officers of the Italian Navy. It would bea 
great boon to naval officers generally, and naval engineers 
in particular, if some practical electrician who has the 
time on his hands, would do for us in his own sphere 
what Seaton has done in the field of practical engineering. 
Although ‘‘Thomson’s Dynamo Machinery” is a ver 
excellent work, there is still often expressed a great wis 
for a purely practical treatise which should include a full 
account of the details and precautions taken in the 
making, installing, and working all descriptions of 
electrical machines and apparatus in general use, avoiding 
all abstruse calculations and complicated formule. The 
constant change and routine of ship life, and the few 
opportunities of obtaining a sufficiently wide range of 
chanvenien over the field of a es yey progressive science, 
almost shuts out the hope of such a work ever being com- 

iled by any officer on the active list of the Royal Navy ; 
but I have no doubt that amongst your numerous readers 
there are many who have both the ability and the energy 
necessary for the successful fulfilment of such a task. 
Yours obediently, 
Curer Encinerr, R.N. 
H.M.S. Wanderer, Hong Kong, April 23, 1890. 





AMERICAN RAILWAY SPEEDS. 
To THE EpitoR OF ENGINEERING. | 

Srr,—A short time ago I read a paragraph in one of 
your contemporaries, giving details of some very fast 
running of special trains in America. The first was a 
train consisting of three coaches, which ran from Jersey 
City to Washington, 227 miles, in 4 hours 18 minutes, 
including a stop at Philadelphia to change —. a 
52.7 miles per hour. The second run was from Phila- 
delphia to New York, 90 miles, in 85-minutes, speed 63.7 
miles per hour; 55 miles between Wayne Junction and 
Bound Brook being runin 50minutes. In this latter case 
the load is not given, but the engine had 18} in. by 22 in. 
cylinders and 5 ft. 8 in. four-coupled driving wheels. 

We in England have now a pretty good standard by 
which to gauge the possibilities of fast running, namely, 
the race to Edinburgh, and we know that no such speeds 
have ever been accomplished this side of the water ; it is 
therefore a little startling to read of such feats as 
these. Itis not as if this were an isolated case, such 
reports are now of frequent occurrence; I do not, of course, 
refer to the daily papers, whose reports on railway mat- 
ters are invariably inaccurate, but to the leading engi- 
neering papers. Making all due allowance for inaccuracy 
and exaggeration, what must strike the English railway 
man is this, here are we building our engines with single 
driving wheels 7 ft., 7 ft. 6 in., and 8 ft. in diameter, in 
order to attain the high speeds at which trains are now 
run, and we are told that better results (or at least as 
good) are attained in America with engines having four 
coupled driving wheels 5 ft. 8 in. in diameter ! 

One is apt to wonder what Mr. Stirling would have 





* [We ~ to publish this translation in an early 
issue.—Ep. E.] 





said if, during the race to Edinburgh, an American engi- 
neer had suggested to him the advisability of running the 
10 a.m. from King’s Cross with a 6ft. coupled engine. 
Even our four-coupled express engines, intended for 
running the heaviest trains, are now constructed with 
7-ft. wheels. 

It seems a great pity that the Americans could not see 
their way to send over a typical engine to the Edinburgh 
Exhibition, which might have been tried on some of our 
fast trains. It would have helped to settle a number of 
vexed questions. 

Hoping that some English engineer who has had 
experience of American locomotives may be induced to 
give his opinion on this subject, 

Iam, Sir, yours faithfully, 

April, 20, 1890. ZULU. 





PATENT OFFICE LIBRARY, 
To THE EpIToR OF ENGINEERING. 

S1r,—I observe in your impression of to-day a letter on 
the above by ‘‘Subscriber,” in which he complains of 
having to obtain the bound volumes of journals devoted 
to science, &c., ‘through an attendant, resulting in much 
loss of time, and a second visit.” May I ask him what 
more he wants than to have the volumes he uires 
brought to him by an attendant as fast as needed? 
never have experienced any “‘loss of time,” nor the 
necessity of a “‘second visit,” through the adoption of the 
rule he complains of. They are all moonshine, and I 
certainly approve most highly of this new regulation, as 
it is calculated to prevent wilful mutilation of valuable 
and useful works, examples of which have led to its adop- 
tion, and will be found of great benefit to the public by 
enabling them to obtain the use of perfect—not mutilated 
—copies of the works they want to refer to. 

Had not this regulation been found needful, it would 
not have been established, and I know of my own know- 
ledge that it has been long required. Having had to use 
this library —— for some twenty years, I for one 
am grateful to the librarian for taking the matter in 
hand. Does ‘‘Subscriber” ever use the reading-room at 
the British Museum? If not, let him take a lesson there 
before he complains of ‘‘loss of time” and ‘‘second visits” 
to the Patent Office Library, or alleges the existence of 
impediments to the obtaining of any information which 
is in existence there. 

May I ask him if he came to refer to ENGINEERING as 
bound up, and found it mutilated, what would he do or 
have done? Your obedient, 

London, May 30, 1890. SATISFIED. 





MARINE ENGINE TRIALS. 
To THE EpiTor oF ENGINEERING. 

Srr,—The recent most interesting articles which have 
appeared in your paper on steamship performances, vy 
Professor Kennedy, lack completeness owing to the 
absence of definite knowledge as to the evaporation of 
water by the boilers, and priming during trial. This 
must be my excuse for troubling your readers with a sug- 
gestion that will get over the difficulty. 

Presuming the machinery to be tested is fitted with 
surface condensers, and it having been ascertained that 
they are tight, it is necessary to introduce such a substance 
into the boilers as will freely mix with the water, and 
can be readily detected even in most minute quantities in 
the condensed steam. 

The substance must be absolutely soluble, unalterable 
at the temperature involved, having no corroding ten- 
dency, and one which does not practically alter the 
boiling point. 

Common salt is as convenient as any, and is readily 
detected in the feed water. The proportion of it in the 
boilers being known, and it can be a pretty strong solution, 
the quantity of priming can be definitely found b 
analysing a moderate sample drawn from the hot-well. 
Other substances, such for example as sulphide of soda, 
or possibly one of the aniline dyes, might be substituted. 


ours truly, 
Aex. B, Wiison, M.I. Mech. Eng. 
Holywood, Belfast, May 30, 1890. 





THE BOURDON TUBE. 
To THE Eprtor oF ENGINEERING. 

Srr,—I have read Mr. A. G. Greenhill’s letter without 
discovering that he adds anything useful to the contro- 
versy. I was perfectly well aware that the component of 
the water pressure in the plane of the seam caused bending, 
but as its effect in a very flattened tube is small, it was 
precisely one of the complications from which I thought, 
and still think, the practical theory of the Bourdon tube 
may be disembarrassed. 

Mr. Greenhill discovered the Bourdon tube about a 
month ago. Since then he has first accepted Mr. Worthing- 
ton’s theory ; next written an article (in Nature) to prove 
that all theorising about the Bourdon tube was useless ; 
lastly pounced on my theory to make a correction. 

The Bourdon tube, according to the idea evolved from 
Mr. A. G. Greenhill’s inner consciousness, is a bent tube 
of any kind, shape, size, or thickness. The engineer has 
only to consider the actual Bourdon tube found in com- 
merce, which is thin and flat, and in which h is not =2r. 

As to the mathematician’s generalised idea of a Bourdon 
tube, no doubt Mr. A. G. Greenhill is right. No theory 
can be found which does not lead to discordancies and 
absurdities. But we hardly needed a mathematician of 
Mr. A. G. Greenhill’s reputation to tell us this. 

The value of my letter, if it had any merit, was in 
pepe. the problem out of the cloudy region of generality 
to which Mr. A. G. Greenhill had carried it, po showin 
that in a restricted case, which happened to be the practi- 
cally useful case, a solution was possible, 





However, the appeal is not to the mathematicians, but 
to the testing th xs and I hope before long to make 
some experiments which will show whether my formula 
yields numerical results approximate enough to be practi- 
cally useful. If it does not, there are modifications easily 
suggested (one for instance for the seam conditions), 
amongst which Mr. A. G. Greenhill’s correction is only 
one, and probably not the most important. 
Central Institution, June 2, 1890. W. C. Unwin. 








THE SCREW PROPELLER. 
To THE Eprror oF ENGINEERING. 

S1r,—In a justified commendation on Mr. Barnaby’s 
paper on the ‘* Screw Propeller,” read for the Institu- 
tion of Civil Engineers, Mr. Phillipsstates : ‘‘ The loss of 
pressure or vacuum in front of the blades of a propeller 
causes the negative slip.” This is perfectly correct, but 
the same thing was just explained in a letter to Enat- 
NEERING, viz., ‘‘ Centrifugal Force and the Theory of 
Propulsion” of May 2, 1890, where it was also pointed 
out thata complete vacuum arises on the passive side of 
a propeller blade, when its speed is not much over 40 ft. 
per second. As the rarefaction or vacuum principally 
arises from the centrifugal force, it becomes a function 
of the revolution, and assumes thus a certain value, 


T | totally independent of the slip being positive or negative, 


or nothing at all. Apart from what may be practically 
convenient to use, slip has nothing to do with the effi- 
ciency of a propeller ; it is, in fact, not correct to speak 
of slip, when the cohesion of the matter is so small, that 
its strength is insufficient to withhold or support the pro- 
peller, when it is not revolving; if a propeller was re- 
volving in butter, or the like, it might perhaps be correct 
to speak of slip, but in fluids, like water or air, which 
must be drawn towards the propeller, by means of a rare- 
faction or vacuum in front of the propeller, the concep- 
tion slip is a mere phantom. The illustration, which Mr. 
Phillips gives of negative slip, is, however, very good and 
original, viz.: Propeller pe Pa without any pitch at all 
on their active sides, but with their forward or passive 
sides very convex, with the greatest convexity near the 
leading edge, will drive a boat, because the bluntness of 
the leading edge deflects the fluid, so as to form a rarefac- 
tion or vacuum over that part, which is sheltered by the 
convexity. 

Major Elsdale, R.E., has undertaken the same experi- 
mentin air, and thus exerted a thrust with a propeller with- 
out _ pitch, the slip is consequently negative, when the 
propeller moves forward. In the said letter of May 2, 
1890, it was also mentioned, under what circumstances a 
propeller of ordinary form would have negative slip in 
the air, the slip might in fact be 60 per cent. positive, or 
the same amount negative without iuting the efficiency, 
because it has aa | to do with it. 

remain, Sir, yours obediently, 


June 3, 1890, C. Voar. 





Royat InstitutT1on.—The last Friday evening discourse 
will be given on June 13th by Professor Silvanus P. 
Thompson on ‘‘ The Physical Foundation of Music.” 





Victorian Raitways.—The whole of the lines autho- 
rised under the last Victorian Railway Construction Act 
are now about completed. No contracts for new lines 
can accordingly be let for some time. 





CANADIAN MINERALS.—The portion of the province 
lying between Lake pm ep eye and the anitoba 
boundary is stated to be rich in minerals. Besides copper 
and nickel, the latter in extraordinary abundance on 
the Atikokan, there are valuable ranges of ore suitable 
for the Bessemer process, some portions of which have 
been leased to American operators on the royalty system, 
with a guaranteed minimum output. Analyses of samples 
show 56 to 69 per cent. of metallic iron with barely 0.06 
ot of sulphur, and phosphorus almost inappre- 
ciable. 





Tue LATE Mr. Davip Roito.—We regret to have to 
announce the death of Mr. David Rollo, which took place 
on Wednesday, the 28th ult., in the sixty-ninth year of 
his age. Mr. Rollo was born at Glasgow, and started life 
there as a draughtsman in the works of Messrs. J. and G. 
Thomson, ultimately rising to the post of manager. In 
1854 he came to Liverpool as manager to Messrs. J. Jack 
and Co., of which firm he became a partner some years 
later. In 1877 this partnership was dissolved, and Mr. 
Rollo, with his two sons, founded the firm of Messrs. 
David Rollo and Sons, which has since engined many fine 
steamers. 





H.M.S. “BarwamM :” Erratum.—In the ‘ Notes from 
the South-West” in last week’s issue we referred to the pre- 
liminary steam trial of the cruiser Barham, stating that 
only 2000 horse-power could be reached, owing to the stiff- 
ness of the bearings, and a difference in the number of re- 
volutions between the port and the starboard engines. We 
have since learned that the starboard engines were worked 
steadily for 34 hours up to 180 revolutions per minute, 
indicating 1854 horse-power, and the port engines to 
150 revolutions, indicating 1136 horse-power, but owing 
to excessive movement in the thrust-block seatings, for 
which the makers of the engines, Messrs. R. and W 
Hawthorn, Leslie, and Co., Limited, were not responsible, 
it was not considered judicious to drive the engines faster 
than this. They thus develo 2990 horse-power out of 
3330, and the only reason why the contract power was 
not obtained was the yielding of the thrust bearings 
as above mentioned. This defect is now being put right. 
The engines worked perfectly, and the Government 
officials present expressed themselves highly satisfied with 
the performance of both engines and boilers, 
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PASSENGER LOCOMOTIVE FOR THE WESTERN RAILWAY OF FRANCE. 
CONSTRUCTED AT THE COMPANY’S WORKS, BATIGNOLLES, 
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We illustrate on the present and opposite pages, a8 NOTES FROM NORTH-WESTERN INDIA. | Policy that affect that boundary what, as seen from an 
well as by our two-page engraving this week, one of engineering point of view, is the present state of the 


the passenger locomotives exhibited by the Western Lanore, May 6, 1890. | case, and how far it appears to demand immediate 
Railway of France at the Paris Exhibition last year.| As the question of a very considerable extension of | action. 

We shall in an early issue further illustrate some of railway enterprise on our north-western frontier is| Down to fifteen or twenty years ago, whatever geo- 
the details of this engine, and for the present, there- rapidly ripening, it may be well to explain to those | graphical limits may have separated our property, from 
fore, we postpone our description, |readers who do not steadily follow the changes of | that of the Amir of Afghanistan to the north and 
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from that of the Khan of Kelat to the south, these 
potentates were separated from actual contact with 
our people by a belt of more or less wild tribes, who 
seemingly owed neither side any clearly-defined alle- 
giance, and our mode in those days of maintaining the 
‘*pax Brittanica” on our borders, consisted of alter- 
nately bribing and threatening these wild men, and if 
aaibe 
again, just to let them know not to carry 
too far. Now that the state of Afghanistan has got 
the great Russian empire for its neighbour on one side 
and British India on the other, the good old plan is 
not found good enough, and as we must either have 
the Amir for a friend or for a foe, we are obliged to 
come into much closer contact with him than we used 
to do, for if the former fringe of unruly tribes were 
in these days to carry on their old border feuds and 
forays under our noses, the Amir, if he suffered in any 
way, might justly call on us to keep the peace, and, 
failing redress at our hands, might not unnaturally 
turn for aid against his petty neighbours on our side 
to his powerful neighbours on the other, with whom it is 
our interest and indeedjthat of peace to avoid acollision. 
In this way it has come about that in spite of 
English unwillingness to undertake fresh obligations 
of a character that have admittedly no commercial 
value, we are being gradually driven to assume the 
active administration of the ‘‘no man’s land” that 
divides us from the Amir’s proper territory, and this, 
if not at the Amir’s direct instigation, at least with 
his clear concurrence. One very great step in this 
inevitable direction was taken no later than the 


treating, them to a little war every now and , 
things | 








beginning of last winter, by Sir Robert Sande- 
man, the Governor-General’s agent for Baluchistan, 
whose successful arrangements with the tribes has 
brought many thousands of square miles of the Suleiman 
Highlands under the avowed dominion of the Queen, 
and places the upper ends of a great number of easy 
passes through which Afghans and their allies might 
have poured into India in war-time, in our hands. 

But the possession in name of passes into one’s 
country, if separated from the power to defend them 
from aggression, is almost as vain a thing as to leave 
the passes in the hands of our possible enemies, and 
although the wild and warlike highlanders, who have 
accepted the advantages of throwing in their lot with 
the British Government, are eager for military service, 
and indeed, for the most part too poor and proud to 
accept any other employment, it is hardly the part 
of a wise government, with a great empire’s security 
at stake, to trust the keeping of its gates to an entirely 
new set of men, nor is it, fiscally — , practicable 
to so employ all the new levies who wil ly flock 
to any standard that offers them ready money, except 
at the cost of disbanding older and more tried servitors. 
It is thus, unless we mean to undertake the most 
fatal ames movement known in Asiatic politics, 
that of backing out of our engagements, absolutel 
necessary now to advance the positions occupied till 
now, along the line of the Indus river’s western bank 
by our picked frontier troops, the Punjaub Frontier 
Force, into the hills, so as to dominate at least the 
principal points of the new dominion. If we don’t do 
this, we had infinitely better have stayed where we 





were till we saw our way to a course by which we 
were prepared to abide, and, unfortunately, there is 
on these bleak mountain-tops no natural means of 
communication, such as a navigable river, nor even any 
adequate supplies for man and beast by which to feed 
the troops, while even if there were, the only way to 
give our small and scattered garrisons adequate sup- 
port to prevent their being cut off in detail in war 
time, is in these days to connect their cantonments 
with the fruitful mother country by a railway, by 
which the efficiency of an army like ours can be more 
than doubled. Here it will be seen is what will in 
England appear to be an almost entirely new phase of 
railway making, for it is mainly intended to operate 
when made as a powerful economiser of military force, 
if not in fact itself a military engine, and in the mean 
time, in the process of making, is one of the most 
powerful and efficient of political engines, for it throws 
a heap of ready money into the hands of the working 
classes, and tends to teach the value of civilisation to 
all who are ready to work for a living—a lesson that 
the wild tribes who live by plundering the caravans, 
who make no scruple on their part of shooting and 
mutilating strangers on sight, for fear they may be 
witnesses of marauding operations, can hardly fail to 
profit by. 

At the present moment there is room to suppose, 
that however the gist of this may be admitted in 
principle, there is a school of writers whose com- 
mercial instincts, not unlike those of him who re- 
gretted that the value of the precious ointment had 
not been given to the poor, see a notable and indeed 
sinful waste of money in thus devoting to the frontiers 
defences, what might have done undoubted good in 
promoting internal communications and extending 
trade. It. is in this connection a serious misfortune 
for a country like India that the accounts ofallrailways, 
whether they be intended as engines of war or as 
purely commercial undertakings, are grouped under 
one head and dealt with by one department, so as to 
appear as undertakings of the same kind, debitable to 
the same fund. As a matter of wise precaution against 
mistakes it were better far that two such questions as 
these should not be dealt with by the same depart- 
ment in its fiscal aspect, for there would then be less 
reason to fear that the result of panic on one hand or 
the fear of clamour on the other, might carry the day. 
It would, on one hand, be as unwise to stop paying on 
a fire insurance policy in order to extend one’s stock 
of inflammables with the money, as it would be 
to starve the household in order to improve the 

rden palings. Luckily, the present Public Works 

inister and his advisers are not men to do either 
the one or the other rashly, and indeed the new 
Frontier Railway system, with great rivers to cross 
and vast mountain ranges to pass over, is not a matter 
to be lightly undertaken. In the last Russian scare 
the present railway to Quetta, on the southern flank 
of what will soon be our new position, was undertaken 
at a moment’s notice and rushed through regardless of 
cost, without the topography having received one 
tithe of the study that it demanded. In the present 
case no fear of a repetition of that costly work need be 
feared, but no one need imagine that the communica- 
tions of the frontier are forgotten or abandoned, for 
all the delay of the next year or two will be fully 
occupied in studying how best and cheapest they can 
be carried out. The fact that such complete and 
deliberate plans are in hand, and that neither frantic 
haste nor idle sloth is the mainspring of the action 
being taken, is of itself greatly calculated to impress 
the native mind, and if the immediate necessities of 
the poorer tribesmen are only staved offfor the present 

y a modicum of preliminary road-making, &c., the 
fact that the railway will follow, and follow all the 
more steadily and completely once it begins, will 
suffice to overawe those who might else think it safe 
to take advantage of our scattered garrisons. 

It may well be hoped, however, that when the time 
for spending money on the frontier comes, some entirely 
separate mode of financing commercial undertakings 
may be invented. It were little short of madness to 
hang the fate of an empire on the chances of the money 
required a considered as more urgently needed 
this year in Madras or next year in Assam. 





NOTES FROM THE UNITED STATES. 

PHILADELPHIA, May 29, 1890. 
Tue American iron markets remain in about the 
same condition as last reported. Steel rails are quoted 
to-day at eastern mills at 30.50 dols. to 31 dols., and 
at western mills 33.50 dols. to 34dols. So far this 
week sales aggregate about 35,000 tons, although it is 
probable that actual transactions run far beyond this 
figure. Railroad building in the west is now being 
actively entered upon; most of it is usually done 
during the latter half of the year. The rail mills are 
all crowded with orders, either for rails, light and 
heavy, or other products. Large lots of old rails are 
wanted in American markets and stocks are light. 
Quotations at tide-water, 23 dols. Wire rods are 
quoted at 41.50 dols., and large lots are being sold at 
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that figure. 20 per cent. spiegeleisen is quoted at 
31.50 dols.; 80 per cent. terro-manganese, 75 dols. 
No. 1 foundry iron, northern make, 18 dols.; No. 2, 
17 dols.; grey forge, 16 dols. Southern iron is being 
offered in northern markets at 17 dols. for No. 1, 
16 dols. for No. 2, and 14.50 dols. to 15 dols. for grey 
forge. Heavy orders are arriving at southern furnaces 
from the north-west, and the extremely low prices of 
the past month have disappeared. Southern iron- 
makers are booking large orders for summer and fall 
delivery, and speculators are among the buyers. There 
has been a tendency for some months past to speculate 
in crude iron, notwithstanding the fact that produc- 
tion is at the rate of 180,000 tons per week. 

The railroad companies are very active buyers of all 
kinds of equipments; one works recently received a 
single order for 16,000 car axles. Heavy orders for 
rolling stock are being placed, and all the car-building 
establishments are crowded with orders. The loco- 
motive builders are all working overtime, and the 

ressure for power and rolling stock will increase, 
con month to month. The bridge builders are very 
busy, and large orders for bridge material have just 
been placed in Pennsylvania mills. The merchant 
bar mills throughout the country are working double 
turn, and booking orders for three months’ de- 


livery at ~~ ranging from 1.60 to 1.85. The 
agricultural sections are heavy buyers of agricul- 


tural implements, and from the mining States there 
is a very active demand for all kinds of minin 
machinery. The heavy demand for all iron and stee 
products is increasing the interest of investors and 
capitalists in iron-making enterprises in the south ; 
several companies have recently been organised to 
—- land and build mills and furnaces, sites 

aving been purchased in West Virginia, Tennessee, 
and Kentucky within the past thirty days, and steps 
will be taken during the summer for the erection of a 
number of blast furnaces. 

The production of coal, both hard and soft, is 
steadily increasing. In the Western States several 
valuable deposits have been recently prospected, and 
capital has been subscribed to make the necessary 
developments. In the manufacturing establishments 
of the north-west, the use of crude oil for fuel is gain- 
ing in favour as compared to soft coal; the main ob- 
jection tothe use of oil fuel is the high cost of the 
apparatus for its use ; new devices are being invented 
and introduced for this purpose, and crude oil will ere 
long be displacing a great deal of coal for steam raising 
purposes, 


Guascow, Wednesday. 
tlasgow Pig-Iron Market.—There was a dull tone in 

the pig-iron market last Thursday, and comparativel 
little business was done in warrant iron, The English 
Whitsuntide holidays seemed to have some effect in limit- 
ing transactions on the part of speculators. Scotch iron 
fell in price 3d. per ton on the day, while the fall in the 
price of Cleveland and hematite was 1d. and 4d. per ton 
respectively, the closing quotations being—NScotch, 44s. 3d. 
ner ton; Cleveland, 40s. 5d.; hematite, 52s. 104d. per ton. 
he tone of the market on Friday was quiet and steady, 
with very little fluctuation. In the afternoon up to 44s. 3d. 
was paid for Scotch warrant iron, 40s, 3d. for Cleveland, 
and 52s. 10d. for hematite iron ; and those were practi- 
cally the settlement prices at the close—4d. per ton higher 
for Cumberland hematite iron warrants. Monday’s 
market was quiet and dull, with a decided tendency on 
the part of prices to fall away for want of outside support. 
The reports from other trade centres did not indicate any 
improvement in the outlook, and a certain amount of the 
dulness was due to the lessening of the weekly shipments. 
Altogether the conditions prevailing afford no induce- 
ments to the public to operate, while the price was con- 
sidered still too high for capitalists to purchase warrants 
and lock them away for several months in the expectation 
of a revival of demand arising in theautumn. The price 
of Scotch iron was at one time down to 44s., but it did 
not go 4d. per ton below that price, as was the case 
about three weeks ago. Attheclose in the afternoon the 
settlement prices were—Scotch iron, 44s. per ton ; Cleve- 
land, 40s. per ton; hematite iron, 52s. per ton. There 
was a continuance of the dulness in yesterday’s market, 
and nothing of any importance occurred to lift the de- 
yression. fe was difficult to induce buying, and sellers 
had to give way in their quotations still further. In 
ordinary circumstances the steady withdrawal of such 
large quantities of pig iron from the stores as are reported 
from week to week would prevent prices from falling, if 
it did not stiffen them, and it is somewhat remarkable to 
find the price of warrants went | daily in face of the 
great reductions in the quantity of iron in the warrant 
stores. It is suggested that the probable early decline 
in the Continental shipments may be one of the 
principal factors in the situation. The absence of new 
orders for shipbuilding and other classes of work 
may also to some extent account for the dulness, 
and falling prices. ‘There was a further drop in the price 


of all sorts of pig iron, but hematite iron suffered most. 
At the close the settlement prices were—Scotch iron 
43s. 9d. per ton; Cleveland, 40s. (having recovered 
slightly in the afternoon); hematite iron, 51s, 3d. per ton. 
The favourable character of the Cleveland returns and 
the large withdrawals from store seem to be exercising a 


again to-day. At the close of the forenoon meeting the 
tone was slightly better. Scotch iron was quoted at 43s. 94d. 
per ton cash, but the price of Cleveland finished 1d. per 
ton lower, and that of hematite iron 2d. per ton down. 
Warrant iron continued dull in the afternoon, on 
renewed selling on the part of holders. The price of 
Scotch iron fell to 43s. 8d. per ton cash, that of Cleveland 
to39s. 104d., and that of hematite iron to 50s. 104d. per ton. 
Last week’s shipments of pig iron from all Scotch ports 
amounted to 8334 tons, as compared with 9343 tons in the 
corresponding week of last year. They included 600 tons 
for the United States, 757 tons for Canada, 270 tons for 
Australia, 1041 tons for Germany, 689 tons for Holland, 
558 tons for China and Japan, smaller quantities for other 
countries, and 3147 tons coastwise. ith the reduction 
made last week in the number of furnaces blowing, there 
are now in actual operation 84, as against 82 at this time 
last year. A reduction of 2s. per ton has been made this 
week in the price of Carron iron, No. 1 brand of which is 
now quoted at 67s. per ton f.o.b. at Grangemouth. The 
following are the quotations for some other brands of 
makers’ No. 1 iron: Coltness and Langloan, 63s. 6d. per 
ton; Gartsherrie, 60s. 6d.; Summerlee, 61s. 6d.; Calder, 
67s.; Glengarnock, 61s. 6d.; Shotts (at Leith), 63s. 6d. 
The stock of pig iron in Messrs. Connal and Co.’s public 
warrant stores yesterday afternoon stood at 739,257 tons, 
as compared with 748,805 tons yesterday week, thus 
showing for the week a decrease amounting to 9548 tons. 


Shipments of Machinery, c:c., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from 
the Clyde, reported last week, included the following : 
Locomotive engines and tenders, for Madras, Colombo, 
and Natal, valued at 9650/. ; sugar-crushing and jute ma- 
chinery, marine engines, and other machinery, of the 
value of 16,700/., chiefly for Calcutta, Melbourne, Bilbao, 
New York, Singapore and Penang, Sydney, Colombo, 
the Cape, Chili, and Spain ; sewing machine parts, value 

at 3335/., chiefly for Nantes, Antwerp, Calcutta, and 
Bombay; blooms, slabs billets, plates, bars, and other steel 
goods, of the value of 92501., ay for Chili and Peru, 
New York, Calcutta, Italy, Canada, Bilbao, Singapore. 
Melbourne, the Philippines, and the Cape; pipes and 
other castings, plates, sheets, bars, tubes, bridgework, 
and miscellaneous iron goods, valued at 48,5001. 


The Coal Trade.—In the coal trade to-day a quiet feel- 
ing prevailed. The prices of main and splint coals are 
again somewhat cheaper. Within the last few days there 
has been rather more inquiry for main coals for shipment 
from Glasgow, where the exports last week showed a very 
marked reduction. This increased demand is due to the 
fact that several large steamers have come in for cargoes. 
The trade in splint coals is distinctly easier. For ell the 
demand has been well maintained, in consequence of the 
brisk inquiry for Baltic ports. Steam coals are steady, 
with a good business doing up to 11s. 6d. per ton for 
Slamannan sorts f.o.b. at Stobeross Docks. In Ayrshire 
prices are about 3d, per ton below the rates quoted last 
— The following are to-day’s prices at Glasgow Har- 
ur: 
F.o.b. per ~~ 


& @. 8. d, 

Splint 9 Oto 9 6 

ain coal as ,, & 2 

Steam 102 411 6 

Ell Gt adem Pilate 9 © ,.10° 6 
Ayrshire coal, 8s, 9d. to 9s. f.0.b. at Ayrshire ports. 


Lanarkshire Steel Works, Motherwell.—A short distance 
from Motherwell, in the Middle Ward of Lanarkshire, 
therecently-formed Lanarkshire Steel Company, Limited, 
have made remarkable progress within the past three or 
four months in the erection of extensive works for the 
production of mild steel on the Siemens system. The 
chairman of the company is Mr. John Strain, a well- 
known Glasgow civil engineer, and who has lately also 
become a partner of the London firm of Messrs. Bateman, 
Parsons, and Strain; and the general manager (who is 
also a director of the company) is Mr. William Muirhead, 
who has had an extensive and varied experience in steel 
and iron works. The new works at Motherwell, which are 
being laid to the designs and under the immediate superin- 
tendence of Mr. Muirhead, bid fair toshow a very consider- 
able advance, as to their plans and arrangements, upon any 
similar works yet erected in Scotland. They seem to 
have been designed for carrying on the manufacturin 
operations with very marked economy. It is expec 
that they will be ready for making steel by the end of 
September. The first intention of the company was to 
erect the works near Cambuslang, three or four miles 
from Glasgow, but the site selected was eventually found 
to be on too limited a scale, whereas at Motherwell a 


it will soon be bounded on two opposite sides by branches 

of the Caledonian Railway—one for delivering coal and 

raw materia's, and the other for carrying away the finished 
Ss. 


Mining Institute of Scotland.—A meeting of this In- 
stitute was held in Glasgow last Thursday evening. Mr. 
J. M. Ronaldson, Inspector of Mines, president, occupied 
the chair. The chairman = a warm tribute to the 
memory of the late Mr. John Drinnan, a member of 
council, who recently Jost his life by the fire in Dalzell 
Colliery, and the secretary was instructed to record in the 
Minutes the Institute’s sense of the loss:they had sus- 
tained, and sent an excerpt to his widow. Mr. Alex. 
Faulds, Gateside Colliery, Cambuslang, was appointed a 
member of council in room of Mr. Drinnan. An interest- 
ing discussion took place on the paper read at last meet- 
ing by Mr. Landale, Kirkcaldy, on *‘ The Position of the 
Air Vessel on large Drainage .” Mr. Kean, 
Glasgow, read a paper on a “ Lon, Bisse Electric 





momentary influence on the market, which has been flat 


site extending to about 50 acres has been obtained, and | 190. 


use in mines he practically demonstrated. He also advo- 
cated the desirability of miners, in view of the part that 
electricity is likely to play in mining in the future, be- 
coming tna os | with electric science. The discussion 
of the paper, after some questions, was adjourned. 


Clyde Shipbuilding Trade.—The shipbuilding trade on 
the Clyde was comparatively quiet during the month of 
May, and the output of new shipping was somewhat 
small. It included 27 vessels of various kinds, of an 
aggregate of 26,158 tons, or 8817 tons under the output of 
the corresponding month last year, but 11,365 tons over 
that of the same month of 1888. Over the five months of 
the year, however, the output has been 150,869 tons, 
which is larger than that of any corresponding period in 
past years. There were included in the launches six 
steamers ranging from 5000 tons down to 1500. Three 
sailing ships of an aggregate of 5120 tons were included 
in the month’s output. 


Recent Deaths of Prominent Men.—The death took place 
on Monday of Mr. George W. Clark, og merchant 
long and intimately associated with the London and 
Glasgow Shipbuilding and Engineering agony omy the 
State Line steamers, &c. For 15 years or so he held a 
prominent position in the Clyde Trust in various capa- 
cities. He was 71 years of age at his death.—A few days 
ago, Mr. Hugh Neilson, of the Clydebridge Steel Works, 
died somewhat suddenly. The —_ partner of the 
company owning the works, he was well known in the 
iron and steel trades. He came of a notable Lanarkshire 
family, which included engineers, ironmasters, steel 
manufacturers, and James Beaumont Neilson, inventor of 
the hot blast.—To-day there has been announced the 
death of Mr. Hugh Symington, a well-known railwa 
contractor in this part of Scotland. He was in the 58t 
year of his age, and like Mr. Neilson, his death was 
somewhat sudden. Mr. Neilson, however, was very 
much younger than Mr. Symington. 





NOTES FROM THE SOUTH-WEST. 
Cardif/.—The steam coal trade has shown more activity. 
The best qualities have made 14s. 9d. to 15s. 3d. per ton, 
and good dry coal 14s. to 14s, 3d. per ton. The demand 
for house coal has been quiet, and prices have been the 
turn lower ; No. 3 Rhondda has made 14s. to 14s. 3d. per 
ton. Shipments of patent fuel have been upon a mode- 
rate scale. In consequence of strike troubles at Bilbao, 
Spanish iron ore has shown a hardening tendency. The 
manufactured iron and steel trades have exhibited little 
variation ; heavy section steel rails have made 5/. 2s. 6d. 
to 5l. 5s. ; and light section ditto, 6. to 6l. 5s. per ton. 


Severn Tunnel and Avonmonth Raiiway.—The Great 
Western Railway Company, which went to Parliament 
for powers to construct a railway between the Severn 
Tunnel and the Avonmouth Dock, has decided to abandon 
the scheme, for this year at least. The reason for the 
adoption of this step is the threatened opposition of a 
landowner through whose property the line would have 
to run. 


High Speed on the Great Western Railway.—In conse- 
a the opening of the London and South-Western 

ilway to Plymouth, the Great Western Railway has 
accelerated its expresses to Cornwall. On Monday an 
additional fast train, carrying third-class passengers, com- 
menced running from Paddington to Penzance, leaving 
the former terminus at 10.15 a.m., and reaching its desti- 
nation at 6.57 p.m., while a corresponding train was put 
on from Penzance at 11.15 a.m., arriving in London at 
7.50 p.m. Hitherto the Flying Dutchman has been 
credited with being the fastest train in the west, ac- 
complishing the journey from Paddington to Plymouth, 
a distance of 247 miles, in six hours and a quarter. But 
this will be eclipsed by the new service, by which the 
— will be completed in 5 hours and 35 minutes. 

rom London to Swindon, 77} miles, the run is accom- 
plished in 87 minutes; from Swindon to Bristol, 414 
mniles, in 53 minutes; from Bristol to Exeter, 754 miles, 
in 88 minutes ; and from Exeter to Plymouth, 52? miles, 
over the severest gradients of the South Devon section, 
in 80 minutes, the average speed throughout, excluding 
stoppages, being 48 miles per hour. 


The Late Mr. T. A. Walker.—The executors of the late 
Mr. T. A. Walker, contractor for the Barry Dock and Rail- 
ways, who died in November, 1889, are about to make a 
heavy claim for extras upon the Barry Dock and Rail- 
ways Company. It is alleged that the dock was built 
nearly one-third ae than was originally contemplated, 
and, also, that Mr. Walker executed a large number of 
extras not provided for in the original specifications. 
Altogether, the claim of the executors is stated to exceed 

, 0007. 

Street-Lighting at Bristol.—No settlement has been 
arrived at between the Bristol Gas Company and the 
Bristol Sanitary Authority as to the future contract price 
to be paid for lighting the public lamps. The company 
insists on the insertion of a strike clause, and the autho- 
rity will not agree to it. Meanwhile the gas supplied 
under statutory obligation, is charged at the rate of 
2s, 5d. per 1 cubic feet, instead of 2s. 3d. per 1000 
cubic feet as before, and subject to discount. 

Liquidation of a Welsh Company.—At a special meetin 
of the United Plate Company, Limited, at Landore, ft 
was resolved that the company should be wound up 
voluntarily. Mr. D. R. Knoyle was appointed liqui- 
dator. 

A South-Western Viaduct.—The Tavy Viaduct is one 
of the most striking works on the recently completed ex- 
tension of the London aud South-Western Railway to 
Plymouth. The viaduct comprises eight bowstring 





Bell,” the superiority of which over the one at present in 


girders. Each iron span is 112 ft. wide, and there are 
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nine masonry spans, seven of 50 ft. on the Warleigh side, 
and two of 30 ft. on the Beerferrers side, the tota length 
being 1449 ft. The ironwork is supported by 8 ft. cast- 
iron cylinders of lf in. metal, filled with concrete, and 
sunk about 80 ft. in order to secure a firm foundation. 
The viaduct is on a curve of 40 chains radius. Messrs. 
Relf and Pethick carried out the work with skill and 
energy. The bridge, which cost upwards of 50,000/. was 
two years in hand. It gives a headway of 25 ft. at high- 
water spring tides. 

Gas at Cardif.—The question of a oo sai purchase 
of the Cardiff Gas Works by the Cardiff Town Council is 
occupying a large share of , Bowe: public attention. It is 
— whether the ratepayers will sanction the pur- 
chase. 


Labour in Wales.—At a conference of Monmouthshire 
iron and steel workers and mechanics at Tredegar, it was 
resolved that it was desirable that all branches of industry 
in Monmouthshire and South Wales should be combined 
in one common federation. 


Avonmouth.—The Bristol Chamber of Commerce has 
adopted a memorial calling upon the local dock autho- 
rities to commence improvements at Avonmouth for the 
better accommodation of American passenger traffic. The 
proposed works will cost 190,000. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—There was a fair attend- 
ance on ’Change at the weekly market yesterday, but not 
a large amount of business was transacted, and what was 
done was chiefly directly between makers and consumers. 
Makers continue to pe freely at the current market 
quotations. No. 3G.M.B. Cleveland pig iron was done 
at 40s. 6d. pertonf.o.b. Tees, and closed with sellers at that 
price, buyers offering 6d. per ton less, Middlesbrough 
warrants were 39s. 104d. per ton at the opening, but later 
in the day advanced to 39s. 114d. per ton uyers for 
cash, which was the closing quotation. Grey forge 
ig closed at 39s. 6d. per ton. Shipments for May 
been quite up to the average, and are nearly 
4000 tons in advance of those for April, although about 
9687 tons below those for May last year. The deliveries 
to Scotland, however, continue very small. If the 
resent difference in the price of Scotch and Cleve- 
and warrants (3s. 6d. to 4s. per ton) can be maintained, 
there is, however, every = t that the Scotch trade 
will again be regained. “9 As the market was a shade 
easier, contrary to expectation, as it was thought that 
the favourable nature of the ironmasters’ returns would 
have caused prices to stiffen. No. 3 G.M.B. closed 40s. 
buyers, for prompt f.o.b. delivery, and Middlesbrough 
warrants closed at 39s. 104d. per ton cash buyers. 


Cleveland Ironmasters’ Returns.—These were issued on 
Sunday night, and, as stated above, are of an unex- 

ctedly favourable character, the decrease in stocks 

aving been much larger than was anticipated. There 
are 103 furnaces in blast, against 105 in April, and 104 in 
May last year, one furnace each having been put out of 
blast at the Carlton Iron Works, Ferry ill, and the Lin- 
thorpe Iron Works, Middlesbrough. Of these 60 are 
working on Cleveland pig iron, and 43 (against 45 in 
April) on hematite, basic, &c. The total production of 
Cleveland pig was 133,781 tons, an increase of 5368 tons 
on April, and of hematite, basic, &c., 104,979 tons, a de- 
crease of 1765 tons on April, the total make having been 
238,760 tons, an increase of 3603 tons on April. The 
stocks of Cleveland pig iron in makers’ hands amount to 
158,936 tons, an increase during May of 15,077 tons, and 
the stock in public warrant stores is 106,319 tons, a de- 
crease during the month of 27,419 tons, making the total 
amount of Cleveland pig iron in stock in the district 
265,255 tons, a decrease of 12,342 tons for the month, and 
of 104,102 tons since the end of May, 1889. 


Manufactured Iron and Steel.—The manufactured iron 
and steel trades continue very dull. Fresh orders are 
becoming very scarce, and at several of the works much 
difficulty is experienced in obtaining the specifications 
from which to execute the orders already on the books. 
Consequently some of the local establishments observed a 
longer Whitsuntide holiday than was specified in the 53 
hours’ agreement drawn up a few months ago. Messrs. 
Bolckow, Vaughan, and Co.’s steel works at Eston were 
closed all last week, only restarting on Monday night, 
whilst the engineers at their Middlesbrough works will 
be idle all this week also. Prices were again weaker on 
Tuesday, common iron bars being quoted 5l. 15s. per ton ; 
iron ship-plates, 5/. 7s. 6d.; and angles, 5/. 5s. per ton at 
works ie the usual discounts. Steel is also easier. 
Heavy rails are 4/. 17s. 6d. per ton ; ship-plates, 6/. 10s.; 
and angles, 6/. 5s. per ton at works. 


Fuel Trade.—The fuel trade continues inactive here. 
Good blast-furnace coke is offered at 15s. per ton at the 
ovens. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Advance in Engineers’ Wages.—A deputation from the 
Amalgamated Society of Engineers, having waited upon 
Mr. P. Stirling, chief engineer, and Mr. John Shotten 
at the Great Northern Plant Works, at Doncaster, and set 
forth the claims of the men to an increase of wages, a 
substantial increase has been granted, which will come 
into force at once, and affects about 600 of the workmen. 
The advance ranges from 1s. to 4s. a week for each man. 


Halifax Gas Works Extensions.—Messrs. Clayton, Son, 





and Co., Limited, of Leeds, are carr ing out some impor- 
tant extensions at the Halifax Gas Works. They are add- 
ing a third lift to the largest gasholder, which necessitates 
the raising of the twenty-four iron standards about 30 ft. 
This will give additional gas storage accommodation of 
about 800,000 cubic feet, or half the present capacity. The 
contract for the work is 6800/. 


Coal to London vid Hull.—The announcement is made 
that Messrs. Newton, Chambers, and Co. are sending coal 
to London by Hull. The Hull and Barnsley Railway 
soe the coal to the docks at Hull, where, by admirable 
mechanical means, the loading on board vessels is uickly 
effected. This is a new departure, and shows that at 
last practical steps are being taken to avoid the heav 
railway rates for inland transit. If it enables the Sout 
Yorkshire coal district to more effectually compete with 
Newcastle, much permanent good will result. 


Hulland Barnsley Railway.—A special general meeting 
of the shareholders of the Hull and Barnsley Rajlway 
Company has been held at Hull for the purpose of con- 
sidering two Bills now pending in Parliament, namely, 
one for the construction of a railway in South Yorkshire 
from Wath to Denaby and from Wrangbrook to Black 
Carr Junction, and the other for enabling the Beverle 
and East Riding Railway Com =! to extend their rail- 
way to Bridlington and to the in 1 and Barnsley Rail- 
way at Little Weighton. The chairman of the company 
(Colonel Smith) explained the probable effect which the 
opening of an important coalfield in South Yorkshire 
would have — the traffic of the Hull and Barnsley 
Railway, and_said that the proposed action of the 
Beverley and East Riding Railway would not be a dis- 


advantage to the Hull and Barnsley Railway. The sen- Th 


timents of the chairman were indorsed. 


The Engineering Trades.—From the shops at which 
engineers’ tools of improved construction are made some 
rather heavy consignments have lately been shipped. 
For lathes and other apparatus required for the execu- 
tion of contracts for extensive public works, markets both 
at home and abroad seem to be satisfactory. Machinery 
for the manufacture of textiles is being inquired for more 
than it was, and machine tools of most descriptions are in 
full average demand. The agricultural implement trade 
is also better. 


Great Reduction in Coke.—At some of the coke ovens in 
the district thousands of tons of coke are stacked, and 
though it is offered at half the price of last year it cannot 

sold. The coke converters have in many instances 
been put on short time, and there is a movement to 
reduce their wages 10 per cent. As they are for the 
most part members of the Miners’ Association, this may 
lead to unpleasantness and a disruption of trade. Several 
disputes with pit masters and men are also likely to end 
in ruptures, and before long two very large strlen may 
have to be reported. 





LAUNCHES AND TRIAL TRIPS. 

THE s.s, Kallatina, built to the order of the Clarence, 
Richmond, and Macleay Rivers Steam Navigation Com- 
any, Limited, of Sydney, New South Wales, was 
aunched on the 26th ult. by her builders, Messrs, David 
J. Dunlop and Co., Inch Works, Port- — The 
dimensions of the new steamer are: Length between 
perpendiculars, 179 ft. ; breadth moulded, 28 ft. 3 depth 
of hold to main deck, 11 ft.6in. The machinery is of 
the tri-compound type, and has been designed for a work- 
ing pressure of 160 Ib., the boiler being specially large for 
burning native coal. The cylinders are 15 in., 23 in., and 
38 in. in diameter, with a 27 in. stroke. 





The Campbeltown Shipbuilding Company launched 
from their yard at Campbeltown (Firth of Clyde) on 
Saturday, 31st ult., a screw steamer of 2650 tons dead- 
weight capacity, which they have built for M. Robert 
Delarne, Dieppe. The following are the chief dimen- 
sions of the boat: Length, 260 ft. (between perpen- 
diculars) ; breadth, 36 ft. 9in. ; and depth, 19 ft. 6 in. 
moulded. Machinery of the triple-expansion type with 
cylinders 19in., 31in., and 50 in. in diameter by 39 in. 
stroke, is to be supplied by Messrs. Muir and Houston, of 
Glasgow. On leaving the ways the vessel was named 
Dieppois. 





On Saturday, 3ist ult., the screw steamer Moss Rose 
proceeded on her trial trip on the Forth. The Moss Rose 
is the latest addition to Messrs. Richard Hughes and 
Co.’s (Liverpool) fleet of coasting steamers, and has been 
built by the Grangemouth Dockyard Company to the 
order of Messrs. Hutson and Corbett, who have supplied 
the machinery, which is compound surface-condensing, 
having cylinders 20 in. and 40 in. by 30in. This vessel 
is 150 ft. long by 23 ft. beam by 10 ft. deep, and on the 
trial trip attained a speed of 114 knots between Inchkeith 
and the Oscar Light. 


The dle steamer Adder, built by the Fairfield 
Shipbuilding and Engineering Company, for Messrs. G. 
and J. Burns, for the Greenock and Ifast daylight 
service, went on her official speed trials on Saturday, 
31st ult. The stipulation was that she was to run six 
times consecutively between the Cloch and Cumbrae 
Lighthouses at an average speed of 19 knots. This the 
Adder not only did, but easily made 204 knots, the 
average speed of the six runs being 194 knots. The Adder 
was afterwards placed upon the measured mile at Skel- 
morlie, on which she averaged 20} knots. 





The s.s. Valin was launched from the yard of Messrs. 





W. Doxford and Sons, at Pallion, on Tuesday afternoon 
last. She had been built to the order of Messrs. A. 
d’Orbigny and Faustin Fils, of La Rochelle, France, is 
entirely of steel, and built to Lloyd’s 100 Al class. The 
principal dimensions are : Length between perpendiculars, 
250 ft.; breadth extreme, 35 ft. : depth moulded, 18 ft. 
6 in.; with cellular bottom fore and aft. The engines are 
trigic-expension, three-crank, by Messrs. Doxford, the 


4 inders — 21 in., 33 in., 54 in. by 36 in. stroke, and 
be ey are supplied with high-pressure steam from large 
ers. 


The screw tug Shamrock, built by Messrs. E. Finch 
and Co., of Chepstow, to the order of Mr. D. B. McCallum, 
Jun., of Cardiff, ran her trial trip from Chepstow to 
Lundy Island, on May 13, during a fresh breeze and a 
choppy sea. She is 90 ft. long, 17 ft. 6 in. broad, and 
9 ft. Gin. deep, with compound surface-condensi ng engines, 
having cylinders 18 in. and 34 in., by 24 in. stroke; one steel 
boiler working at 90 lb. pressure. She is classed 100 Al 
at Lloyd’s, and is specially fitted for salvage operations, 
with steam windlass and winches; also two 9 in. cen- 
trifugal pumps by the Pulsometer Engineering Company, 
capable of discharging 1700 gallons of water per minute 
each, together with a No. = pulsometer, having a dis- 
charging capacity of 80,000 gallons per hour. The results 
were declared satisfactory. 





The steel s.s. Brazil, built by Messrs. James and 
George Thomson, Limited, at Clydebank, for the Bra- 
zilian Steam Navigation Company, has just completed 
her speed trials, preparatory to leaving for South Ame- 
rica, where she is to be engaged on the coasting trade. 
e vessel is over 2000 tons gross, and is of the fo lowing 
dimensions: Length, 282 ft.; breadth, 38 ft.; and depth, 
22 ft. She is fitted with an electric lighting instal- 
lation, with duplicate generating plant. She has a 
large awning deck, on which are the music saloon and 
smoking-room, and the second deck is open on either 
side right aft, affording good ventilation to the state 
rooms and a sheltered promenade. There is accom- 
modation for 106 first-class passengers, and room forward 
for 400 emigrants. The propelling machinery is of the 
triple-expansion type, with cylinders 27 in., 404 in., and 
61 in. in diameter respectively, with a piston stroke of 
45 in. Steam is supplied by two double-ended boilers 
13 ft. 6 in. in diameter by 15 ft. 6 in. long. There are 
six furnaces with Fox’s corrugated flues, with a steam 
pressure of 150 1b. to the square inch, and with the engines 
working to 86 revolutions per minute the speed on the 
measured mile was 13.6 knots, while on a four hours’ run 
when the engines were slowed down to about 83 revolu- 
tions, the speed maintained was 13 3 knots. 





The s.s. Tetartos, built in 1883 by the Flensburg Ship- 
building Company, for their own line, and capable of 
carrying 3500 tons deadweight, has had her compound 
engines replaced by machinery of the tri »le-ex pansion 
type constructed at the Central Engine Works West 
Hartlepool. On a light trial the speed attained was 
12 knots, and on the loaded trial 104 knots. The coal con- 
sumption is said to be 14 tons per day against 23 tons 
formerly with compound engines. 





On the 3rd inst. the s.s, Leon went on her speed trials, 
She was built by Messrs. W. Allsup and Sons Limited, 
Preston, to the order of Mr. A. oo Amal of Bergen, for 
carrying green fruit from the West Indies to New York. 
The Leon is 205 ft. long, 28 ft. beam, and 19 ft. depth to 
the upper or awning deck. She has accommodation for a 
few passengers. The engines are of the tri le-ex pansion 
type, of 120 nominal horse-power, with cylinders 17 in., 
27 in., and 43 in. in diameter, and a stroke of 30 in. The 
vessel attained a maximum s of 14 knots during her 
trial, and a mean speed of 13 knots over a distance of six 
miles, which was considerably above the speed guaranteed 
by the builders, 





On the 3rd inst. Earle’s Shipbuilding and Engineering 
Company, Limited, launched from their yard at Hull two 
iron steam trawlers, 100 ft. long by 20 ft. 6 in. beam by 
10 ft. 9in. depth of hold, named respectively Ionic and 
Jurassic, and built for the Grimsby Steam Fishing Com- 
pany to Lloyd’s 100a class, with necessary excesses of 
scantlings in desirable parts. The builders will fit them 
with their special steam trawling winches, and also with 
triple compound engines having cylinders 123 in., 20 in., 
and 32in. in diameter by 22in. stroke, supplied with steam 
by a steel boiler of ample size to work at 150 Ib. steam 

ressure. These are sister ships to the s.s. Gaelic and 

ellenic launched a week or two ago, and the former of 
which went on her trial trip on the 29th ult., averaging 
10 knots on the measured mile in a very choppy sea. 


On the 3rd inst., Messrs. Cox and Co., Falmouth, 
launched the s.s. Victorina R., being the first of two dupli- 
cate vessels building for the execution of a Government 
contract in South America. Her dimensions are: 95 ft. 
long by 18 ft. Gin. beam, and 10ft. deep. Passenger 
accommodation is fitted under a raised quarter deck ; the 
officers’ and crews’ quarters are pla forward of the 
machinery space. The engines are triple-expansion 
surface-condensing to indicate 320 horse-power. Steam at 
150 lb. working pressure is supplied from a large steel 
boiler fitted with two spirally corrugated furnaces. 





Frencu Briast Furnacts.—The number of furnaces in 
blast in the Longwy and Nancy districts at the com- 
mencement of May this year was as follows: Longwy— 
in blast, 24; out of blast, 6. Nancy—in blast, 23; out 
of blast, 2. 
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ENGINEERS IN INDIA. 

THE engineering profession in India is at present 
much exercised over the promise of a Parliamentary 
Commission at home to inquire into the wrongs of 
the so-called ‘‘uncovenanted”’ services. As already 
explained in these columns, its original uncove- 
nanted servants were natives of India with at most 
no stronger claim to European origin than one 
based on mixed parentage, and so long as indigenous 
products are cheaper than exotics there is little 
reason to cavil at the hard-and-fast line which has 
to be drawn somewhere if—and this is a very 
important if—it does not place an impenetrable 
barrier across the career of first-class merit. Ac- 
cording to English tradition, Westminster Abbey 
and the House of Peers are open to all classes, and 
men have in fact succeeded to command ships and 
regiments, if not fleets and armies, who came in 
through the hawse-pipe or enlisted for a shilling. 

In India notable cases are not wanting where, in 
spite of first-class merit, the doors of promotion are 
more absolutely closed to men of actually pure 
European blood whose misfortune it was to enter 
administrative or judicial employ through the in- 
ferior door than even to natives, but so far, at least 
in theory, no such disability has been set up ad 
hoc as against the engineering profession with 
which we havetodeal. In their case the grievance 
is that ali civilian engineers were originally classed 
as a body with the uncovenanted, or as we would 
prefer to call it, the indigenous service, and the 
fact that many members of the department were 
actually Royal Engineers while others were mem- 
bers of the Indian Staff Corps, i.e., were super- 
numerary military officers whose bent in peace 
time led them to leave regimental employ and take 
to roadmaking, &c., left the more expensively 
trained civil engineer in a social and financial 
position invidiously inferior to that of their military 
compeers and preposterously out of line with 
brothers and cousins who happened to enter 
Government employ through a civil service crammer 
rather than through Cooper’s Hill. 

It is not contended here that the functions of 
Government proper do not justify the donation of 
even higher prizes to merit of the first class than 
to any technical department whatever. In Eng- 
land, with its inherent capacity for self-government, 
things are different, and it is conceivably worth 
while there to pay the individual managers of half 
a dozen lines of railway as highly as the permanent 
heads of the great administrative departments of 
the State. In any case, the fact that a service 
offers very high prizes indeed to success is by no 
means a good ground for paying its rank and file 
proportionately high. The ultimate reason for 
paying the executive ranks of any department 
highly is the prosaic one of keeping the individual 
above the risk of temptation, and in this point of 
view there is a reason in the enormous difference in 
salary between the Indian district oflicers who 
collect the revenue, and the engineers who supervise 
the expenditure of that large part of it in which 
there is most room for extravagance on the ofticer’s 
part and peculation on that of subordinates. 

Nearly twenty years ago the Secretary of State 
very clearly decided that differences of emolument 
as between soldier and civilian engineers should 
cease, and, moreover, he set so vigorously about it 
that the pay of civil engineer ranks was raised by 
some 50 rupees per mensem all round, and that of 


staff corps engineers was peremptorily reduced to 
9 


the same figure from one that, by dint of com- 
unding military with civil pay, was inordinately 
igh. About the same time a line was drawn for 
all staff corps officers by which those who entered 


634| before a certain year kept the former scale of 
i pene that rose to 10001. a year, while those 


elow could not rise to more pension than 7501. ; 
and, in short, civil engineers had ever reason to 
suppose that their cake was baked and the promises 
made them in a fair way of fulfilment. At that 
time the bulk of the Royal Engineers in the de- 

rtment were the former servants of the late 

onourable East India Company with a special 
scale of pensions, aided by a fund of their own; 
the recruitment of this corps with its special rights 
and privileges had terminated with the company 
it served, and the new comers by the Royal 





Engineers’ door to the department, were English 
servants of the Queen, with in the first instance on 
the one hand no Indian pension, properly so called, 
and on the other a very limited obligation, if any, 
to serve the Indian Government longer than they 
chose. Under these circumstances the ‘‘ Equal 
emoluments for equal duties” promises of Govern- 
ment have attained a very unsatisfactory, not to 
say equivocal, fulfilment. After reducing the staff 
corps men’s pay, it was ultimately seen that this 
arbitrary proceeding could not be upheld, and that 
pay had tuo be restored with arrears. The next 
step was to close the staff corps door of entrance, 
leaving the argument on the basis of equality to 
hold only as between Royal Engineers who got no 
Indian pension and civil engineers who got the 
pension of the indigenous-uncovenanted. Partly 
on the ground of his getting no Indian pension, 
and partly on that of having to keep up uniform 
and general liability to military service, the Royal 
Engineer was allowed to draw, and still draws, a 
modicum of military pay over and above the pay 
proper of a civil engineer in the same depart- 
mental grade, and all that has since been done in 
answer to repeated protests from civil engineers 
as to their status, is to increase the salaries of the 
lower grades in a manner that affects civil engi- 
neers and Royal Engineers alike ; to improve the 
scale of civilian pensions slightly in rupees, while 
that of Royal Engineers who elect to serve con- 
tinuously in India has been put upon the staff corps 
scale in rupees. Hence it is competent for any 
Royal Engineer whose service dates with his com- 
mission as early as his eighteenth birthday, to 
gain a pension of 7501. a year by the time he is 50, 
while under the good old uncovenanted disabilities, 
a civilian whenever he enters cannot count his 
service below his twenty-second birthday, cannot 
possibly get more than 7000 rupees, or at the 
present exchange 500/. a year, and gets as a rule, 
unless exceptionally lucky in promotion, a maxi- 
mum of 5000 rupees = 3601. 

Above all, the odium of the uncovenanted dis- 
tinction remains after the official use of the actual 
word has been withdrawn. Now that railways 
have developed a demand for specialists, the Royal 
Engineers being hopelessly beaten from the techni- 
cal fields, have calmly betaken themselves to the 
higher realms of administration, and men who can 
neither handle traftic, keep a road in order, or 
design a wagon, have ingeniously turned a defeat 
into a victory by grasping the ‘‘ management” of 
those who do the work, turning the latter into 
mere hewers of wood and drawers of water. Few 
more brilliant sophisms have been perpetrated 
than that by which perhaps the oldest man and 
certainly the ablest Royal Engineer in the 
department, puts the case when he says he would 
rather be an engineer of men than an engineer 
of bricks and mortar. The work of engineering men 
whose life-long service has chained them to the 
departmental oar, is no doubt one which can be per- 
formed with tact and discrimination, with that most 
wonderful gift of discerning the fittest instrument, 
bringing it to the highest possible efficiency, and 
developing its maximum usefulness. Engineering 
men may in short vary from the highest form of 
leadership, to the lowest of coercion, and there is but 
too much reason to fear that a close bureaucracy may 
develop the latter result. Engineering bricks and 
mortar cannot perhaps rise to the greatest height 
of administrative talent, but neither can it fall to 
the lowest. As bricks and mortar can only be 
laid by men, and by men two who are free to 
take their labour to another market, this form 
of engineering is in fact cognate to the other, and 
often, if not always, demands powers of the first 
class. 

A curious instance of the uncovenanted leaven 
appears in a quite recent resolution published by 
the Government of India. The difficulty of — 
Royal Engineers for necessary duties in the fiel 
have been mentioned in these columns, and the 
Government has met the difficulty, or thinks it 
has, by rules which give relative rank, proper 
uniform, and a scale of gratuities and pensions 
for wounds, to civil officials employed with 
an army in the field, as approved by the Secre- 
tary of State for India. In point of relative 
rank, a civilian of five years’ standing, equals an 
assistant engineer of eleven, and a captain of twelve 
years’ standing, equals an executive engineer of 
twenty, and a major, a scale in which it may well 
happen that a second grade executive engineer 
cs a above a first grade executive in the force, 
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though below him and liable to serve under him 
departmentally, as more than one major is, in spite 
of Royal Engineer advantages, but still in the 
second executive grade. What is even more sur- 
prising and preposterous is that even a first grade 
executive engineer with a major’s rank gets only a 
captain’s wound pension, and hence is placed at an 
immense relative disadvantage, for while as a rule 
very few captains are married men, senior civilian 
executive engineers rarely attain the corresponding 
rank till they are forty-two years old and have a 
pretty large family at their heels. 





THE WEATHER OF MAY, 1890. 
THE weather of May has been of a fair typical 
character in Great Britain, but in Ireland rainy. 
The mean pressure and temperature of the atmo- 
sphere at extreme positions of the British Islands 
to which the Isle of Man is central were as follows : 





| Mean 








ener Mean | Difference | Difference 
Positions. | Pressure. | from Normal. —— from Normal. 
| | . | 
| in. in. | deg. deg. 
North a 29.85 below 0.06 49 above 2 
South .-| 29.81 a | ee | nil 
West | 29.77 ” 18 53 above 2 
East ‘"] 99/84 eae 51 nil 
Central ..| 29.82 oe aT above 1 


} 


The distribution of rain in frequency and amount 
may be inferred from the following results : 





Difference 








Places. | Rainy Days. Amount. betas teaeanal: 
| | in. in. 
Sumburgh .. 7 15 1.50 less 0.21 
Scilly .. os ay 20 4.13 more 2.47 
Valencia o* 26 5.41 » «2.52 
Yarmouth | 9 | 1.15 less 0.70 


The daily general directions of the winds over 
these islands give a resultant from S.E., but when 
the estimated strength of wind is taken into the 
computation, the resultant is from S.S.E., and 
this agrees with the resultant wind indicated by 
the mean distribution of atmospherical pressure. 
This pressure was below the normal values, and 
the defect was greatest in the south-west of England 
and west of Ireland, which districts had the most 
frequent and abundant rains. The greatest pres- 
sure, 30.3 in., occurred on the 22nd; the least, 
29.3, on the 18th. Several small cyclonic distur- 
bances travelled in rather abnormal directions, 
namely, east to west, south to north, east-south-east 
to west-north-west. Thunderstorms occurred on 
the 6th in Ireland, on the 11th and 12th in south 
England, on the 14th in north Scotland, on the 
19th in England, on the 24th in south-west England, 
and on the 25th in south-west England and south 
Ireland. On the 16th 1.18 in. of rain fell at 
Holyhead. 

The highest temperature, 80 deg., was reported 
at Southampton on the 24th ; the lowest, 31 deg., 
at Braemar on the 7th. An examination of the 
temperatures for each day shows the spell of cold 
weather which is usually expected in the second 
week of May. The mean temperature, which had 
been rising to the 5th began to fall, continued low, 
and did not recover its position on the 5th till the 
17th, thence it rose to the 24th, then a decline 
took place again till the end, when it was as low 
as at the beginning of the month. The periodic 
chill in May is traceable in all parts of the United 
Kingdom and in Western Europe. It is probably 
due to outpour of air from the central region of the 
eastern continent. In spring occurs the transition 
from the winter to the summer distribution of 
atmospheric pressure over the continents and the 
oceans. In winter the atmospherical pressure is 
greater over the continents than over the oceans. 
In summer these conditions are reversed. In 
pone and autumn an equilibrium is effected for a 
short time. In spring some of t:1e surplus air over 
Siberia and central Europe, in transference to the 
ocean, produces the seasonal prevalence of easterly 
winds, and the solar influence in May, leads to the 
phenomenon being then well marked. Easterly 
winds have prevailed this month about 21 days. 
The weather notations indicate clear fine days to 
have ranged between 9 in the east and 6 in the 
west ; overcast, between 15 in the west and 8 in 
the east. Most sunshine might therefore have 
been expected in the east and the least in the west 
districts. During the four weeks ending the 31st, 
the duration of bright sunshine, estimated in per- 





centage of its possible amount, was for the United 
Kingdom, 41; Channel Isles, 52; east and south 
England, 47; north Ireland, 45; west Scotland, 
44; south-west and central England, 42; south 
Treland, 40; north-west England, 39; north-east 
England, east and north Scotland, 32. 

The spring has been rather mild, healthy, 
beautiful, and favourable for the crops. Mild 
springs have so often been the precursors of warm 
summers that agriculturists may look forward for a 
propitious season. The wheat yield in the British 
islands follows the summer rainfall. Good wheat 
years are those of hot, dry summers. Bad harvest 
years are those of very wet summers. A mean 
temperature above the average and small rainfall 
during the months of June, July, and August, 
imply much clear sky and bright sunshine. <A 
large rainfall implies an excessive prevalence of 
cloud intercepting sunshine. A mean temperature 
below the average for these months also implies 
prevalence of cloud though not necessarily large 
rainfall, and such summers are favourable to only 
moderate returns of wheat. Of course, mischief to 
the growing crops may be of too early date to admit 
of good yields from even favourablesummer weather, 
but such has not been the case this year. The 
winter was not over severe, and the spring has 
been fine and dry for the most part. 





SUMMER TRAINS TO SCOTLAND. 

Tue time tables for June just issued by the 
leading railway companies will be regarded with 
more than usual interest, as the passengers by the 
Great Northern and Midland Companies’ trains are 
now taken to the north over the Forth Bridge. 
The new arrangements also indicate probabilities 
of a race to Scotland similar to that in 1888, The 
influences now at work are more pronounced than 
they were then. It is true that the origin of the con- 
test was the move on the part of the Great Northern 
in November, 1887, towards making their system 
more popular by including third-class carriages in 
their express trains to Edinburgh, as in the case of the 
other lines; but the real cause was undoubtedly the 
great spirit of rivalry which existed, and which was 
aggravated by the prospective opening of the Forth 
Bridge. It is not necessary to refer at length to 
the successive stages in the now historical ‘‘ race to 
Edinburgh ;” we dealt with them recently in con- 
nection with the opening of the Forth Bridge by 
the Prince of Wales.* Suffice to say that the 
Great Northern made the shortest run to the 
capital of Scotland, covering the 392 miles in 7 h. 
26? min., including stoppages, the average running 
speed being about 574 milesan hour. This remark- 
able run was made in August, 1888, about which 
time a conference was held and resulted in a working 
agreement. The following gives the times taken by 
the trains leaving London about ten o’clock accord- 
ing to the truce then come to : 


Hrs. Min. Distance. —— 
Miles. 


Miles. 


West Coast: ToGlasgow 8 57 401 49 
To Edinburgh 8 0 400. oot 
Kast Coast: ToGlasgow 9 45 489} 49 
To Edinburgh 7 45 3924 54 
Midland: ToGlasgow 9 22 423 49 
To Edinburgh 9 44 413 46} 


We have given these figures, since the journeys 
were run in accordance with agreement. It will 
be noticed that the journey to Edinburgh is accom- 
plished at a much greater speed than the others, 
and that in this respect the Great Northern has the 
advantage by a quarter of an hour. Throughout 
the whole contest this was the case. 

The distance on the East Coast route, as will be 
seen from the Table, is 7? miles shorter than on 
the West, but in addition there is the important 
factor of gradients, and these in the London and 
North-Western line north of Preston are very 
much heavier than on the Great Northern system. 
It may, therefore, be taken that in 1888 the East 
Coast route had the advantage over the other 
competing line, so far as the run to Edinburgh 
was concerned, although the Glasgow traftic was 
secured by the London and North-Western and 
Caledonian. The system contending most with 
them is the Midland, and as this line works 
amicably with the Great Northern and North 
British, the opposition is the greater. 

It might appear as fair that while the London 
and North-Western should secure by tacit consent 








* See ENGINEERING, pages 285 and 286 ante. 





the advantages so far as Glasgow traftic was con- 
cerned, the Great Northern and allied company 
should have such benefit as a quicker passage to 
Edinburgh would afford. At first sight it seems 
only a case of equality ; but examined in the light 
of recent developments this is not quite so. The 
traffic from the south to Edinburgh and Glasgow 
respectively may be regarded as about equal. In 
the tourist season both offer charms, historical and 
picturesque, for Glasgow is the natural starting 
place for a trip up the West Highlands. Buta very 
popular circuit is to the north by rail, and back 
south from Inverness through the West Highlands, 
in which case Edinburgh is the starting point. 
This is the more probable when the novel and 
direct route vid the two bridges is taken into 
account. 

We have shown that the East Coast train has a 
gain of a quarter of an hour over that taking 
the West Coast run when they arrive at Edin- 
burgh. Presuming that the train maintains this 
lead and steams for Perth, the gateway to the 
finest deer forests and grouse shooting in Scot- 
land, the shortness of the Forth Bridge and 
Glenfarg route gives ten minutes of an advan- 
tage, while going to Aberdeen vid the Tay Bridge 
and Dundee the gain is twenty minutes. In 
other words, whereas prior to the opening of 
the Forth Bridge, the Hast Coast route to Perth 
was twelve miles longer than the West Coast 
journey, it has now the advantage by 8} miles ; 
while in the case of the journey to Aberdeen a 
corresponding change has been made, an additional 
12 miles being changed to a saving of 17 miles. 
Mr. Acworth, in his interesting work on ‘‘ The 
Railways of Scotland,” gives the exact distances 
as follows : 

From London to Perth : 


By West Coast was ... 450 miles, is now 450 miles 

», Midland route,was 4754 Bs BO. 45 

», Hast Coast ,, 462 zs 4414 ,, 
From London to Aberdeen: 

By West coast, was... 540 ss 540, 

», Midland route, was 5654 re 5364 ,, 


»» KastCoast ,, 552 . 523 —C,, 

That Perth and Inverness on the one hand, 
and Aberdeen on the other, provide sufticient 
traffic to stimulate the railway companies to great 
enterprise is undoubted. At the height of the 
season the large general station at Perth is crowded, 
and at the platforms, extending for something like 
a mile, there are sometimes three or four trains all 
bound for the north. It is therefore very probable 
that the contest will be resumed and this time 
Perth will be the goal. Indeed, it has been 
practically officially stated that the London and 
North-Western and the Caledonian are deter- 
mined to maintain their old traditions and to show 
that even with distance against them, they can take 
the lead. The promptitude with which they fol- 
lowed up the ‘‘spurts” of the companies carrying 
on the East Coast run in 1888 indicates what they 
can do, 

The June time tables may be said to indicate 
preliminary skirmishes, giving promise of a stiff 
struggle for supremacy later on. The tourist 
season does not commence for a month yet, and it 
is only in August, when the great exodus of 
Englishmen to the moorlands of Scotland so mate- 
rially affects the traftic of the ‘‘ Flying Scotchmen.” 
Indeed, some of the trains now cover the distance 
in a shorter time than in June of 1888. As will 
be seen from the comparative figures annexed, 
relative to the departure of trains for Scotland by 
the respective routes, the companies conducting 
the East Coast trains have the advantage over the 
London and North-Western and Caledonian, par- 
ticularly in the traffic to Edinburgh, Perth, and 
the north. The West Coast and Midland run 
pretty much alongside each other to Carlisle, the 
gain on either side alternating, but as the North 
British Company carry the Edinburgh section from 
Carlisle vid Hawick and Galashiels to the capital of 
Scotland, and thence, with the Great Northern 
section, across the two bridges to the north, the 
Midland usually shares the honours in speed in these 
directions with the East Coast companies. The 
Glasgow section of the Midland train is taken to 
the city on the Clyde by the Glasgow and South- 
Western, vid Dumfries and Kilmarnock, so that 
the London and North-Western and Caledonian 
have double-barrelled competition. This indi- 
cates the full significance of the amicable working 
arrangement between the companies on the Midland 
and East Coast route and the proposed amalgama- 
tion of the North British and Glasgow and South- 
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Western companies, and one of the reasons why 
this latter coalition is so strenuously opposed by 
the Caledonian. 

The companies on the West Coast route are there- 
fore pretty severely handicapped in many ways, 
and they have almost entirely to depend on the 
great power and working efticiency of their locomo- 
tives. No doubt the mechanical engineers of the 
respective companies are prepared for the difficult 
work they have todo. In one respect at least the 
West Coast companies have an advantage over their 
competitors. The latter have tu raise a very large 
sum to meet the cost of the Forth Bridge—it may 
be put at 160,000. per annum. The London and 
North-Western and Caledonian not being weighted 
with any such charge may add to the efficiency of 
their stock or increase their working expenses, and 
thereby retain their position both in the matter of 
speed and in popularity. 

Taking the time table for June, we have made 
comparative statements which practically explain 
themselves. The first trains given leave London 
at the same time; the Midland and West Coast 
trains run an almost neck-and-neck race to Car- 
lisle, the former only arriving 5 minutes ahead of 
the latter. The East Coast train gets to Edinburgh 
first, 5 minutes ahead of the Midland, and 20 
minutes before the West Coast train ; and the Glas- 
gow section of the latter is 5 minutes behind 
the Midland, although 75 minutes ahead of the 
East Coast train. The Midland and East Coast trains 
go to Perth and Aberdeen together and arrive 35 
minutes and 90 minutes respectively before the 
west-coast train. The trains are comparatively 
slow, their times at the principal stations being as 
follow : 


East Coast. West Coast. Midland. 
London 5.15 a.m. 5.15 a.m. 5.15 a m. 
ork 9.45 ,, ~- -- 
Carlisle = os 1.10 p.m 1.5 p.m. 
Edinburgh... 3.40 a.m. AO”. 3.45 ,, 
Glasgow 6.15 ,, 46) 3, 3) 
Pert «-s, GD tem. 6.40 ,, 65 4, 
Aberdeen ... 8.30 ,, 0.0 ,, 8.30 


At 10 o’clock the East Coast and West Coast 
companies have always despatched trains, the 
former to Perth and Aberdeen, but the latter only 
to Edinburgh and Glasgow. With the evident in- 
tention of competing with the latter the Midland 
Company have started a new train, with drawing- 
room saloon cars, leaving at 9.45, or 15 minutes 
before the London and North-Western, and arriv- 
ing 15 minutes after it at Glasgow, which city the 
East Coast train does not reach till 70 minutes 
after that from Euston. 


East Coast. West Coast. Midland. 
London 10.0 a.m. 10.0 a.m. 9.45 a.m. 
York EAS 5, — — 
Carlisle... 556 4.25 p.m. 4.26 p.m. 
Edinburgh... 6.30 p.m. 6.30 ,, 
one ray fee 6.45 ,, 7.0 
Pert ce xe 
Aberdeen 10.20 ,, 


From the Euston and King’s Cross Stations the 
old 10.35 trains are continued. They were started 
during the last competition, and have since been 
well patronised, as they allowed people rather more 
leisure to reach the termini, pt at the same time 
took them to Edinburgh or Glasgow in time for 
a late dinner about eight o’clock. The Midland 
Company have put on a train leaving at the same 
time ; but they are 35 minutes behind the West 
Coast train in arriving at Edinburgh ; the Midland 
is 15 minutes behind it at Glasgow, and the East 
Coast train more than two hours later. The journey 
to Perth and Aberdeen is somewhat protracted, 
but the West Coast run an express to Perth and 
Aberdeen in a time which indicates good speed for 
the future, as the details appended show : 


East Coast. West Coast. Midland. 
London 10.35a.m. 10.30 a.m. 10.35 a.m. 
York : oe os — 
Carlisle eae 5.5 p.m 5.45 p.m 
Edinburgh 8.38 p.m a 8.40 ,, 
ee gd 0.25 ,, RD: ys 8.20 ,, 
Perth... 10.15 } 8.45 3 10.15}? 
Aberdeen 12.36 ,, 11.20 ,, 12.35 ,, 


Taking the night mail, which is probably the 
nearest a apr to a contest in the trains going 
north, we find that the West Coast take a fairly good 
place. On this route a new express is despatched 
at 7.45 probably to relieve the succeeding trains. 
The East train gets to Edinburgh in about 4 minutes 
less time than the West train and the Midland takes 
even 17 minutesmore. The following are the exact 
figures ; 





East Coast. West Coast. Midland. 
London 8.30 p.m 8.50pm. 9.15 p.m. 
York 1.0 a.m — = 
Carlisle “a pee 435° *. 4.35 a.m 
Edinburgh ... G10". 6.55 a.m. (A 
—— 7.50 ,, , i ae 7.40 ,, 
Pert say 8.0 ,, 8.35 ,, 8.57 ,, 
Aberdeen ... 10.50 ,, 12.10 ,, 1.35 ,, 


As an instance of the saving in the time taken by 
the trains using the Forth and Tay Bridges, it may 
be stated that in May the 5.15 train from St. 
Pancras reached Carlisle at 1.26 instead of 1.5 now, 
Glasgow 4.5 instead of 3.55 now, Edinburgh 4.20 as 
compared with 3.55 now, while at Perth the train 
arrives at 6.5 instead of 9.45 formerly, and at 
Aberdeen at 8.30 instead of 11.20. Corresponding 
gains might be noted in the case of the Great 
Northern trains, but it would be superfluous. That 
the time taken will yet be considerably reduced is 
very probable. 

In the number of trains from Scotland to London 
there is no great change. By the Kast Coast route 
a new train is run south, leaving Aberdeen at 5.3 ; 
Glasgow, 8.0; Edinburgh, 9.30, and arriving in 
London at 6.14 in the evening. A train leaves the 
north from two to two and a half hours earlier, 
getting to London at 5.39, and a train, leaving 
Aberdeen an hour and a half later, arrives in the 
metropolis at 7.54. 

The West Coast trains may be said to be the 
same as in the previous months, but in the case of 
the Midland and East Coast, the opening of the 
Forth Bridge has made a great change as regards 
the times of departure from Perth and Aberdeen. 
In the Tables appended we give the times of de- 
parture of two expresses on each system in May 
and June. It will be noticed that the traveller is 
allowed about two hours longer in Aberdeen, as a 
result of the adoption of the Forth and Tay Bridges 
route, while at Perth the additional time allowed 
varies from three-quarters of an hour, as some of 
the trains for the East Coast route came formerly 
by Larbert, and others vid Fife. The Midland 
shares in the gain from Aberdeen and Perth, their 
connecting trains using the bridges ; but probably 
when the amalgamation between the Glasgow and 
South-Western and North British is authorised by 
Parliament, the allies of the former, the Midland, 
will secure advantages from the North British equal 
to those secured by the Great Northern. 


Day Expresses from the North. 
East Coast. West.Coast. Midland. 
May. June. May. June. May. June. 
a.m. a.m. am. aM. am. a.m. 
Aberdeen sas 6.20 615 615 615 6.20 
Perth 7.45 830 8.45 845 8.45 8.30 
Edinburgh 10.0 10.0 10.15 10.15 an Ve 
lasgow 8.45 8.45 10.0 10.0 10.10 10.0 
pm. p.m. Ee pm pm pm 
Carlisle ... as aes 2.23* 12.23" 12.50 12.47 
Youk ... 2.45 2.45 
London ... 6.30 6.30 6.45" 6.45* 7.50 8.0 


* Perth and Aberdeen sections run separately, reach- 
ing Carlisle 10 minutes later and London 15 minutes later 
than the times given, 

+ The Glasgow section runs separately, arriving at 
London at 7.20. 


Evening Expresses from the North. 


East Coast. West Coast. | Midland. 
May. June. ay. June. ay. June. 
pm pm pm pm pm p.m. 
Aberdeen 4.40 6.30 4.40 4.40 4.30 5.3 
Perth... 7.35 7.25 7.30 7.30 5.15 7.25 
Edinburgh 10.40 10.40 9.10 9.10 9.20 9.20 
Glasgow ... 9.15 9.15 9.5 9.5 9.15 9.20 
am. am 3M. am. 868m. 8M 
Carlisle ... a ae 12.5 125 128 12165 
York 3.55 3.45 
London... 830 8.0 7.45 7.45 7.15 7.20 


The new routes from Edinburgh to the north, 
vid the Forth Bridge, has had the effect of largely 
increasing the number of trains arriving at and de- 
parting from the Waverley Station in the capital of 
Scotland, the number of trains in the day being 
now 460, about 60 more than a month ago. For 
the first two or three days of the week there was 
considerable delay in the arrival and departure of 
trains, the traffic being thoroughly disorganised 
owing to the congestion which occurred in the 
approaches to Edinburgh caused by the limited 
platform accommodation at the Waverley Station. 
The trains were generally an hour late. It is sug- 
gested that all goods traftic should be removed from 
the Waverley Station. Something certainly should 
be done before the heavy tourist traffic begins. It 
is possible that an arrangement might be made 
whereby some of the trains from the south to Perth 
and the north would pass over a section of the 





Edinburgh suburban line, and thus run entirely 
clear of the city. This, however, would be an un- 
satisfactory solution, so far as the citizens are con- 
cerned, and might meet with opposition. 





NOTES. 

Tue Porerscu Process or Sinkine Founpations. 

In a paper recently read before the Boston Society 
of Civil Engineers, Mr. E. L. Abbott, C.E., de- 
scribed the Poetsch process of sinking foundations 
through water-bearing strata, as practised by 
Messrs. Sovysmith and Co., who own and work the 
American patents. The site of the proposed exca- 
vation is surrounded by a number of 8-in. pipes 3 ft. 
apart, which are driven through the water-bearing 
strata till an impervious one is reached. These 
pipes are then closed at their lower ends, and inside 
them a second pipe is passed down, which is open 
at its lower end and leaves an annulus between 
itself and the main pipe. Through these pipes a 
freezing mixture is circulated, which absorbs the 
heat from the surrounding earth and finally freezes 
it as hard as rock, thus most effectually cutting off 
the water. Experiments show that frozen quick- 
sand can stand a very considerable pressure amount- 
ing in some cases to as much as 1000 Ib. per square 
inch; thus there is but little fear of the frozen 
cofferdam giving way till the excavation is completed. 
Ammonia is said to be the most economical freezing 
agent, but the best machines have not a greater 
efficiency than 25 per cent., and cooled lime is used 
to absorb the heat from the ground surrounding the 
pipes. In putting the pipes down it is of great 
importance that they shall be truly vertical. 


THE VIEILLE-MonrTacne. 

The Vieille-Montagne Zinc Mines and Foundries 
Company—one of the oldest industrial enterprises in 
EKurope—has lately reported progress for 1889. The 
company produced last year 52,808 tons of rough 
zinc, 60,173 tons of rolled zinc, and 8587 tons of 
zinc white. An understanding arrived at between 
the company and other kindred undertakings for 
regulating the production of rough zinc in Europe 
has been attended with the results which had been 
anticipated. But while the Vieille-Montagne was 
enabled to obtain better prices for its products last 
year, the undertaking was affected by three adverse 
influences which greatly increased the working ex- 
penses. The first of these adverse influences was 
the heavy advance in coal, which was such a marked . 
feature in the industrial history of 1889, and which 
was no small matter for the Vieiile-Montagne, 
since it burns up 260,000 tons of coal annually. 
The second adverse influence was a rise in wages 
occasioned by the increased activity observable in 
1889 in European industry. The third adverse in- 


7 | fluence was the higher price of the minerals which 


the company had to purchase in the course of last 
year. Notwithstanding, however, all the difficulties 
of the moment, the Vieille-Montagne realised in 
1889 a rough profit of 226,641/., or 36,817]. more 
than in 1888. After payment of all the fixed 
charges for the year, ohana carrying 28,006/. to 
the statutory reserve fund, the council of adminis- 
tration was enabled to recommend the payment of 
a dividend for 1889 at the rate of 314 per cent. 
upon the share capital, a final balance of 300/. being 
carried to the credit of 1890. 


REPAIRING A BRIDGE. 
An interesting piece of work was recently carried 


-|out on the Orleans-Vierzon line of railway, which 


crosses the Loire at Orleans on a masonry bridge 
of fifteen arches of 80 ft. span each. Constructed 
in 1842, the bridge has given considerable [trouble 
from the settlement of its piers, which, however, 
was kept within limits till the year 1885, at which 
date the settlement of the No. 3 pier increased at 
an alarming rate, sinking 9 in. and more below its 
proper level. This naturally caused serious cracks 
to appear in the masonry of the adjoining arches 
and the rebuilding of the pier and these arches 
became a necessity. The traffic across the bridge 
could not be interrupted without serious incon- 
venience, and it was therefore decided to repair the 
work one-half at a time, sending all the traffic in 
the mean time over one only of the two lines of 
rails carried by the bridge. The pier had origi- 
nally been founded on a layer of concrete, the edges 
of which were protected by piles. To ascertain as 
far as possible the reason of the subsidence before 
commencing the work of repair, a number of bore- 
holes were sunk through this layer into the ground 
below, and it was then found that two large 
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cavities containing either water or black mud 
existed directly under the pier. The boreholes 
also showed that by carrying the pier down 
below these cavities a good foundation would 
be obtained on a bed of hard clay underly- 
ing the mud and silt of the river bed. It was 
accordingly decided to take down half of the 
adjoining arches and half the pier, and to rebuild 
them in this solid ground. One half the pier was 
accordingly surrounded by a cofferdam closed at 
the top and fitted with air-locks so that the pneu- 
matic system could be used, and the site of the old 
pier was excavated down to clay, on which the new 
works were founded as arranged, and the arches 
rebuilt. The line was then relaid across this new 
work and the other half of the arches and pier 
taken down and rebuilt in the same way. Whilst the 
cofferdam was being carried past the hollowstratum 
in the first case, the standing half of the pier 
settled very considerably, and new cracks appeared 
in the masonry of the adjoining arches. The work 
was, however, completed without misadventure, 
and no settlement of the first half of the new pier 
took place whilst the caisson was being sunk for 
the second half. The whole work was carried out 
in six months without stopping the traflic over the 
bridge, the cost being 263,000 francs. 


THe Late Sir Greorce Burns. 

By the death cf Sir George Burns, Bart., which 
took place on Monday afternoon at Wemyss House, 
on the Clyde, there has passed away one who, by 
his great commercial enterprise, has greatly stimu- 
lated marine constructors in the advancement of 
science. Like his father, the Rev. Dr. Burns, 
minister of the Barony parish, Glasgow, the late 
baronet lived to an old age; having been born in 
December of 1795. In 1818, George and his 
brother James commenced business in Glasgow as 
general merchants, and six years later they started 
a shipping branch, beginning with six sailing 
vessels trading between Glasgow and Liverpool. 
They, however, early recognised the value of steam 
propulsion and substituted steamers for the sailers. 
Shortly afterwards, in 1830, they amalgamated 
their concern with that of Messrs. M‘Iver, Liver- 
pool. The story of the late Sir George Burns’s life 
since that time is but a history of successes. The 
firm, of which he was the principal partner, 
inaugurated a prosperous coasting business, and 
when the late Samuel Cunard came to this 
country with the view of competing for the 
British Government contract for carrying the 
American mails by steamers, instead of sailing 
vessels as heretofore, he got from George Burns, 
Robert Napier, the shipbuilder, and David McIver, 
all now deceased, that support which he had unsuc- 
cessfully sought for in London. The result of 
negotiations was the origination of the now un- 
rivalled Cunard line of steamers, the original share 
capital of 270,0001. being got adnate through 
the instrumentality of the subject of this brief 
memoir. The Government contract then secured 
was for a period of seven years. It is unnecessary 
to narrate the successive triumphs of the company, 
from the pioneer of the line, the Britannia, of 1154 
tons, and 84 knots speed, to the Etruria, of about 
9000 tons and 19 knots speed. The record occupies 
a prominent place in history, because the liberal- 
minded members of the co-partnery were ever 
ready to encourage the shipbuilder and marine engi- 
neer to make developments and improvements on 
all existing vessels. The three founders in time 
bought out the shareholders, and perhaps the best 
evidence of the progress of the company is the fact 
that recently a company was floated under the 
Limited Liabilities Act to purchase the Cunard 
fleet, the capital being two millions sterling, of 
which 1,200,000/. was taken by the families of the 
three founders. In creating him a baronet of the 
United Kingdom on the occasion of her Jubilee, 
the Queen recognised the great services he had done 
in reducing the voyage between the mother country 
and the colony of Canada, and in promoting naval 
science. The title and estate of Wemyss Bay falls 
to Mr. John Burns, the chairman of the Cunard 
Company, and the head of the firmof G. and J. 
Burns, originated in 1818 by his father, while Mr. 
J. Clelland Burns, the other surviving son, is one 
of the other partners, and a director of the Cunard 
Company. 

Ciark’s DeFLective TURRET. 

In March, 1883, the Navy Department of the 
United States voted a credit of 4000l. for investi- 
gating and testing the practicability of the deflec- 


tive turrets designed by Chief Engineer N. B. 
Clark, a retired marine engineer. Mr. Clark pro- 
posed that his system should be applied to the new 
cruisers then building under the direction of the 
Naval Advisory Board. The Ordnance Bureau was 
of the opinion that to use a gun of less calibre than 
10 in. would unduly favour the target. The Ad- 
visory Board also believed that a satisfactory result 
could not be obtained in testing Clark’s deflective 
turret except with a projectile having a force and 
velocity necessary to penetrate a 13-in. steel target, 
and that a 10-in. gun would be requisite for the 
purpose of such experiment against a target repre- 
senting the surface which the deflective turret is 
expected to take in time of action. As the Navy 


‘Department was not in possession of a high-power 


gun of such calibre, the test was from necessity 
delayed until the 4th of September of last year, 
when one of the 10-in. breechloading rifles, in- 
tended for the double-turretted Miantonomoh, 
built at the naval gun factory at Washington, was 
used. Mr. Clark held the opinion that a target of 
4 in. thickness and a 6-in. gun would be suflicient 
to demonstrate the practicability of his design. 
Plans having been mutually agreed upon, the con- 
struction of the target in accordance therewith, 
under the direction of the Ordnance Bureau, was 
ordered by the Navy Department in June, 1883. 
The steel plates for the target were ordered of 
Messrs. Schneider and Co., Creusédt, France, and 
were delivered to the Pusey and Jones Company, 
of Wilmington, Delaware, to build and erect the 
whole target. The target was built in December, 
1884, at a cost of 3300/., exclusive of setting up, 
and was examined and approved by a represen- 
tative of Mr. Clark in January, 1885. As before 
stated, the department not being in possession of a 
10-in. gun, the test had to be postponed until such 
a gun could be manufactured and got ready for 
use. Meanwhile Mr. Clark, in November, 1887, 
requested a change with reference to material used 
in the construction of the target. This caused 
further delay ; and the question whether a 6-in. 
gun or a 10-in. gun should be used was also revived 
by him, although all these questions had been 
thoroughly investigated by the Advisory Board. 
The preparations for the test were necessarily sus- 
pended until the differences could be adjusted. 
The Navy Department has been subjected to criti- 
cism because of delay in bringing the claimed im- 
provement toa test, but the Advisory Board believed 
that the conditions of test should be such as would 
make the investigation fair, complete, and final. 
They offered Mr. Clark every facility for the com- 
plete development of the practicability of his 
design, and at the same time, considering the ex- 
penditure to be incurred, endeavoured to make the 
conditions equally fair to the Government. The 
test was made at the Naval Ordnance proving 
ground, Annapolis, Maryland, before a_ large 
number of representatives of the Navy Department 
and of Mr. Clark. The target consisted of a section 
of the proposed turret. It was designed to repre- 
sent the resistance of 13 in. of vertical armour, and 
consisted of 4 in. of steel set at an angle of 14 deg. 
to the line of fire, and supported by a vertical steel 
base 18 in. in thickness. A 500-Ib. projectile 
was used with a velocity of 1475 ft. Three shots 
were fired with flat-pointed French projectiles. 
The first made a hole in the armour 15 in. long and 
broke in pieces ; most of these were deflected, but 
none of them penetrated the backing to any con- 
siderable depth. The second held together, made 
a hole of about the same diameter, went through 
some 20 ft. of earth, and lodged behind the butt. 
The third tore one of the plates from its fastening, 
but broke into pieces. A fourth shot was then 
fired ; this was sharp-pointed, and fired normal to 
the vertical armour at the base ; it passed through 
the armour uninjured. No conclusions are to be 
drawn from these experiments relative to the 
comparative merits of different kinds of armour. The 
test was made to examine a system of construction, 
and the plates were purchased of Messrs. Schneider 
and Co., as they were the only manufacturers at 
the time who supplied steel armour plates of high 
quality. 





THE MANOHESTER SHIP OANAL. 
(Concluded from page 641). 
Tue Upper Locks. 
Tue locks at Latchford, Irlam, Barton, and Man- 
chester, four sets, are all of the same general plan, 





the difference being chiefly in the lifts, which vary 





from 16 ft. 6in. to 13ft. There is also a variation 
in the number of sluices, there being three at 
Latchford, five at Irlam, four at Barton, and four 
at Manchester. 

There are two locks placed side by side with an 
intermediate wall. One is 65 ft. between fenders, 
and the other 45ft., each having intermediate 
gates. The 65-ft. lock is 600 ft. between the hollow 
quoins, and 725 ft. 6in. over all. The 45-ft. locks 
are 350 ft. between hollow quoins and 460 ft. over 
all. On the 65-ft. locks the intermediate gates cut 
off 150 ft., and in the smaller locks 120 ft. are cut 
off. The 65-ft. lock has a main sluice in each wall 
6 ft. by 12 ft., having four openings each side so 
as to spread the discharge over the whole length of 
the lock. The sluice way is lined with brickwork 
having a blue brick facing. The smaller lock has 
two main sluices one in each wall ; they are 4.6 ft. 
by 8 ft. and are lined as the others, and also have 
four outlets in each wall. 

The intermediate wall between the locks is 
29 ft. 6 in. thick and is built in concrete. All walls are 
of concrete up to water level ; above that they are 
lined with brick with a blue brick facing, and have 
a fender course of granite 18in. thick, which is 
placed between the brick facing and the concrete. 
All up-stream locks are fitted with an intermediate 
sluice in the middle wall so as to save water if 
necessary. Each end of the lock is provided with a 
caisson groove to be used for taking a caisson in 
case of accident or repairs being required to the 
lock gates. The sills are all granite with sandstone 
back and the roller paths are of granite. Machine 
pits are provided for the hydraulic machinery for 
working the gates. 

The concrete in the walls is 8 to 1 with a9-in. face 
of 4to1. All filling and emptying sluices are on 
Stoney’s principle. On the sills there will be 28 ft. 
of water in the 65-ft. lock, and in the smaller lock 
25 ft. In the canal itself, it will be remembered, 
26 ft. in the normal depth. 

All these locks are on the sandstone. This is an 
important point as it affords an excellent founda- 
tion, no piling or sinking being required ; indeed 
the canal is fortunate in having good foundation 
throughout when it once leaves the coast, with per- 
haps one or two not important exceptions. 


THE SLUICcEs. 


The sluices which have been provided for passing 
off floods have each a width of 30 ft. and each one 
is provided with gates on Stoney’s principle. Each 
sluice has a lift of 20 ft. The intermediate piers are 
of concrete with brick liningand blue brick face. The 
piers form abutments for an arch which serves as a 
roadway across. The sills are built in concrete, the 
sluice door having a meeting face on a steel joist 
built in the concrete. This is done so as to carry 
out the principle of having meeting faces of metal to 
metal. The door slides up a groove which is faced 
with Bramley Fall stone. The method of raising 
and lowering the sluices was not decided on the 
occasion of our last visit to the works. The doors 
will be built of steel joists with a steel skin plating. 
They will lift on live rollers on Stoney’s principle. 

It may be here noted that the Barton sluices 
have an easy capacity of 26,000 cubic feet per 
second, which isample for the heaviest flood ever 
known in the Irwell. Lower down, as at Irlam, the 
five sluices are of greater capacity in order to 
accommodate the water from the inflowing streams. 
At Latchford there are only three sluices, although 
this is lower down again ; but here the old course 
of the Mersey is kept open and communicates with 
the canal, and thus an outlet is formed for any 
great quantity of water that would otherwise accu- 
mulate. 

Tue Lock GatTEs. 

The lock gates for the 65-ft. lock at Latchford 
Irlam, Barton, and Mode Wheel (Manchester) are 
built of greenheart. They are 47 ft. 3 in. high 
over the ribs, and 36 ft. 3 in. on the sill face, the 
thickness being 4 ft. 14 in. in the centre. The 
radius of the heel-post is 114 in. Each leaf is 
in two panels to facilitate construction. The 
centre post consists of two timbers, and each rib 
consists of a fish-piece and four smaller ribs. On 
the bottom of the gate the ribs are fixed together 
in threes, and are fastened by 1 in. bolts. The 
supplementary parts of each rib have through bolts 
from 1} in. to 1g in., and have wrought-iron plates 
£ in. thick at the joints with the heel-post, centre- 
post, and mitre-post. The heel-post plate is the 
whole height of the gate, andis made in three lengths 
rivetted together with cover plates. At the top of 
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the mitre-post are two large plates, one on either 
side, 12 ft. 9 in. long, which receive the thrust 
from the strut. These plates are connected together 
with an iron angle frame ; the end of the strut fits 
into the frame, and the whole is securely fastened 
with 1} in, bolts on to the mitre-post, and forms a 
secure end on the top of the gate. The strut is 
built of horizontal timbers placed between the ribs 
and fixed in with keys and through bolts. 

These gates are provided with two rollers to each 
leaf. They are fitted in one frame which consists 
of wrought-iron plates and angles on to which the 
spear-post fits in a steel casing which is attached 
to the two top ribs by 14 in. bolts. The space 
between the ribs is filled in with timber work. 
Each leaf is also provided with two horizontal steel 
straps 9 in. by 14 in. on each face of the top rib. 
They are securely fastened by gib and cotter on to 
the heel-post plates and mitre-post plates, and 
receive the horizontal tension from the strut. There 
is a steel diagonal tie 8 in. by 1} in. on each side 
of each leaf, securely fastening the bottom of the 
mitre-post on to the top of the heel-post to prevent 
the gates getting out of winding. The rollers work 
on roller bearings. On the top of the heel-post 
ee there is fixed a steel cap, which is fastened 

y twenty-four 14 in. bolts, so that the whole of the 
strain comes on to the plate instead of on to the 
ribs. At the bottom of the heel-post is a shoe, 
which consists of a steel casting 3 in. thick. The 
gate turns on a cap hollowed in the shoe. The 
pivot is also of cast steel. The pivotting is 1 in. 
eccentric in order to clear the hollow quoin on open- 
ing. The gate is provided with fenders on each 
face, which are placed vertically and fastened by 
1} in. bolts to the gate. 

The 45 ft. lock gates are generally on the same 
principle as that described, except where smaller 
size renders a modification of design advisable. 


Tue Swine BripcGEs. 


There are in the scheme of the Manchester Ship 
Canal eight swing bridges. All the swing bridges 
across the main canal are 120 ft. clear opening, so 
as to allow large vessels to pass each other in the 
bridge ways if required, and avoiding centre piers 
in the canal with the large piled fenders which are 
apt to prove dangerous to passing vessels. The 
first of these bridges is at the foot of Irwell-lane, 
Runcorn, and is to be 20 ft. wide inside. The 
second is at Moor-lane, near Warrington, and is 
25 ft. wide inside. The next is also 25ft. wide, 
and is in connection with the new road which 
the Canal Company are making into Warrington, 
and which runs across what are known as the 
Arpley Meadows. This is a part of the work, it 
may be noticed in passing, where considerable 
alterations are being made in the face of the 
country, and, indeed, the physical geography of 
the parts surrounding the ancient town of War- 
rington is being rapidly changed, the quaint streets 
of the older part forming a striking contrast to the 
modern improvements that are now so rapidly ad- 
vancing, and which will work still further change 
in the district by altering its trade and its centre of 
commercial activity. 

The big bend of the river round Arpley Meadows 
is being cut off, the course of the river being 
diverted. The new road runs alongside the new 
cut, and the old bed of the river is being 
taken into the docks here being made. These 
docks will be about three-quarters of a mile long 
and about 300 ft. wide, and will be probably used 
for smaller steamers, there being 25 ft. of water on 
the sill. 

The next bridge we come to as we travel inland 
is one at Stockton Heath, and it is 36ft. wide 
between girders. It is of the same general type as 
the last mentioned. The next bridge is across 
Ackers-lane, close to Latchford Station. It is 
25 ft. wide. After this we come to the Knutsford- 
road bridge, 36 ft. wide. 

All these bridges form part of the high roads into 
Warrington from various outlying townships. 

We next come to the railway viaduct, and after 
this to the proposed high level bridge for the 
Warburton-road, which has a breadth of 20 ft. 
between girders. 

We now pass upwards along the course of the 
canal for a considerable distance without meeting 
any other road bridge, and at last arrive at another 
very interesting section of the work. This is at 
Barton, where there is a swing bridge 25 ft. wide, 
and close by a swing aqueduct. The latter carries 
the Bridgewater Canal over the Ship Canal, To 





add to the interest of this part of the work there 
is an hydraulic lift, of the type which have become 
so well identified with Mr. Leader Williams’s name 
by the original work he did at Anderton, not far 
off, when years ago he was engineer to the Weaver 
Navigation.* This lift supplies the connecting 
link between the Ship Canal and the Bridgewater 
Canal. All the work at Barton is especially diffi- 
cult, and therefore the more interesting on account 
of the highly populous district, and from the fact 
that all foundations are in the river. The river, 
moreover, is subject to floods, but it is proposed to 
divert the course and carry it under the present 
aqueduct by means of two large syphons cut through 
the rock. 

The only other swing bridge is the heaviest of 
all and carries the Trafford-road across the Salford 
Docks. 

THe Moore-Lane Swine Brivee. 

This bridge is not one of the most important, but 
it may be taken as fairly representative of its class. 
The Old Trafford Bridge, already referred to, which 
will carry the traffic over the Salford Docks, is a 
much more imposing structure, and indeed is 
claimed to be the heaviest bridge of its kind yet 
designed, although not the longest span. For 
various reasons, however, we are unable to enter 
into details of construction of this bridge, but hope 
to do so at some dater date. 

The bridge is of the cantilever type having un- 
equal arms. It is of steel throughout, except the 
floor plates, which are of iron, and is steel rivetted. 
The two centre panels are cross-braced. The 
arms are respectively 140 ft. and 98 ft. long. 
The bridge is square with the canal, and has a clear 
space of 120 ft. The breadth is 25 ft. inside 
girders and has a footway on one side only. This 
is 5 ft. wide, the roadway being 19 ft. 6 in. wide. 
The whole weight of the swing bridge is about 700 
tons, including main girders, flooring, the centre 
arrangement, and 120 tons of kentledge on the short 
arm to balance. The height at the centre is 27 ft. 
8 in. over angle irons, at the end of the long-arm it 
is 6 ft., and at the end of the short-arm 8 ft. 9 in. 
The boom is 2 ft. 3 in. wide across plates and is of 
ordinary trough section, having angles 6 in. by 
6 in. by # in., the height of the trough plates being 
2 ft. by 4 in. thick. 

At the centre of the bridge there are three plates 
in each boom, viz., two 4-in. plates and one +’;-in. 
plate. The ;,-in. plate runs the whole length of 
each boom. The trough plates in the centre panels 
are increased in depth to 3 ft. in order to resist the 
transverse stress due to the weight of the bridge 
when swinging. There is an inch plate across the 
top fastened to the trough plates by two 6 in. by 
Gin. by # in. angles. The ends of the bridge are 
closed in entirely at the sides by ;,-in. plate to 
give rigidity to the ends when the bridge is being 
closed. 

The flooring comprises cross-girders placed every 
14 ft.; these are 2 ft. 9 in. in the centre over angle 
irons. They are fastened on to the struts of the main 
girder by two angle irons at each end 84 in. by 
4in. by$in. The ends of six road bearers, placed 
longitudinally, are fastened on to the web-plates of 
each cross-girder by angles 5 in. by 3 in. by # in. 
Between the road bearers is an angle-iron framing, 
the whole system forming a cellular structure, on 
the edges of which are placed # in. buckle-plates., 
The roadways consist of 5 in. wood-sets placed 
on an inch of sand, under the latter being ? in. 
asphalte. 

The end of the long-arm is of usual description. 
The end of the short-arm is made to carry 120 tons 
of iron kentledge. This end consists of an iron 
girder of box form, and of three kentledge girders 
each one being 3 ft. in the centre over angle irons, 
and having two webs and outside angle irons. 
There are no wood-sets on the end, the kentledge 
forming a paving. Each kentledge girder is securely 
fixed to the plates of the main girder by angle 
irons and plates, thus forming a complete frame. 

For the centre arrangement, which includes the 
roller path, there are four heavy three-webbed 
centre girders, which are fixed under the booms of 
the main girder, and have inside and outside angle 
irons on each flange. Each has a depth of 3 ft. 6 in. 
at centre and 2 ft. at the ends. They have their 
webs stiffened by angle irons and plates placed 





* The Anderton lift was described and illustrated by 
us in connection with the visit of the Iron and Steel 
Institute to Chester in 1884 (see ENGINEERING, vol. 
XXxviii., page 241), 





between the webs. Above these are the road 
bearers and roadway as before described. 

Under these centre girders is a circular girder 
2 ft. 114 in. wide, and having two webs 2 ft. deep. 
On to the under flange is fixed a cast-iron roller 
path. This circular girder is held in by four arms 
which are fixed on to the bridge centre by a cast- 
iron collar. The bridge turns on live rollers of cast 
iron, the design being such as to give 800 lb. per 
linear inch of rollers. Each roller is 2 ft. a in. 
long and has a depth of 15 in. at thecentre. They 
are held in a wrought-iron circular frame which is 
attached to the bridge centre. The under roller 
path is also of cast iron and is fixed on to the 
granite stones of the abutment by bolts in the 
usual way. 

The central pier (which does not carry any part 
of the weight of the bridge, all being borne by the 
live rollers) is of cast iron and is 20 in. in diameter. 
It is fixed to the foundation by means of a wrought- 
iron frame built into concrete. 

The foundations are 8 to 1 concrete, with a 9-in. 
face of 4 to 1 up tothe water level. Over the water 
level there is a brick lining with blue brick face. 
Between the concrete and the brickwork is an 18-in. 
fender course of granite. The concrete is set 3 in. 
behind the fender course for protection. 

The swinging mechanism is worked in the usual 
way by means of three-throw hydraulic engines. 
All the hydraulic machinery is by Messrs. Arm- 
strong. 


THE Swine AQueEpuct. 


Barton aqueduct, already mentioned, is designed 
to carry the Bridgewater Canal over the Ship Canal. 
The aqueduct has a breadth between booms of 19 ft., 
the booms being 3 ft. wide. The girder at the centre 
has a height of 33 ft., and is on the ordinary canti- 
lever principle ; the swinging weight, amounts to 
approximately 1600 tons; the swinging part has 
equal arms of 120 ft. each ; the horseway or towing- 
path is carried on brackets fixed to the struts of the 
main girder and overhanging the canal. The aque- 
duct is placed skew to the Ship Canal. The swinging 
oe pivots on a centre pier in the middle of the 

hip Canal, the latter being here widened for the 
purpose. There is 16 ft. headway under the aque- 
duct, which will be, we believe, the only swinging 
navigable waterway in the world. 


THe Ramway Viavucts. 

The new railway viaducts in connection with the 
ship canal works will be four in number. Firstly, 
there will be Nos, 1 and 2 formed together in order 
to bring over the main line of the London and 
North-Western Railway from Crewe to Scotland, 
and also the Great Western Railway from Chester. 
These lines now cross the river at Arpley Meadows 
just outside Warrington. The viaduct to be made 
across the canal will be joined by a bank to the via- 
duct across the Mersey, which is to take the place of 
existing bridges. The length of deviation is practi- 
cally three miles long. The spans that cross the 
canal will have a clear headway of 75 ft. above the 
water level of the canal. The gradient will be 1 in 
135 on each side of the canal. The work is mostly 
embankment, with road bridges ; all streams being 
carried under insyphons. The banks are as high as 
60 ft. over ground level, or 75 ft. above the water 
level of the canal. These large banks will be 
formed of rock débris taken from the canal cuttings 
close by. The angle of skew is great over the 
canal; being about 264 deg., and all five girders of 
which the bridge is composed are practically 300 ft. 
long. This viaduct has to carry over four lines of 
way, and contains 1,500,000 cubic feet of masonry. 

The bridge over the canal consists of five steel 
hog-backed girders. The height of the centre 
girder is 36ft. over angle irons. The floor is of 
the ordinary type of bridge, floor consisting of 
cross-girder and rail bearer. The height of the 
bridge in the clear from water level is, as already 
stated, 75 ft., but from the foundation it is about 
105 ft., that being the height of the pier. 

The whole of the bridge is on a good foundation 
of natural sandstone ; so that the contractors have 
not had to cope with what is so often one of the 
greatest difficulties in a work of this kind. 

At the side of the canal there is made a roadway 
24 ft. wide, which of course is at the same angle to 
the bridge as the canal. This road is spanned by 
a bridge whieh naturally must be a bridge of great 
angle of skew and probably steel girders will there- 
fore be used. 

The railway deviation known as No, 3 deviation, 
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will form part of the London and North-Western 
line from Stockport to Liverpool. The new part 
will extend from Thelwall to Warrington (Arpley). 
The work here is very similar to that already 
mentioned, as being done at the Nos. 1 and 2 
(combined) deviation ; the chief difference being 
that there are only two lines of way instead of 
four. 

Deviation No. 4 is to accommodate the traffic of 
the Cheshire Lines Committee between Stockport 
and Glazebrook. It runs from Partington Station 
to Glazebrook Station. It has to carry four lines 
of way in view of the possible extension of the rail- 
way. The headway is the same as the last, viz., 
75 ft. above water level. This viaduct is built 
in brick having a blue brick face and Bramley 
Fall stone quoins and voussoirs. Each side of 
the approach to the canal span consists of two 
brick arches elliptical on the face and of 37 ft. 6 in. 
span. These connect the canal span to the railway 
banks. The angle of skew here is not so great, 
being 60 deg.; a fact which much simplifies the 
design. The steelwork of the canal span is of 
the ordinary lattice principle, and the floor is also 
of the ordinary construction of cross-girders and rail 
bearers. 

Deviation No. 5 forms part of the Cheshire 
Lines Committee Railway between Liverpool and 
Manchester, and extends from Flixton Station to 
Glazebrook, a distance of about three miles. The 
banks have a gradient of 1 in 135 on each side of the 
canal, 

Deviation No. 5 is practically the same in design 
as No. 4. 

In concluding this part of our notice of the Man- 
chester Ship Canal works, we can only repeat our 
admiration, so often expressed, for the bold manner 
in which the many difficulties, incidental to this 
great national work, have been met, and we may, we 
think, now add overcome, by Mr. Leader Williams 
and those who were working with him. We have 
als» to thank him for his courtesy to us, more 
especially in the trouble he has taken in furnishing 
us with the information from which this article has 
been prepared. 





THE INSTITUTION OF CIVIL ENGINEERS, 

THE annual general meeting of corporate members — 
** to receive ae deliberate upon the report of the Council 
on the state of the Institution, with the annual statement 
of the accounts, and to elect the Council and officers for 
the ensuing year”—took place on Tuesday, June 8, Sir 
— Coode, K.C.M.G., the President, being in the 
chair. 

The meeting was held on the sixty-second anniversary 
of the incorporation of the Institution by Royal Charter. 
At that time the number of members was 156, and tho 
gross annual receipts were 447/. At the close of the past 
financial year the number of members was 5872, and the 

ross receipts for the twelve months amounted to 22,4781. 

his increase—thirty-seven-fold in numbers and fifty- 
fold in revenue—sufficiently indicated the position 
which the Institution had taken in connection with 
the profession it was —- to promote. It should 
always be borne in mind that a large rate of in- 
crease was by no means desirable. 
object, however, in limiting the numbers, as was the 
custom in some exclusive les, for the Institution had 
always opened—and it was “_ always would open— 
its doors to all engineers who had an honest title to be 
entered on its register ; but it refrained from augmenting 
its numbers by the admission of persons who were merely 
attracted to it for their own advantage. Above all things, 
the Council desired it to be understood that membership 
in the Institution should be a real guarantee of the pro- 
fessional standing, and (as far as possible) also of the 

rsonal character, of those on whom it was conferred. 

‘or these reasons, the Council repeated the recommenda- 

tion, often previously made, that every member should 
take care not to attach his signature to any proposition 
paper, unless fully satisfied as to the truth fi the repre- 
sentations it contained, and as to the general eligibility 
of the candidate. 

During the past year there were elected 3 honorary 
members (Sir Henry Bessemer, F.R.S., Sir William 
Thomson, LL.D., F.R.S., and General Edward Frome, 
R.E.), 32 members, 263 associate members, and 3 asso- 
ciates, while the name of 1 member was restored to the 
list. On the other hand, 138 names had been removed 
from the register, 87 of which were losses by death. 
Among the latter the Council record>d with regret the 
naines of three honorary members, the King of Portugal, 
Dr. John Perey, F.R.S., and Genera: Edward Frome, 
R.E., who died shortly after his election. The roll of the 
Institution therefore showed a net increase of 164, the 
number of members of all classes (irrespective of students) 
being now 4903. This represented an increase at the rate 
of about 34 percent. perannum. Owing to more stringent 
regulations as to the admission of students, there had 
been a decrease of 20 in the number of that class. The 
admissions had included 156 students, and 1 was restored 
to the list, while 73 had been elected associate members, 
and 104 had passed out of the list, 


here was no C 





At the ordinary meetings, papers on important con- 
structive en; seed works had ene read, and also on 
many branches of mechanical and electrical engineering. 
It was hoped that some branch of metallurgy might 
have been brought forward, but in that hope the Council 
had been disappointed. It was, however, confidently 
believed that the omission would be made good next 
session. For two of the papers the Institution was in- 
debted to Mr. Lyster, member of Council, and to Sir 
Frederick Bramwell, Bart., D.C.L., F.R.S., past-presi- 
dent. In conformity with long-established usage, these 
communications were not taken into consideration in the 
adjudication of the premiums. Telford medals and Tel- 
ford premiums had been awarded to Messrs. John Robin- 
son, C. O. Burge, and F. T.G. Walton; Telford pre- 
miums to Messrs. S. W. Barnaby, W. H. Wheeler, 
James Price, Jun., C. Hopkinson, H. G. Sheppard, and 
W. Airy; and the Manby premium to Messrs. W. 
James Fawcus and E. Ww. nomen For papers read at 
the supplemental meetings of students, a Miller scholar- 
ship had been awarded to Mr. C. Frewen Jenkin, an 
Miller prizes to Messrs. C. H. Wordingham, A. E. 
Young, L. A. Legros, F. P. Reynolds, J. Hale, and G. 
H. Sheffield. ’ 

Since the last annual meeting four volumes of Minutes 
of Proceedings has been issued. The Council trusted 
that the members would continue to contribute to this 
part of the work of the Institution, as being that which 
was of the greatest permanent importance. It was in- 
tended shortly to issue a pamphlet of about 60 pages, 
enumerating ee public educational establishments in the 
British dominions which included special preparation for 
the engineering profession. 

The abstract of receipts and expenditure showed, on the 
credit side, income 17,6771. 13s. 10d.; capital (that was 
admission fees and life compositions), 37947. 14s. ; trust 
fund receipts, 1005/. 6s. 9d., including the Crampton 
mg of 5001. and the Trevithick Memorial Donation, 
100/. Os. 9d.), making a total of 22,4771. 14s. 7d. On the 
other side of the account, the general expenditure had 
been 14,696. 6s. 3d., the investments on account of capital 
6090/. 19s., and payments or investments of trust funds 
10497. 2s. 4d. At present the Institution investments in 
consols, Metropolitan Board of Works stock, and railway 
debenture stocks aggregated 43,500. ; the freeholds of the 
three contiguous houses in Great George-street, 40,0001. ; 
the Whitworth legacy, 5400/.; and Trust funds, 
15,2861. Os. 10d., making a total of 104,186/. 0s. 10d. 

n conclusion, the report refer to the visit, last 
summer, to Europe, of a representative body of members 
of the American Societies of Civil, Mining, Mechanical, 
and Electrical Engineers, which their Institution had the 
honour of entertaining for six days. Many and various 
were the means which the Reception Committee took to 
arrange for the amusement and recreation of the visitors. 
On the whole, the visit might be considered to have been 
a great success, and was one full of pleasant memories 
for the hosts. 

The adoption of the report was moved, seconded, and 
carried, and it was ordered to be printed in the Minutes 
of Proceedings. Cordial votes of thanks were then passed 
to the President, to the vice-presidents, and other 
members of the Council, to the anditors, to the secretaries 
and staff, and to the scrutineers. 

The ballot for Council resulted in the election of Sir 
John e, K.C.M.G., as President ; of Mr. G. Berkley, 
Mr. H. Hayter, Mr. A. Giles, M.P., and Sir Robert 
Rawlinson, K.C.B., as vice-presidents ; and of Mr. W. 
Anderson, D.C.L., Sir Benjamin Baker, K.C.M.G., Mr. 
J. Wolfe Bar y, Mr. E. A. Cowper, Sir Jas. N. Douglass, 
Sir Douglas Fox, Mr. J. Clarke Hawkshaw, M.A., Mr. 
C. Hawksley, Sir Bradford Leslie, K.C.I.E., Mr. G. Fos- 
bey Lyster, Mr. J. Mansergh, Mr. W. H. Preece, 
F.R.S., Sir E. J. Reed, K.C.B., F.R.S., M.P., Mr. W. 
Shelford, and Mr. F. W. Webb as 
ouncil, — 

The session was then adjourned until the second Tues- 
day in November, at 8 p.m. 


other members of the 





LOCOMOTIVE BUILDING IN NEW SOUTH 
WALES. 

We reproduce from the Sydney Daily Telegraph of 
the 18th ult. the following article dealing with the 
history of the establishment by an English company 
of locomotive works in the colony of New South Wales, 
a matter which we have lately noticed and which has 
been regarded here with so much interest. The demands 
upon our space prevent us from commenting further 
on the scheme this week, but we propose to do so in 
an early issue, Our contemporary says: 


The correspondence respecting the establishment of 
locomotive works in the colony has been furnished to us 
and some important and interesting particulars are dis- 
closed by the various documents. 

The first paper on the subject is a letter from the 
Chief Commissioner for Railways to the Minister for 
Railways, in which the idea of the Commissioners is 
indicated. This letter, which is dated May 14, 1889, is 
as follows : 

The Commissioners are anxious to see locomotive 
engines manufactured in the colony ; but the experiments 
which have been tried in the past have been very unsuc- 
cessful, and at this moment we are placed ina very 
awkward position in consequence of the loss of time dur- 
ing the last three years in ordering new engines, so as to 
endeavour to get fifty built in the colony, as within the 
last week one of the firms which had a contract for 
twenty-five has notified its inability to on with the 
work, and we shall experience great ditfieulty in carrying 
on the traffic until we can get engines built in England. 





There is no proper machinery in the colony for manufac- 
turing engines, and no persons skilled in the work; and 
we would suggest tu the Government the wisdom of ad- 
vertising in ‘england and the colonies simultaneously 
somewhat as under : 

“The Government of New South Wales is anxious to 
see workshops for the construction of locomotives erected 
in the colony, either in the vicinity of Sydney or New- 
castle. 

‘The works must be capable of turning out locomotives 
equal in character to the best English-built engines, and 
the managing director or manager, who must reside on 
the spot, must be an engine builder of known repute. No 
restriction will be placed on the firm in regard to import- 
ing any parts of the engines, if such a course is found to 
be advantageous. : 

“The price to be paid for the engines must be nearly 


P. | approximate to the cost of the present imported engines 


when erected and ready for work in the colony. 
“The Railway Commissioners will be prepared to place 


d | orders for at least seventy-five engines during the next 


five years with any firm starting works under the condi- 
tions above referred to. : 

“The number of locomotives at present in use on the 
New South Wales Government railways is 429. It will 
therefore be seen that ordinary renewals will call for a 
good number of engines to be built annually. ; 

‘* A considerable sum of money is about to be spent in 
building new passenger and goods rolling stock. Pre- 
ference will be given to any firm prepared to begin opera- 
tions at once. aie 

“In the London advertisements communications are 
invited through the Agent-General, Sir Saul Samuel, 
5, Victoria Chambers, Westminster. ‘ 

“In the colonial advertisements to the Railway Com- 
missioners. : 

“The Commissioners will be glad if the Government will 
come to an early decision hereon.” : 

On August 15, 1889, Mr. Arthur Greenwood, chairman 
of Greenwood and Batle , Limited, writing from the 
Albion Works, Leeds, to the colonial secretary, submitted 
a proposal for the establishment in the colony of works 
for the entire manufacture of locomotives, carriages, and 
wagons. This proposal read in the light of the one 
accepted after tenders had been openly called for will be 
interesting. 

‘“*In viewof the rapid development of the railway system 
in the Australian colonies, and the consequent growing 
demand for locomotives and rolling stock, we venture to 
lay before you the following proposal for the establish- 
ment in the colony of New South Wales of works for the 
entire manufacture of locomotives, carriages, and wagons, 
on the system of duplicate parts, ado ted by the best 
managed railways in this country, and equal in every 
respect to those manufactured by our leading makers. 

“We are prepared to form a private limited ns, 
with a capital of 200,000/., of shish we propose to sub- 
scribe at once 100,000/., in ten shares of 10,0001. each, so 
that in fact the company will be a private partnership, 
and not brought out for Stock Exchange or speculative 
purposes. 

‘One of the subscribers is one of the most able and dis- 
tinguished mechanical railway engineers in this country, 
who has had great practical experience in designing and 
building locomotives and rolling stock. He is prepared, 
if a suitable arrangement can be made with your Govern- 
ment, to give up his present ition, and to settle per- 
manently in the colony and take the management of the 
company’s proposed works. 

‘“The works would be established on the latest and most 
improved principles, with the best and most powerful 
machine tools and appliances. Their capacity would be 
for an annual output of 50 locomotive engines, 300 pas- 
senger carriages, and 1000 wagons. 

“Tt is pagers to establish these works within twelve 
months of a satisfactory arrangement being arrived at 
with your Government. To enable us to carry out the 
above programme, we venture, in the first instance, to 
approach your Government in the hopes that, not only to 
secure an ample and reliable source of supply for your 
own railway system, but to encourage a new and im- 
portant industry in your colony, you will give our pro- 
posal favourable consideration. 

“The conditions we would respectfully submit to your 
consideration, upon which we are prepared to carry out 
the scheme, are as follows: 

“1, That the Government of New South Wales make us 
a free grant of land, of suitable area for the erection of 
our works, in direct communication with your railway 
system, at or near the town cf Newcastle and within 
reasonable distance of the harbour. We have selected 
this town from its central position in the Australian .rail- 
way system, its harbour, and its being the centre of the 
Australian coalfield. 

‘**2. That the Government of New South Wales give us 
a monopoly of the supply of locomotives and carriages 
for a period of ten years on the condition of our being able 
to supply all your requirements at prices to be agreed 
ae these prices to be based on those paid to first-class 

nglish builders, with a reasonable allowance for freight 
of material and the extra cost of labour in the colony. In 
fact, all we ask is that we may stand upon the same foot- 
ing as first-class English builders. 

‘3. That the Government of New South Wales agree 
to take annually a reasonable minimum number of 
engines, carriages, and wagons from the company. 

‘4. That the company so long as they supply your re- 
quirements are at liberty to build all descriptions of 
— and railway and tramway plant for other colonies 
and companies. 

“We are prepared to give you any references you may 
require as to our financial ability to carry out this scheme, 
and we shall be glad to furnish any information to your 
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Agent-General in London, the Colonial Office or elsewhere. 

e are prepared to find all the capital ourselves here, 
but at the same time we have no wish to exclude colonial 
capital ; indeed we should welcome two or three colonial 
gentlemen to join our company. 

‘*We are further prepared to send out at once, on hear- 
ing from you by cable, addressed ‘‘ Greenwood, Leeds,” 
a a with full power and authority to discuss 
and settle the details of a contract with your Govern- 
ment. 

‘*P.S.—The writer is also chairman of the Colonial Am- 
munition Company, Limited, who have baw d con- 
cluded a contract with the Victorian Government through 
their managing director, Captain Whitney, for the estab- 
lishment of a cartridge factory in Melbourne, and your 
Government has agreed to take cartridges from them. 
He hopes that the proposed locomotive ipo gd may be 
successfully carried out in your colony and that it may 
take its place prominently in the development of the in- 
dustries and mineral resources of New South Wales.” 

The Railway Commissioners on November 7, 1889, 
reported to the Minister for Railways as follows upon 
the proposal of Mr. Greenwood : 

‘We have carefully considered this question, and we 
feel, if works for the construction of locomotives of the 
character described could be successfully carried on in 
the colony, it would be a very material advantage to the 
department, and would in all probability lead to the 
establishment, on a substantial basis, of a new industry 
of a most desirable character. 

‘*We could not advise the Government to agree to the 
proposal to give a monopoly for the supply of loco- 
motives, carriages, and wagons, to the proposed company; 
but we consider it absolutely necessary that a guarantee 
of some kind should be given, and would advise an order 
being given for 100 locomotives to be supplied within a 
period of three years, if suitable terms could be arranged. 
As there are already several manufacturers of carriages 
and wagons in the colony the company should take its 
chance with those firms in securing orders for that class 
of stock. 

‘*The question of a free grant of land which is raised in 
the letter we feel that the Government will not require 
our advice upon. 

‘*We must without delay place orders for further ev 
of locomotives, and it is therefore very necessary that a 
decision on this question should be arrived at as early as 
possible, as unless the new company be started and able 
to commence the manufacture of engines within twelve 
months we must place orders with the home makers, and 
of course, to place a number of engines under order in 
this way would of necessity mean the reduction by a 
similar number of the total of 100 that we recommend 
should be guaranteed to the proposed company.” 

The Government decided to call for tenders both in 
the colonies and at home for the establishment of loco- 
motive works, and Messrs. Greenwood and Batley, 
Limited, were informed to this effect. The Agent- 
General was also communicated with, and a draft of the 
advertisement which was subsequently published in the 
colonies was sent to him, with a request that he would 
insert it in the English newspapers, which in Sir Saul 
Samuel’s opinion would be the most suitable. -: The com- 
munications in the colony were invited through the 
Railway Commissioners and in England through the 
Agent-General. Although well advertised in the colonial 
papers no local offer was received. The tenders were due 
simultaneously in the colony and in England on February 
14, and on that date the Agent-General reported to the 
Minister for Railways that only one tender, that of 
Messrs. D. Drummond, Arthur Greenwood, Henry Hud- 
son, and J. KE. Pepper, being ‘‘ the Australasian Loco- 
motive Engine Works, Limited,” had been received by 
him. This tender was enclosed with the communication 
to the Minister for Railways and is as follows : 

‘* We, the undersigned, are prepared to establish a loco- 
motive building factory in New South Wales, in terms of 
your advertisement of November 19, 1889, fully equip 
with the best modern machinery and capable of building 
locomotives equal in every respect to those made by the 
leading English makers. 

“The general conditions we would submit for your 
acceptance are as follows : 

. That our company shail be placed on the same footing 
as other builders in the colony as regards Government con- 
tracts and be at liberty to manufacture or repair all de- 
scriptions of railway or tramway rolling stock for other 
colonies or companies. 

“That after the satisfactory completion of the one hun- 
dred (100) engines now specified, a further order of one 
hundred (100) engines be guaranteed on the terms of and 
in conformity with your advertisement dated November 19, 
1889, namely, a sliding scale of prices based on the varia- 
tions in the market price ruling to-day of copper, spelter, 
best Yorkshire iron and steel boiler plates, and subject to 
the fiscal duties existing at the present time. This stipu- 
lation we consider reasonable, as the company established 
by us will be permanently and purely a colonial factory, 
having noconnection with any English or foreign com- 

any, the present number of locomotives offered being of 
itself wholly inadequate to induce a first-class firm of 
builders to expend their capital and settle in the colony 
unless further substantial orders be received to keep their 
works employed. 

‘* We consider from careful inquiry and practical know- 
ledge that three types of engines will suffice to meet the 
whole of the working requirements on your system of rail- 
ways. Of these, the first or main line engines which we 
recommend, are designed for working either passenger or 
goods trains; each engine to have all its parts inter- 
changeable or duplicates of each other, and be of the most 
modern design, and the materials and workmanship equal 
to the highest class of English manufacture, The second- 





class are designed for local passenger traffic. The third- 
class for shunting and working short-distance s and 
mineral traffic, and are of the same quality of material 
and workmanship as the main line engines. 

“‘ These engines are the well-known types built for the 
North British, the Caledonian, and the London, Brighton, 
and South Coast Railway Companies. They are specially 
designed to work over heavy gradients and sharp curves 
and are provided with copper fireboxes, brass tubes, and 
brass axle-boxes. Their working steam pressure is 170 Ib. 
per square inch. 

‘We are prepared to supply your Government with one 
hundred (100) oe of this type, and deliver theminsteam 
on your line within two years and six months from date of 
order, for the sum of sixty-five pounds (65/.) per ton for 
main line tender engines, and seventy pounds (70l.) per 
ton for tank engines; payments to be made within one 
month of the delivery of each engine in working order. 

‘*We may remark that the manufacturing cost of these 
engines in England at the present time is 60/. per ton, 
while the cost per train mile for working and repairs is 
considerably less than that of any other engine running 
in this country. 

‘* Future prices to be based on asliding scale, according 
to the variations in the market, as may be from time to 
time arranged, on the basis of our present tender. 

“That the Government afford every facility for the pur- 
chase by the company of suitable land, to the extent of 
10 acres or thereby, belonging to the Government, in the 
immediate vicinity of their railways that we may select 
for the purposes of the company and at a reasonable 
price. 

“‘Our managing director, who isa well-known locomotive 
builder and engineer of acknowledged skill and repute 
and member of the Institute of Civil Engineers and of 
the Institute of Mechanical Engineers, will reside on the 
spot. 

‘*¥or our financial standing, technical ability, and manu- 
ei experience we refer you to Mr. . Jackson, 
M.P., Financial Secretary to the Treasury; Messrs. 
William Williams, Brown, and Co., bankers, Leeds ; 
the Yorkshire Banking Company, Limited, Leeds ; 
_—. Williams, Deacon, Thornton, and Co., bankers, 

ndon. 

“We annex a statement of the machinery and parts or 
materials of engines which require to be imported, pre- 
suming that none of the articles named therein can at pre- 
sent be made or procured in the colony.—We are, &c., 
D. DrumMonp (managing director), ARTHUR GREEN- 
woop, Henry Hupson, J. E. Pepper (the signatories 
being the parties in the proposed The Australasian Loco- 
motive Engine Works, Limited). 

‘* Statement of parts and materials of engines to be im- 
ported: Frame and boiler plates in the rough ; copper 
firebox plates in the rough ; brass, iron, and steel tubes ; 
tyres in the rough ; crank axles in the rough ; cast steel 
wheels in the rough (wrought and cast-iron wheels will 
be made in the colonies) ; spring steel. 

‘* Machinery to be imported : 3 steam engines, 2 steam 
boilers, 3 power overhead cranes, 3 wheel lathes, 4 slot- 
ting machines, 1 frame slotting machine, 12 drillin 
machines, 27 lathes, 4 shaping machines, 1 horizonta! 
boring machine, 1 cylinder boring machine, 3 screwing 
machines, 1 quartering machine, 1 slot drilling machine, 
1 saw bench, 1 wood-planing machine, 1 hydraulic forging 
and flanging press, 4 hydraulic rivetting machines, 1 bolt 
and rivet machine, 1 Roots’ blower, 5 steam hammers, 
15 smiths’ hearths, 15 anvils, 4 iron and brass oe 
machines, 1 pug mill, 1 cupola, 1 hydraulic engine an 
accumulator, 1 paint-grinding mill, 1 engine adjusting 
weighing machine, 1 10-ton weighing machine, 1 nut- 
tapping machine (6 spindles), 1 nut-making machine, 1 
st pe machine, 1 plate-bending machine, 50 

nch vices, 2 large forge furnaces, 1 punching and 
shearing machine, 1 oliver, 3 large grinding machines, 
1 American turret lathe, complete plant of hydraulic 
rivetting machinery, complete set of emery-grinding 
machinery, complete equipment of brass and iron mould- 
ing machinery, — equipment of machines for 
spring-making, complete equipment of machinery for 
making wheels and axles. 

‘Alt the machinery to be specially designed and with all 
the most modern improvements.” 

The Railway Commissioners after having carefully 
considered the proposal], stated that they thought the 
offer was a most advantageous one. They added: ‘‘ The 
advance upon the price of the engines made by English 
manufacturers being small as compared with the very 
material advantage that would be gained by the depart- 
ment if the locomotives were constructed on the spot 
under the supervision of the officers of the department, 
and the greatly accelerated delivery as compared with 
that we are now experiencing in obtaining engines from 
abroad. There are other and material advantages which 
will accrue to the department by the establishment of 
such works which we need not now enumerate.” They 
therefore strongly recommended the acceptance of the 
offer. 

A minute was prepared by Mr. Thow, locomotive 
engineer of this colony and late locomotive engineer on 
the South Australian railways, giving the prices at which 
engines have recently been built for the South Australian 
Government delivered free on board in London and in 
steam in Adelaide, and also colonial prices for similar 
engines, which were obtained after very keen competi- 
tion. In forwarding this minute to the Minister for 
Railways the Railway Commissioners wrote: ‘‘ You will 
see that the figures of the Australasian Locomotive Engine 
Works Company, Limited, are extremely feconaaile, 
lookiag at them in all ways.” Mr. Thow’s minute is as 
follows : 

‘* Considering the several attempts made—without suc- 
cess—to establish the manufacture of locomotives in this 





colony, as evidence of a desire to establish that industry 
here, I regard the offer of the Australasian Locomotive 
Engine Works Company, Limited, as most favourable for 
that purpose. There cannot be a doubt entertained as to 
the convenience of having a well-equipped and well- 
managed locomotive factory in Sydney, assuming, of 
course, that the work would be executed at a fair advance 
on English prices. The prices asked by this new company 
are most reasonable. For purposes of comparison I give 
below the cost per ton of 5 ft. 3in. gauge locomotives of 
the best types, but of ordinary simple designs, delivered 
by Messrs. Beyer, Peacock, and Co., and Messrs. Diibs 
and Co. to the South Australian railways during the last 
five years, and in addition I give the prices obtained after 
keen ee by a colonial maker for fifty-two engines, 
exact duplicates in all respects of the English imported 
engines alluded to. 

_ ‘I consider the suggestion that a second order should be 
given for 100 engines at corresponding or relative prices 
a reasonable one which may be safely entertained because 
the probable increase of traftic and extension of lines in 
two and a half years will render that amount of increase 
in our locomotive stock desirable. 


Per Ton. 
Suburban tank engine, packed f.o.b., £ 
ndon ... as ing me “ 77 
The same engine delivered in steam 
Adelaide ... sed tee oe iat 88 
The same engine, colonial made, de- 
livered in steam ... 115.28 


Express passenger (inside cylinder) 
tender engine, packed f.o.b., London 60.25 
The same delivered in steam, Adelaide 69.9 
ee colonial made and delivered 
in steam ... ae “ai oes ate 90.37 
Heavy slow passenger and goods (out- 
side cylinder) tender engine, packed 


f.o.b., Glasgow ... a ae ae 55.46 

The same delivered in steam, Adelaide 63.84 
xs colonial made and delivered 

in steam ... “ sa as 82.9 


‘* Notwithstanding the seemingly high colonial rates, I 
do not believe any profit will be made.” 

Mr. D. H. Neale, mechanical engineer, also furnished 
a report (dated March 27, 1890) on the proposals of the 
company, in which some valuable figures are given. The 
report is of sufficient importance to quote at length : 

“*T have carefully examined the figures, &c., in the pro- 
posals to build locomotives in the colony and consider 
the terms fair and advantageous to the colony. 

“* Asa locomotive engineer, Mr. Drummond’s reputation 
for ability stands very high, and he has achieved great 
success in rebuilding the rolling stock and repair shops 
of two great railways. He haiiies in using the best 
materials and workmanship in the first instance, and has 
proved that this pays in the consequent diminished 
repairs. Mr. Drummond’s well-known determination to 
always have good work should insure our colonial-built 
engines being up to the mark. 

** Messrs. Greenwood and Pepper are also well-known 
men, connected for many years with first-rate firms, 
one respectively in making all kinds of machinery 
which has been most successful in accomplishing diffi- 
cult work, and in the manufacture of the best quality of 
iron made in Great Britain, known as ‘best Yorkshire.’ 

‘“‘ The suggestion of making only three classes of engines 
is, I think, a sound one under our circumstances. The 
same engine that takes a passenger train could then, if 
necessary, return with a goods without waiting for a 
passenger train, while the present four-coupled Diibs 
express (of which we have forty-seven) could work light 
passenger trains or run on the easier parts of the line 
where the pro main line engines would be unneces- 
sarily powerful. We do, however, undoubtedly badly want 
more powerful engines for the heavy parts of the line, 
and as showing that one class of engine would do for both 

oods and passenger traffic, I give the following figures 
for the desirable standard trains on gradients of 1 in 40: 





Passenger Trains. Goods Trains. 
Tons. Tons, 
2sleepers... .. 50 25 wagons at 8 tons 
1 car Ist (lavatory) ... 23 (loaded) ms ... 200 
1 car composite (lava- 1 brake van, bogie... 16 
tory) axe ... 23 Engine and tender ... 80 
12nd ... ala sae 
1 brake van (lavatory) 21 296 
6 vehicles (loaded) 
weighing ... ... 140 
Engine and tender ... 80 
Total as e-- 220 


“‘The difference in weight, 76 tons, would be offset by 
the higher speed required with the passenger train. 

“T estimate that an engine as proposed by Mr. Drum- 
mond, with six coupled wheels, 170 Ib. boiler pressure, and 
a pony truck in front, would do this work if made with 
42 tons adhesion weight or 14 tons on each driving axle. 
The total weight of the engine would be about 50 tons 
and the tender loaded 30 tons. The weights empty would 
be about 46 and 144 tons respecti ae : ; 

“Engines of similar weights and dimensions are coming 
into favour on the Canadian Pacific, Michigan Central, 
Erie, Chicago, Burlington and Quincy, and other lines 
in the U.S.A. for ——- traffic. ‘ 

‘* According to the terms of the offer I estimate the cost 
of the different proposed classes as follows. _ 

‘‘These prices, as regards the heavier engines, appear 
high, but the engines are far heavier and more powerful 
than any we now have, and would also be more durable. 

“Our best available engines haul a load of only eighteen 
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trucks up 1—40, which is practically the ruling grade on 
the most important parts of our main lines, The pro 
engine would, I estimate, haul easily 25 loaded wagons. 











| Weight | Weight Price 
oe | Loaded, [E. and T.| per — 
| E. only. | empty. on. ' 
| tons. tons. £ £ 
Main line engine 50 605 65 3933 
Shunting tank— 
mineral an 56 45 70 3150 
Suburban tank... 45 34 70 2380 


} 
| 
i 
‘ 





This would not only mean an increase of nearly 40 per 
cent in the load for 374 per cent. increase in the first cost 
of the engine, but would give a greater increase in the 
earnings without any appreciable increase in the cost of 
working, as shown by the following figures of the esti- 
mated annual earnings and expenses of a main line 
engine, on the basis of 25,000 train-miles per annum. 


Present Engines. 
Earnings: 
Load of eighteen wagons 
Expenses: 
Running and repairs re apa 
Interest on cost of engine, 4 per 
cent., on 28501... oc +e 
Interest on proportion of cost of 
workshops and machinery 


1100 

114 

40 
Total expenses 


Net earnings per annum... 


Proposed Engine. 
Eurnings: 
Load of 25 wagons ... 
Expenses : 
unning and repairs ee ve 
Interest on cost of engine, 4 per 
cent. on 39331... ous ” 
Interest on proportion of cost of 
workshops and machinery 


1100 

17 

40 
1,297 


Net earnings per annum... 10,853 


** While the extra charge for interest on the first cost of 
the more powerful engine is 43/. per annum, the net earn- 
ings are over 33001, per annum greater, figures that 
explain the great benefits obtained elsewhere from the 
use of more powerful engines, and fully justify the greater 
cost of the proposed main line engines. 

‘**Such engines would have the flexible wheel base, great 
tractive power, and consequent profitable earning capacity, 
which are the strong points of modern American engines, 
united with the economical consumption of fuel, careful 
design, and excellent materials an 
render ~~ locomotives so durable, trustworthy, and 
economical, 

‘The following Table shows the cost of the most recent 
examples of various types of our existing engines, the 
actual price as paid to the various English makers being 
compared with the cost on the proposed scale. All 
American type engines have been excluded because the 
extensive use of cast in place of wrought iron increases 
the weight and diminishes the cost, and renders impos- 
sible any comparison on a price-per-ton basis. It is 
believed that the following is a fair comparison : 


Total expenses 











o| .. 
18 28] 9 
: Classof (Se ‘3 Date Price 
Maker. Engine. 2» ad Ey a £8 quoted. 
Jr! oF od 
Sea's 2 2c) 
t. ct.) £ | £ | 
Diibs .. Express pas-, 50 6'3270'2877' January, 1885 
senger | | 
Beyer ... Goods (Mogul) 52 0/3383 2866! Latter part 
1884 
BS ut - , 52 03383 2860 August, 1889 
+». Suburban tank $1 17 2230 2240) 1885 
(351) 


28 


Vulcan Shunting tank 2 1967 2290, Latter part 
(285) 1883 
Average 
Shunting 
mineral tank , 


2847 2672) 


Beyer ... . 2780) August, 1889 





‘The proposed scale of prices is thus about 8.3 per cent. 
above the prices , aid hitherto, 

‘‘The difference in cost must be considered against 
the great delay in obtaining engines from England. Ten 
passenger engines were indented for October, 1888, but 
only five of these engines had arrived up to March, 1890, 
Thus five engines had been obtained in seventeen months 
after order, whereas the proposal offers 100 engines within 
thirty months after order. 

** Another batch of twenty-five goods engines were in- 
dented for in June, 1889, but though urgently wanted 
little progress had been made up to the following Feb- 


ruary, the English makers being full of orders.” 

Upon the recommendation, as stated, of the Railway 
Commissioners the tender was accepted and a cable mes- 
—_ was sent to the Agent-General on March 28th to this 
effect, the Agent-General to enter into an interim agree- 
ment, but the final and detailed agreement to be made 





workmanship, which | } 


in the colony. On April 11th the Agent-General tele- 
graphed that an interim agreement had been arranged. 

e following information prepared by the department 
as to the prices per ton paid for locomotives in the colonies 
compared with the proposed prices completes the a i 
It will be seen that the prices are largely in favour of New 
South Wales: Tender engines— Victoria, 701. 2s. ; 
South Australia, 82/. 18s. to 901. 7s. 5d. ; Queensland, 671. 
to 791. 7s. 3d. ; New South Wales (proposed prices), 65J. 
Tank engines— Victoria, 741. 7s.; South Australia, 
1151. 5s. 7d. ; Queensland, none being built ; New South 
Wales (proposed prices), 70/. 








MISCELLANEA. 
THE Railway Age reports that during the four months 
from January 1 to April 30 there were over 1100 miles of 
new road constructed in the United States. 


The Mu Valley Railway in Burmah is to be pushed on 
steadily till it reaches Mogaung. The section from Man- 
dalay to Swebo is already under construction, and 2000 
tons of rails and 1000 tons of girders for the line have 
arrived at Rangoon. 


From the office of the Daily Chronicle, at Georgetown, 
Demerara, we have the “‘ British Guiana Directory.” In 
addition to the list of inhabitants there is given a great 
amount of information regarding this colony—its politics, 
laws, taxes, &c. 


The seventh meeting of the present session of the 
University College Engineering Society was held on 
Wednesday evening, May 28th, Professor T, H. Beare 
=e when Mr. P.S. Pilcher read a paper on ‘‘ Loam 

oulding.” 


The Belleville boiler is used very extensively abroad 
to supply steam to the engines of both war and mer- 
cantile vessels. Since January, 1879, no less than 429 
of these boilers have been supplied to different boats, the 
ne surface of which aggregated nearly 276,300 square 
eet. 


Mr. A. Davis, an American engineer, has recently got 
out plans for an elevated electric railway at Montreal. 
The track is to be carried on single posts 60 ft. apart, 
single girders rest on these pillars and carry the rails, 
The current is supplied to the car motors by a cable 
running along the top chord of the girder. 


The gross receipts of the twenty-three principal rail- 
ways in the United Kingdom for the week ending May 25, 
amounted, on 16,159} miles, to 1,470,416/., and for the 
corresponding period of 1889, on 16,031 miles, to 1,274,2401., 
an increase of 128} miles, or 0.8 per cent., and an increase 
of 196,1761., or 15.3 ~ cent., the receipts including the 
first portion of the Whitsuntide traffic. 


A new mountain railway, intended to convey tourists 
up Monte Generoso, has just been opened in Switzerland. 

ne line has a gradient varying from 20 to 22 per cent. 
and is nearly six miles long. It is worked on the rack-rai 
system, a double rack being laid down between the ordi- 
va rails. The height reached is 5500 ft. above the sea 
evel. 


In 1888-89 the output of coal from the Bengal mines 
was reported as 1,380,594 tons ; 157,768 tons were raised 
from the Central Provinces collieries (Mohpani and 
Warora) ; 101,528 tons from the Assam collieries; 41,580 
tons from Umaria (Central India) ; 11,249 tons from the 
Dandot colliery in the Punjab; 13,382 tons from the 
Singareni colliery in the Nizam’s Territory, and 2747 tons 
from the Khost mine in Beluchistan. 


Mr. E. W. D. Rusette, N.A and C.E., who has been 
for many years naval architect for the Peninsular and 
Oriental Steam Navigation Company, and the head of 
their naval and engineering department, is about to join 
the firm of C. 8S. Swan and Hunter, shipbuilders, Wall- 
send-on-Tyne, Messrs. Swan and Hunter intend to give 
increased attention to building very large passenger and 
cargo steamers of the highest class. 


The annual meeting of the Suez Canal Company was 
held last Wednesday. From the report it appears that 
the receipts of the canal during the past year had been 
69,000,000 francs. The total number of ships passing 
through was 3425, 608 of which had passed through dur- 
ing the night. The average duration of transit had been 
26 hours 44 minutes. he whole of the canal has 
now been deepened to 27 ft. 9 in., and since April 1 last 
vessels drawing 25 ft. 6 in. had been able to pass 
through it. 


Several of the American instrument makers are trying 
aluminium for their surveying and other tools. The 
metal, however, does not seem suitable for theodolites and 
levels intended for surface surveying, as owing to its 
great lightness, instruments made of it are seriously 
affected by the wind, and it is almost impossible to take 
an observation with them on a windy day. For under- 
ground work, however, there is no reason why these in- 
struments should not be used, and for the construction of 
instruments held in the hand, such as sextants, it would 
seem to offer many advantages. 


During the past few years the application of electricity 
has made great progress in Japan, there being now five 
large companies carrying on the lighting of buildings, 
&c., from a central station. The stations at Tokio, Kioto, 
Kobe, Osaka, and Nagoya are stated to have lighting 
power for 22,300 lamps, 11,000 of which are said to be in 
use. Besides these, ten other companies have received 
permission to erect works at Nagano, Kumamoto, Naga- 
sakai, Hakata, Yokohama, Hiroshuna, Shidznoka, Huko- 
date, Niigata, with a total power of 16,800 lamps. The 
first company was established in Tokio in 1886. 





cerning the supply of natural gas in the Pittsburg region. 
The supply has meso uneven and unreliable in many 
quarters that manufacturers are seeking other fuel sup- 
plies. Oil-gas plants have been placed in a number of 
iron and steel mills and are running now in conjunction 
with the natural gas, and are intended to take its place 
in case the supply should fail. In Johnstown, Pa., 
within a short time Archer oil-gas plants have been sub- 
stituted for natural gas in three mills. The natural gas 
supply appears amply sufficient for domestic or house 

urposes, but it is not inexhaustible, and its use for manu- 

~—s purposes has already exceeded the capacity of 
the fields. 


A curious accident happened last Friday on board Her 
Majesty’s ship Howe in Portsmouth Dockyard. While 
drill was being carried on, one of the 13.5 in. projectile, 
weighing 1250 lb., was placed on the ammunition 
trunk, but when the lift was at the spe part of the 
structure, the massive projectile fell down through the 
trunk, a distance of about 15 ft., in its course breaking 
through the inner bottom plating, and landing on the 
inside of the skin plating. It appears that the indicator 
fitted to the lift was in perfect working order and regis- 
tered correctly, so that the accident could only have been 
cau. through carelessness. Fortunately the fuzes are 
never fitted to the shells until they are ready for placing 
into the gun, so that if a similar accident should thi 
in time of action the result would be no worse than in the 
present instance. 


Some important new works are now being carried out 
at the Barry Docks from the designs of, and under the 
supervision of Mr. John Robinson, M. Inst. C.E., the 
pogo al engineer. ‘Two new tips are being erected by 
Sir William Armstrong and Co. at the west end of the 
dock, and two other tips of a different type will shortly 
be completed. A new road with a bridge of 71 ft. span is 
also to be constructed, and a large iron girder —e 
200 ft. long with a roadway 24 ft. wide, and two 6 ft. 
pathways, is to be carried over the sidings at the south- 
west corner of the dock to Barry Island. Increased 
engine and boiler power for working the hydraulic cranes, 
&c., is also being laid down. To complete the drainage 
system of the docks a new sewer 2500 ft. long is being 
constructed, and finally a junction with the Taff Vale 
Railway is being made at Cadoxton. 


The Walton Local Board have just completed an 
enlargement in their ———- system. The present 
24 in. outfall has been increased to 4 ft. 6 in. by 3 ft. 6 in. 
alength of 2930 yards, also a length of 1100 yards of 
3 ft. 2 in. cast-iron pipes has been laid in addition to the 
present 18 in. pipes. At the Sewage Farm a small por- 
tion abutting the River Alt has been set aside for inter- 
mittent filtration. A large tank has been built of con- 
crete and faced with blue Staffordshire bricks 100 ft. by 
102 ft., containing with the present tank over 700,000 
gallons, so that the whole of the sewage received between 
6 p.m. and 6 a.m. next day may be stored for distribution 
at the latter hour. In case of flood, overflows are pro- 
vided running direct to the filtration beds. To prevent 
flooding of cellars, an intercepting sewer has been con- 
structed about a mile in length, varying in size from 3 ft. 
by 2 ft. to 3 ft. 6 in. by 2ft.8in. ‘The scheme has cost 
nearly 20,000/., and has been carried out by Mr. W. Hope, 
Earle-street, Liverpool, under the direction of the engi- 
neer, Mr. S. Middlebrook. 


The trade and navigation accounts of British India, 
made up to the close of the official year ending March 31 
last, show a slight falling off in the value of imports and 
a large increase, amounting to upwards of 4,295,000/. 
sterling, in the value of exports. The total imports of 
merchaudise and Government stores (excluding treasure) 
amounted in value to Rx. 69,199,376 (Rx. 1=10R.), being 
Rx. 241,090 below the total for the previous year, but 
above the annual average of the previous five years by as 
much as Rx. 7,683,100. The falling off in the value of 
imports as compared with the figures for the year before 
is explained by the large decrease in the imports of cotton 
yarns and textile fabrics, which quite overbalanced the 
increase under the head of metals, chiefly copper, which 
plays such a large part in native industries. The exports 
of Sodien produce and manufactures during the twelve 
months amounted in value to over Rx. 99,088,333, being 
an increase of Rx. 6,445,598 over the figures for the pre- 
vious year. This increase is mainly due to greater 
activity in the export of raw cotton, jute, and rape-seed. 


Writing in the North- Western Lumberman, Mr. C. FE. 
Potter states that in North-Eastern California some very 
long flumes have been constructed for conveying timber 
from the site of its growth to the sawmills. One cf these 
is 40 miles long, and the timber costs but 2 dols. per 
1000 ft. for br pe over this distance as compared with 
9 dols. the cost of transporting it by teams. These flumes 
are nearly all constructed on the same plan and are known 
as ¥ flumes, being made of two 20-in. boards which are 
battened on the outside at every joint, and a piece is laid 
across the bottom of the flume inside and about 4 in. from 
the bottom of the V to prevent the boards getting stuck on 
the bottom. The flume is 5ft. across the top, and its 
height depends on the country traversed. The flumes some- 
times run for long distances at angles of 30 deg. to 40 deg. 
and in order to check the fall of the timber these rapi 
slopes are followed by long stretches of level, in which 
the water resumes its normal velocity. A first-class flume 
costs 5000 dols. a mile, and will carry without being 
ushed 100,000 ft. of lumber and fifty cords of wood per 
ay. 





AGRICULTURAL IMPLEMENTS IN Russta.—The Russian 
Government has increased the import duties imposed by 
it upon foreign agricultural implements, The object is t 





There is an evident anxiety and uneasiness of feeling con- 





stimulate native industry. 
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|nothing impossible in a flying machine, although in 
EXPERIMENTS ON FLYING MACHINES. our present state of knowledge we are far from attain- 

WE have received from Mr. Lawrence Hargrave, of | ing toit. Ifit be ever accomplished it will be by the 
40, Roslyn Gardens, Sydney, New South Wales, three | combination of patient research and great technical 
photographs of model apparatus constructed by him | skill such as Mr. Hargrave has brought to the subject. 
in the course of experiments in the construction of! Fig. 1 represents a model machine having a body or 
flying machines, and of these we reproduce two below. backbone, a large horizontal plane, and a pair of 
Mr. Hargrave’s object in publishing the results of his wings. It weighs 3340z. ; the total area is 2130 square 
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9957.8 


researches is to give to other workers in the same sub-| inches. It is driven by means of elastic bands, and 
ject the benefit of his experience, and to pat himself in | 470 foot-pounds of energy suffice to propel it 270 ft., 
communication with them, in order that by a mutual | the centre of effort being 14.6 in. abaft the centre of 
exchange of ideas progress may be expedited. Itis un- | gravity. 

fortunate that such an attractive subject as thatof flying| A somewhat similar machine, but with a small fore- 
machines should have been brought into discredit byits | and-aft sail to} steady it, weighed 1.28 lb.; it had 
having been taken up at times by men whose ignorance | 1980 square inches of surface, and the centre of effort 
was only equalled by their charlatanism. Their extrava- | was 14.2 in. behind the centre of gravity. The follow- 
gant claims for their apparatus has caused many people | ing is the record of its performance : 

to scout the entire proposition of the construction of | With 193 foot-pounds of energy it flew 192 ft. horizontally 
such a machine, and to class it with perpetual motion 

and the philosopher’s stone. There is, however, | ,, 


” ” ” ” ” 


218 ” ”? ” 209 ” ” 





The motive power in each case was the contractile 
force of vulcanised india-rubber bands, of such a size 
that forty-eight weighed 100z. ; about 301b. stretched 
each 30in. The trajectory of the models is neces- 
sarily horizontal, for if they are imperfectly balanced 
wreck ensues as a matter of course ; if they are tipped 
bs or down the propelling force acting on the body 
plane makes the sharpness of the curve increase 
rapidly. The distances flown are, therefore, net dis- 
tances, because when the power is expended the pre- 
ponderance of the forward part of the machine brings 
it to earth instantly and vertically. 

Fig. 2 shows a screw propelled machine having an 
area of 2090 in., and driven by forty-eight elastic 
bands; it weighed exactly 2 lb., and 196 foot-pounds 
drove it 120 ft., the centre of effort being 10.5 in. 
abaft the centre of gravity. In its flight the model 
came to grief; something checked the revolution of 
the screw fora fraction of a second, and made the 
machine turn sharply to starboard; it collided with a 
house. The data obtained were exact enough to show 
that the screw and the flapping wings are equally 
effective. 

The percentages of area in advance of the centre 
of gravity of these machines are : 


No. 1 19.3 per cent. 
» 2 20.0 a 
=o , > ape 


Mr. Hargrave has been at work on this subject for a 
considerable time, and has regularly communicated 
the results to the Royal Society of New South Wales, 
in whose proceedings a record will be found, together 
with diagrams of the gearing, and the theoretical con- 
siderations which have governed the designs. In one 
of them (dated December 7, 1887) is described an auto- 
graphic instrument used. The latest communication 
describes a machine propelled by a Brotherhood engine 
driven by compressed air (August 7, 1889). 


INDUSTRIAL NOTES. 

Ho.ipays and strikes are not exactly compatible, 
for immediately preceding the usual annual holidays 
the men are bent upon working all the time they can, 
in order to be able to enjoy the seasonable respite 
from labour, and during the holidays they are not 
usually in a mood for striking, in the labour sense of 
that term. In some industries the holidays have been 
utilised for repairs, this has specially been the case in 
some of the engineering branches of trade, the men 
being required to effect repairs in machinery, while 
the other employés were on pleasure bent. 








The steam enginemakers’ report, dated May 29, states 
that there is a slight increase in the unemployed list, and 
that several branches are experiencing a slackening 
off, mostly in the marine centres, and in the localities of 
iron works where production is being lessened. As a 
set-off to this inquiries for men have been more fre- 
quent, many having been required for heavy repairs 
during theholidays. The total number unemployed was 
47, of whom 23 were fitters or erectors, 16 turners, 
7 pattern-makers, and 1 millwright. A number of 
minor trade disputes have been settled in various 
localities, while in some action has heen suspended, 
The strike of ironfounders at Bolton has been settled, 
and the contemplated action of the engineers in the 
same town has been suspended for an indefinite period, 
owing to a perceptible deine in trade at one of the 
principal firms, and slackness in other firms owing to 
the recent strike of the moulders. The engineers’ strike 
at Derby has been closed, most of the men having gone 
back to their work. A strike has taken place at the 
Victory Works, Liverpool, a number of engineers 
being thereby affected, some of whom, however, have 
found work elsewhere. 





An agitation is going on in Leeds for an advance in 
wages, the rates there being lower than in most of the 
surrounding districts, the minimum being under 30s, 
per week ; with the advance demanded the rates will 
only be brought up to that minimum. The employers 
have not up to the present been favourably disposed 
towards the advance, but the men express a determina- 
tion to enforce it. 

Throughout Lancashire generally engineers in all 
branches are well supplied with work to keep them 
fully employed for the present, but the complaint is 
general that no new work is coming forward to take the 
place of orders fast running out. In the ironmaking 
centres no improvemeat is reported, prices having a 
downward tendency. Most of the establishments closed 
their works for a couple of days in Whit week, but few 
of the works had their normal complement of men 
until the week was farther advanced. In Bury, Roch- 
dale, Blackburn, St. Helen’s, Preston (where an over- 
time dispute has been settled), Wigan, Burnley, Man- 
chester, Oldham, Warrington, Salford, and some other 
places, the state of trade in engineering establishments 
is reported to be good and busy, the men being in full 
employment generally. In some cases it is expected 
that there will bea movement for the better as regards 
new work, especially as fuel is somewhat cheaper. 

The strike at the Maxim-Nordenfelt Works, at 
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Erith, still nominally continues, though the works 
are being carried on. Apparently the result will be 
that the works will be regarded as non-union shops 
for some time. 


In the Cleveland district a settlement, temporary 
it may be, has been effected as regards the — 
scale affecting the blast furnacemen, enginemen, an 
boilermen. ‘The first-named operatives had given 
notice to terminate the scale after the ascertainment 
at the end of the present month. The two other 
sections of the operatives resolved that they would not 
be bound by any agreement for its renewal. This state 
of things looked promising for a strike. But a meeting 
was held of the representatives of the operatives and 
of the employers, when the whole matter was gone into 
at some length. In the end it was agreed that the 
men should leave work at noon on Saturdays ; that the 
time of grace after 6 o’clock a.m., be abolished; and 
that where a man is absent from his work oung 
part of the week, the rate of pay should be reckone 
in proportion to the hours comprised in a full week’s 
work. The effect of the latter arrangement is that the 
full day is reckoned as of nine hours’ duration. The 
question of Sunday overtime was temporarily with- 
drawn. The quarter-shift question was adjourned as 
the representatives of the men were not in a position 
to give a final answer at the meeting. The effect of 
the preceding arrangement will be the avoidance of a 
strike. Work generally in the Cleveland district is 
fairly good, but there is a lessened output, and the 
prospects are not so bright as wor were. The dispute 
of the gas producers at the Cleveland Steel Works has 
been referred to Mr. David Dale for arbitration, as 
the joint committee failed to agree. The question is 
a matter of bonus, given up to January of this year, 
but which the firm pa to discontinue on the ground 
that new methods of work render it no longer neces- 
sary. 





The steel smelters and gas producers at the Consett 
Tron and Steel Works have resolved to continue the 
strike by a vote of 212 to 12, majority for standing out 
200. The strike is not for wages, or reduced hours of 
labour, or even against non-union men; it is against 
four union men belonging to another organisation, 
members of the Ironworkers’ Association. The strikers 
allege that the firm is bent upon destroying the Consett 
branch of the Steelworkers’ Union. By this foolish 
strike, which everybody seems to condemn, some 1500 
men have been thrown idle. 

The dispute between Messrs. C. Cammell and Co. 
and their workmen was referred to Dr. R. Spence 
Watson. The men claimed an advance of 10 per cent. 
on the present rate of wages, based upon several 
grounds, such as the increased price of rails, the in- 
creased value of labour, and the advances conceded 
to the same classes of workmen elsewhere. After con- 
sidering the whole question, the slackening off in trade, 
the downward tendency of prices, and the operation of 
the sliding scale, the arbitrator decided that there 
should be no advance upon the present rate of wages 
at those works. 

By the last advance in wages under the North of 
England sliding scale the rates are now 25 per cent. 
above the minimum rates. The last ascertainment of 
the accountants of the Midland Wages Board shows 
that the average settling price was 8/. 4s. 11.2d. per 
ton. The effect of the two reports will be to equalise 
somewhat the differences which have existed, and 
reduce the amount in dispute over the premium in the 
Midlands. This matter will be decided on the 9th 
instant, probably by a compromise. The present pre- 
mium is ls. 9d. ; the employers think Is. sufficient ; 
possibly Is. 6d. will be the basis of the compromise. 

The rumoured reduction in wages of the ironworkers 
of the North of England refers solely to the steel 
smelters and does not affect the general body of iron 
and steelworkers. The rumour was discredited in last 
week’s Notes, as not agreeing with other information 
to hand from that part of the country. The employers 
and the employed in this trade are too loyal to their 
Board of Conciliation rashly to set its decisions aside. 

Some matters in dispute at Jarrow, between Messrs. 
Palmer and Co. and some of their workpeople, were 
before the Board of Conciliation and Arbitration for 
the manufactured iron and steel trade of the North of 
England ; an agreement entered into by the firm with 
the men was confirmed, and some other questions 
were deferred in order to see whether the parties could 
mutually agree. In other cases the matters were 
referred to a sub-committee to investigate and report. 
The spirit in which these negotiations have been and 
are being carried on, speaks well for both employers 
and workmen. 





The plumbers in Liverpool and Birkenhead are on 


strike for an advance of ld. per hour. The employers 
offered 4d., but this the men refused. The latter 
allege that the ld. was taken off ten years ago, and 
that the employers promised to give it back when 
trade revived. The employers refuse to give more 
than the 4d. The workmen gave the required notice 





of six months, during which time they have had 
several interviews, but no disposition to agree was 
observable at these meetings. Hence the strike. 
Usually the plumbers are not much involved in 
strikes ; they manage things better generally speaking. 
Could not the Guild of Plumbers step in and effect a 
peaceful settlement of this dispute? 

Matters are rather unsettled at the Beckton Gas 
Works, owing partly to the introduction of the ‘ iron 
man,” as the mechanical gas stoker is called; and 
partly to the new agreement of service requiring 28 
days’ notice on the part of the men. The union, it 
appears, counsel a strike, but the men hesitate. They 
remember the disastrous failures in South London, in 
Manchester, and at Salford. The South London affair 
alone cost 2342/., one-half of which was contributed by 
other unions; and then the men failed very disastrously. 
A sudden cessation of work at gas works is so perilous 
that suitable notice ought to be given before any strike 
is allowed to take place. 





The bargebuilders’ strike continues, this being the 
eighth week. The employers are holding out against 
the nine hours, extra pay for overtime, and abolition 
of systematic overtime. Of the 450 men concerned in 
the dispute, about one-half are at work, these contri- 
buting 5s. per week, as levy, to help those on strike, 
the latter being paid 12s, per week. At the last 
meeting the employers adjourned for a month. 

The ship carpenters’ dispute is not settled, matters 
being in about the same condition, Yet trade in 
es Wey is reported to be good in the whole of the 
London district, both north and south of the Thames, 
wherever shipbuilding or repairing is done. Two 
large firms only stand out. 

The ironworkers in the Wolverhampton district are 
in sore straits, in some cases the men have been out 
of employment for sixteen weeks. Yet it is onlya few 
months ago that some classes of ironworkers could 
scarcely be got, even in the Staffordshire districts. In 
North Staffordshire some more furnaces are to be 
damped out in the course of a week or so. 





A serious crisis is threatened in the South Wales 
coal trade; on this occasion the trouble comes from the 
enginemen and stokers, not from the colliers. The 
former have given in their notices to terminate their 
contracts, in spite of recent agreements. Should it 
eventuate in a strike, some thousands of miners and 
ironworkers will be thrown idle in the South Wales 
districts, 





In Scotland labour questions are quiet. The Lanark- 
shire miners only work five days per week, but their 
wages are good, Old pr Pres are about to be re- 
opened in Renfrewshire, where a large number of 
miners will be employed. Mr. Kier Hardie, the 
miners’ representative in parts of Scotland, being 
unable to induce the miners to support his candidature 
for Parliament, is seeking to represent West Ham, in 
the east of London. 

In other mining districts holidays and demonstra- 
tions have been the order of the day, rather than 
wages disputes. The delegates to the Belgium Con- 
ference have been enlightening their constituents as to 
the work done, and prognosticating as to its future 
results. 





The recent delegate meeting of the London Trades 
Council elected Mr. Parnell as secretary, in the place 
of Mr. George Shipton. The rejection of the latter is 
stated to have been due to a large influx of new dele- 
—— from recently established unions, rather than to 

efections of the older unions. 





Another dock strike has occurred at the Albert 
Docks, in consequence of the dismissal of some twenty 
permanent workmen. The Dock Joint Committees are 
advertising for fresh hands, while the pickets are busy 
sending them away again. These perpetual disputes 
show a lack of cohesion and power somewhere, and 
also that the relations are strained to such an extent 
that trouble ia the near future is imminent. 


The ‘‘ Legal Eight Hours and International Labour 
League” Committee have adopted a pretty wide 
programme. They propose the limitation of the 
working day to a maximum of eight hours for adults ; 
to prohibit all child labour under fourteen years of 
age; to reduce the working day to six hours for all 
persons between the ages of fourteen and eighteen 
years ; to suppress all night work, with the exception 
of certain branches of industry in which continuous 
labour is a necessity. Female labour is to be pro- 
hibited in all branches of industry where the work is 
especially injurious to the female organism, and all 
night work is to be forbidden for women and young 
persons under eighteen years of age. They propose 
to enforce 36 hours, at least, of uninterrupted rest per 
week for all workers. Certain kinds of industry and 
certain methods of production especially injurious to 








the health of the workers, are to be prohibited ; the 
sweating system and the truck system are to be 
suppressed, and also the system of ‘‘rings” and 
‘‘trusts.” Labour bureaus and offices of registry for 
bringing together, ostensibly, employers and employed 
are to be abolished ; and all workshops and establish- 
ments, including domestic industries, are to be in- 
spected by ra seagee paid by the State, one-half of 
whom are to chosen by the workpeople. These 
proposals are to be carried out by and inter- 
national treaties. The foregoing is a pretty large 
order to start with. Whether they want the laws 
enacted first, or the people to be educated up to their 
ideal first, isnot explained; but the latter will keep the 
committee fully employed for this generation. ean 
while the old trade unions have enough to do with 
trifling labour disputes, and supporting the out-of- 
work, the sick, the aged, and burying their dead 
when life’s struggle is over. 





A certain amount of uneasiness prevails in connection 
with Government establishments at Woolwich, at 
Chatham, at Sheerness, at Portsmouth, and at Pem- 
broke Dock. The Shipwrights’ Society has been 
organising a series of revival services in several of 
these places, with the view of bringing the men into 
the union. But the Government employés believe in 
legislation and they urge Parliamentary inquiry. At 
Woolwich there are rumours of reductions, not in 
wages, but in the number of men employed, the effect 
of which is that the men are more quiet as to questions 
of wages and hours of work. 





Labour agitations on the Continent are rather quieter 
than they were, the German Emperor making it per- 
fectly plain that German industry must not suffer in 
any concessions that are made. The paternal kind of 
Government in some cases may be inferred from the 
fact that in some large establishments a man must not 
marry without the consent of the firm. The papers 
assert that some such rules exist in connection with 
English trade unions. Nonesuch exist. What would 
English working men say if employers attempted to 
interfere with domestic life in this way? Paternal 
Government is all very well, but it requires a long 
period of training to get used to it. 








THE STRONG LOCOMOTIVE MANUFAC- 
TURING COMPANY’S WORKS. 

THE readers of ENGINEERING have probably noted 
the various performances of the Strong locomotive 
which has been chronicled from time to time, and 
illustrated by photographs of the engines, and tabulated 
results of the coal consumption, steam pressures, horse- 
power indicated, &c. Mr. Strong has now formed a 
company with the title at the head of this article, and 
this company have located themselves in the southern 
part of Ohio, near Cincinnati. 

To be successful in any enterprise which depends 
largely on freight handling, it is essential a location 
should be such as to command the services of at least 
two railroads not under the same management. The 
Strong Locomotive Manufacturing Company have 
located their new shops on the lines of three railways, 
no two of them being under the same management— 
indeed, they are at present active competitors. The 
railways are the C. é: C. and I., commonly known as 
** Old 301” among railway men, but advertised as the 
‘Big Fair,” ‘*Bee Line,” &c. The second road is 
C. H. and D. (Cincinnati, Hamilton, and Dayton), 
and the third line is the P. C. and St. L., known 
as the ‘‘Pennsylvania Company,” or the ‘ Pan 
Handle,” so called because it crosses a small end of 
Virginia which sticks up into Pennsylvania and Ohio, 
and is known by the last name from a fancied re- 
semblance to that useful utensil. By these lines the 
pe. fg can be shipped to every part of the country, 
and by the C. H. and D., in particular, at Toledo, they 
have access to the lakes, being able to obtain supplies 
at a less rate than by rail entirely. The railways will 
all run double tracks into the works, and the com- 
munication with Cincinnati, but a few miles distant, is 
every thirty minutes. The land has been purchased, 
and homes for 1500 workmen will be required by this 
company alone, while the surplus population among 
the workmen of Cincinnati it is expected will bring the 
numbers to 15,000 within the next five years. The 
town is well drained and attractively located, and very 
likely, by the time the lron and Steel Institute of 
Great Britain arrive a few months hence, will have all 
the modern improvements thoroughly established— 
such as a mayor, board of aldermen, theatres, 
gambling houses, and saloons, together with other 
essentials incident to a new metropolis. 

In general, it may be said, the shops of the Strong 
Locomotive Manufacturing Company will be con- 
structed in accordance with the plan shown in the 
annexed engraving. These shops are so arranged that 
the material receives as little handling as possible, and, 
moreover, all mechanical devices are employed to 
render even that little dependent on them rather than 
on manual labour, hence it will be found that a car and 
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switch engine or an overhead crane, are provided for | transfer to the paint vo, is reached by tracks 
i 


the transfer of material from point to point, whether from the forge shop and 
The —. from the transfer table by tracks. 
ly suitable tools, with post cranes, to handle the parts 


in a shop or from one shop to another. 
ment differs materially from that now genera 


er = shop, and also 
t will have all 


adopted in this country. As shown in the plan, the and the material coming from the forge shop and the 
shops are constructed in the form of a cross, with | machine shops. 


wings extending from the arms, and in the centre of 


Shop No. 5, or the other arm of the cross, is the 


this cross is a 65ft. turntable which will admit a boiler erecting shop, where all the parts of the boiler 
freight car and switch engine, both of which can be | will be put together and rivetted up and caulked, and 
turned and thus the car pushed into any department, | where the tubes will be put in and tested before being 
on to the transfer table, or into any of the yards. The transferred to the erecting shop or put on the frames, 
arm of the cross or shop marked No. 1 is the machine such parts having been previously prepared by planing, 
shop. It is 100 ft. by 200 ft., and 40 ft. high, with a flanging, punching, and drilling, in shops No. 6 and 7. 


travellin 


crane of 60 ft. span, capable of lifting 30| The large tower, which is the rivetting tower, is 80 ft. 


tons. This crane travels the full length of the shop, | high, and has a travelling crane in the top of it high 
which has a gallery running along both sides 20 ft. enough to handle a shell 60 ft. long if it is desired, to 
wide, making 28,000 square feet of floor space, 12,000ft. | rivet up long pipe or boilers on the large hydraulic 
of which is suited to heavy work under the travelling rivetter which is located immediately below this in the 
crane ; the other 16,000 ft. under and on the galleries, | boiler erecting shop, This shop will be equipped with 


being intended for — tools, is supplied with 
swinging post cranes. These galleries fs. used for 
vice work, 

In the selection of tools for this department ad- 
vantage has been taken of the great advance made in 
the construction of machine tools and in the methods 
of doing work. Milling tools that will finish an entire 
surface with a single cut, and make exact reproductions 
of that surface with but little attention from the 


4 


3 


attendant, will be used instead of planers, so that one 
man can operate a number of tools. For whereas, in 
the case pe one every cut requires careful attention 
from the attendant, and each setting of the tool affords 
an opportunity for a slight error, with the milling 
tool, properly constructed and kept up by the use of 
standard gauges, the possible errors are almost entirely 
eliminated. One man with a proper tool will thus 
accomplish the work of four with ordinary planers. 
Double headed drilling machines that will drill a 
number of holes at a single setting are to be em- 
ployed, and all tools will be speeded and constructed 
with a view to the greatest possible producing capacity 
in a given time. 

Shop No, 2, or the central piece of the cross, is the 
erecting shop, which has sixteen pits for the erection 
of locomotives, with a travelling crane, running over 
all of them, capable of picking up a locomotive weighing 
60 tons, and lifting it from pit to pit, or of lifting it 
sufficiently high to permit the wheels or trucks to be 
placed under it. These pits or erecting tracks are also 
reached by a 50ft. transfer table running the entire 
length of this shop (360 ft.), and arranged so as to 
receive or deposit peter Be the turntable or from 
the travelling crane of the boiler erecting shop. This 
transfer table is roofed as part of the erecting shop, 
but has doors connecting with tracks in the paint shop 
and tank shop, where the tanks or tenders are con- 
structed. The other side of this erecting shop has a 
gallery extending its full length, under which a 
track runs from the turntable, or the machine shops, 
with a small turntable at the end of each erecting 
track for the convenient transfer of wheels and axles, 
or trucks, to be put under the engines. The gallery, 
being in direct communication with the galleries of the 
machine shop, will be used for vice work. From this 
the parts will go directly to the locomotives. 

The shop No. 3 is the paint shop, where the tanks, 
cabs, and parts of locomotives are painted, or where an 
entire locomotive can be painted after being finished. 
The track of this shop is served by the transfer table, 
and it is two stories high, the lower one being 16 ft. in 
the clear, so that the highest locomotive may be set in 
position in it, while the upper one serves as a paint 
“= proper. 

he next shop adjoining this, and numbered 4, is 
the tank constructing and truck shop, where the 
tenders or tanks and trucks will be put together before 








a 30-ton travelling crane for handling boilers or 
parts of the boilers, portable hydraulic rivetters for 
work not easily reached on the fixed rivetter, portable 
drilling and reaming machines for trueing out the 
holes for the rivets, and the automatic caulking ma- 
chines—one of these hydraulic rivetters will do as 
much as six men with caulking tools, and far better in 
its character. 

Shop No. 6, or the wing extending from this arm, is 














the boiler construction shop, where all the tools for 
fitting parts of boilers and parts of the tenders or tanks 
are located. This has a travelling crane for handling 
the heavy plates and parts of boilers or tanks, and is 
provided with machinery and appliances for welding 
the rings for the barrels of the boilers, and for welding 
these rings together to form the shell of an ordinary 
boiler, or the barrel of a locomotive boiler without a 
rivet or seam. In this shop are also located machinery 
for the manufacture of the corrugated steel furnaces 
used on the Strong boilers, and which have become 
almost universal in the marine boilers throughout the 
entire world, and will, doubtless, soon become largely 
used on river steamers. There are also located the 
hydraulic flanging presses, which will forge parts of 


| the boilers and other parts of the locomotive made of 





steel plates into the exact forms required, so that but 
little machine work will be required to finish them. 

In the next shop, No. 7, which is practically a con- 
tinuation of this same wing, and may be regarded 
almost as one department, is the forge shop, where all 
the frames and parts that are to be produced from 
wrought iron will be forged into shape by steam 
hammers, trip hammers, and by hydraulic presses, the 
latter playing a very important part in connection with 
steam, drop, or die hammers. From this shop the 
parts will go by car to the machine shop by means of 
the turntable. 

Shop No. 8 is the general foundry, in which arrange- 
ments will be made for making castings both of iron 
and steel, and of bronze or brass. This shop will have 
two travelling cranes, each of 30 tons capacity, for 
handling the castings, flasks, and moulds, and the 
molten metal ; the lighter castings will be made under 
the galleries, and the brass ones in the galleries, one 
end of which is equipped for the manufacture of steel 
castings of soft steel, from which the valve gear and 
many parts of the locomotive will be made, and from 
which it is believed the driving wheels of the future 
will most likely be constructed. 

The next shop projecting from this is the pattern 
storage room, so constructed as to be easily cut off 
from the other buildings in case of fire, although this 
precaution is hardly necessary, for the entire structure 
will be fireproof, or practically so, since the building 
is built either of iron or of brick, and has very little 
wood, scarcely enough to make a fire. The cost of 
insurance is thus reduced. 





The next building, and part of this wing, is the 
wood-working and pattern shop, where the woodwork, 
cabs, &c., of the locomotives are constructed, and also 
the patterns for making castings. The small buildings 
alongside of this are the offices and engineering depart- 
ment, where all the designs are pre , 

The small building between the forge shop and the 
foundry is the boiler and power house, where all the 
power—steam, electrical, and hydraulic—is gene- 
rated, and from which it is carried through under- 
ground passage ways to the various departments, where 
an engine of the most improved class of compound con- 
densing type drives each department separately. The 
departments are so arranged that any one can be 
operated without operating any other, so that if it be- 
comes necessary to operate any one department 
separately, on account of extra time, it can be done 
without the expense of operating all the line shafts in 
the entire plant. 

The boilers for driving this establishment will be 
Strong’s patent smokeless boilers, with automatic 
stokers, so arranged as to burn slack bituminous coal as 
well as the best lump, and without smoke or dirt, hence 
noannoyance willresult from black smoke or flying soot. 
These boilers will carry 160 1b. pressure, and will, it 
is stated, give a high evaporative efficiency with this 
low grade coal. This coal will not exceed 1 dol. 
per ton delivered at the boiler, so that the cost 
of fuel is not an important item. Gas will be largeiy 
used in heating iron in the furnaces and for weldin 
the boilers, and gas works, in which coal-gas en 
water-gas will be manufactured, will be operated in 
connection with the works. In the manufacture of 
this gas slack coal will be largely used, to reduce 
expenses. These works are 760 ft. by 500ft. They 
cover 9 acres of ground as planned, and can be ex- 
tended indefinitely without breaking the systematic 
arrangement of the whole, as every wing can be left 
with an unfinished end, or one department can be 
constructed and started without another. These shops 
as planned have a producing capacity of one finished 
locomotive every nine hours, or iT conel double turns 
of two locomotives per day ; and it is the intention of 
the builders to construct not only the Strong loco- 
motive, of which they mean to make a specialty, but 
every kind of locomotive that railroad companies may 
require, and, in adapting the Strong locomotive to the 
requirements of the various roads, tomake the weight 
and size to suit the road and service for which it is 
intended, 





AN EXPERIMENTAL STUDY OF ATMO- 
SPHERIC RESISTANCE.* 
By O. T. Crossy. 
(Continued from page 664.) 

C (2). THE shape of the resisting object may be consi- 
dered under two heads: (a) shape of cross-section, and 
(b) volume, or relation between length and cross-section. 

(a) It is perhaps needless to say that a rough exterior 
offers more resistance than a relatively smooth one. 
Assuming the body to be of ordinarily smooth exterior 
and free from longitudinal irregularities of shape, we 
then have little evidence as to variation of resistance 
depending upon a variation in shape of perimeter alone. 
as from acircle to a triangle. Hagen’s formula indeed 
introduces a term increasing with the perimeter, hence 
for dissimilar areas, an increase of perimeter with con- 
stant area would appear to involve increase of pressure. 
It may be noted, too, that Professor Abbe’s reasoning as 
to inflow at the rear would lead to an apparent decrease 
of total pressure, by relative increase of static pressure 
in rear in the case of the longer perimeter, as in the tri- 
angle. This relation is still very obscure and perhaps 
not important. 

(b) A great majority of experimenters have used only 
thin plates, or if not “‘ thin,” im the ordinary sense of the 
word, yet of such small length (parallel to direction of 
motion), as to be practically classified as thin plates. 

Du Buat and Buchemin, however, experimenting in 
water, published the following important conclusions ; 


Call pressure on thin plate=1.00 ; 
then, if 

Length _95 100 15 2.00 250 3.00 
Diameter 


Coefficient =0.924 0.738 0.694 0.673 0.66 0.664 


The figures, in decreasing order, apply to the case of 
fluid impact against a fixed body. In case of moving 
solid against the fluid, these experimenters noted an 


: : F - length 
increase of pressure for an increase in the ratio — i 
diameter, 


the change, however, being much less marked than in the 
case of fluid impact. 

These coefficients have not, I believe, been verified by 
other authorities. Those who have experimented wit 
elongated bodies as projectiles, have, in the main, gene- 
rally deduced formule applicable to the particular case 
but not showing changes for change in length. The 
later authorities, however, show the points of change 
from one power of V to another as different for the two 
cases of oblong and spherical projectiles, 

C (3). As to angle of incidence, a good deal of experi- 
ment has been made, the matter being of prime import- 


* Paper read before the West Point Branch of the 
United States Military Service Institution. 
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Formvu.as CoNNECTING PRESSURE WITH ANGLE OF INCIDENCE. 











| N | | 
Authority. Formula, ise 20 deg. | 40 deg. | 60 deg. | 64 deg. | 76 deg. p deg. jar 
| | 
“I. Former general opinion .. Cos p 1 | 0,939 0.766 | 0.500 0.438 | 0.242 | 0.173 | 1.81 
2. General opinion and (Hagen) ..| * Core al 1 | 0.882 0.6867 | 0.25 | 0.1918) 0.0585, 0.041 | 3.98 
; [e082 ols a | | 
8. Theissen fies ¢ ( 1+cos@/, ** 0.863 0.672 | 0,428 0.419 0.201 | 0.142 | 2,09 
4. Hutton es oe oe on oe ee 1 0.957 0.724 | 0.331 | 0.27 0.100 0.052 
5. Wenham and Browning .. o* oe oo 1 oe 0.72 0.346 0.26 0.109 } se 2.38 
6. Crosby and Dashiell 1 oa o- | ee | 0.3222; 0.14 |  .. 2.30 
7. Mean 3, 4, 5, 6 4 , 1 0.910 0.705 0.368 | 0.318 0.137 | 0.97 
: cos | 
@, Crosby one afcor@ 1 + 0,910 | 0.676} 0.375 | 0.315 | 0.150 | 0.102 
©: Rietineds ee =s ” 1 0.948 | 0.878 0.400 0.922 | 0.11 0,057 | 1.62 
4 cos | | 
10. Rayleigh | c ame cs .. 1 | 0.965 | 0.854 | 0,641 | 0.582 | 0.363 | 0.273 | 1.603 
11. Vince .. - Fi | 1 | 0,974 | 0.873 | 0.663 | 0600 0.350 0 278 
Variation of Pressure, Base Constant. 
{ | | 
oe ee 1 teen 1 | 0.969 | 0.883 | 0.750 | 0.719 0.621 | 0.586 
Hagen.. C08 @ 1 0.912 0.756 





ance in both civil and military engineering. There has 
not been such accordance as is desirable. The above 
Table (Theissen’s formula) taken from Professor Abbe’s 
report to the Chief Signal Officer, 1887) shows the best 
authorities on the subject. Messrs. Wenham and Spencer 
made experiments for the Aéronautical Society, using a 
blast of air against a pivotted plate. . 

Duchemin’s formula was given as the best interpreta- 
tion of the work of a number of experimenters. ; 

Rayleigh’s formula rests solely on_ mathematical 
analysis, but approaches quite near to Vince’s experi- 
ments on plates whirled in water. 

Theissen’s formula intends to interpret results of whirl- 
ing experiments in air. : ; 

“he divergence of results given by these formule in- 

creases with the obliquity of the angle of incidence. It 
will be noted that Theissen’s formula gives results most 
near to those reached by Wenham and Browning, yet the 
experiments of the latter were made with fixed plates, 
whilst Theissen’s formula is based chiefly on experiments 
with moving plates. ; 

Duchemin considered that there is a difference in the 
effect of change of angle of incidence in the two cases, and 
he gives for the case of fluid impact : 





pi-p 200s? (4 _ singcosg sin? 
1+cos*p 6.48 3.52 
Professor Unwin, adopting the formula 
R=p 2008 
1+cos*@ 


(in which R = pressure in direction of motion, as in Table 
above, and P is equal to pressure on the surface when 
normal to line of motion), finds for the total (normal) 
pressure on the snrface : 

2P 


sin @+co0s 9 

All the formule above given apply to the case of plane 
resisting surfaces. Other values have been found for the 
resistance of bodies having various curved surfaces in 
front, these values usually being expressed in terms of the 
pressure on the base of such curved front or head. 

A hemispherical or cylindrical front is usually said to 
offer one-half the resistance against their respective bases. 

Gaudard, as quoted (translated) in a paper of the Insti- 
tution of Civil Engineers, says: ‘‘It would appear from 
calculation that the pressure on a cylinder is two-thirds, 
and that on a hemisphere one-half the pressure on their 
diametrical sections. Borda, however, obtained by expe- 
riment the smaller values 0.57 and 0.41. For a prism 
presenting a right-angled isosceles triangle, he obtain 
0.73, for a cone 0.69 and 0.54, the rear at apex being 
90 deg. and 60 deg. respectively.” 

Borda is quoted as saying ‘‘ Balls (spherical probably) 
ae only 0.36 to 0.41 and elongated projectiles less than 
nalf these values.” As to the ratio between spherical and 
ogeeval headed shot, the Ordnance officers, United States 
Navy, determined the constants .000514 and .000385, for 
the two cases respectively, these constants entering into 
Didion’s formula for projectile resistances. Bashforth 
gives the following ratios : 


Hemispherical ‘ bs 1 
Hemispheroidal __... a 0.78 
Ogeeval head (one diameter) 0.83 
” ” (two ” ) 0.78 
Flat head i, 


He further states that the resistance is greatly affected 
by the slope of the surface joining head and body ; this 
slope shoud be as gentle as possible. 

tmay be noted, though not strictly under this head, 
that a few efforts have been made to determine the effect 
of change in the shape of the rear end of a moving body, 
but they have been usually compiicated by connection 
with change in length of the y, and nothing clear on 
the subject is known. Hutton states that he could deter- 
mine no appreciable difference of pressure for variations 
in shape of rear. 

D. Renchiee the question of actual determination of 
values, it is to be remembered that, as stated above, a 
majority of the experimental determinations of resist- 
ance under given conditions are reported in the shape of 
formula involving V, D, and A, with a constant co- 
“a ubuat believed th f th d 

ubuat believed that many of the apparent disagree- 
ments in results up to his date, might have been cleared 











away by a careful consideration of the shapes and sizes 
of bodies used in experiment. Below I have tabulated a 
number of these values given to the constant, K. Many 
of these I take directly from Professor A bbe’s compilation. 


Tape I. 


Authority. 
Mariotte ... 


9 


aan 
K.. | Remarks. 


\Figure quoted by Weisbach. V 
probably from motion of light 
objects. 

Quoted by Langsdorff. V probably 
from anemometer. Two larger 
values result from efforts of 
others to correct for density. 

Surfaces about 1 square foot. Pres- 
sure by spring. 





Woltmann ..| 
me mA 
” 


Thibault. ...' 








In these cases the fluid impinged against the sur 
face. There are on record many estimates of the maxi- 
mum pressure of the wind in given localities, or of the 
pressure which must have been exerted to overturn a cer- 
tain structure, These are useless for strict tabulation on 
account of the absence of knowledge as to the velocity 
of the wind considered. Much information on this sub- 
ject may be had from several numbers of the 1880 series 
of London ENGINEERING. The values given below are 
for the case of moving solid. 




















Authority. | K. | Koa | pon Remarks, 
sq. ft. lft. p.s. 
Du Borda ...| 1.39 | 0.25 | 13 Quoted by Poncelet ; 
‘ | 1.64] 0.58 | 13 | thin plates. 
is 1.39 | 1.00 13 | 
Hutton 1.24 | 0.10 | ... |Warious shapes, 
+ 1.43 | 0.25 | 25 | 
Rouse 1.85 .. | a ‘Quoted by Smeaton ; 
| no details of expe- 
| | riment, 
Beaufoy 1.15; 100 | 6 
x 1,22 oss 6 Second surface some- 
| what larger. 
Prechtel 1.89 | 10 ‘Flat, square paper 
| | moving around an 
| edge. 
Thibault 1.52 | 0.25 33 Square plate. 
4 1.78 | 1.0 eg 
8 1.90 | 1.0 | 33 ge long side 
radial. 
a 1.67; 10 | 38 — short side 
radial. 
Hagen 1.16 | 0.007 | 5 Increases with in- 
| | crease of surface, 





Other determinations are given below in expressions 
whose forms are more complex than the Newtonian. 

Inquiring into the methods used for these determina- 
tions it is found that they have been : 

1. For very high velocities, as in ordnance practice, by 
measurement of initial velocity and actual trajectory ; 
hence, calculation of available energy and resistances. 

2. By observed fall of bodies of known weight and 
resisting area. 

3. By drawing bodies in a rectilinear path through air 
or water. 

4, By swinging of pendulum. 

5. By exposing bodies te impact of wind or artificial 
blast, or flow of water currents, measuring pressure by 
— movement or otherwise. 

6. By whirling bodies through air around a centre. 

Results from : 

1. In so far as applied to the particular projectiles and 
velocities chiefly used to determine the formula entered, 
are reasonably accurate. When reduction to low veloci- 
ties and to a normal plane front is attempted, divergen- 
cies are to be noted, as shown in Fig. 4,* where the pres- 
sure against 1 square foot, normal to direction of motion, 





is calculated for velocities of 75 ft., 150 ft., and 500 ft. per 
second, by well-known formule. No account is taken 
of supposed length of projectile in making this reduction. 

* The diagrams will appear with the conclusion of the 
paper, 





2. No considerable series of experiments by falling 
bodies is on record. Newton used this method. 

3. Experiments giving rectilinear motion have been 
limited to very low velocities, and were made chiefly in 
water. 

4, A number of very delicate experiments, at low velo- 
cities, have been made by swinging the pendulum. Pro- 
fessor Abbe says: ‘‘These phenomena would afford a 
very accurate means of determining the resistance of the 
air were it not for analytical difficulties in determining 
the effect of the varying action of the pendulum during 
each oscillation.” 

5. A great number of impact experiments have been 
made, both in air and water. So far as the determination 
of pressure velocity relation is concerned, they all suppose 
». knowledge of that relation, or suppose that in some way 
i ta° velocity of impact can be accurately oe. Some 
accuracy on this point may be obtained by the method of 
artificial blasts, but none worthy of consideration in 
exposing to the wind. Much dissatisfaction is expressed 
by many authorities with the best forms of anemometers 
—even considering their function to be only that of indi- 
cating relative velocities—not absolute measurement in 
miles per hour, feet per second, &c. 

(For fuller information on the subject of anemometers in 
eneral, see Professor Abbe’s Report to Chief of Signal 
ervice, 1887, and article ‘‘ Anemometers,” in ‘‘ Encyclo- 

pedia Britannica.”) 

6. In whirling machines, the velocity of the moving 
body may of course be determined with accuracy. True 
relative velocity issubject to slight error of determination, 
due to disturbances in the originally still air caused by 
motion of the solid. Measurement of pressure against 
the solid is usually complicated to a considerable degree 
by the necessity of eliminating work of friction. This 
method, however, with modification of detail, has been 
adopted by many experimenters, especially those working 
in air. Thus, in air: Robins, Rouse, Hutton, Da a, 
Edgeworth, Beaufoy, Rennie, Robinson, Recknagel, 
Hagen, Thibault, and Dohrandt. In water: Vince, 
Coulomb, and others. Some of these experimenters did 
not attempt to measure pressures, but velocities of rota- 
tion of anemometers. 

In the experiments of Robins, Hutton, and Hagen, the 
pressure was arrived at by measuring a weight whose fall 
rotated the apparatus at observed velocities. The driving 
energy when thus supplied can be accurately measured, 
but it is of course inconvenient thus to run at high speeds 
with resisting surfaces of considerable area. 

I had intended to turn a wheel at a very high velocity 
by an electric motor, whose output of mechanical energy 
can be quite accurately measured. The apparatus actually 
used and described below, was in the main gs by 
Mr. Dashiell, my assistant in the general work leading to 
this experiment. 

(To be continued.) 





Pick’s System oF ManuracturinG SaLt.—At a meet- 
ae of the Society of Engineers, held_at the Town Hall, 

estminster, on Monday evening, June 2, 1890, Mr. 
Henry Adams, President, in the chair, a paper was read 
by Mr. Perry F. Nursey (past-president) on ‘ Pick’s 
System of (3 Macher alt in vacuo.” The author 
commenced by observing that the manufacture of salt 
was carried on in the present day mainly in the same way 
as it was by our remote ancestors, wf in open eva- 
porating brine pans. He then described an ordinary 
salt plant, and pointed out the disadvantages of the 
system. These included constant expense in repairs and 
renewal of the pans, which scaled and buckled, and, at 
the best, only lasted about three years ; heavy cost for 
fuel, for land (the pans covering large areas), and for 
labour, and the production of noxious gases which were 
alike deleterious to animal and vegetable life. The 
author then proceeded to describe Dr. Pick’s vacuum 
process, which is based on the Rillieux, or triple effect 
system. Dr. Pick’s apparatus is made in three duplicate 
sections, each consisting of four main parts, namely, the 
boiling chamber, the heating chamber, the collecting 
chamber, and the filtering chamber. The steam used 
enters the heating chamber of the first section and there 
heats the brine, and the steam given off from that 
brine enters the steam chamber of the second section, 
and heats the brine there. The same process is re- 
peated in the third section. The steam on in 
the latter section from the brine is drawn off by means of 
@ vacuum pump condenser. The advantages, as demon- 
strated by the working of an apparatus put up by Mr. 
Nursey at a salt works in Staffordshire, were stated to be 
a saving in fuel, in labour, in area occupied, and the avoid- 
ance of the production of deleterious gases. The con- 
sumption of coal by the pan process is 12 cwt. per ton of 
fine white salt. By the new process a saving of 7 cwt. of 
coal per ton is said to be effected where waste or exhaust 
steam is not available. The process was shown to be 
automatic, and to require no skilled labour in carrying it 
on. With regard to space, it was stated that an appa- 
ratus consisting of three sections, each 24 yards in dia- 
meter, will turn out 50 tons of salt per day, or 300 tons 
per week, while a salt pan 12 yards long by 24 yards wide, 
exclusive of brickwork, only turns out about 40 tons per 
week. The author eulabedl out that others had endea- 
voured to apply the vacuum principle to saltmaking, but 
had_ not succeeded in practice. Dr. Pick had succeeded 
by the simple addition to each section of a vacuum filter, 
which enabled him to utilise the advantages of the triple 
effect system to the full in saltmaking, and so to confer 
a substantial benefit on the salt industry. The paper was 
illustrated by diagrams of the old and new systems, and 
the author exhibited samples of salt made from the same 
brine and at the same works under the old and new pro- 
cesses. The superiority of the salt produced in vacuo 
was manifest both as regards fineness and greater density, 
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ComriteD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1888. 

The number of views given in the ification Drawings is stated 
in each case after the price ; none are mentioned, the 
Specification is not illustrated. 

Where Inventions are communicated from abroad, the Names, 
éc., of the Communicators are given in italics. 

— of Specifications may be obtained at 38, Cursitor- . 

hancery-Lane, E.C., either personally, or letter, enclosing 
amount ee’ and postage, addressed to H. Reapgr Lack, Esq. 

The date of the advertisement of the acceptance of a complete spe- 
cification is, in each case, given after the abstract, unless the 

‘atent has been sealed, when the date of sealing is given. 

Any person may at any time within two months from the date of 
the advertisement of the acceptance of a comy spect, ion, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS. 


7748. S. Robinson, London. Steam and other Fluid- 
Pressure es. (8d. 9 Figs.] May 9, 1889.—This inven- 
tion has reference to steam and other fluid-pressure engines 
where more than one cylinder is employed to constitute one 
engine. The improved engine comprises three cylinders A, B, C, 
of equal capacity to two of which, whose pistons drive opposite 
cranks, the initial or full pressure fluid is admitted alternately and 
always at the same end. The ends of the three cylinders are so 
connected under the control of a valve H that there are always 
four communicating cylinder chambers full of ‘retained fluid,” 
that is to say fluid which has already exerted its initial pressure. 
This fluid is in contact with the piston which for the time being is 
being impelled by the initial fluid, and also with the piston of the 









(asa 








third cylinder which drives a crank approximately at right angles 
to the other cranks, whereby the retained fluid having an ‘“‘ inde- 
pendent foundation” to act upon, impels the piston of the third 
cylinder without increasing in volume, while there is no back 
pressure against the piston on which the initial fluid acts. There 
are five ports, K, L the live steam port, M, N, and the exhaust O 
in the seat of the valve H which has a bridge with three passa, 

P, Q, Rin it. The passage P admits live steam from the boiler ; 
the passage Q transfers the retained steam from the cylinder A to 
cylinder B and vice versa alternately, and also communicates with 
the permanent passage J between the cylinders Aand B ; and the 
passage R communicates between the two ends of the cylinder C 
and the exhaust port O. (Accepted April 16, 1890). 


7816. L. Helliwell, Dewsbury, Yorks. Improve- 
ments Connected with Furnace Bars for Promoting 
the Generation of Steam and the Consumption of 
Smoke, [8d. 8 Figs.] May 10, 1889.—On the furnace door C 

sa bar r resting in the bottom of a notch s attached to the 
bottom of the upright bar ¢ which is made to open and close the 
valves i, 2, j, and 3, by means of pins w projecting eccentrically 
from discs v on the end of the valve spindles. When the attendant 
slides the bar 7 on the furnace door in the direction of the arrow, 
the door can be opened and asupply of fuel fed to the furnace ; 
but when the door is closed, the underside of the bar 7 of the 
furnace door comes into contact with the inclined part of a Nl 
jection w of the notched part s, drawing down the bar ft. e 
effect of this is to operate the valve ¢ and to permit steam to enter 
at the top of the piston so as to force down the piston-rod. At 

















the same time the exhaust steam on the underside of the piston 
escapes through a pipe gl. The effect of this downward motion 
of the piston-rod is to cause the bars, which were at that time 
level, to be quickly raised, asin Fig. 2. When the bar r on the 
furnace door has lowered the vertical rod t to its lowest point, 
and opened the valves to raise the furnace bars, then the spiral 
spriug 2, which is connected to the projection w, draws the 
vertical rod up, causing the vertical rod to close the steam ad- 
mission valve 7 and exhaust valves 2, but to open the steam ad- 
mission valve j and exhaust valve 3, by which the motion of the 
piston is reversed, causing the gratebars to descend or close, but 
this motion is slow, as the exhaust valve 3 is only partially 
opened, so that the escape of steam therefrom will be gradual. 
(Accepted April 16, 1890). 

8089. W. Holker, Liverpool. Direct-Acting Steam 
Pumping and other ite Engines. [8d. 10 Figs.) May 15, 
1889.—The slide valve e is actuated by the rocking lever 7 so as to 
cut off steam at a certain part of the stroke of the piston of the 
steam cylinder a, and thereby work the engine expansively. The 
rocking lever i is worked by the crosshead d which connects the 
steam piston-rod j and the = -rod K, The lever 7 works on 
and extends below the shaft / and has at its ends slotsi!, provided 
with sliding plates 72, retained by springs 7?, These plates are set 
at an angle on the lever 7 with their outer ends projecting. Each 
end of the lever is provided with projections 74, which in working 

ive the lead to the valve, and the under surface and stroke of the 
ever 7 is such that the slide valve e may be closed at half or any 
part of the stroke desired. To insure the engine working evenly, 
the crosshead d is provided with a flywheel p attached to which is 
a toothed pinion 7, travelling in an internal toothed rack 8, which 
is carried by the guide brackets t, t, in which it is free to be moved 
up and down, 30 that the pinion x will gear with either side of the 
rack and give a continuous rotary motion to the flywheel p. The 
outer ends of levers u attached to the engine frame are connected 
to arod v which works a lever w, working in an inclined loop x 
fitted under the rack s, The levers u are worked by rods z which 





pass through the ends of the rack s, and at the end of each stroke 
these rods are moved Zz the crosshead coming in contact with one 
ofthem, and thereby the levers u and the rod v are worked, and 
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the rack raised or lowered to meet the pinion r. (Accepted Apri! 
16, 1890). 


ELECTRICAL APPARATUS, 


10,801. H. Pieper, Liege, Belgium. Electric 
Lamps. [8d. 9 Figs.) July 4, 1889.—This invention relates 
to electric lamps in which the light is produced by means of an 
electric circuit, a carvon-rod and two or more electrodes in con- 
tact with one end surface of the said rod, so that when the elec- 
trodes are excited, the current will pass transversely through the 
carbon, t.e. vertically to its length. Ais the carbon. The two 
electrodes B, C, are pivotted at 6 andc to the posts G and H, which 
are fixed to the plate D, but insulated therefrom. The electrodes 
are drawn by springs rand 7! against the end of the carbon-rod, 
which in turn presses by gravity, or by means of a weight a against 
the latter. A current introduced at E passes through the post 
G and the electrode B to the carbon A, and after having traversed 
the carbon, it flows through the electrode C and the t H, the 
carbon being in consequence caused to become incandescent at its 
end. In order to avoid the transmission of the current through 














the pivots b and ¢, it is advantageous to connect the post G and H 
with the respective electrodes B, C by means of wiresg,h. If the 
carbon is consumed unequally at its points of contact with the 
electrodes, so that it becomes on one side shorter than the other, 
the electrode which is opposite to the point of greater consump- 
tion will rise at its contact-making end and thus remain in con- 
tact with the carbon, in whichsoever position the opposite elec- 
trode may be at the time. By these means the formation of 
sparks and the consequent burning of the electrodes is pletely 
avoided. For the pu of keeping the ends d, e of the elec- 
trodes cool the electrodes are perforated throughout their length, 
so that they form tubes, and they are arranged to be normally 
somewhat inclined upward from their point of contact. As soon 
as the electrodes become hot, an air current arises in the perfora- 
tion, producing refrigeration. Means are provided for switching 
the lamp out of circuit automatically. (Accepted April 16, 1890). 


19,529. E. Holt, Manchester. Current Collectors 
for Electric, Dynamo, and other Machines. [é6d. 
2 Figs.) December 5, 1889.—A rocker b mounted upon a boss of 
the frame a of the machine has fixed to it a stud c upon which a 
C-shaped spring d is carried. The ends of the spring d are formed 
with bosses d1, in which studs e are fixed with interposition of 
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insulating washers f and bushes g. Upon the studs e metal rollers 
are mounted so that they can turn freely, and the spring d is so 
bent that it presses the rollers h against the commutator k of the 
dynamo or electric motor, and the rollers are rotated by contact. 
On the upper ends of the rocker J are lugs / to which thin blades 
m, insulated from the rocker by non-conducting plates n, are fixed 
by screws 0. To the lower part of the blades m, metal blocks r are 





fixed, clipping the bosses h! of the rollers h, and embracing nearly 
the entire circumference of the bosses. Boltssare passed through 
the blades m, by means of which the blocks r can be drawn 
together so as to be inclose and easy contact with the bosses Al. 
The peripheral speed of the bosses being very low in comparison 
with that of the commutator, and the blocks having large bearing 
surfaces upon the bosses, the wear is greatly reduced, and sparking 
avoided by this arrangement. The current is conducted through 
the blades in to the terminals p, to which the wires conducting to 
the field-magnet coils are attached. (Accepted April 16, 1890). 


AGRICULTURAL IMPLEMENTS. 
2412. R. H. Fowler, Leeds, and 8. McCaughey, 
- N. ustralia. Machinery 


mg, Urana, N. fo» y 
for Excavating and Removing Soil. (8d. 6 Figs.) 
February 11, 1889.—Fig. 1 shows a “‘ rotary scoop” in which the 
plough / delivers the earth into a wide wheel b, the rim of which 
1s formed with a number of cells for elevating the earth excavated. 
As this wheel revolves the earth is carried upwards and delivered 
on to an endless band g travelling at right angles to the scoop 






































wheel b. The earth from this travelling band is delivered into a 
box t. Fig. 2 illustrates a ‘‘turning scoop” in which there is an 
arrangement for turning the implement into new ground ready 
for the return journey. The — K delivers the soil directly 
on to an endless travelling band O whence it falls into a box H. 
a an auxiliary travelling band for delivering the soil further to 
the A desired. C are ordinary road wheels. (Accepted April 
16, 1890). 


8385. J. Johns, Ipswich, Suffolk. Apparatus for 
the Tilling of Land, [8d. 4 Figs.) May 20, 1889,—This 
combined tilling apparatus is propelled by means of a travellin 
engine comprising a vertical steam engine B and boiler A mount 
on three wheels, viz., a front steering wheel D, and two main 
wheels G. The tilling apparatus is py on to two vertical 
bolts or pintles H! of the framework H of the engine, and is pro- 
vided on each side with a toothed rack 1, by means of which the 
tilling apparatus may be raised and lowered as desired. The 
tilling apparatus comprises an implement for removing the grass 
and surface soil, consisting of sharp-cutting vertical discs K and 
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intermediate helical knives K3; an implement for breaking or 
digging up and throwing over the soil, consisting of a series of 
forks with removable tines O operated by the cranks of a shaft O! ; 
an implement for pulverising the clods, consisting of a series of 
harrows P ; a rotary seed drill for putting in the seed and covering 
the same, consisting of a series of arms or scoops «! ; and, finally, 
alight harrowing eqpereius, consisting of a series of reciprocating 
harrows R; ora roller for evening and completely covering the 
seed, may be employed in lieu of the latter. The various movements 
required for the operation of the several implements are effected 
by means of suitable intermediate gearing from the steam engine 
crankshaft C. (Accepted April 16, 1890). 


GUNS, &c. 


6371. A.J. Boult, London. Projectiles. (8d. 2 Figs.) 
April 13, 1889.—The object of this invention, which is especially 
applicable to pneumatic guns, is to delay the movement of the 
projectile until the predetermined pressure is obtained. Two 

istons or discs A, Bare adapted to approximately fit in the gun- 

rrel C ; the leading one servesas a gas check. These two pistons 
are connected by a rod D constructed to stand a predetermined 
breaking strain and made of mild steel, copper, or other metal 
which will elongate somewhat before breaking. In the pneumatic 
gun this apparatus eles ry behind the projectile that the 
openings in the gun barrel for the air pressure come between the 
two pistons. The result of employing this apparatus is that 
until a sufficient pressure is obtained the two pistons are simply 
balanced, then as the pressure increases, the connection between 
the two pistons gives way and the projectile is thus started 
gradually on its course during the elongation of the tie between 
the pistons ; but before it fairly escapes, the aap omer pres- 
sure has been obtained and the projectile is thus discharged from 
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ressure, an increased range being 


the gun with the requisite 
, coiled, or twisted tie, such as D!, 


thus secured. A bent, curv 
Fig.1. 























may be used to provide for a less abrupt initial movement of the 
projectile. (Accepted April 16, 1890). 

6548. C. A. McEvoy, London. Ammunition for 
Guns. [6d. 1 Fig.) April 16, 1889.—The improved ammunition 
for guns consists of ashort cartridge or primer @ with metallic cap- 
sule or gas check and a powder charge contained in a thin metal 
case b (preferably of zinc); the whole is so arranged that the 














thin metal case b, if not consumed, is driven forward out of the 
gun by the explosion of the short cartridge, whilst the metallic 
capsule or gas check of the cartridge is withdrawn rearwards out 
of the gun when the breech is opened. d is the projectile. (Ac- 
cepted April 16, 1890). 


7416. B. J.B. Mills, London. (B. A. Fiske, U.S. Navy.) 
Use of Electric Motors for Heavy Guns. 
[8d. 4 Figs.) May 3, 1889.—The gun A is pivotted at a upona 
carriage B placed upon a vertical pivot b arranged to be turned 
by the engagement of a toothed wheel c with a stationary curved 
rack d. The front end of the carriage has wheels e running ona 
rail f. An electric motor C provided for elevating or depressing 
the gun, issupported upon the side of the carriage. The shaft 
of this motor is geared by bevel wheels g with the shaft of a worm 
h which engages a toothed wheel ¢ carrying a pinion k engaging 
with a curved rack J on the side of the gun. Another electric 
motor D placed underneath the gun between the sides of the car- 
riage, carries upon its shaft the wheel c by which the gun and 
carriage are swung upon the pivot b. Anarm E is attached by 
means of a ball-and-socket joint m to a lug n extending from the 
side of the carriage. Each electric motor is provided with a con- 
trolling switch. If both switches are at their central position and 
both motors are at rest, and if it is desired to raise the breech of 
the gun, the arm E is raised, and while it moves through a slot 
v! so as not to affect the arm s!, it engages with the side of the 











slot » and moves an arm s so as to turn the switch arms and start 
the motor C in such a direction as to impel the breech upwardly. 
Similarly, if the arm is moved down, it will start the motor so as 
to lower the breech of the gun, and in either case when the 
proper elevation is reached the return of the switch to its central 
position stops the motor and the gun at that point. These opera- 
tions are all performed without affecting the motor Din any way. 
When, however, it is required to train the gun and carriage 
transversely upon the pivot b, the arm E is moved to one side or 
the other according to the direction in which the gun is to be 
moved, and such arm will then move freely in the slot v, but will 
engage with the slot v! so as to move the arm s! and turn the 
switch of motor D so as to start this motor in the right direction. 
The motor D will be stopped again by bringing arm E back to 
its normal position. The position of the gun on its pivot a does 
not effect the action of the motor D, and neither does the position 
on vertical pivot } effect the operation of the motor C. Both 
motors may be made to run together to move the gun in an 
oblique line, by moving the arm E coy in the required direc- 
tion, whereby the arm will engage with both slots v and v!, and 
turn both the motor switches. (Accepted April 23, 1890). 


TOOLS. 
9156. T. Campbell, Sydenham, Surrey. ratus 
for Withdrawing and Replacing Tubes. AEP Figs.) 


June 3, 1889.—This invention relates to apparatus for withdrawing 
and replacing tubes, such as are used in steam generators and con- 





densers, and consists in the combination of two hollow plugs 2, 3 
with a connecting-rod 1 and screw threads la, 1b, and a nut 5 for 
adjusting the distance apart of the hollow plugs. The arrangement 
is such that after the 1 has been passed through a tube 4, and 





the hollow plug 2 temporarily removed for that —- has been 
replaced on the end passed through, the two hollow plugs are, by 
locking the nut 5 tothe plug 3, by turning the set screw 7, ca 

to grasp and hold between them the tube which can then, by turn- 
ing the apparatus by means of a spanner — to the nut 5, be 
either unscrewed for removal or screwed into place. (Accepted 
April 9, 1890). 


16,137. J. A. Hencke Solinge Germany. Steam 
Hammers, [lld. 13 sole. Octo! ir 1889.-—The arrange- 


ment illustrated is intended to vary the quantity of the upper 
steam and in consequence the heaviness of the blows of the 
hammer. For this purpose a slide valve s is placed on the back of 
a common slide valve e. This slide valve s, which has a port for 
the passage of the upper steam, remains an yong and is kept in 
its position bya lever t. The latter is keyed on the shaft u going 
through a stuffing-box and can be moved by the smith either by 
means of a hand lever or treadle. By altering the position of the 
slide valve s the steam is allowed to for a shorter or longer 
time through the corresponding port of the slide valve and to enter 
into the cylinder above the piston of the hammer. By these means 
the steam can be shut off entirely when wanted, and the expansion 
of the steam will take place at any point of the hammer’s stroke. 
The upward motion is effected by the governing lever, while the 
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downward motion takes place in a self-acting manner by the pres- 
sure of steam on the plunger of the slide valve spindle. To pro- 
duce single blows of the hammer, the pawl g is arranged for arrest- 
ing the slide valve spindle ; and for varying the heaviness of the 
blows, a wedge motion can be attached, on which the end of the 
slide valve spindle will rest, by these means diminishing or in- 
creasing the way of the slide valve e. Another arrangement 
effectuates expansion of the steam, as well for the upper steam as 
for the,under steam. Ina further arrangement, the steam having 
been used for the upward stroke of the piston of the hammer, is 
again used for the downward stroke. The steam ports on the 
cylinder face are arranged in such a way that the port for the ex- 
haust steam is placed on the upper side of the slide valve face. 
Another arrangement shows a contrivance to regulate, while 
giving light blows, the quantity of the under steam according to 
that of the uppersteam. (Accepted April 16, 1890). 


VALVES. 


9273. I. 8. McDougall and J.T. McDougall, London, 
and W. H. Fowler, Manchester. Equilibrium Valves, 
(sd. 2 Figs.) June 4, 1889.—Ordinary equilibrium valves are 
generally constructed with two valves connected with a spindle 
cast together and turned and fitted to a double seating so that 
the bearing surface of each valve is annular. In consequence of 
one valve having to be passed through the opening in the seating 
of the other valve, the surfaces of the two valves on which pres- 
sure is exerted are not equal, and the valves are therefore not in 
perfect equilibrium and consequently some considerable pressure 








is required to open or close them. Further the bearing surfaces 
of the valves on their seatings are not equal to each other in 
area, and therefore do not wear evenly, causing leakage. Now, 
according to this invention, the two valves B, B*, which combined 
together form the equilibrium valve, are connected to each other 
by a central spindle C securing the valves so that the distance 
apart between the two valves can be regulated. When the two 
valves are adjusted to the correct distance apart, they can be locked 
fast to the spindle by means of nutsd. (Accepted April 9, 1890). 


14,021. A. Riedler, Berlin. Operating Gear 
Valves of Pumps, pees, and the like, (8d. 
4 Figs.) September 5, 1889.— 
time the operation of the valves according to the movements of 
the piston. In the arrangement of operating gear for the valves of 
a double-acting pump p, the constant liquid pressure existing 
inside the chamber of the delivery valve is utilised for weighting 
the delivery valve. For this purpose a piston cyinder 0 is inserted 
into theside of the delivery valve chamber a, and the piston work- 
ing within this cylinder is constantly forced outward by the liquid 
pressure which is transmitted to the delivery valve d, by a link r con- 
nected to the closing lever Jf. The operating gear which is adapted 
to release the pressure of the lever J f, upon the valve d a moment 
before this valve is automatically opened, and to allow the lever to 
descend upon the valve again, when it is to be closed, may be 
driven by a revolving cam e. When this cam is revolving in the 
direction of the arrow the eccentric portion m n of its circumfer- 
ence displaces a lever arm g! carrying an anti-friction roller 0 and 
the movements of which are transmitted, by means of a link 71, to 
the armg, which is rigidly connected to the ~—_— lever Lf, 80 
that the arm fis raised off the fe sl valve d. By the concentric 
portion n m1 of the circumference of the cam, the arm fis held in its 


raised position, and the following eccentric portion m! n! allows the j 





liquid pressure by which the gear is weighted to move the link 71 
back to its former ition, whereby the arm f is lowered upon 
the valve d, which is thusclosed. The movements of the suction 
valve smay be regulated in a similar way. As there is no constant 
liquid pressure however inside the suction valve chamber, and as 
the delivery valve d at one end of the pump is to close and to open 

















at the same time as the suction valve s! at the other end of the 

ump, the pressure on the valve d may be utilised for the valve s!. 

is is done by directly connecting the two closing levers by means 

of a link ¢ arranged between the arms h and h! which are rigidly 
connected to the levers. (Accepted April 9, 1890). 


MISCELLANEOUS. 
7594. E. Crowe and H. Crowe, Middlesbrough, 
Yorks. Gas and Hydrocarbon Motive es, (8d. 


oO: 
14 Figs.) May 7, 1889.—The pump crank B follows the motor crank 
A in the direction of revolution. Two pumps F, G are used, one G 
compressing the fluid fuel ora mixture of gas and air, the other 
F pure air, in such a manner that the pumps force direct into a 
combustion chamber I open to the motor cylinder D! without 
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intermediate reservoir. The vapour fuel ignites as it enters, being 
surrounded by an air column in sufficient excess to prevent undue 
increase of temperature. K is a regenerator, D is the motor piston. 
The ignition of the charge is effected by means of a pump driven 
from the shaft M which sends a charge of inflammable mixture 
through an igniting tube N that is heated to redness by a burner 
O. (Accepted April 16, 1890). 


11,788. D. Dennes, Denver, Col., U.S.A. (7. K. Rose, 
Denver, Col., U.S.A.) Obtaining Precious Metals from 
their Ores. (8d. 3 Figs.) July 24, 1889.—This invention re- 
lates to a wet p nd is ially designed for use in connec- 
tion with the wet chlorination or bromination processes for ex- 
tracting precious metals. According to this invention the leach- 
ing vat in which the liquid matter is separated from the solid 
refuse matter consists of a closed vessel A provided with a filter 
bed N and removable bottom chamber B. In the top is a valve D 
for the admission of the substances to be treated ; this valve is 
counterweighted so as to be held up to its seat except when de- 
pressed to admit a charge. The removable chamber B contains a 




















filter bed P and has aremovable bottom O adapted to be moved up 
into and out of position by means of screw gear U. The material 
to be treated passes from a spout S into the vessel A past the 
valve D which then closes. Air or other fluid under pressure is 
admitted through opening G, whereby the top stratum orslimy por- 
tion is forced out through the flexible pipe K and pipe L into the 
vessel B for further treatment. Finally the liquid portion in both 
vessels is forced by air pressure through the filter beds P and N 
and pipes / and R into suitable receivers or precipitating presses. 
The refuse matter is discharged by removing the lower chamber B 
and its bottom O, (Accepted April 2, 1890). 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 

i tates of America from 1847 to the present time, and 
reports of trials of it law cases in the United States, may be 
consulted, gratis, at the cffices of ExemRrrine, 85 and 36, Bedford- 
street, Stranc, 
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LITERATURE. 


Gas and Petroleum Engines: A Practical Treatise on the 
Internal Combustion Engine. By WItttAM Rosinson, 
Senior Demonstrator in Applied Physics and Electrical 
Engineering. London: E. and F. N. Spon, 1890. 

Mr. Rosinson professes to write for the practical 

man. Generally it prejudices us against a work to 

find an intention of this kind set forth in the pre- 
face, because it so often is used as a blind to cover 
the author’s ignorance. The practical man is sup- 
posed only to need superficial information, and to 
be incapable of understanding anything which does 
not appeal to the sense of sight. It is a very easy 
matter to supply him with such material, only 
needing a general acquaintance with the periodical 
literature of the day and a paste-pot of large dimen- 
sions. But Mr. Robinson has evidently a higher 
conception of the practical man than this. Judg- 
ing from his volume he imagines him to be capable 
of understanding anything that can be lucidly 
described in words, and to be desirous of grasping 
the entire subject before him. Yet he has not the 
time to discuss every point in minute detail, and to 
follow each idea to the farthest limit to which it 
can be elaborated by mathematics. He is in 
the position of a barrister getting up a case ; he 
wants every material fact, and a summary of 
every necessary chain of argument to be laid before 
him, and he will not grudge any trouble to master 
these. But he does not insist, or even desire, 
that every collateral issue shall be traced to 
its source ; something must always be assumed, or 
granted, however far the research is carried, 
and for the work-a-day world it is more con- 
venient, and not much more dangerous, to adopt 
an organised scientific doctrine than the primi- 
tive assumption from which it was developed. 

Further, the practical man, like the barrister, 

wants the whole case contained in the volume or 

brief before him, so that he has it entirely under 
his hand. 

If every author of so-called practical books started 
with such a conception of his reader’s requirements 
it would be a great advantage to the engineering 
public. Itcertainly does not seem to be demand- 
ing a great deal to ask that a writer should under- 
stand the wants of those to whom he addresses 
himself. If these are known it neither needs deep 
scientific attainment, nor yet original research, to 
supply them, but only the faculty of selecting the 
right facts, putting them into the most appropriate 
form and grouping them in order. Experience, 
however, shows that the art of teaching, whether it 
be in the schoolroom, the lecture hall, the pulpit, 
or by the pen, is a gift which is far from common, 
and that many a great investigator has failed to 
attain his proper fame because he could not lucidly 
communicate the result of his discoveries to the 
world. Mr. Robinson seems to have the teaching 
faculty well developed, and not only understands 
what his pupil requires, but knows where to find 
the information and how to put it in a lucid guise. 

The volume before us cannot be said to contain 
much original information. Its merit is that it forms 
a capital brief for a man who wants to talk or think 
about gas and petroleum engines, and that nothing 
is omitted that he ought to know. We do not mean 
that every point is exhaustively treated—it would 
need half a dozen volumes for that—but a very fair 
sketch of the state of knowledge on each point is 
given, and copious references enable the reader to 
go back to the records of the original experiments, 
if he please. The leading theories regarding the 
phenomena occurring in the cylinder of a gas 
engine are expounded, and there is a vast amount 
of useful information as to the constitution of fuel 
gas, its heating value, its chemical constitution 
when burnt, and other points. Added to these 
are accounts of several classic trials of gas engines, 
notably by Professors Unwin and Kennedy, which 
are most instructive reading. A specially meri- 
torious feature of the book is the constant nume- 
rical examples, which greatly aid the comprehen- 
sion of abstract ideas, and enable the practical man 
to test his grasp of the author’s explanations. 

After an introductory chapter the author gives 
a full description of the Otto gas engine, explaining 
its cycle, the methods of distribution, ignition, and 
governing, and the like. He then turns to Atkin- 
son’s engines, and the ‘‘ Simplex” engine of Messrs, 
Delamare-Deboutteville and Malandin, and points 
out their distinctive features. The use of petro- 
leum in prime motors forms the subject of the 


fourth chapter, and the Priestman, the Spiel, the | 





‘* Zephyr,” and the Bailey-Friedrich engines are 
described. The fifth chapter is mainly historical, 
and contains a great deal not generally known as 
to early attempts in gas and caloric engines. We 
notice, however, among the latter that Mr. Robinson 
always writesthe name of the Buckettengine between 
inverted commas, as if it were some fancy designa- 
tion, and not merely the name of the patentee, as it 
is. Then come the descriptions of some other gas 
and petroleum engines, followed by accounts of all 
the different devices for igniting the combustible 
charge in the cylinder. Next follow some chapters 
on elementary principles and calculations dealing 
with the indicator, units of various kinds, methods 
and means of measurement, and the laws of 
chemical combinations. Chapter XII. deals with 
combustion, and with the heat value of gaseous 
fuel. Various kinds of gaseous fuel, their method 
of manufacture, composition, heating value, and 
efficiency, are treated of in the next chapter. 
Then come the laws of gases, particularly as 
applied to the study of the indicator diagram. 
Combustion in the engine cylinder is next treated 
under the heads of temperature of combustion, 
dissociation, rate of flame progression, specific 
heat of gases at high temperatures, explosion in a 
closed vessel at constant volume, and explosion of 
expanding mixtures. Transformation of heat into 
work and trials of gas motors form the subjects of 
the concluding chapters. 

It will be seen that the ground is well covered ; 
there is some little iteration, but it seems to be 
necessary to enable each head to be treated inde- 
pendently and fully. The entire volume is written 
with the evident intention that it shall be of value 
to the reader, and not merely to sell, and we have 
no doubt that it will be greatly appreciated both by 
the practical man and the student. 
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THE ELECTRICAL SECTION AT THE 
EDINBURGH EXHIBITION. 

Tue Electrical Section of the Edinburgh Exhi- 
bition is distinctly the most representative and 
interesting. This is as it should be. When the 
idea of commemorating the completion of the Forth 
Bridge by an International Exhibition was origi- 
nated by Mr. A. R. Bennett, M.I.E.E., general 
manager in Scotland to the National Telephone 
Company, his desire was to illustrate the present 
state of electrical engineering. Unlike the pro- 
verbial rolling stone, however, the project in- 
creased in dimensions as time progressed; and in 
midsummer last year it was decided to widen the 
scope. Electrical engineering, however, was still 
retained as the main feature of the scheme, and 
Mr. Bennett is to be congratulated on the general 
excellence of the section; while Mr. Wm. A. 
Bryson, M.I.E.E., the engineer and electrician, 
may be complimented on the general arrangements 
inthe Machinery Hall. The electrical machinery is 
to the west of the centre of the hall, and is generally 
driven by special engines supplied with steam 
from Messrs. Galloways’ boilers, of which we gave 


a description in a previous article in our issue of 
April 18, 

Electricity as applied to the purposes of lighting 
is more fully represented than any other application 
of the power. The National Telephone Company 
has an exhibit showing the working of a centre, and 
with this centre are connected various stalls in the 
Exhibition. The Post Office authorities have a com- 
plete exhibit, showing historical as well as modern 
telegraph apparatus used in British post offices, 
starting with the old Cook and Wheatstone needle 
telegraph of 1837. The Eastern Telegraph Com- 
pany, the Consolidated Telephone Construction and 
Maintenance Company, and other similar com- 
panies have all stands, illustrative of the trans- 
mission of sound, &c., by electricity, while the 
London and North Western-Railway Company show 
many electrical instruments for signalling, &c.; but 
generally electric lighting plant predominates. This 
is not surprising, for apart from its general utility 
and commercial importance, it presents greater 
possibilities of effective display. 

The visitor to an electrical exhibition of to-day 
is prepared to direct his attention to exhibits of two 
distinct types, on the one hand to those that illus- 
trate the strides that science has made in the exact 
measurement of electricity, and on the other to 
those belonging more particularly to the practical 
applications of the power and properties of electrical 
currents. In his search for the former the visitor 
has no difficulty in finding the display of the instru- 
ments by Sir William Thomson, as they are the 
first met with in the section of the Machinery Hall 
devoted to electrical exhibits. The stand is an 
unpretentious one; but in view of the research 
involved and the results attained it is, perhaps, 
unequalled in the Exhibition. It contains his 
new standard electrical instruments made by 
Mr. James White, Glasgow. Of these special 
mention should be made of the deci-ampére balance 
from 1 to 100 deci-ampéres, the hekto-ampére 
balance from 6 to 600 ampéres, and the composite 
balance. These, with other ‘‘ balances” of Sir 
William Thomson’s, the centi-ampére, deka- 
ampere, kilo-ampere, &c., are founded on the 
mutual forces, discovered by Ampére, between 
movable and fixed portions of an electric circuit. 
The mutually-influenced portions are circular in 
shape, and, when consisting of one or more turns 
of the conductor, are called ampére rings, and 
when of less than a whole turn the term are is 
usually applied. In each one of the balance instru- 
ments, except the kilo-ampére balance, each 
movable ring is actuated by two fixed rings—all 
three approximately horizontal. There are two 
such groups of three rings—two movable rings 
attached to the two ends of a horizontal balance 
arm pulled, one of them up and the other down, 
by a pair of fixed rings in its neighbourhood. The 
current is in opposite directions through the two 
movable rings to practically annul disturbance due 
to horizontal components of terrestrial or local 
magnetic forces. The new voltmeter, which is 
portable and is for the measurement of potential in 
connection with installations on board ships, is 
also shown. In the admirable work describing his 
instruments, the great scientist himself states that 
the voltmeter consists of a small oblate of soft iron 
supported on a stretched wire in the centre of a 
solenoid of fine copper wire connected in series 
with platinoid resistances, variable according to 
the potential to be measured, and is founded on 
the principle that an oblate spheroid of soft iron, 
movable round a diameter, tends to turn its 
equatorial plane parallel to the lines of force in 
a uniform magnetic field. The pointer is fixed 
relatively to the oblate in such a manner that, 
when the pointer is at the zero position of the 
scale, the equatorial plane of the oblate is inclined 
about 45 deg. to the lines of force of the solenoid. 
The adjustable magneto-static current meter con- 
sists essentially of a small steel magnet or system 
of magnets suspended in the centre of a uniform 
field of force due to two coils, each having one or 
more turns of copper ribbon or wire, and also 
under the directive influence of two systems of 
powerful steel magnets. The suspended system of 
magnets is attached to one end of a vertical shaft 
passing down centrally through an opening in the 
soleplate of the instrument from an indicating 
needle which is supported by a jewelled cap 
resting upon an iridium point. The two systems 
of directive magnets are circular in form and each 
ring is composed of two semicircular magnets 





placed in a brass cylindrical frame with their 
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similar poles together. Each system is securely 
fixed to a circular brass frame, which fits on to the 
cylindrical case of the instrument in such a way 
that the systems are capable of being turned round, 
together or separately. The instrument has a 
tangent scale, which is adjusted in its position 
before the instrument is sent out, so that the 
needle indicates equal differences of readings for 
equal differences of current. There is also shown 
an ampere gauge, of which there are different types 
made, ranging from .5 to 500 ampéres. These, 
with other instruments on the stand, will be 
viewed with great interest. 

On a stand in the north court of the main build- 
ing Professor James Blyth, of the Glasgow and 
West of Scotland Technical College, also exhibits 
several ingenious appliances for electric measure- 
ments. These include among others a current 
weigher, which gives the results in absolute measure- | 
ment. In his current and voltmeters he reaches 
his result by determining the stain of a spring pro- 
duced by the attraction of a current in a solenoid 
acting on a thin soft iron armature. An interest- 
ing instrument is his volt and current thermometer, 
in which a current is used to produce a change of 
temperature in a long thread of mercury in a glass 
tube, and from the expansion of which the measure- 
ments are determined. All his exhibits, it may be 
said, indicate the type of work that the student of 
electricity in the Glasgow Technical College may be 
expected to face, and demonstrate the good for- 
tune of the directors in having the services of a 
man capable of devising such instruments. 

Messrs. Clark, Latimer, Muirhead, and Co., 














‘London, are well represented by ammeters, volt- | scribed in a paper read by Major-General Webber 








meters, galvanometers, proportional coils, resistance | before the Mechanical Science Section of the 
boxes, and the standard cells. They have also on | British Association at Newcastle, and noticed in our 
the roof of the Machinery Hall a search light pro- | report of the meetings.* Among the other exhibits 
jector of 20,000 candle-power, which is worked of the application of electricity here, we may notice 
from one of their Westminster dynamos. | the electric tramcar, as in use in Birmingham. 

One of the largest and most complete demonstra-| |The India-Rubber, Gutta-Percha, and Telegraph 
tions of what electricity can do for lighting, for; Works Company, Limited, of the well-known 
locomotion, and for general mechanical driving pur- | Silvertown Works, although represented only by one 


poses, is that of the Electric Construction Corpora- | 
tion, Limited. Above their stand is erected a/| 
boarding, fully 2 ft. deep, carrying about 800 
16 candle-power incandescent lights, forming the 
letters composing the name of the company, and the 
effect of the illumination is striking. The electricity 
for these lamps issupplied by an Elwell-Parker alter- 
nating currentdynamo, driven by a Willans engine, as 
used by the Metropolitan Electric Supply Company. 
In this machine the armature is stationary, contains 
a laminated iron core of large section, and permits 
of good facilities for perfect insulation. The rotat- 
ing portion of the machine consists of a number of 
soft wrought-iron poles, bolted upon a cast-iron 
centre fixed on the shaft. The armature is covered 
with wood so as to protect the attendant. The 
dynamo runs at about 400 revolutions, with an out- | 
put of 100 kilowatts. There are also two Elwell- | 
Parker continuous dynamos driven by horizontal | 
high-pressure engines. Part of the electricity gene- | 
rated by these is for driving sewing machines on | 
Messrs. Singer’s stand, and other motor purposes, 
and part for storage. The system of storage and 








distribution exemplified on the stand is that adopted | 


by the Chelsea Electricity Supply Company, de- | 


exhibit, must take a prominent position, as the 
machine has many merits. The chief characteristic 
is the compactness, the engine and dynamo being 
bolted on one bedplate of cast iron, occupying 
together about 10 ft. The driving engine is the 
“Globe” compound direct-acting type, made by 
Messrs. Musgrave and Sons, Bolton. The cylinders 
are 84 in. and 15 in. in diameter, and the stroke 
8in. There is a single balanced valve between the 
cylinders. The whole engine is inclosed in sheet- 
iron casing, and the well in which the crank works 
is partly filled with lubricating oil. The engine 
works under a pressure of 100 lb., and up to 375 


|revolutions per minute, the piston speed being 


500 ft. The dynamo develops 350 ampéres, the 
electromotive force being 105 volts. The field 
magnets, which weigh 3 tons 8 cwt., are of Low- 
moor iron, and the armature weighs 21 cwt. 

An adjoining exhibit offers a contrast to such 
dynamos as that just described. It bears the date 
February 22, 1844, and is one of the earliest 
magneto-electric machines constructed on the 
principle of Faraday’s discovery. The maker was 





* See ENGINEERING, vol. xliii., page 357. 
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Fic, 256, 


Mr. J. S. Woolrich. Bobbins wound with copper 


Fic, 257, 


hibit motors similar to those in these launches. 


wire are fixed on the rim of a wheel and caused to | On their stands is also shown a tramcar motor 
pass by the rotation of the wheel through the jaws | working to 1000 revolutions and developing 10 
of four sets of permanent steel magnets placed | brake horse-power. It is of a type used by 
symmetrically. The wires from the separate|the North Metropolitan Tramway Company at 


bobbins run to the nave of the wheel, where the | Barking. These motors occupy little space and 


currents are collected in the usual way. The 
presence of this primitive yet wonderfully perfect 
instrument links up the magnificent mechanical 
results of electrical engineering with Faraday’s far- 
reaching discovery of the seemingly insignificant fact 
that if a wire loop be moved to cut the lines of force 
in a magnetic field a current will flow in that loop. 

The firm of Ernest Scott and Co., Newcastle- 


on-Tyne, have a good exhibit of electric lighting | 


plant for ordinary and ship use. The machines 
are of the alternating type giving a very high 
voltage and are associated with transformers, of 
which some examples are shown. One machine, 
driven by a Robey vertical engine, 8} in. cylinder 
by 8 in. stroke, develops 10 ampéres at 1000 volts, 
the armature making 1200 revolutions. A type of 
plant for ship installations is shown. It consists 
of a 6} in. by 6 in. vertical high-speed engine, 
coupled direct to a dynamo with a Gramme ring 
armature, making 325 revolutions per minute, 
giving 65 volts, 70 ampéres, sufficient to maintain 
100 incandescent lights. One or two of their 
machines are used for lighting stands. 

The conversion of the energy of electricity into 


‘are of great service for many purposes. Such as 
|in mining operations, whether for haulage, or for 
‘driving drills, or coal-cutting machines. The rela- 
tive work done to the weight of the motor is 
,about one-horse power per hundredweight. <A 
;motor may be seen driving an Ingersoll per- 
| cussion rock drill, the current being supplied from 
|one of Messrs. King, Brown, and Co.’s dynamos. 
Excellent exhibits in dynamos and plant gene- 
|rally are shown by Messrs. Prentice, Napier, 
jand Co., Suffolk; Norman and Sons, Limited, 
Glasgow ; Woodside Electric Company, Glasgow ; 
Hartnell Wilson, Leeds ; King, Brown, and Co., 
Edinburgh ; Kennedy Rankin and Co., Kilmarnock ; 
the Brush Company, and others. Sir William 
Vavassour shows primary batteries chiefly for 
electric lighting, and the Lord Justice Clerk of 
the Court of Session, better known as Mr. J. H. 
A. Macdonald, is also an exhibitor. There are 
| three electric welding machines, from Mr. Richard 
| Miller, Glasgow. 

| However much the ordinary visitor may be im- 
|pressed with the importance of electricity for 
practical uses by the magnificent demonstration of 





mechanical work is illustrated at the stand of| the methods of producing, distributing, and using 
Messrs. Immisch and Co., well known in connection | this power, yet the enormous strides which have 
with the construction of electric motors for pro-| been and are being made will be more vividly 
pelling the Thames electric launches, They ex- | enforced by the brilliant array on several stands of 





artistic fittings which manufacturers find it to their 
advantage to provide for the progressive wants of 
the times. 


MODERN FRENCH ARTILLERY. 
No. XXIII. 


Tue Forces et CHANTIERS Gun Factory— 
MovuntTAIN AND Fie~tp Guns—continued. 


THE carriages for both mountain and field artillery 
are similar in design, the principal differences being 
those involved in constructing the former in separate 
parts that are light enough for mule transport and 
can be easily and rapidly put together. The general 
appearance of the various mountings is illustrated by 
the views Figs. 248 to 253 (page 694). The lightest 
form of carriage is shown in Figs. 248 and 251 ; it is 
made of two side plates of steel connected at the 
upper and lower ends by steel castings, the lower 
junction-piece being provided with the necessary 
attachments for coupling to the limber and train- 
ing the gun; the side frames are in addition 
strongly braced together by cross-ties. The frame 
is mounted on steel wheels with bronze centres ; 
the wheels are 37 in. in diameter for the mountain 
guns, and 47 in. for the field artillery ; the distance 
between the wheels varies from about 27 in. to 
42 in.; the total weight of the complete carriage is 
308 Ib. for the mountain, and 858 lb. for the field 
guns. The illustrations show the mode of training 
these guns for elevation; the arrangement consists 
simply of a lever A, one end of which is pinned to 
projections on the breech of the gun, while the 
other end is connected to a nut mounted on a 
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Fig. 243.—Common Shell. 





Ib. kilos. 
Weight of castiron .. 10,340 4.700 
vid band.. cs 154 0.070 
a fuze .. se 434 0.220 

ie bursting 
charge os ee 462 0.210 





Total weight .. 11.440 5.200 


Fig. 244.—High Capacity Shell. 
Ib. ki 


ilos. 
Weight of steel... +» 9,218 4,190 
a band.. os 0154 0.070 
ee fuze .. +» 0484 0.220 

je bursting 
charge ‘a +» 1,584 0.720 


Total weight .. 11,440 5.200 


Fig. 245.—Shrapnel. 
Ib. 







. kilos. 
Weight of cast iron .. 6.567 2.985 
.. alls. . +» 3,905 1.775 
a band ‘s 2154 0.070 
me fuze .. +» 484 0,220 
Ex bursting 
charge - -330 0.150 





Total weight .. 11.440 5.200 


Fig. 246.—Mitraille. 
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». kilos. 
Weight of castiron .. 7.557 3.435 
a balls. . -» 2,970 1.350 
ns band -. 154 .070 
ne fuze .. ‘s 484 .220 

oe bursting 
charge me -» &75  .125 
Total weight .. 11,440 5.200 


























Fig. 247.—Case Shot. 


Weight of balls.. . 7.700 3.500 
sg IK +» 2750 1.250 
i resin oe 990 0.450 


Total weight .. 11.440 5.200 














screw that can be traversed by means of a crank 
handle as shown ; the angular range for mountain 
guns is from — 20 deg. to+20 deg, and — 6 deg. to 
+20 deg. for field guns. These guns are trained hori- 
zontally by shifting the trailing end of the carriage, 
rings being provided for that purpose as shown. 
A type of brake largely employed is that illustrated 
in Figs. 248 and 251, and already referred to as on 
the Lemoine system. It consists of the following 
principal parts: (1) A flat plate spring « held in 
front of the axle by two stirrups b ; (2) a rack c, 
Fig. 251, supported at one end by the spring just 
referred to, and at the other by a bracket d attached 
to the stirrups ; this rack passes through a guide 
bolted beneath the axle and formed with teeth that 
can gear into the rack ; for a part of its length it is 
also cut with a screw thread on which is placed the 
nut f by which the range of the brake action can 
be regulated. At each end the flat spring is held 
by cords which are passed around the inner boss of 
the wheel centres, and beyond are attached to the 
extremities of the rods i which are jointed to the bars 
m, that pass from the frame to the wheels, where 
they carry the brake-blocks. The operation of this 
brake is very simple ; the force of recoil tends to 
drive the gun and carriage backwards; in doing 
this, however, the cords wound around the boss of 
the wheels are affected and set up a pullon the 
brake levers by the action of the two levers i i, 
the elasticity of the system being secured by the 
action of the plate spring to which the cords are 
attached ; the degree of recoil can be adjusted by 
the position of the nut f on the rack bar. This 
simple form of brake is not applicable to the heavier 
types of field guns, and accordingly a different 
pattern is used for the heavier models ; this pattern 
is clearly illustrated in Figs. 249 and 250. The side 
frames of the carriage are not attached direct to 
the axle but are articulated with it and are further 
connected by means of an hydraulic brake ; this 
arrangement is carried out as follows. On the 
axle are placed two sleeves A, on each of which are 
two projections; underneath each plate forming the 
side frame are two brackets between which pass the 
projections on the sleeve and to which they are 
secured by the bolt B; by this means the frame 
can turn round the axle. The brake arrangement 
is shown in the figures; the cylinder is ex- 





tended at the rear in such a way as to form a 
trunnion through which a pin E passes, attaching 
it to the crossbar D, connecting the two side 
frames together; the piston-rod of the brake is 
connected to a sleeve mounted on the centre 
of the axle. Fig. 249 is a section through the 
cylinder, and from this it will be seen that while 
the piston is circular, in the walls of the cylinder 
four passages are cut, the areas of which are 
variable ; the cylinder is made in two lengths, 
the forward half being screwed into the rear half 
and provided in front with a gland through which 
the piston-rod passes; within this part of the 
cylinder is placed a coiled spring, the smaller end 
of which presses against the piston ; beneath the 
latter are placed two disc springs to take up the 
shock of the gun when it comes back into firing 
position—the position shown in Fig. 249. The 
action of this arrangement is very simple ; as soon 
as the gun is fired the recoil throws it backwards, 
pivotting around the axle A; the extreme position 
of the bolt Band the cylinder trunnion E are shown 
in dotted lines at B' E' in the section ; this move- 
ment causes the piston to be displaced in the 
cylinder, compressing the coiled spring and forcing 
the liquid past the piston through the passages in 
the wall of the cylinder. The recoil being com- 
pleted, the spring which has been compressed by 
its action now expands and brings the gun back 
slowly into firing position. In addition to this 
arrangement the brake-blocks on the wheels are 
thrown into action ; these blocks are mounted on a 
crossbar F, Fig. 252, that passes from one wheel 
to another, and is held in place by two levers b b 
that are mounted eccentrically upon the axle, the 
movement of which forces the brakes upon the 
wheels ; of course these blocks can be removed from 
the wheels at any moment. The device for train- 
ing in elevation, although resembling that already 
described for the lighter type of gun, differs in its 
details. Instead of a rod being attached to the 
breech of the gun and to the elevating screw, a 
cylinder is employed containing two coiled springs 
separated from each other by a piston, the rod of 
which is secured to the elevating screw. By this 
means an elastic connection is obtained between 
the training screw and the gun, and the shock 
caused by firing is absorbed by the springs. With 





this type of carriage the wheels are 523 in. in dia- 
meter, and the width between them is about 37 in. 
The weight of the complete carriage is 1078 lb., and 
the limiting angles of fire range from - 6 deg. to 
+20 deg. 

Figs. 243 to 247 are sections of the various 
types of projectiles made for the 75-millimetre field 
gun. It will be seen that while the general charac- 
teristics are the same, they differ slightly in form 
and dimensions, and the total weight is greater, 
5.2 kilos. (11.44 lb.) As in the mountain gun 
ammunition, the diameter of the shot is reduced 
over a considerable part of its length from 74.6 
millimetres to 73.6 millimetres ; the position of the 
copper band is the same in all cases. Except for 
the case shot the head is open to receive the fuze. It 
will be noticed in Figs. 241 and 246 that the mitraille 
case consists of a cast-iron head and base, the former 
being cored out to hold the bursting charge. The 
balls are placed between the head and base, the 
whole being enveloped in a steel envelope, the 
thickness of which has to be very carefully adjusted, 
to secure the shell opening properly at the moment 
of rupture, and at the same time to prevent it from 
bursting during flight. 

All the foregoing are the latest and most approved 
types, the patterns being dated April, 1890. Table 
XVII. gives particulars of the weights of these 
projectiles. 

Table XVIII. (see next page) contains particulars 
of firing tests made with the Canet field guns of 
75-millimetre bore at the Polygon at Havre and at 
Sevran-Livry, between January, 1887, and January, 
1890. The tests with smokeless powder afford an 
interesting comparison with those fired with ordi- 
nary charges. 

In our last article (see page 668 ante) we referred 
to the special breechloading mechanism for boat 
guns; Figs. 254 to 257 (page 695) are illustrations of 
such a breech, and show the gun closed and ready 
for firing (Fig. 254), the block turned round into the 
unlocked position for withdrawal (Fig. 255), the 
block partly drawn from its seat (Fig. 256), and 
the breech open for the reception of a new charge 
(Fig. 257). The movements of closing are of course 
similar but reversed. As we have already explained, 
the breech of these guns is provided for firing per- 
cussion fuzes, friction fuzes being unadvisable on 
account of the generally enforced proximity of the 
man to the gun when firing. The hook to which 
the lanyard is attached that trips the hammer is 
seen in Fig. 256, in which position, as well as in all 
others, except Fig. 254, where the breech is closed 
and locked, no pull would affect the hammer, which 
is held fast by a spring engaging in a recess in the 
block as already explained, while the block is being 
turned into the position shown in Fig. 255 ; during 
this movement the hammer is cocked, and continues 
so, being held by the safety spring. 





ON THE LAWS OF STEAMSHIP 
PROPULSION. 


By Rosert Manset, Whiteinch, Glasgow. 


In 1857, writing some controversial letters in an 
engineering journal named the Artisan, I entered 
upon an exposition and defence of the quantities 
known as ‘‘ Admiralty coefficients.” About that 
time these had been subjected to a _ virulent 
criticism, for most part founded upon misconception 
of their nature and scope. I have always insisted, 
in their inception they were founded upon correct 
principles ; but there were ‘‘ ignored and misrepre- 
sented elements,’’ and in guarded language led up 
to a further step; they had been rendered mis- 
leading and meaningless by the introduction of a 
specious but false hypothesis as to the law of the 
resistance. Thus the doctrine, in the same machine 
doing work at different speeds, or equally, the cases 
of similar, but different machines, doing like work, 
the ratio of the work done to the amount of power 
taken to do it being necessarily the measure of the 
comparative efficiency of the various machines 
employed ; there was nothing in this other than a 
mechanical truism, which, however, has to be taken 
in connection with the following mechanical prin- 
ciple, in the usually presented aspect of the sub- 
ject, seemingly quite a paradox, and therefore, 
although of paramount importance, put aside and 
utterly neglected. 

Two hundred years ago Sir Isaac Newton, in a 
scholium to the ‘‘ Third Law of Motion,” made the 
statement: In every machine it would be found, 
the quantities, the gross work done, and the gross 
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TABLE XVIIL—Finine Tests MADE WITH CaNET Freip Guns 75 uM. (2.99 In.) AT Hoo AND Srvran-Livry, 
BETWEEN JANUARY, 1887, AND JANUARY, 1890.—(See preceding page. ) 


























(A. Long Type) 
Dates cf Trials. |\Weight of Projectile. e+ Weight of Charge. | Initial Velocity. Pressures. 
: | Ib. | kilos. | Ib. | kilos. ft. metres} Ib. per | kilos. per 
| | sq. in. sq. cent. 
November, 1888 .. 10.12 4 600 C2 5thlot | 3.30 1.500 1801 549 26,141 1838 
ee ..| 10,12 4.600 | C23rdlot | 3,30 1.500 1805 550 | 21,335 1500 
January, 1888 ..| 10,12 4.600 Do. 3.30 1.500 1834 559 23,824 1675 
April, 1888 .-| 10,12 4.600 Do. 3.52 1.600 1922 586 | 23,013 1618 
a 10.12 4.600 Do. 3.52 1.600 1926 587 25,757 1811 
i | gyoa2 | 4.600 | C24thlot | 3.74 1.700 | 1988 606 | 31,333 2203 
- | 40.12 | 4.600 | cesrdlot| 3.74 | 1.700 | 1995 | 608 | 33,953 2338 
% .-| 10,12 4.600 | C25thlot| 3.96 1.800 2063 629 | $2,954 2317 
January, 1887 ..| 11.44 5.200 | C2special| 3.08 1.400 1755 535 28,332 1992 
May, 1887... ..| 11.44 | 5.200 | C21stlot | 3.08 | 1.400 | 1830 | 558 | 28,616 2012 
April, 1889 ..| 11.44 5.200 | C25thlot | 3.30 1.500 1722 525 | 29,043 | 2042 
January, 1888 11,44 5.200 C2 3rd lot 3.30 1.500 1899 579 21,761 | 1530 
May, 1887 .. ., 11.44 5.200 C2 Ist lot 3.52 1.600 1906 581 31,233 2196 
February, 1887 .. .| 11.44 5.200 | C2special| 3.74 1.700 1916 584 33,850 2380 
January, 1887 | 11.44 5.200 Do. 3.74 1.700 1942 592 | 34,988 2460 
April, 1888 ..| 11.44 5.200 | C23rdlot | 3.85 1.750 1912 583 | 29,868 2100 
- es ..| 11,44 5.200 Do. 3.96 1.800 1959 597 32,642 2295 
February, 1887 .. re | 11.44 5.200 C2 special 3.96 1.800 1995 608 37,292 2622* 
January, 1888 ee ..-| 18.64 6.200 C2 3rd lot 3.30 | 1.500 1771 540 25,373 1784 
April, 1888 .. ..  ..| 18,64 | 6.200 Do. 3.52 | 1.600 | 1700 | 518 | 31,362 2205 
% 13.64 6.200 Do. 3.52 1.600 1719 524 | $3,552 2359 
January, 1888 13.64 6.200 Do. 3.74 | 1.700 1755 535 32,329 2273 
April, 1888 13.64 6.200 Do. 3.74 | 1.700 1794 547 32,428 2280 
January, 1888 13.64 6.200 Do. 3.85 | 1.750 1843 562 | $2,713 2300 
December, 1888 .. 13.64 6.200 Do. 3.96 | 1.800 1847 563 38,004 2672* 
April, 1888 13.64 6.200 Do. 3.96 1.800 1866 569 | 33,850 23380 
December 2, 1889 11.44 5.200 BN 144 -793 | 0.360 1233 376 7,708 542 
smokeless | 
” ” 10,12 4.600 Do. 1.32 | 0,600 1673 510 | 18,376 1292 
. Pe 10.12 4.600 Do. 1.65 | 0.750 1912 583 | 29,242 2056 
re i 10,12 4.600 Do. 1.65 0.750 1919 585 | 30,267 2128 
” % 11.44 5.200 Do. 1.65 0.750 1827 557 31,048 2183 
December 27, 1889 10.12 4.600 BN 154 1.65 0.750 1886 75 23 581 1658 
smokeless 
ve s 10.12 4.600 Do. 1.98 0.900 2162 659 | 33,737 2372 
” ” 10.12 4.600 Do. 1.98 | 0.900 2142 653 | 34,831 2449 
“i ‘ 10.12 4.600 Do. 1.98 0.900 | 2155 657 | 35,429 | 2491 
- 43 10.12! 4.600 Do. 1.98 0.900 2057 627 | 35,913 2525 
(B. Short Type). 
March, 1887 10.12 4.600 | C2 Ist lot 1.764 | 0.800 1372 418 13,710 964 
fa 10.12 4.600 | C24thlot | 2.2 1.000 1476 450 16,910 1189 
April, 1888 10.12 4.600 | C2 3rd lot 2.2 1.000 1515 462 25,174 1770 
1 10.12 4.600 Do. 2.425 | 1.100 1597 487 24,605 1730 
..| 10,12 4.600 Do. 2.646 | 1.200 1722 525 30,708 2159 
a ..| 11,44 5.200 Do. 22 | 1.000 1427 435 | 22,600 1589 
s ..| 11,44 5.200 Do. 2.425 | 1.100 1561 476 | 25,757 1811 
’ ..| 11,44 5.200 Do. 2.646 1.200 1630 497 31,603 2229 
‘ ..| 13.64 | 6.200 Do. 2.2 1.000 | 1355 | 413 | 25,373 1784 
# ..| 18.64 6.200 Do. 2.625 | 1.100 1430 436 | 29,043 2042 
- ..| 18.64 6.200 Do. 2.646 | 1.200 | 1519 463 | 32,954 2317 


























* Firing tests for ultimate resistance of gun. 





power doing it, would be always equal to each 
other. To fix ideas, suppose we take the displace- 
ment form of the Admiralty coefficient : 


oolt™, 
E 


The physical interpretation of this was, or ought 
to have been, the numerator is the definite expres- 
sion for the gross work done when a vessel of dis- 
placement D is propelled at the rate of V knots by 
the expended gross indicated horse-power E. Now 
any one possessing even a slight knowledge of the 
subject is aware, this formula, applied to the actual 
trial data of any steam vessel, gives values for C 
with violent, capricious, and inexplicable variations. 
Newton’s proposition, therefore, seemed supremely 
ridiculous, and never showed in the running at all ; 
while the saltatory antics of the coefficient C have 
been carefully registered as a pabulum from which 
naval architects were to derive inspiration as to 
‘* comparative efficiency.” At least, judging from 











for its elements. Many investigators got involved 
in a haze over the question, whether immerged mid 
area, surface, or displacement ought to be taken 
for the first factor, and even a man of clear 
insight, the late Dr. Rankine, failed to perceive 
this was a trivial matter, scarcely touching the 
real difficulty, and so he concluded the immerged 
frictional surface, multiplied by a function of 
the water-line angles; or, as he termed it, the 
‘*augmented surface,” was the one thing needful. 
Another class of investigators, while asserting the 
resistance to vary as the square of the velocity V?, 
in the same breath challenged the V* factor in the 
representation of the power. This was simply 
ignorance of mechanical principles, supplemented 
by confused notions as to mathematical ones. 
Since, to assert a V? resistance, could be overcome 
at a V speed, by other than a power varying as V°%, 
is quite as absurd as for an arithmetician to deduce 


that two and one taken together give something 
different from three. 


It is a mathematical neces- 


the explanations given with the ‘‘Trial Data of | sity. If the power be not proportional to the cube, 
Steam Vessels of the Royal Navy” and other oral the resistance must be varying in some other ratio 
statements, this seems to have been the theory at| than the square. Dr. Rankine’s investigation, the 
the British Admiralty. It, of course, remained open earlier one of Professor Reéch, and its recent 
for any one to challenge the numerator as to whether | application by the late Dr. Froude, as well as the 


it was a true measure of the work done, and a vast | 


amount of misdirected acumen has been employed 


published values of the Admiralty coefficients, each 


| and all directly imply and assert the truth of the 


in order to obtain some supposed better expression | hypothesis, that the resistance varies as the square, 





and, consequently, that the power varies as the 
cube of the speed, and ipso facto are necessarily 
erroneous ; the key to the enigma being the simplé 
fact, in the usual circumstances of steamship pro- 
pulsion, the resistance does not vary in the ratio of 
the square of the speed, and hence the power does 
not vary as the cube. To find the law of the re- 
sistance, and thence the true relation between the 
power and speed, it is, probably, simplest to build 
up from the following proposition: The differen- 
tial coefficient, with respect to the speed of the 
logarithm of the resistance, is equal to a small 
coefticient, constant for adjacent ranges of speed, 
through which the circumstances of trial are un- 


changed. In symbols this is expressed thus : 
dlogR_, 
—T 


Where R denotes the resistance, and a this small 
constant coefficient ; again, 
d log R=a. dV, 

which, by the simplest application of the integral 
calculus, gives, 

log R=a V +log b. 
The constant introduced by the integration being 
taken of the form log b. 

. R=blog—taV=b108V . (I.) 
is the true form of the resistance, and by adding 
log V to each member of the preceding equation we 
also have, 

log R+log V=logb+log V+aV, 
or, again, 
log R V=logb V+a V. 

Now R V is that definite existence which Newton 
defined as actio agentis, ‘‘action of the agent,” 
which, eighty years later, John Smeaton named 
mechanic power, and which is understood, when, 
now-a-days, we write or speak of energy, measuring 
it in James Watt’s conventional horse-power units. 
So that, denoting this by E, we have, 


log E=logb V+a V, 
which implies the following forms : 
E=b) VlogaV=bV10V_ 
and the incorrect Admiralty formula, 
a Divs 
=—a- 


can be changed into the very approximate correct 
form, 


(II.) 


E 


z av 
E=D'vio . . . @ 
Cc 
susceptible of another important modification, as 
follows : 


E=D'vi07"— =. . @) 


in which the divisor of the second member is replaced 
by a special speed X, diminishing the exponential 
speed factor. It will easily be noticed, this X is a 
speed, such that X= V will give, 


=D? x, 

and by taking the difference of equations (b) and 

(II.) we have : 

0=log pi_ log b- Xa. 

Whence, the explicit value of X is seen to be, 
X= F (log D? - log 8). (c) 
These equations involve the relation of power 
and speed, so long as the quantity a remains con- 
stant, but a very limited experience, especially 
with fine vessels, driven over a great range of speeds, 
will show us, in the same vessel, we may have two 
or even three values for a, with sympathetic 
changes on b, X, and other constants in various 
easily deduced allied formulas (which I have pointed 
out, as involved in the foregoing formulas). In 
other terms, we have these quantities constant 
through a certain range of speed, beyond which 
they change to other values, and remain constant 
through another range ; finally changing to a third 
set of values at the highest speeds attained in 
practice. General explanations, however, unless 
accompanied by actual examples, are difficult to 
follow out ; these may be readily obtained from any 
carefully conducted, honestly reported, data of 
steamship trials. The ‘‘ Admiralty Tables of Trial 
Data” are a common and most valuable treasury of 
such facts. The importance of the subject may 
warrant some space and attention being given to 
the application. I noticed recently a report of the 
trials of H.M.S.S. Widgeon, a comparatively small 
vessel, 165 ft. by 31 ft. and 805 tons displacement. 
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700 
Speeds V .. = 13.5 12.5 
-1354 V = 1.8280 1.6925 
Log V = 1.1303 1.0969 
Log D? = 1.7435 1.7485 
Sum os oe = 4.7018 4.5329 
Subtract log 39.95 = 1.6015 1.6015 
Log. Eby formula... oe -» = 8.1003 2.9314 
» eo Ge.» ee oe »» = 3.1003 2.9314 
Newton's criterion, exactly, satisfied. (Work done=power 


doing it). 

I have again to repeat : The variations of C shown 
by the old formulas, instead of being indicative of 
‘* comparative efliciency,” merely show the errors 
arising from a hypothetical and false law of the 
resistance. There are no variations, except there 
be a change of circumstances. When this occurs, 
quite properly, there is variation of coefficient, and 
a question of relative efficiency between such values, 
and like quantities in other vessels. The usually 
stated doctrine is a misconception of the problem, 
and is in direct contradiction to Newton’s criterion. 

Second example: H.M.S.S. Warrior, 8852 tons 
displacement, propelled 14.36 knots by 5469, and 
11.04 knots by 1988 indicated horse-powers respec- 
tively. As before: 

. —log 5469 x 11.04 — log 1988 x 1436 _ o9g 


14.36—11.04 

5469 
Log b=log °*"". —.098 x 14.86=1. 
og b=log 14.36 x 14,36=1.1734 


3 
X = log ($852) — 1.1734 _ 19 199, 
098 
Which, substituted in the general formulas, yields 
the special values : 
Log E=1.1734+log V+.098 V=log 14.91 V 10-098v. 
9) =2,8682+log V+.098 (V —12.192)= 
Log D? V 10 098 (v—12.19.). 
The test as follows : 
H.M.S.S. ‘* Warrior.” 
Trial speeds V=14.36 11.04 Values V—X=2.168 - 1.152 





Values .098 V = 1.4073 1.0819 (V—X).098 = .2125 .1129 





(subtract) 
» log V = 1.1572 1.0480 Log V =1.1572 1.0430 
Log 14.91 = 1.1734 1.1734 Logconstant=2.3682 2.3682 
Sum or log E = 3.7379 3.2983 Log E =3.7379 3.2983= 
work done 
By data ,, = 3.7379 8.2084 Bydata =3.7379 3.2984—= 
power 
doing it. 


By either formula, Newton’s criterion, exactly 
satistied. 
Example third : H.M.S.S8. Howe, 9637 tons dis- 
placement : 
.*. log D' 2.3903 
Propelled 15,87 knots by 7733.4 1.11.P. 

% 13.39 ce gs Log b= 1.3864 
yo Os, AE X=12,243 
Therefore 

Log E=1.3864-+log V+.082 V. 


Whence a= .082 








and 
Log E=2.3903-+log V-+.082 (V— 12.243), 
whence 
E= 24.35 V 10 .082 V. 
or 
=Log. D? V 10 .082 (V—11.243). 
Tested as follows, Formula II. : 
Trialspeeds V= 15.87 13.39 10.28 


Values .082 V =1.3013 1.0980 .8429 
» log V =1.2006 1.1268 1.0120 
Log constant =1.3864 1.3864 1.3864 


Sum orlog E =3.8883 3.6112 3.2413 = Logs work done, 


By data ,, =3.8834 3.6114 3.2411 = ,, power doing it. 
Or again, Formula b : 
Values 


(V —12.248)= 3.627 1.147 —1.963 
.082(V —12.243)= .2974 -0941 -1611 (subtract), 
Vaiues log V =1.2006 1.1268 1.0120 
a 
Log (9637)* = 2.3903 2.3903 2.3903 





Sum orlogE =38.8883 3.6112 3.2412 = Logs work done. 

By data ,, = 8.8884 36114 3.2411 = ,, power doing it. 
By either formula, Newton’s criterion, exactly 

satisfied. 








THE ENGINES OF THE GREAT WESTERN 
RAILWAY COMPANY’S STEAMERS. 

OF the triple-compound engines of the new Great 
Western Railway Company’s steamers Lynx, An- 
telope, and Gazelle, built by Messrs. Laird at 
Birkenhead, we give a front and end elevation on our 
two-page engraving to-day, while on page 698 is a 
plan, and on page 699 two sectional engravings of the 
boilers. A fortnight ago we illustrated and described 
these vessels, so that it is only necessary now to say 
that they are 235 ft. long between perpendiculars ; 
27 ft. 6 in. beam, and 14 ft. depth moulded. 


The design of the engines, as well as of theship, was 
left in the hands of the Messrs. Laird, and they acted 
in accordance with the times, in suggesting, and after- 
wards fitting the ship with, twin screws. These, how- 
ever, are not of the usual type. As was shown by us in 
our issue of May 30 (Fig. 7), they overlap toa consider- 
able extent, there being an aperture inside the stern- 
post to admit of this overlapping. In this way it is 
possible to use larger propellers, and thereby consider- 
ably increase the pitch. The propellersare 9 ft. Gin. in 
diameter, and the pitch 15 ft. 3 in., the total surface 
being 70 square feet. There are four blades on each 
screw, and the casting is of manganese bronze. Here 
it may be incidentally noted that preliminary trials 
were made with cast-iron propellers, but the speed in 
this case was fully half a knot less than in the subse- 
quent trials with bronze screws. 

The cylinders of the engines are 164 in., 26 in., and 
41 in. in diameter, and the stroke of each piston is 30 in. 
The cylinders are carried on cast-iron columns. Piston 
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valves are fitted to the high-pressure and intermediate 
cylinders, andthe low-pressure cylinder has an ordinar 
balanced slide valve. Double-bar link motion is used. 
The reversing gear is of the ordinary screw motion, 
worked by hand, and the parts are so well balanced 
that a man can run the links over easily with one hand 
(Figs. 8 and 9). Steel has been used as extensively as 
practicable, the pistons, piston-rods, connecting-rods, 
and eccentric-rods being all of that metal. The crank 
and propeller shafting is also of steel. 

As is shown by Fig. 9, the air, feed, and bilge pumps 
are worked by rocking levers attached to the high- 
pressure piston crossheads. Centrifugal circulating 
pumps are fitted. For feeding the boilers from the 
hot-well duplex feed pumps are used. The condensers 
are carried on the back columns of the engines. They 
are of the ordinary type. In the engines there is a 
happy combination of the two greatest desiderata— 
strength and simplicity. 

The design of the boilers is shown by Figs. 11 and 
12, and the arrangement at the joints by Fig. 13. 
There are in each ship two boilers, single-ended, each 
having three furnaces, 3 ft. 4 in. inside diameter, with 
Fox’s corrugated flues. The boilers are 14 ft. 3 in. 
mean diameter, and 10 ft. 2in. outside length. The 
heating surface in both boilers is 3800 square feet, and 
the grate area 118 square feet. The boilers work undér 
forced draught on the closed stokehold system, the air 
pressure we J about Zin. The working pressure of 
steam is 150 1b. to the square inch. The coal bunkers 
have a capacity of 40 tons. 

The results of the trials were given in our issue of 
May 30 (page 645 ante), While the engines of the 
Lynx attained the highest speed, and developed 
more power than the machinery of the two other 
steamers, the speed of the ship was less. Indeed, the 
Gazelle, with fewer revolutions and less power indi- 
cated, attained the greater speed. Evenon her sta- 
tion this was the case, her average being 17.4 knots 
per hour, while the Lynx averaged 16.6 knots, and 
the Antelope 16.4 knots an hour, throughout last sea- 
son’s steaming. 

















THE DISPOSAL OF LONDON SEWAGE. 
To THE EpIToR OF ENGINEERING. 

Srr,—In your issue of May 30, Mr. Grantham in his 
letter on this subject, assumes that because shingle on 
the south coast travels generally from west to east, it is 
more than probable that floating and suspended matter 
from London sewage delivered into the sea in deep water 
outside Dungeness Point, would also travel in an easterly 
direction and be deposited on the beach at Hythe, distant, 
as he states, only 9 miles from the proposed outfall. 

This measurement of distance is, however, inaccurate, 
as the south end of the rifle ranges, 14 miles from and 
south-west of Hythe, is 11 miles, and the beach opposite 
the town of Hythe 114 miles distant in a northerly direc- 
tion as the crow flies from Dungeness Point, and the 
objections raised by Mr. Grantham are easily replied to. 

Shingle generally speaking forms a narrow fringe or 
belt along the coast, rising to a few feet above high water, 
and terminating at afew feet above low water ; its move- 
ment or travel being, as is well known, due not to tidal 
currents, but to the wind waves of successive storms, by 
the breaking of which on the beach it is impelled or 
driven along the coast; its movement is in the direction 





of the prevalent winds, and the space it occupies on the 





foreshore is, for the most part, confined to the zone within 
which storm waves break and expend their force. 

No doubt some portion of the shingle travelling from 
the westward Dungeness Point, and is then car- 
ried along the coast by southerly or south-easterly gales 
in a northerly direction towards ‘Hythe, where it appears 
4 become embayed, as a very large deposit of it exists 
there, 

In the case of sewage discharged into the sea at Dunge- 
ness, the circumstances would be altogether different ; it 
would be delivered into deep water at some distance out- 
side the extreme point of the promontory, and beyond 
the influence of waves breaking on its shore, and being 
somewhat lighter than salt water, would slowly rise to 
the surface, and in doing so, and subsequently, would 
be brought into contact with and dispersed through such 
an immense volume of sea water as to be practically 
unrecognisable as sewage; it would then be speedily 
carried away and disposed of by the rapid tidal currents 
flowing past the point and deflected seawards by the con- 
tiguration of the promontory itself. 

Before reaching Dungeness the sewage would be 
divested of all solid matter, which would be arrested by 
deposition in passing through the Barking and Crossness 
reservoirs, or in the catchpits, or by the grids at the 
pumping stations, and, if necessary, further catchpits 
and grids could be provided near the outfall at Dunge- 
ness, 

It must be borne in mind that very little of the London 
sewage is carried to the present outfalls in its crude state. 
Out of a total area of about 60,000 acres, the sewage from 
about 17,500 acres only is carried off by gravitation 
proper ; from the remaining 42,500 acres the whole of the 
sewage and most of the rainfall is pumped, and from 
about 22,000 out of the 42,500 acres it is pumped twice 
over; in addition to this, if the Dungeness project were 
carried out, it would all again be lifted by pumping at 
Abbey Wood, and by this repeated — through 
pumps would be so broken up as to present the appear- 
ance simply of dirty or discoloured water. 

We are, Sir, your obedient servants, 
HASSARD AND TYRRELL, 
Westminster Chambers, 1, Victoria-street, 8. W. 
June 7, 1890. 





PATENT OFFICE LIBRARY, 
To THE EpiTor or ENGINEERING. 

Srr,—Your correspondent ‘‘Satisfied” evidently fails to 
comprehend the drift of the subject. The comparison he 
draws between other public libraries and this one does 
not apply, for the reason that the Patent Office Library 
is primarily for the use and service of those havin 
business with the Patent Office. It is to the interest an 
profit of this public department that the library attached 
should render to those attending the utmost information 
required. This library is for furthering the objects of the 
Patent Office, a specific purpose, distinct from other 
public libraries, ; 

If your correspondent is in the habit of attending the 
Patent Office Saar alternatively with the British 
Museum Library as an ordinary reader, which his remarks 
indicate, the license allowed him and attention he would 
receive at the former library are sufficient explanation for 
his signing himself ‘‘ Satisfied.” 

Frequenters of this library are aware that all the works, 
irrespective of value, are at the disposal of the ‘‘reader”’ 
by his personal selection, with the exception of the bound 
journals that I have referred to. My contention is that 
the use and service of these scientific and engineering 
journals is reduced to’ a considerable degree by the clos- 
ing of the wing containing them, and further, that there 
are numbers of far less important books and bound 

riodicals on the library shelves, to which the public 

ave free access, which might be put into this particular 
wing and the journals in question substituted in their 

lace. Those who require to search the many different 
journals of this class, volume by volume, through several 
years, will not think this suggestion “moonshine.” With- 
out going into details, my reply to “Satisfied” is, that 
the “new rule” rendered the search in my case an im- 
perfect one. . 

Your correspondent wants to defend the promptitude 
of the library attendants, a point not raised by me. The 
attention given to readers y one and all in connection 
with the fetal has been marked for years, but the full 
reach of the library as an_ office for record and reference 
has, by reorganisation, only been possible within the last 
few years. ‘I'o now close one wing of this library contain- 
ing some of the important works of reference, and leave 
all others open and free for selection—irrespective of their 
attached value—is an extraordinary policy and against 
the first objects of the library. I 

Your correspondent’s final inquiry with regard to muti- 
lation is fallacious ; the same risk now exists with regard 
to all those other works of more or less value to which the 
public have free access. The journals in question, if re- 
arranged as suggested, would have the same protection, 


Yours faithfully, 
London, June 11, 1890. SUBSCRIBER. 








SUGGESTION FOR A NEW SCOTTISH 

MAIN RAILWAY SYSTEM. 

To THE Eprror OF ENGINEERING. 
S1r,—When amalgamation is the question of the hour 
with Scottish railway companies, the following facts and 

suggestion may be worthy of attention, namely : 

at it is possible by means of a main line connection, 
ninety miles in length, to form into one system the 
systems of the Glasgow and South-Western, the High- 
land, the Callander and Oban, and the Great North of 
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Scotland Railways ; whose combined capitals amount to 
24,000,000/. with a mileage of 1140 miles. 

That in a portion of the line of route (nearly one-half of 
the total length and in the most barren part) a railway is 
under or awaiting construction to another part of the 
country, which might be utilised, and the joint arrange- 
ment be mutually advantageous to both interests. e 
other part of the route is, for the most part, of the most 
suitable nature for a line for fast running, being along 
the level shores of lochs and in straths. 

That the route—which would be from Dalwhinnie, on 
the Highland Railway to Johnstone, on the Glasgow and 
South-Western vid Loch Ericht, Tyndrum, Loch Lomond, 
Leven Valley, and Dumbarton—would be the most direct 
from Inverness and Oban to Glasgow, Carlisle, and the 
south. It would also open up more direct communication 
between the north, north-east, the Western Highlands, 
the West and South of Scotland, and Ireland. 

(The crossing 6f the estuary of the Clyde at Dumbarton 
by a high-level bridge, need not be an obstacle as a matter 
of great cost—the width of the navigable channel being 
only 800 ft. The elevation of the land 6n either bank of 
the river is also specially suitable.) 

That, through the new route, the Glasgow and South- 
Western would have a share of the traffic to and from the 
north, all at present passing along the lines vid Perth and 
Stirling. The northern companies would also have the 
privilege of using a line for their south traffic in which they 
would be directly interested, and would have under their 
immediate control. 

That to the Highland and Callander and Oban com- 
panies especially, such a line would be of the greatest 
strategic importance, considering the encroachment that 
is now being pushed forward ; mcre so, when the develop- 
ments which would naturally follow are taken into 
account. ; 

That by the formation of a powerful company, as in 
the combination noted, a development of a part of Scot- 
land is possible in a way not at present recognised, but 
which it is not thought desirable to indicate at present. 

Thus, practically, by the addition of only fifty miles to 
the railway mileage of the country, a new direct route 
from north to ee would be opened up; the amalgama- 
tion of four isolated systems made possible ; and in the 
powerful company which might be formed, a new adjunct 
created, to the further development of the parts of the 
country in which the individual systems are situated. 
The companies ir¥erested would be enabled to put them- 
selves in the best position of self-defence against ambi- 
tious designs, while at the same time providing them- 
selves with an alternative and more direct route—one 
also in which they would have the greatest interest. 
Extensions of the systems, impossible under existing cir- 
cumstances, would follow the amalgamation and the con- 
struction of the new main line. 

Would not, therefore, the consolidation of those com- 
panies (should neither of the present Bills pass) before 
they fall as an inevitable prey to their stronger brethren, 
be for their own benefit ; and more to the good of the 
community and the welfare of the country in general, 
than the schemes for the absorption of the most important 
of them now before Parliament, and which are also being 
so vigorously opposed ? 


April 23, 1890. 


Yours, &c., 
Eon STRATHAAR. 





FLYING MACHINES. 
To THE EDITOR OF ENGINEERING. 

Sir,—The engravings of Mr. Hargrave’s flying ma- 
chines are very interesting, but it is not quite possible to 
make out all details from the drawing. Are the wings or 
screws forward or aft? or which way does the machine 
fly? Mr. Breary, of the Aéronautical Society, some 
years since made some very good da” models, using 
twisted india-rubber as motive power. The flapping of 
the wings, or rather body sails, strongly resembled the 
flapping of alarge bird. Ido not think these have been 
illustrated in any technical paper. 

Some years ago I made a series of experiments as to the 
lifting power of wings and screws. I found that 1 horse- 
power would exert a lifting power of 33 lb. to 35 1b., so 
that if a model of that weight were provided with that 
power, viz., 1 horse-power, it would rise vertically from 
the ground. There is a very considerable loss of power in a 
screw for rising vertically on account of the strong centri- 
fugal currents. 

have reason to believe that the power required when 
a flying machine has got under way would be muth less 
than at present supposed. 
experiment to a friend, who remarked what a pity you 
should waste your time and money on a flying —— 





To THE EDITOR OF ENGINEERING. 

Srr,—I have read with pe pleasure, in your issue of 
June 6th, your account of the experiments of Mr. L. Har- 
grave, of Sydney, N.S. W. 

I have studied the subject myself for a number of years 
and of all the works and articles on flying that i 
have read, I do not think there is a more interesting work 

ublished than ‘‘ Animal Locomotion,” by Dr. J. B. 

ettigrew, which I purchased in Melbourne, Victoria, 
twelve years ago ; this does not exactly show how to con- 
struct wings, but it certainly indicates many of the con- 
ditions required, and for some time past I have been 
making experiments of a practical and _ interesting 
nature. The machine constructed by Mr. Hargrave is 
not entirely new, except as regards the invention of 
the stored-up motive power, viz., stretched rubber strips. 
The large areas of the supporting planes, viz., 2130 square 
inches, 1980 square inches, 2090 square inches, giving 
a mean average area for each of the three machines of 


I was one day showing my. 


14.36 square feet, is, I believe, far in excess of what is 
ae to sustain the mean average weight of 29 oz. ; 
and from its lightness and large area it would be at the 
mercy of even a light wind and not able to get up the 
speed and store within itself the momentum that heavier 
and more concentrated machines could do; for instance. 

I have observed that a young wild duck just killed 
weighed 2} lb. ; on measuring the area of the wings fully 
open, I arrived at the conclusion that it onl uired 
1 — foot on the wing area to sustain itself. These 
birds can fly at least 40 miles per hour, most likely more 
than this. The shape and speed of flapping cause great 
variations in the amount of wing area per pound of weight 
sustained, the longer the wing, the slower the beats as a 
rule ; if shorter, they must beat quicker to sustain the same 
weight and speed, though if wae and shorter it does not 
always follow that the speed of beats need be increased. 
Large, long-winged birds like the albatross are really able 
to sail on and against the wind with the wings stretched 
out for very long periods, with scarcely any perceptible 
motion of the wings, the body rising and falling in the 
air; this I have pe Boe many times when in mid-ocean. 
The albatross often weighs 18 lb., and it is this very 
element of weight which enables it to sail on and before 
the wind with hardly any exertion ; lighter birds do it 
sometimes, but in a much less degree. 

I do not believe that it is necessary hy any means to 
copy birds in all their wing actions, but there is no doubt 
that the principle and possibility of flight is amply de- 
monstrated in all flying things. In order to sustain a 
body in the air a certain amount of air must pass under 
it, and the quantity per second passed should equal in 
weight the weight of the body as drawn downwards by 
the force of gravity, and this can only be done by motion 
from energy without or within the body, directed by 
intelligence ; in this way it is buoyed up and not allowed 
to attain a downward momentum. Also a body, however 
heavy suspended on the air, has practically no weight at 
all, and only the friction of its edges or small surfaces to 
overcome against the air to proceed forwards, and there- 
fore the speed and momentum acquired from a very small 
expenditure of force will be sufficient to keep it going 
forwards, and I expect the art of flying, when discovered, 
will be found to be easy and graceful. 

There is no doubt that one of the results of Mr. Har- 
grave’s experiments helps to prove that a propelling wing 
and a screw propeller act on a similar principle, and the 
results of experiments by others confirm this. 

As a result of my experiments I have succeeded in 
raising and suspending from off the ground a weight, in- 
cluding pond. planes, of about 60 ]b., and from data 
arrived at on these experiments I hope to be able to raise 
from the ground to a reasonable height an apparatus to 
weigh about 200 Ib. including motive power. 

aving decided how to construct, the chief difficulty 
lies in the choice of materials, but having had consider- 
able experience in various materials and in the designing of 
intricate machinery of various descriptions, I find my 
engineering ega of the greatest assistance. 

The way in which Mr. Hargrave has constructed such 
a large area plane, and so great a power with so small a 
margin of weight, reflects great credit on his capabilities 
and perseverence, but if he will take a friendly hint from 
me he will not be afraid of weight, as great strains must 
be provided for; I should like to know the speed in feet 
per second attained by his apparatus. Thanking you for 
insertion in your next issue, 

‘Iam, yours truly, 
Gro. CrosLtanp Taytor, F.R.G.S., F.C.S. 

Ravensear, Helsby, near Warrington. 





LAUNCHES AND TRIAL TRIPS. 
Messrs. Ropert Duncan AND Co., Port-Glasgow, 
launched on Wednesday, 4th inst., a steel sailing shi 
named Kelton, of 1930 tons gross register, for Mr. T. rol 
Guthrie, Glasgow. This is the seventh vessel built by 
the firm for the Village line. 





Messrs. John Fullerton and Co., Merksworth, Paisley, 
launched on Wednesday, 4th inst., an iron screw steamer 
named the Duke, of about 400 tons gross, for the coasting 
trade of Messrs. J. and J. Hay, Glasgow. 





On the 4th inst. Messrs. Hawthorns launched from 
their yard at Leith a steel steam trawler named the 
Commodore, built to the order of Mr. Thomas Devlin, 
Newhaven. The vessel, which is 100 ft. long, 20 ft. 
broad, and 12 ft. deep, will be fitted by the builders with 
compound surface-condensing engines, having cylinders 
17 in. and 34 in. by 22 in. stroke, the working pressure 
being 90 lb. 


The Grangemouth Dockyard Company launched on the 
4th inst., from their yard at Alloa, a steel barque of 1400 
tons, built to the highest class at Lloyd’s to the order of 
Mr. James Nourse, London. The principal dimensions 
- Length, 250 ft.; breadth, 37 ft. 6 in. ; depth of hold, 
21 ft. 





The Blyth Shipbuilding Company, Limited, launched 
on Saturday last a well-decked screw steamer of about 2600 
tons for Messrs. Stephens, Mawson, and Goss, of N ewport, 
Mon. This vessel, which is a sister ship to the Crimea 
recently built for the same owners yf v0 lyth Shipbuild- 
ing Company, Limited, is built to Lloyd’s highest class. 
The leading dimensions are: Length, 269 ft. ; breadth, 
36 ft. 6 in.; anddepth, 19ft. 3in. The engines are of the 
triple-expansion type, and will be fitted by the North- 
Eastern Engineering Company, Limited, of Wallsend. 





The new steamer Ingeniér has just been completed by 





the Motala Engineering Company, Sweden. It is for 





the Cronstadt fortifications, and is built entirely of 
Motala mild steel. Its length is 110 ft., breadth 194 ft., 
draught, fully loaded, 6 ft. It is especially intended for 
cruises of inspection along the Finnish coast. During 
the week two smaller steamers have been launched from 
the same yard, viz., a passenger steamer, Falken, with 
engines of 35 nominal horse-power, for a Gothenburg 
company, and a cargo steamer, built for the “ Gita 
Kanal” Company. 





The screw steamer Bendo, built by Messrs. Schlesinger, 
Davis, and Co., of Wallsend, for Mr. Jos. Hoult, of 
Liverpool, was on Monday tried at sea off the Tyne and 
gave very satisfactory results. The steamer is of the 
following dimensions: Length between perpendiculars, 
345 ft. ; breadth moulded, 42 ft. 11 in. ; depth moulded, 
24 ft. 1 in. ; she will carry 5100 tons when fully laden. 
The propelling machinery, supplied by the North- 
Eastern Mate Engineering Company, of Wallsend, is 
of the triple-expansion type, with cylinders 25 in., 45 in., 
and 64 in. in diameter, and 45 in. length of stroke. 
Everything worked with perfect smoothness and a speed 
of 103 knots per hour was attained. 





An ocean-going steam tug named Isabel, built and 
engined by Messrs. Vosper and Co., marine engineers, 
Portsmouth, for Messrs. Watkins and Co., London, was 
launched from the builders’ yard on the 5th inst. She is 
constructed of steel and fitted with triple-expansion 
engines of 400 indicated horse-power. er principal 
dimensions are: Length between perpendiculars, 85 ft. ; 
beam, 17 ft. 6 in. ; depth, 10 ft. 6 in. 


Messrs. Hall, Russell, and Co., Aberdeen, launched on 
the 7th inst., a steel screw steamer of the following 
dimensions : 200 ft. long, 28 ft. beam, and 15 ft. depth. 
The =n are of the triple-expansion type and of 100 
nominal horse-power. The vessel has been built to the 
order of the Aberdeen and Glasgow Steam Shipping 
Company, Limited. 


Mr. John Read, Jun., shipbuilder, Portsmouth, has a 
contract under the War Department for building four 
twin-screw submarine mining steam launches, 48 ft. long 
between perpendiculars, and 10 ft. 9in. beam, whilst 
Messrs. Vosper and Co., engineers, Portsmouth, are 
entrusted with the engining of the boats. On the 9th 
inst., the second of these launches, the Ohm, ran on her 
official steam trial of four hours’ continuous steaming at 
Portsmouth, with the War Office and dockyard officials 
on board. She attained a speed of 9.16 knots with 85 
indicated horse-power, whereas the speed contracted for 
was only nine knots and 70 indicated horse-power. Each 
boat is fitted with two capstans, which are worked by 
Vosper and Co.'s four-cylinder engines. 








Frencu ATLANTIC TELEGRAPHY.—The Paris and New 
York Telegraph Company realised last year a net profit of 
1205/. The company had still, however, at the close of 
1889 to clear off accumulated losses to the amount of 
51,9430. 





BrooktyN Dry Docx.—The Simpson dry dock, just 
completed at the United States Navy Yard at Brooklyn, 
is wholly of timber, has been in course of construction 
nearly two years and a half, and has cost about 100,0002. 
The dock is 530 ft. long, the length inside the caisson 
being 500 ft. The machinery for working the dock and 
the pumping plant was built by the Southwark Foundry 
Company, of Philadelphia. There are two centrifugal 
pumps, each 42 in. in diameter, steam power for the 
machinery being furnished by three Scotch boilers, 13 ft. 
in diameter and 11 ft. in length. The pumps have a 
capacity of over 80,000 gallons per minute, enabling 
the water to be pumped from the dock in about 90 
minutes. 





Ruston, Procror, AND Co., Limrrep.—On Monday 
the first annual meeting of this company was held at the 
Guildhall, Lincoln, Mr. J. Ruston presiding. The chair- 
man moved the adoption of the directors’ report, which 
stated that the balance of profit for the year ending 
March 31, 1890, after writing off 3436/. 15s. 6d. for 
depreciation of plant and machinery, amounted to 
43,1111. 15s. 8d., a result which the directors considered 
satisfactory, having regard to the fact that the conduct 
of the company’s business was rendered unusually difficult 
by reason of the failure of last year’s European harvest, 
a severe financial crisis in South America, and a serious 
rise in the price of the materials used in the construction 
of the company’s manufactures. Out of the balance of 
43,1111. 15s. 8d. there had been paid to the vendors of 
interest up to the date of the completion of the purchase, 
in accordance with agreement, 10,088. 17s. 6d., and there 
had been paid and set aside for interest on debentures 
68381. 18s. 4d., leaving a net balance of 26,183/. 19s. 10d. 
This sum the directors proposed to dispose of as follows : 
In writing off formation expenses, 2794/. 1s. 5d. ; in the 
payment of a dividend of 8s. per share, being at the rate 
of 7 per cent. per annum, 10,000/., and in reduction of 

oodwill account 12,000/., jeaving a balance to be carried 
orward, subject to the directors’ remuneration, of 
1389/. 18s. 5d. The chairman stated that the stock of 
materials, stock in progress, all finished stock, and 
machinery at Lincoln and abroad had been taken at cost 
price. he building, plant, and machinery had been 
well maintained out of revenue, and ample provision, it 
was believed, had been made for doubtful debts. The 
works were fully employed at present; the order book 
was in a satisfactory condition, and unless something un- 
foreseen happened, the company had every prospect of 
another good year. 
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DETAILS OF PASSENGER LOCOMOTIVE; WESTERN RAILWAY OF FRANCE. 
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Ty our last issue we published a two-page engraving, | 
with other illustrations on pages 674 and 675, of a pas- | 
senger locomotive for the Western Railway of France, 
this engine, which was constructed at the company’s | 
works at Batignolles, being one of those shown at the | 
Paris Exhibition last year. This week we give on the | 
present and opposite pages further illustrations of this 
engine, showing details of the bogie and the valve gear. | 

As will be seen by the general views published last | 
week, the engine is of an inside-cylinder eight-wheeled 
type, having four coupled wheels and a four-wheeled | 
bogie at the leading end. The coupled wheels are | 
6 ft. 8.3 in. in diameter, while the diameter of the | 
bogie wheels is 3 ft. 1 in. The bogie wheels are | 
6 ft. 6.7 in. apart from centre to centre, while 
the distance from the centre of the rear bogie axle 
to the centre of driving axle is 8 ft. 10.7 in., and} 
the distance between centres of the two coupled axles 
8 ft. 10.3in., making the total wheel base 24 ft. 3.7 in. 
The bogie centre pin is not placed midway between the | 
two bogie axles, but is2 in. to the rear of that position, | 
as shown by Figs. 8 and 9 on the present page. 

The cylinders, which are horizontal, are 18.1 in. in 
diameter by 26 in. stroke, and they have the valve 
chest arranged between them. As shown in Fig. 2 
published last week, and Fig. 10 on the present page, 

each slide valve is divided into two parts one above 
and one below the centre line, this arrangement being 
adopted to provide space for the valve spindles while 
keeping the two cylinders close together. As the| 
valves nearly block up the valve chest, as seen in 
transverse section, two steam pipes are provided, one 
leading to each end of the valve chest. The exhaust 
from each cylinder is also divided, that from the upper | 
valve rt upwards direct to the exhaust pipe, | 
while that from the lower valve passes round the 
cylinder through the passage shown in Fig. 10. 
There are four guide bars for each crosshead, and 
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TABLE GIVING GENERAL PARTICULARS OF FRENCH 


Tuirp-CLAss BARBETTE UNARMOURED CRUISERS. 




















| i? Sy | 
re Pe i 
z\° | § g 
a R | 
\2 Fg | Pig) | is 
Nameof | 2 Ys a | bea 
Ship, |) 28 ae e - Be 
se 2 A i 
[Sitg|/ 81 alla: sg ; |2 
}g/98 & & | gel@ & | Bie 
£9 H18 4 
Aso; 8/8 /atia: & | a@ | Z 
| ft. in. ft. in. ft. in. tons ILH.P. knots. 
Beautemps - 1872 Wood 206 832 10/16 5 (1246 985 | 12.6 / 1 
Beaupré | | 
Coétlogon ..'1888 Steel 311 829 6 17 2 '1848 6000 | 19.5 | 1 
Cosmao_ .. 1889 ,, 311 829 6 17 2}:1877 6000 | 19.5 | 2 
D’Estrées ..'1867 Wood 206 83210 16 2 |1340, 1003 | 12.31 
Duchaffault 1872 ,, 206 832 10 18 10 '1289 1214 | 12.7 | 1 
Forbin .. 1883 Steel ‘311 829 6 17 2 |1848 5700 | 20.6 | 2 
Hirondelle (1869 Wood 206 829 6 13 2 |1200 1800 | 16.4 | 2 
Hugon .../1872;_,, (249 13210 16 6 |1246 915 | 11.7 | 1 
Kerguelen..'1872,  ,, '206 83210 '16 3 /1235 1200} 12.7 | 1 
Lalande .. 1889 Steel 31i 829 6 1611 |1877 6000 | 19.5 | 2 
Linois -. 1867 Wood 203 63210 16 0 |1210 720 | 10.4 /1 
Segond .. 1869 ,, 206 83210 (16 1 |1264 894) 114 | 1 
Surcouf ../1889 Steel 311 829 6 17 2 |1848 6000 | 19.5 | 2 
Talisman ..|1862 Wood 223 13210 16 2 1333 920 11.3 iz 
Tronde’ ../1888 Steel 311 829 6 {16 11 |1877 6000 | 19.5 | 2 
| | | | 
Volta .. 1867, Wood ‘ad 83210 16 8 |1300 1066 | 13. 1 
} ‘ ' 
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| é} Armament. g | x 
3/4 Sa it lg 
Bhs <a Lat 
Ol sa as os ee aime | ieee 
w | o ° ° = on - |ov) 
S| 22 HIS |S] 2] — 
gee) ge ieylee cle. # ize 
| £% 2s Eai/S4ai Ba 2 2o} 
Eige| &3 ws5/835,85 & Ey | 
lala>| 2 BOAO Zo wm la 
tons in. | in. \tons | 
250 | six 5.51 | 3 | 8 | 154] .. Similar ship to 
the Forbin. 
200/ 1.58 four 5.51 | 3 | 4/1501 5| Ditto 
200} 1.58 |,, 5.51 3 | 4| 150) 5 | 
250) 4. six 5.51 | 4 | 154) | 
ee (ee 2 2S ee ae 6 154) 
200| 1.58 four 3.94 | .. 3 | 4 150) 5 
150, .. = two 5.51 . 8 | 114) 
250; .. ‘six 65.51 - | & | 164 
230! .. | 4, 552). | «. | 2 | 164) 
| 200 1.58 four 5.51 = 3 | 4) 150) 5} Ditto. 
}200| .. /five 5.51 ao | eH 165) | 
[250] .. lsix 5.51 | ..| .. | 4{ 160] | 
|200| 1.58 four 5.51* .. 3 | 4) 150) 5 Ditto. 
300 Pe a -. | 41] 154) 
} 200; 1.58 | ,, 5.51 | .. 3 | 4 | ” 5 Similar ship to 
H the Forbin. 
‘tena ee (Bix 5.51 | | 5 | 154) 








* This boat has also two 3.91-in. guns. 


have been justified by the high speed it has obtained. | 
Extremely fine forward, the form of the vessel sug- | 
gests that it is better adapted for speed than for. 
manceuvring ; the distribution of weights is such as to , 
= the ship a tendency to pitch heavily, and this ten- | 
ency is increased by the very large diameter of the | 
two screws—a diameter adopted to compensate for the | 
comparatively slow speed at which they are driven— | 
which also helps to keep the ship down wf the stern. | 
This low engine velocity is one of the weak points of | 
the ship, which would certainly be better adapted for 
heavy seas if the screws could be driven at 200 revolu- 
tions instead of 140. That this would be possible is | 
proved by the Piemonte, which with 2500 tons dis- | 
lacement and 12,900 horse-power, has a velocity for | 
er screws of 185 revolutions, or 45 more than that of | 
the Forbin. | 
On board this cruiser the visitor finds a very re-| 
stricted upper deck, interrupted aft by the officers’ | 
quarters, amidships by the cooks’ galleys and by two | 
14-centimetre guns, and forward by a deckhouse form- 
ing the crew’s quarters ; the machine guns are distri- 
buted forward and aft. No special shelter has been | 
provided for the captain from which he can fight the | 
ship; it is true that vessels of this class are never sup- 
posed to allow themselves to be engaged except by an | 
enemy much inferior in strength, but the absence of such | 
a provision suggests remarkable negligence on the part 
of the designer, since an engagement may at any time 
be forced, and the ship find herself in action despite 
all the efforts of the commander. Descending from 
the upper to the main or armoured deck, the arrange- | 
ments, commencing with the bow and going aft, areas 
follows: A strongly framed water-tight compartment | 
adjoining the spur, which is useless and always kept | 
empty ; two torpedo tubes one on each side of the | 
ship; a central hatchway communicating with the | 
upper deck, and from the armoured deck to the chain 
shafts, the water and wine stores, and the forward | 
powder and projectile magazines ; the hospital, phar- 
macy, steward’s room, and stores, and the hatchway | 
for the forward stokehold. This group of installations 
occupies nearly the whole width of the ship, leaving a 
narrow passage on one side, and the ventilating trunk 
for the forward stokehold ; vertical coal stores extend- 
ing from the armoured to the upper deck, with a 
passage on each side and a space in the centre which 
serves as a sheltered position for a steam capstan ; 
the chimney for the four boilers in the forward and 
midship stokeholds, and also two fans for exhausting 
the hot air, one for each stokehold ; more coal bunkers 
which protect the entrance to the midship stokehold 
as well as to the after one, and air trunks connected 





with the fans; the chimney for the two after boilers, two | 


air trunks, one for the aft stokehold, the other for the 
forward engine-room ; a double hatchway for gaining 
access to the engine-rooms, and which extends as far 


as the upper deck ; a hot-air exhaust for the after en- | 
gine-room; a third torpedotube for launchingautomatic | 


torpedoes ; a hatchway leading to the auxiliary engine- 
room, and which also gives access to the powder and 
projectile magazines aft; a fourth torpedo launching 
tube; an air trunk leading from the auxiliary engine- 


room, and additional quarters for the crew.* In addi- | 


tion to these complicated arrangements, the available 
space afforded by the vessel is further occupied by a 
caisson entirely surrounding it and filled with cellu- 


lose. In the words of the writer whose remarks we} 


are summarising, the whole interior of the ship is 
filled with a long series of cells more or less awk- 
wardly crinned, a collection of badly localised 
small spaces, and a veritable maze of culs-de-sacs 





_* The writer in Za Marine Francaise makes no men- 
tion of the fifth torpedo tube. 


extending from one end of the vessel to the other. 
A melinite shell bursting at any point in this labyrinth 
would cause an indefinite amount of damage for a 
distance of 30 or 40 metres, as has been well proved 
by the experiments with the Belliqueuse; the men 
stationed at the forward torpedo tubes would cer- 
tainly be killed by any melinite shell bursting near 
the midship hatchway. More than this, as the armour 
deck is cut up with more than fourteen unprotected 
openings, any small calibre melinite shell falling down 
one of them would inevitably do very considerable 
damage. If such a shell burst in the hatchway lead- 
ing to the powder magazines the ship would be blown 
up ; if it fell down one of the chimneys the boilers would 
be partly if not wholly destroyed ; if either of the venti- 
lating trunks of the engine-room be attacked, the 
engines would be stopped ; inshort, wherever the te 
jectiles of the enemy fell they would carry with them 
death and destruction. If the cellulose caisson be 
broken up it would permit the water to pass over the 
armoured deck spreading fore and aft, altering the 
stability of the ship, since this deck is only about 8 in, 
or 10 in. above the water-line, while entering through 
the hatchways it would penetrate into the compart- 
ments below and compromise the safety of the ship. 
We do not by any means indorse the severe criticism 
contained in the foregoing paragraphs, but we think 
them of sufficient value to reproduce as giving 
an idea, though doubtless a very exaggerated and 
pessimistic one, of the short-comings of this extremely 
interesting and novel experiment in naval architecture. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 5, 1890. 
Tue American iron trade has improved during the 
week to an unexpected extent, at least so far as 
demand is concerned; but quotations, excepting at 
southern furnaces, have not advanced. To-day’s forge 


| iron quotations at tidewater points are, for best makes, 


16 dols.; No. 1 foundry, best make, 18.50 dols. 
southern iron is not offered to any extent in New 
York or Philadelphia, but large sales are being made 
for delivery to St. Louis, Chicago, and other interior 
points west. The improving tendency in the iron 
trade is particularly noticeable in western markets ; 
contracts have just been placed for about 80 miles of 
pipe. Large orders have also been placed this week 
or plate and tank iron. Jobbers in the west report 
a very active demand this week for galvanised iron. 
There is an exceptionally good demand for bridge iron. 
A great many new enterprises have recently been 
brought to the attention of investors. Seven large 
| steel mills are to be built this year, three of them in 
the south. A very large number of coke ovens are 
being built in new localities, where the supply of coal 
is abundant, and which have recently been penetrated 
by new railroad lines. Boston, New York, and New 
Orleans capitalists will erect several hundred coke 
| ovens in a new and rich mineral section recently dis- 
|covered in Texas. The famous Pratt mines of 
| Northern Alabama are being developed still further, 
jand it is intended to turn out 5000 tons of coal 
per day. The Georgia Pacific Railroad Company 
are erecting car works in Northern Alabama to 
employ an additional 1000 men. The Henderson 
Steel Company will double their present steelmaking 
capacity and turn out 60 tons of steel per day. 
The sale of over 1,000,000 lb. of copper has just been 
reported at 15} cents to 154 cents. Arizona copper ingot 
has sold as high as 14 cents. The consumption has 
increased very greatly of late and a general advance is 
regarded as imminent in this market. The heavy pro- 
duction of crude iron is all taken up for actual require- 
ments, and in addition to this large buyers have made 





offers this week for supplies to be furnished as called 
for during the last six months of the year. Car- 
builders have made inquiries for large blocks of 
common iron, and manufacturers of agricultural im- 
lements have made heavy purchases of steel for the 
atter half of the year. There is a general disposition 
among buyers of iron and steel to buy for future 
wants. Quotations for steel billets at mill, 29 dols. 
to 30 dols.; domestic wire-rods, 40 dols.; old rails 
delivered at Jersey City, 23 dols.; steel rails, 30 dols. 
to 31 dols. 





NOTES FROM THE SOUTH-WEST. 

Cardif.—Steam coal has shown a buoyant tone, and 
the best qualities have exhibited an upward tendency 
having made 15s. to 15s. 6d. per ton, while good dry coal 
has brought 14s. to 14s, 3d. per ton. House coal has been 
in steady demand ; No. 3 Rhondda has made 14s. per ton 
for large and 11s. 6d. per ton for small. There has been 
a pretty good demand for both foundry and furnace coke; 
the former is quoted at 22s. 6d., and the latter at 19s. 6d. 
per ton. The demand for Spanish iron ore has been 
somewhat languid. 

Mr. J. Robinson, C.E.—The Council of the Institutio 
of Civil Engineers has awarded Mr. J. Robinson, C.E., 
resident engineer of the Barry Dock and Railways Com- 
pany, the Telford Medal and the Telford Premium for a 
paper on the “‘ Barry Bock Works” recently read before 
the Institution. The medal and p:emium will be for- 
mally presented to Mr. Robinson on the second Tuesday 
in November. 


The Dowlais Company at Cardiff.—The first section of 
the works of the Dowlais Iron and Steel Company, now 
in course of erection on the East Moors, Cardiff, is 
approaching completion. The blast tubing from the 
blowing engines to the huge furnaces is nearly finished, 
and the three lifts to the top of the furnaces are ready for 
use. A hydraulic lift is beg constructed in connection 
with the calcining kilns. The ten boilers are completed, 
and in the engine-house, which accommodates three blow- 
ing engines and twelve pumping engines, two of the 
blowing engines are at work and the other will be finished 
in a day or two, while most of the pumping engines are 
in full working order. To the east of the blast furnaces 
a number of steel furnaces are about to be erected, and 
Messrs. Billups are putting in concrete foundations and 
erecting the necessary chimney stacks. 


Barry Dock.—The executors of the late Mr. T. A. 

alker have formally delivered a claim against the 
Barry Dock and Railways Company for 204,554. 14s. 5d. 
for certain extras, &c. In accordance with the contract, 
the amount payable to Mr. Walker’s executors will be 
settled by Mr. Wolfe Barry, as arbitrator between the 
parties, should the directors and the executors be unable 
to arrive at an agreement. The extras claimed arise prin- 
cipally out of alterations and additions to the works 
occasioned by the necessity for providing fora larger 
traffic than the company originally contemplated. 


Bute Shipbuilding and Dry Dock Company.—The annual 
meeting of this company was held at Cardiff on Wed- 
nesday, Mr. P. Morel presiding. The report for the past 
year showed a profit of 20,789/., making, with 72901. 
carried forward, a total balance available of 28,0791. 
After deducting 4373/7. for an interim dividend paid in 
November, 1889, and allowing 7844/. for depreciation, 
trade allowances, &c., there remained a balance of 
16,2061. to be dealt with. The directors recommended a 
dividend of 5 per cent., making a total of 74 per cent. for 
the year, carrying forward 74587. During the past year 
267 vessels entered the dry dock, in addition to 211 other 
vessels repaired, making a total of 478 vessels which had 
passed through the company’s hands in the twelve months, 
representing a gross burthen of 459,040 tons, The report 
was adopted, and Messrs. W. R. Gibbs and R. A. Foster, 
the retiring directors, were re-elected. 


Seuage at Crewkerne.—The rural sanitary authority at 
Chard, and the inhabitants or Crewkerne, are puzzled as 
to the best means of meeting an injunction recently 
| ape by Mr. Justice — with reference to the 

rainage of the latter town. r. C. Hawkesley, C.E., 
has been called in and estimates the cost of precipitating 
tanks, buildings, machinery, and land, at 4200/. for the 
northern outfall, and 6200/., for the eastern outfall ; and 
if the sewage from both outfalls is conveyed to one 
common point in the valley of the Parrett, he estimates 
the cost at 13,5001.__The Crewkerne parochial committee 
held a meeting on Tuesday to take the question into con- 
sideration. Mr. G. W. Ewens, of Bristol, wrote offering 
to cleanse the sewage ata cost of 2s. 3d. per head, estimat- 
ing the number of inhabitants at 6000, while Mr. Martin, 
of Exeter, offered to purify the sewage from the northern 
outfall for five years for 300/. per annum. It was agreed 
to request Mr. Martin to meet the committee. 


South Welsh Coal and Iron.—The exports of coal from 
the four principal Welsh ports in May were as follows: 
Cardiff—foreign, 823,363 tons; coastwise, 113,436 tons; 
Newport—foreign, 175,857 tons ; coastwise, 60,054 tons ; 
Swansea—foreign, 97,168 tons; coastwise, 42,744 tons; 
Lianelly—foreign, 8616 tons; coastwise, 7823 tons. The 

egate shipments last month were accordingly : 
Foreign, 1,105,004 tons; coastwise, 224,055 tons. The 
exports of iron and steel from the four ports in May 
were: Cardiff, 6327 tons; Newport, 25,690 tons; Swan- 
sea, 884 tons ; and Llanelly, 670 tons ; making an aggre- 
ge of 33,571 tons. The exports of coke were : Cardiff, 

117 tons ; Newport, 129 tons; Swansea, 537 tons ; and 
Llanelly, nil; er an aggregate of 8783 tons. The 
exports of patent fuel were: Cardiff, 13,615 tons; New- 
port, 4882 tons; Swansea, 37,470 tons; and Llanelly 
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nil; making an aggregate of 55,967 tons. The exports of 
coal from the four ports in the first five months of this 
year were: Cardiff, 4,441,903 tons; Newport, 1,131,347 
tons ; Swansea, 624,879 tons ; and re 99,364 tons ; 
making an aggregate of 6,297,493 tons. ‘The exports of 
iron and steel in the same period were: Cardiff, 22,277 tons; 
Newport, 61,8887 tons; Swansea, 3902 tons; and Llanelly, 
20404 tons; making an aggregate of 90,108} tons. The ex- 
ports of coke from the four he during the same period 
were: Oardiff, 35,681 tons ; Newport, 906 tons ; Swansea, 
41233 tons; and Llanelly, nil; making an aggregate of 
40,8184 tons. The exports of patent fuel from the four ports 
in the first five months of this year were: Cardiff, 91,129 
tons ; Newport, 18,982 tons ; Swansea, 158,808 tons ; and 
Llanelly, nit ; making an aggregate of 268,919 tons. 


Bristol Wagon and Carriage Works Company, Limited. 
—The directors of this company recommend a dividend 
of 5 per cent. for the half-year ending March 31st. 


Cheltenham Borough Surveyorship.—Mr. J. Hall, 
of Torquay, has been appointed borough surveyor of 
Cheltenham. The salary attached to the post is 500/. per 
annum. There were 70 applicants for the appointment. 


Bristol Tramways.—The Bristol Tramways and Car- 
riage Company is considering the desirability of further 
developing its system. The more important projects on 
hand are an extension of the St. George’s line from the 
present terminus to Kingwood Church. The company 
on a former occasion secured powers for this extension, 
but in consequence of the excessive cost of horse-power, 
it was found expedient to drop the line. Since then, 
however, the whole district has wn enormously, and 
the company having now satisfied itself as to the practi- 
cability of the use of electical power for the line, it has 
been determined to make the extension to Kingswood 
Church. Another important extension will be a branch 
from the present Redland line through Queen’s-road, 
Victoria-square, to the suspension bridge, and this line 
will be further supplemented by a lift, which it is in- 
tended to lay down from the suspension bridge road to 
the port and pier railway station below. It is further 
intended to extend the Kedland tramway from its pre- 
sent terminus at Apsley-road to the edge of Durdham 
Down, near St. John’s School. 


The Electric Light at Bristol.—The Western Counties of 
England Electric Light and Power Syndicate is negotiating 
for the purchase of property in the central part a Bristol, 
with the view of developing the electric light on the Parfit 
system. The electrical committee of the Town Council 
has received a report from Mr. Preece, of the General 
Post Office, who recommended the adoption of the alter- 
nating system of lighting, and the provision of plant suf- 
ficient for lighting 5000 lamps. e committee proposes 
to advertise for tenders for an installation of the light to 
supply Wine-street, High-street, Broad-street, Corn- 
street, and Clare-street. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Leeds Wheel and Axle Works.—The dispute between 
the Leeds Wheel and Axle Company and the 450 or 
500 men whom they employ is practically settled. Repre- 
sentatives of the company and of the workmen in several 
departments of the establishment talked matters over; 
the men will work on Monday. The workpeople asked 
for increases of payment varying in amount in different 
departments, and in the aggregate representing about 
1245 per cent. This request being refused, work was sus- 
pended. At the interviews all the points at issue were 
amicably considered in detail, the outcome being that the 
company is to concede advances varying in value from 5 to 
11 per cent. 


The Iron and Stecl Trades.—The upward tone of iron 
has induced a heavy placing of orders for bars with local 
houses, and the close following of specifications shows 
that orders to hand are for immediate requirements, not 
speculation. Hematite has risen on the week nearly 1s. 

r ton for close deliveries. The call for Siemens and 

essemer steel for railway purposes is unprecedented, 
many of the mills being ked for almost a year in 
advance. There is now no doubt that both Siemens and 
Bessemer steel will again advance in value. The whole 
of the engineering houses throughout South Yorkshire 
are crammed with work, and it is because of that, that 
the working engineers throughout the district are asking 
and obtaining an average rise of 2s. per week. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a quiet tone in 
the pig-iron market last Thursday forenoon, with a 

meral ‘‘ bearing” of all classes of iron ; in the afternoon, 
owever, a better demand set in, and with ‘‘ bears” cover- 
ing, prices went up very smartly. Scotch iron, which had 
declined in price 4d. per ton, to 43s. 4d., went up 54d., 
the close being 1}d. less than the previous day’s closing 
figure. After being down 43d. per ton, Cleveland iron 
recovered 3d, while hematite iron, which had fallen 
1s. 64d. per ton, closed with a decline of 1s. 14d. on the 
day. Over the four days of the week, hematite iron 
suffered a most severe drop in price—3s. 14d. per ton— 
while the price of Scotch iron declined only 7d. The 
differences in last Thursday’s prices of the several 
classes of pig iron were nearer the natural proportion 
—the price of hematite iron being 6s. 1d. dearer 
than Scotch, and the latter 3s. 11d. per ton dearer 
than Cleveland iron. A fortnight previously hematite 
iron was 8s, dearer than Scotch, five weeks 9s. 6d., four 





months 13s., and on January 15th, 15s. 9d. dearer than 
Scotch iron. From the best quotations hematite iron had 
thus fallen in price 9s. 8d. per ton more than that of Scotch 
iron. About a year ago, however, Scotch iron was 5s. 6d. 
lower than the price of hematite iron and 5s. 3d. dearer 
than Cleveland iron, the quotations then being—hematite 
iron, 48s. per ton ; Scotch, 42s. 6d. ; Cleveland, 37s. 3d. 
There was a firmer tone in the market on Friday, the 
demand for warrants being stronger in the forenoon, 
though relapsing partially. Scotch iron, after being 5d. 
per ton dearer, lost 34d. of the early gain, and closed 14d. 
per ton higher than on Thursday. eveland iron gained 
3d. per ton, but closed only 1d. up; and hematite iron, 
after advancing in price 6d. per ton, closed 24d. 
above Thursday’s final quotations. The settlement 
prices at the close were—Scotch iron, 43s. 104d. per ton ; 
Cleveland, 39s. 103d., hematite iron, 50s. per ton. A 
better feeling was shownin Monday’s market, with more 
inclination to buy. This was partly owing to the more 
satisfactory Board of Trade returns for May, and partly 
also to the increased reductions in the stocks of pig iron. 
Scotch iron opened as it left off last week, but the price 
steadily advanced 43d. per ton in the forenoon and 7d. in 
the afternoon—114d. in all—or as much in one day as it 
had recovered in the previous three weeks. The price of 
Cleveland iron rose 1s. 1d. per ton on the day, and that of 
hematite pigs 104d. per ton. At the close the settlement 
prices were—Scotch iron, 44s. 9d. per ton; Cleveland, 
40s. 104d. ; hematite iron, 50s. 103d. Yesterday’s market 
opened strong, withScotch iron up to 44s. 10d. per ton cash, 
but the demand was not maintained, and the price fell away 
to 44s. 84d., which was under Monday’s closing quotation. 
It seemed as if a small corner was ae eo in 
Cleveland iron, and 41s. 9d. was touched, being a rise of 
10d. The price of hematite maintained the recent ad- 
vance and finished firm at 51s. 1d., which was several 
coppers above the closing quotation of the preceding day. 
It was quite evident in the afternoon that the ‘‘ bulls” 
had no great confidence that the slight revival for war- 
rants would hold, as quite a number of realisations were 
effected at the afternoon meeting. The price of Scotch 
iron receded to 44s. 6d. per ton, that of Cleveland to 41s. 2d., 
and that of hematite iron to 50s. 7d. The settlement prices 
at the close were—Scotch iron, 44s.6d. per ton ; Cleveland, 
41s. 3d.; hematite iron 50s. 74d. perton. The market was 
quieter this forenoon ; Scotch iron declined in price 4d. 
per ton, while that of hematite iron was 6d. per ton lower. 
Cleveland was steady. In the afternoon business was 
done in Scotch iron at 44s. 1d. per ton cash, in Cleveland 
at 41s., and in hematite iron at 50s. per ton. The follow- 
ing are the current quotations for several special brands 
of No. 1 iron: Gartsherrie and Clyde, 60s. 6d. per ton; 
Summerlee, 61s.; Langloan and Coltness, 63s.; Glen- 
garnock, 60s. It is stated that the steady fall in the 
wrice of warrants and the declining demand for special 
rands have at length compelled ironmasters to look the 
— now reached squarely in the face. Until lately 
opes were entertained that the bottom had _ been 
touched, and that the dulness in the demand and the 
fall in prices were only temporary ; but prices have now 
poet a point at which ironmasters can no longer afford 
to stand by and see their capital melting like snow in 
summer. At the present price of coal, and with the high 
wages paid for labour, a heavy loss must be incurred on 
every ton of pig iron turned out. There are the usual 
three courses open to ironmasters to follow. They may 
blow out the furnaces or a large proportion of them, and 
wait for arevival inthe demand ; or damp down a certain 
number in order to lighten the loss; or lastly, they may 
get the price of coal and labour reduced. There is not 
much hope of any great relief being obtained from 
cheaper coal, as the pe is so regulated by 
the miners that it all goes into consumption; and 
until stocks begin to accumulate at the collieries, 
prices of coal are not likely to come down to a point 
to allow pig iron to be made at anything like present 
prices. The furnacemen are likely to resist any attempt 
to reduce wages, and generally it is to be feared that they 
will not give in without a struggle. As yet no further 
reduction in the number of furnaces in blast has been 
made—there being 84 blowing as compared with 82 at this 
time last year. Last week’s shipments of pig iron from all 
Scotch ports amounted to 9466 tons, as compared with 
6237 tons in the corresponding week last year. They 
included 300 tons for the United States, 815 tons for 
Canada, 190 tons for India, 175 tons for Australia, 176 
tons for France, 750 tons for Italy, 920 tons for Germany, 
250 tons for Holland, 140 tons tor Spain and Portugal, 
810 tons for China and Japan, smaller quantities for 
other countries, and 4625 tons coastwise. The stock of pig 
iron in Messrs. Connal and Co.’s public warrant stores 
stood yesterday afternoon at 732,486 tons, against 739,257 
tons yesterday week, thus showing for the week a decrease 
amounting to 6771 tons. 


Shipments of Machinery, &c., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from 
the Clyde, reported last week, included the following : 
Machinery — refrigerating, electric, sugar - crushing, 
marine, jute working, tea-preparing, &c., of the value of 
22,500/., chiefly for Ensenada, Trinidad and Demerara, 
Calcutta, Rangoon, Sydney, Santos, and the Philippines; 
sewing machine parts, valued at 14,064/., chiefly for 
Rouen, Odessa, Bombay, Gothenburg, Greece, Smyrna, 
Calcutta, and Constantinople; blooms, billets, plates, 
bars, and other steel goods, of the value of 9230/., 
chiefly for Chili, Canada, Bombay, New York, Calcutta, 
Stettin, and Adelaide ; pipes and other castings, plates, 
sheets, bars, tubes, sleepers, and miscellaneous iron 
manufactures, valued at 46,700/. 


Scotch Coal Trade.—There was a favourable tone in the 
coal trade to-day. The arrival of a large number of 
vessels in the Clyde had a good effect on the main coal 





trade. The demand was good, and the prices of last week 
were maintained. In steam coals the inquiry is better 
than it was afew daysago. Splint is quiet, and its prices 
and those of ell are unc meal At Ayrshire ports busi- 
ness is good, without a week’s shipping orders ahead. 


There is a quieter feeling, with a reduction in the ship- 
ments on the east coast. The following are to-day’s 
prices at Glasgow Harbour : 
F.o.b. per Ton. 
s da. 8s. d 
Splint dee 9 Oto 9 6 
ain coal aaa Sad pe $$ ¢. 8 3 
Steam 109,11 4 
Ell 9 0,,10 0 


Ayrshire coal, 8s. 9d. to 9s. f.o.b. at Ayrshire ports. 


Another New Stecl Works.—Under the name of the 
Calderbank Steel and Coal Company, Limited, another 
new concern has been launched in this city to-day, and it 
is to be reared in a sense on the remains of the Monkland 
Coal and Iron Company, which had but a short and not 
successful career. The steel works are to be erected on 
the site formerly occupied by the major portion of Monk- 
land Iron Works at Calderbank, including the ‘ Ferrie ” 
blast furnaces. This site extends to about thirty-seven 
acres, and it is estimated that the steel works to be 
erected here will be capable of turning out from 50,000 to 
60,000 tons of steel perannum. There are also two valuable 
mineral properties. The directorate is closely connected 
with the well-known firm of Messrs. P. and W. Maclellan 
and an equally well-known firm of iron merchants, both 
of Glasgow. A considerable amount of talk has taken 
place on Change and elsewhere regarding the new ven- 
ture, the proposed capital of which is 250,000. Mr. J. 
Ww. Wailes, formerly of the Patent Shaft and Axle-Tree 
Works in South Staffordshire, is to be the general 
manager. Hehas been for several months on the ground 
and has got things put into fairly good order. 


Imports of Spanish Iron Ore at the Clyde.—There has 
been a heavier import of iron ore from Spain during the 
month of May than for any corresponding month in past 

ears. ‘There arrived 30 steamers with 42,666 tons ore, 

ing an increase of 2568 tons over the import in May 
last year, and of 14,706 tons, or fully 50 per cent. more 
than in May, 1886. For the five months there is an 
increase of 28,973 tons this year over previous year, and 
of 91,056, or fully 70 per cent. over the import for the 
same period in 1886. Of the vessels employed in this 
trade last month, twelve ge to Glasgow, eight to 
Cardiff, and four to London. The returns, specially made 


up, are : 
Month. Five Months. 
Vessels. Tons. Vessels. Tons. 
1890 29 42,766 151 219,519 
1889 29 40,198 133 190,546 
1888 29 34,859 142 182,418 
1887 27 32,188 140 189,746 
1886 19 28,060 106 128,463 


Order for Marine Engines.—A contract has been placed 
with Messrs Fleming and Ferguson, shipbuilders and 
engineers, Paisley, by Mr. Christen Thobjornsen, of 
Christiania, for the supply of a set of their improved 
quadruple expansion engines of 500 horse-power, for 
his screw steamer Erling, in which there are at present 
ordinary compound engines. This will be the twenty- 
sixth set of this type of engines constructed by Messrs. 
Fleming and Ferguson. 

National Association of Colliery Managers.—At a meet- 
ing of this Association held in Edinburgh last Saturday, 
it was agreed to form a Scottish branch, whose meetings 
are to be held alternately in Edinburgh and Glasgow. 


Smart Engineering Work.—In connection with the 
widening of the approaches to the central station at 
Glasgow, of the Gaiedenien Railway Company, by the 
construction of an extra double line of rails, a smart piece 
of engineering was doneon Sunday. On the south side of 
the city the Glasgow and South-Western Railway is 
carried over the Caledonian line on a girder bridge of 
104 ft. span, and 30 ft. width, and to provide for the 
passing under of the extra double line it was necessary to 
increase the span to 124 ft. In view of the great amount 
of traffic on the South-Western’s line, the work of re- 
placing the existing bridge by one of longer span had to 
i carried out by the Caledonian Company between mid- 
night on Saturday and midnight on Sunday, the trains 
on both systems running in the mean time on circuitous 
routes to and from the city. The work was accomplished 
in 16 hours. A new abutment on one side had been built 
and the new girder bridge constructed on trestles parallel 
to the old structure. hen the latter was freed, it was 
braced to the new bridge. The trestles had been con- 
tinued under and beyond the old structure, and on them 
launching ways were laid. By means of hydraulic rams 
both bridges were moved along the ways for over 30 ft. 
When the beam blocks, &c., were prepared thenewstructure 
was lowered into position, and the permanent way laid. 
The girders each weighed about 200 tons, and the work 
was executed in a very short time, indicating most care- 
ful preparation. An official inspection was made in the 
afternoon, and in the evening express passenger trains 
crossed the new bridge. The engineer is Mr. W. Graham, 
M.I.C.E., engineer to the Caledonian Company, assisted 
by Mr. Melville. The operations were carried out by 
Sir William Arrol, who was assisted by Mr. James Arrol. 
Mr. Adams, civil engineer to the Glasgow and South- 
Western Railway Company, assisted by Messrs. Curr and 
Keeling, Mr. Cooper, superintendent of traffic to the 
Glasgow and South-Western Railway Company, Mr. 
Currer, district superintendent of the Caledonian Rail- 
way Company, and Mr. Smith, locomotive inspector, 
Kilmarnock, were present, 
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NOTICES OF MEETINGS. 

ROYAL METEOROLOGICAL Socrery.—Wednesday, the 18th instant, 
at 7 p.m., at 25, Great George-street, Westminster, the following 
— will be read: ‘‘On the Difference Produced in the Mean 
Temperature Derived from Daily Maximum and Minimum Read- 
ings, as Depending on the Time at which the Thermometers are 
read,” by Mr. William Ellis, F.R.A.S. ‘‘On the Distribution of 
Barometric Pressure at the Average Level of the Hill Stations in 
India, and its Probable Effect on the Rainfall of the Cold 
Weather,” by Mr. W. L. Dallas. ‘‘ On the Relative Prevalence of 
Different Winds at the Royal Observatory, Greenwich, 1841 to 
1889,” by Mr. William Ellis, F.R.A.S. ‘On some Recent Varia- 
tions of Wind at Greenwich,” by Mr. Alex. B. MacDowall. 

Pnysicat Society.—June 20th. 1, ‘The Stretching of Liquids,” 
by Professor A. W. Worthington. 2. ‘‘The Measurement of 
Electro-Magnetic Radiation,” by Mr. C. V. Boys, Mr. A. E. Briscoe, 
and Mr. W. Watson. 3. ‘‘ Notes on Secondary Batteries,” by Dr. 
Gladstone and Mr. W. Hibbert. 








THE COAST DEFENCES OF THE 
UNITED STATES. 

WE have more than once, on previous occasions, 
noticed the reports made by various officers holding 
official positions in the United States Army and 
Navy tothe chiefs of their various departments. 
These documents are generally, perhaps we may say 
always, well and clearly expressed ; but the chief 
respect in which they appeal to us is, that they are 
made public. Doubtless reports equally as good are 
prepared by English ofticers of both services ; but our 
system provides that these shall be reserved for 
those holding official positions, so far at least as the 
subjects of our Majesty are concerned. No excep- 
tion can be taken to such a course where purely 
military results, which it would be to our advantage 
to keep secret from our possible foes, are concerned. 
There are, however, a great number of experiments 
made at public expense which are not exclusively 
of a military character. This is more true of 
the naval service than of the army, and we 
would instance such cases as marine engine ex- 
periments, speed trials, the evaporative efficiency 
of boilers, trials of systems for burning liquid 
fuel, and tests of new inventions not of a 
military nature. With regard to the latter 
it is often objected that it would not be fair to 
inventors to expose the weaknesses of their schemes 
and that they would not submit their plans to trial 
were they likely to have them condemned by an 
official report. All that we can say to this is, ‘* So 
much the better.” There is no greater nuisance to 
the professional officers of the Army and Navy de- 
partment than the consideration and trial of inven- 
tions that prove to be worthless. The greater num- 
ber of these are weeded out at first glance, for they 
bear ‘‘fallacy ” writ large upon the face. Many, 
however, have a specious appearance of success 
arising from their containing perhaps an unknown 
factor of practice, or, far more often, because the 
inventor or his agent suppresses a material point 
bearing on the results. It is concluded by the 
authorities that the matter shall go to trial, and 
perhaps a torpedo boat or gunboat is told off for 
the purpose. The trial is made, the fallacies 
are brought to light, and another item is added 
to the list of abortive inventions ; much to the 
disgust of the professional officers who feel they 
have been fooled and their time wasted. When 
the official report is made, some favourable expres- 
sions qualifying total failure are introduced. This 
report is communicated to the inventor ‘‘in con- 
fidence.” It is at this stage that the professional 
invention exploiter generally appears on the scene. 
He has no scruples of conscience about violating the 
official confidence. Extracts from the report are 
printed which by careful piecing together are made 
to show the invention in quite a glowing light, after 
the manner of the ‘‘extracts from criticisms” ad- 
vertisements of the theatrical world, or political 
comments upon speeches and events generally. 
It will easily be seen how all this mischief 
would be prevented were the American plan fol- 
lowed of frankly making the matter public. If a 





considerable sum of public money is spent in test- 
ing a scheme there is no reason why the results 
should not be placed at the disposal of the public. 
The only reason for bolstering up rotten schemes is 


7 | that they may be made a means of extorting money 


from the unwary. If a man elect to submit his 
invention to the ordeal of public test-—i. e. a test 
paid for by the public—let him stand or fall by the 
result. 

This question of the secrecy of official trials and 
experiments has another aspect. Everything in- 
quired into by the services must have a bearing 
more or less direct on fighting efticiency, and there- 
fore money spent in this way should not be diverted 
from its legitimate object of making British forces 
superior to those of other countries. This would 
be a very good argument from the purely military 


5| point of view were it not entirely vitiated by the 


fact that we communicate to foreign Governments 
circumstances that are kept jealously excluded from 
the knowledge of British subjects; indeed, we go 
to considerable expense to make such communica- 
tions. We have nothing to say against this. We 
believe that reciprocity in military science amongst 
nations tends to preserve peace ; but surely it is 
illogical to deny to those who pay the bill informa- 
tion which is supplied to those who may sometime 
use it against us. 

This habit of official secrecy is a relic of the old 
evil days when the administration of the services 
was a hotbed of chicanery and incompetence. It 
is time it was swept away together with the few 
remaining examples of the latter element ; who are 
its chief supporters. 

Turning to the American paper which has sug- 
gested these remarks, we find a considerable part 
of the work devoted to the consideration of sea 
coast defences. It is evident that the American 
engineers do not hold the same opinions as some of 
our extremists of the ‘“‘first line” et pretera nihil 
school. It will not be possible for us to follow the 
report in the many subjects dealt with ; but it may 
be said generally that there is much lamentation 
over the deplorable state into which the sea coast de- 
fences have fallen. It is said that ‘‘ the permanent 
defences of the country remain in the same inefli- 
cient condition that has obtained since the close of 
the civil war.” Noappropriation for new construc- 
tion has been made since that of February 10, 
1875. In 1888, 100,000 dols. was appropriated 
for the repair of existing works ; but this was no 
more than sufficient for minor repairs of the most 
elementary necessity. In 1889 a like sum was 
provided with hardly more effect. ‘‘ Our country,” 
says Colonel W. R. King, the chief of United 
States engineers, and the author of the report, 
‘*great in population, wealth, and natural resources, 
prominent among the nations of the earth in intelli- 
gence, ingenuity, and energy, and with an over- 
flowing treasury, is absolutely helpless against the 
attack of any third-rate power possessing modern 
ironclad vessels armed with heavy rifled cannon. 
It would appear unnecessary to present arguments 
to show the folly of continuing such a condition of 
affairs, or to prove the necessity of protecting our 
most important sea-ports and harbours by all the 
appliances known to the present state of the science 
and art of war.” 

It will be seen that it is for no want of plain 
speaking on the part of those whose duty it prima- 
rily is to speak, that the defences of the United 
States fall into so deplorable condition. Were the 
money forthcoming there would be little delay in 
appropriating it to its proper uses. The Board on 
Fortifications and the Board of Engineers are said 
to have made a careful study of the whole problem, 
and an efficient system of defence has been pre- 
pared. It only remains for Congress to give life to 
the project by making the necessary appropriations. 

It may be interesting to English military engi- 
neers if we give the heads of this scheme of their 
American confréres. The main features of the 
project are : 

‘*1, Armaments of the heaviest rifled guns 
mounted on disappearing carriages, which, while 
widely dispersed, can concentrate their fire on the 
enemy’s vessels, and which, in range and penetration 
of projectiles, will equal, if not exceed, the heaviest 
fire that can be brought against them by the most 
powerful fleet, thus keeping the latter at a safe 
distance or destroying it while attempting to pass 
the mined areas. 

‘2. A well-developed system of submarine mines 
planted in the channels and roadways for the pur- 
pose of holding the vessels of the enemy under the 
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fire of our guns and preventing their running the 
batteries and reaching the harbours and cities. 

‘3. The protection of these mined areas from 
counter-mining and removal by batteries of rapid- 
firing guns of small calibre and wide field of fire.” 

The report goes on to point out : ‘‘ That the in- 
crease in the effective range of the present heavy 
rifles over those of former years, has greatly 
changed the extent and character of the defence. 
Where formerly 1000 yards was deemed a safe 
allowance for the position of fortifications in ad- 
vance of a city or depot to be defended, 14,000 or 
17,000 yards (8 to 10 miles) is now considered not 
too far for the exterior line of defences.” The 
city of New York is cited as an example. The 
Battery was at one time taken as sufficient for an 
interior line of defence; whilst the works on 
Bedloes Island were supposed to be far enough 
distant to afford an exterior line of defence. With 
the increase of range and accuracy of fire, the 
Narrows became the necessary exterior line, and 
now it has advanced to Sandy Hook and Coney 
Island. 

For the defence of the principal seaboard cities 
and roadsteads, plans have also been prepared. 
With regard to gun provision there are five classes 
of works mounting the heaviest classes of ord- 
nance, viz.: 

**1. Mortar batteries with and without scarp 
walls and flank defences. 

‘*2. Barbette batteries armed with guns mounted 
on disappearing carriages, 

‘*3, Barbette batteries armed with guns mounted 
on vertical lift carriages. 

‘* 4, Ironclad casemated batteries. 

‘*5. Iron or steel turrets.” 

Colonel King says that: ‘‘The efficiency and 
economy incident to the first three classes are so 
well determined that I am prepared to recommend 
their immediate construction at Boston, New York, 
Hampton Roads, San Francisco, and Washington, 
D.C., as the commencement of a comprehensive 
system of defence, which should be extended to 
other localities from year to year.” Colonel King’s 
sroject provides for the following expenditures for 

atteries, casemates, and turrets, exclusive of gun- 
carriages and plant for the manipulation of arma- 
ment. The items will be read with interest by 
those who have followed the discussions on the 
subject of coast defence which have recently been 
held in this country : 





Boston : Dols. 
Masonry and earthwork 4,877,882 
New York: 
Eastern entrance, earth and masonry — 2,190,000 
Southern entrance, masonry and 
earthwork __... ee ais . 7,006,496 
Armour and structural metal.. 7,004,000 
16,200,496 
Hampton Roads : 
Earthwork and masonry __... 1,921,602 
Armour and structural metal.. 1,715,000 
3,636,602 
San Francisco : 
Earthwork and masonry ae ... 5,935,000 
Project involving use of armour and 
structural metal not decided 
Washington : 
Masonry and earthwork 520,000 


Reference is made in the report to the new gun 
factory at Watervleit Arsenal. This will be capable 
of turning out 12-in. and smatler guns. It was an- 
nounced to be complete, so far as the building was 
concerned, by last December; whilst the plant neces- 
sary for turning out annually ten 8-in., six 10-in., 
and four 12-in. guns is promised by the end of this 
year. It is stated that: ‘‘The development of the 
steel industries of the country in the bes of heavy 
ordnance construction has made satisfactory pro- 
gress, and contracts are now let for supplying the 
steel for fabricating twenty-four 8 in., twenty-four 
10-in., and fifteen 12-in. guns ; that required for 
forty-four guns, including all three calibres, to be 
delivered by August, 1892.” 

It will be seen that the Americans do not pro- 
pose being dependent on foreign sources for their 
ordnance, and this item forms one of the most 
prominent features in their late awakening in naval 
matters, a circumstance which may be _ better 
defended on patriotic than economic grounds. It 


is a matter of good augury for the Americans ; 
great trading nations are very apt to judge too 
exclusively by a money standard ; however un- 
fashionable a word patriotism may have become, 





the nation that forgets its meaning is doomed. It 
is one of those forms of enthusiasm which is essen- 
tial to greatness. 

But although the Americans have been patriotic 
enough to start gun factories they have not yet 
found the dollars requisite to construct shore em- 
placements for the guns that are considered, by the 
authorities, necessary foranelement of coast defence 
sufficient for an irreducible minimum of national 
safety. 

In the appendices attached to the report many 
subjects of professional interest are treated. There 
are diagrams showing the results of experiments 
made at the Willett’s Point establishment to illus- 
trate the use of the crater gauge there introduced. 
An ingenious pressure gauge to register the effect 
of the explosions of subaqueous mines is also illus- 
trated and described. There are as well some 
photo reproductions of subaqueous explosions, as 
well as illustrations of the Sims torpedo. 





THE STEAM ENGINE MAKERS. 

TuE second trade union, in point of time, to 
issue its annual report, is the Steam Engine Makers’ 
Society, whose general oftice is in Manchester. 
This union is in most respects identical with the 
Engineers’ Society, in so far as working members 
are concerned, and the benefits secured to them ; 
but the average contributions are said to be some- 
what less. The report lately issued is the sixty- 
fourth annual, which is going back some twenty- 
four years previously to the amalgamation, which 
was effected in 1850. It records results in the pro- 
gress of the Society, both as regards membership 
and finances, greater than in any year of the 
Society’s existence. As compared with former 
years, during which there were ‘‘ complaints of 
bad trade, scarcity or irregularity of employment, 
and diminished earnings of members,” the past 
year brought ‘‘abundance of employment in the 
engineering trades, wages have been increased, and 
conditions as to overtime and outwork have im- 
proved.” The entire working conditions have 
changed for the better, and the fact is attested by 
the increase of membership and of funds, as recorded 
in the pages of this report. It is a record of slow 
but sure progress. There has been no commotion, 
no violent agitation, no retaliatory demands ; but 
nevertheless some substantial advances have been 
secured, the effect of which will be to equalise and 
make more uniform and general the wages and 
hours of labour in this branch of trade all over the 
country, so that employers and firms shall be able 
to compete on a basis of prices, rates of wages, and 
hours of labour, more uniformly and equitably than 
heretofore. 

The total income for 1889 was 15,302I. 16s. 7d. ; 
the expenditure, 9516/1. 9s. 6d. ; total net increase 
of funds, 57861. 7s. 1d. The total balance in hand 
at the end of 1888 was 13,5711. 2s. 8d. ; at the close 
of last year it amounted to 19,3571. 9s. 9d., or an 
average of 31. 10s. 4d. per member. The total 
number of branches increased from 91 to 93, whilst 
the increase of members was from 5165 to 5500, 
This increase all along the line is declared to be, in 
the net result, more satisfactory than in any pre- 
ceding year, the income for 1889 being larger than 
that of 1888 by 1393]. 2s. 2d., while the payments 
in general were less. 

The particulars relating to the out-of-work benefit 
appear under two heads —travelling relief and 
donation. The total expenditure for the year 1889, 
under both heads, was 13931. 5s. 4d. For donation 
alone the amount was 12991. 9s. 7d. in 1889, as against 
28831. 6s. in the year previous, 1888. In the two 
preceding years, 1886 and 1887, the amounts very 
nearly approached to 60001. a year. The total 
expenditure under each of the two heads, from 
1853 to 1889 inclusive, for the thirty-seven years 
covered by the tables, has amounted respectively 
to 59481. 15s. 10d. for travelling and 80,382I. 2s. 3d. 
for donation, making an aggregate total of 
86,3301. 18s. ld. This in itself is an excellent 
record, and shows the really useful work which is 
being done by the better class of trade unions. 
Formerly they were decried on account of their 
tendency to promote strikes ; now a number of men 
calling themselves the new trade unionists decry 
the unions because they partake too much of the 
nature of benefit societies, and do not sufficiently 
foster strikes. The more prudent of the workmen 
will not follow in the lead of the latter class of 
unionists. 

The report shows that the sick pay stood high for 





the year 1889, the highest indeed upon record, in 
amount, though not the highest in proportion to 
membership. The total paid to sick members in 
1889 was 2802/1. 10s. ; in 1888 it amounted to 
27871. 18s. 94. The average payments under this 
head for the last ten years, previously to 1889, was 
25201. 5s. 1d., or a little over 10s. per head per 
annum. The total aggregate payments to sick 
members during the thirty-seven years covered by 
the tables, have amounted to 60,5921. 2s. 6d. The 
average number of members drawing sick relief in 
each month of the last year was 133, so that that 
number of families were saved from destitution, 
and from the rates. 

Particulars of the superannuation benefit were not 
included until 1856, or at least that was the first 
year in which it appears as an item in the expendi- 
ture, when the sum of 10I. 9s. 4d. was expended. 
The total payment under this head in 1889 was 
18171. 19s. 2d.; in the previous year it was 
18021. 9s. 6d. The small increase in 1889 was due 
to a variety of causes. Of those on the superannua- 
tion list, in the preceding year, eighteen died, one 
of whom had enjoyed this benefit for twenty-one 
years ; and a number of others have been on the 
fund for several years. Another reason was the 
state of trade—older members being welcomed in 
the workshop in consequence of the scarcity of 
skilled labour, but with the decline of trade they will 
again be on thisfund. The average number on this 
fund is now about 95, only varying a fewfrom year'to 
year. The Society is now making special provision 
for the superannuated members by a special levy, 
and a specific fund, so that, whatever happens, the 
aged members will not be allowed to suffer in their 
old age. As a beginning, the sum of 2522I. is already 
set aside for this purpose. 

The amount paid for funeral benefit in the year 
1889 was the highest ever reached, the total 
being 10111., or 3s. 8d. per member. The highest 
previous to last year was in 1886, when 8801. was 
so paid. In 1887 and 1888 the sums paid in this 
benefit were 745l. and 7651. respectively. The total 
paid in this benefit in the 37 years has amounted 
to 17,8241. 17s. 8d. In this union the average age 
at death has reached as high as 50 years in 1889, 
and 51 in the year previous, 1888. In 1877 
the average age was 41} years only. For members’ 
wives the average has gone up from 40} in 1876 to 
from 46 to 49 since that date. This is another 
testimony to the improved condition of our people. 

As regards the accident benefit there can be little 
doubt that the Employers’ Liability Act has dimi- 
nished the number of accidents, for the aggregate 
amounts paid now are less than they were previously 
to 1880 on the average. In 1889 only 200/. was so 
paid ; in the two preceding years the amount was 
only 100I. in each year. 

The item ‘‘contingent benefit” is practically strike 
pay, the total so expended in 1889 being 1211. 1s. 3d., 
and in the year previous 1151. The total payments 
under this head, since 1874, when the laws were 
revised, have been under 4000l., and the period 
includes all the years of depression since that date, 
with the resistance to lower wages in 1879 and sub- 
sequently, The cost of strikes in this union is not 
therefore exorbitant. 

Besides the above there were grants from the 
benevolent fund, amounting to 561. Since 1879 the 
grants from this fund have never exceeded 1001. 
per annum, but in that year they amounted to 
2121. 10s. 

Summarising the result we find that the total 
amounts paid away in the several benefits, from 
1853 to 1889 inclusive, have been as follows : 





Heads of Expenditure. & wm ¢, 

Travelling relief a a ne 5,948 15 10 
Unemployed benefit .. 80,382 2 3 
Superannuation oa oe - 22,990 910 
Contingent (since 1874)—(strike pay) 3,982 7 6 
Sick benefit ee oa ae a 60,592 2 6 
Funeral benefit. . “a ue 17,824 17 8 
Benevolent grants (since 1865) 1,606 10 0 
Accident, benefit we ae 8,115 16 0 

Aggregate total.. 201,443 1 8 


The preceding figures show to what extent this 
Society fulfils its cbligations as a friendly society, 
as ar an association for the protection of the 
trade interests of its members, For its member- 
ship few can show a better record. 

As for the cost of management, the miscellaneous 
or working expenses of a body such as this must 
necessarily be large in the aggregate, but upon 
examination they will be found to be exceedingly 
moderate inamount. The total cost for 1889 was 
18011. 4s. 6d. This was the largest amount ever 
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reached, the next highest, being in 1886, when the 
total was 17101. 7s. Now this amount includes not 
only the total expenses of the central office, salaries, 
books, printing, stationery, rent, fuel, gas, rates 
and taxes, &c., but the salaries of all the officers of 
the ninety-three branches of which the Society is 
composed, and all the expenses incidental thereto. 
Rents, &c., alone amounted to 2301. 14s. 11d.; 
medical examinations, 65/. 103. 8d., and printing 
to 417]. 15s., or inclusive of emblems, &c., to 
4371. 14s. 8d. 

Notwithstanding the large payments in the shape 
of benefits, as above detailed, and the necessarily 
large expenditure in aggregate amount, though not 
in proportion to the work done and area covered 
for working expenses, the balance at the close of 
1889 was 19,3571. 9s. 9d., or an average per mem- 
ber of 31. 10s. 4d. The following Table will show 
the general working of the Society, its income and 
its expenditure, for the last five years, which period 
may be taken as a tolerably fair test of its opera- 
tions. The Society had on the Ist of January, 
1885, a total of 5062 members ; by December 31 
last the total had reached 5500. During this period 
the following exhibits the Society’s finances : 





— Total Income. |TotalExpenditure.| Cash Balance. 





£ «ad. ££ « ¢é. 2ad 
1885 11,335 16 1 11,972 7 3 10,4385 4 1 
1886 12,515 2 4 13,292 6 7 9,657 19 9 
1887 14,838 1 0 14,266 13 8 10,229 7 1 
1888 13,909 13 5 10,567 17 10 13,571 2 8 
1889 15,302 16 7 9,516 9 6 19,357 9 9 





The above figures show that for three years out 
of the five the balance was on the wrong side, indi- 
cating a rather severe strain on the Society’s re- 
sources. The cause of this strain is to be found in 
the list of benefit payments, for the same period, 
thus : 

Total for Five 


Benefits. Years, 1885-9. 

£ 8s. d. 

Travelling relief Pe 595 7 6 
Unemployed—donation 20,880 17 8 
Superannuation allowance .. 8,291 2 6 
Sick benefit ds ae ae ae 13.747 4 0 
Funerals—members and their wives 4,066 0 0 
Accidents oe ‘ as ne 800 0 0 
Benevolent grants 82110 0 
Strike pay = 1,562 10 0 


The total payments for the eight benefits 
enumerated in the five years, thus amounted to 
50,2641. 11s. 8d. ; of this amount 1562/. 10s. only 
were expended on strikes. The total cost for work- 
ing expenses during the same period was 83211. 
3s. 10d., inclusive of extraordinary expenditure for 
revising the rules, reprinting them, and other 
abnormal items. 

The report contains much useful matter above 
and beyond the ordinary details pertaining to the 
work of the Society. It gives brief summary Tables 
of the total net imports and of British and Irish 
exports from 1854 to the present time in quinquen- 
nial periods, extracted from an article by Mr. 
George Howell, M.P., in the ‘‘ Co-operative 
Annual,” recently published ; and also from the 
same article a Table of the fluctuations in employ- 
ment since 1870. The other tables give the value 
of the exports of machinery, from 1840 ; tonnage of 
shipping launched, the production of coal, of pig 
iron, of steel rails, &c., and also the total number 
of furnaces in blast. It also gives tables of boiler 
explosions, of persons employed in and about 
mines, of the total fatal accidents, and of deaths in 
mines, accidents in factories, and on the railways 
of the United Kingdom. The object of the Council 
has evidently been to give to their members a 
broader view of their duties and responsibilities, 
than the mere details of the working of their own 
Society alone could indicate. They also reprint 
the draft Bill providing for the examination of 
persons having charge of steam engines and boilers, 
on land or at sea. This enlargement of the scope 
of the report cannot but be of benefit, not only to 
the members but to the community generally, by 
the dissemination of sound information upon 
industrial questions, of interest to all classes. 

Mr. James Swift, the general secretary of the 
union, has boldly called attention to the alleged 
difference between the old and the new trade 
unionism, as it is called. He shows, as every one 
well acquainted with the history of these organisa- 
tions well knew already, that what is called ‘‘ the 
new trade unionism” is merely a reverting back 
to the earlier form of trade unions—societies for 
attack and defence only, with no benefits beyond 
mere strike pay and funeral benefit. This old 





method failed, and has been discarded by all the 
better class of unions. It was recently tried in the 
United States, and failed. Mr. Swift pronounces 
firmly against a State-regulated working day of so 
many hours, and he shows that the Trades Con- 
gress vote was not of such a character and nature as 
to justify legislative sanction for an eight hours’ 
day. The great value of this portion of the address 
to the members consists in the attitude taken 
against ‘‘ extreme measures, or the creation of ill- 
feeling betwixt employer and employed,” ..... 
‘‘which appears to be the primary object of those 
who first advocated the theory” of ‘‘the State 
limiting the hours of labour.” This outspoken 
language may arouse some retaliation on the part 
of a few, but the more thoughtful and prudent 
men in the ranks of labour will cordially agree with 
the conclusions of Mr. Swift and the Council of 
the Steam Engine Makers’ Society. 








THE STEEL AND IRON INDUSTRIES 
IN 1889. 

THE annual statistical report of the secretary of 
the British Iron Trade Association is again an 
instance of Mr. J. S. Jeans’s wonderful talent for 
dealing with figures. As our readers already know 
the past year has been one of great animation in the 
iron and allied industries. The production of pig 
iron, finished iron, Bessemer steel, and open- 
hearth steel has increased, whilst prices have also 
risen, and manufacturers have thus obtained a fair 
return on their capital. The improvement of trade 
was no doubt largely due to the boom in shipbuild- 
ing, as nearly 400,000 tons more were launched 
in 1889 than in 1888, and in many cases the higher 
prices of pig iron in Scotland and in Cleveland 
were partly caused by speculation, but however 
that may be, there is no doubt that 1889 was a year 
of exceptionally good trade, and Mr. Jeans’s analysis 
of the iron industries for the past year is therefore 
of special interest. 

In taking a general review of the figures for the 
past three years, it is seen that there was a marked 
increase last year on most of the items, the export 
trade in particular being in a peculiarly satisfactory 
condition. 

Beginning with the raw material, the ore, we find 
that there was an actual decrease in this item of 
364,490 tons as compared with the previous 
year, which was largely due to Staffordshire and 
Scotland. In the Cleveland district there was an 
increase in the output of 265,224 tons. In addi- 
tion to this, 4,031,265 tons of ore were imported, 
making a grand total of 12,301,807 tons of ore for 
the year. The average consumption of ore per ton 
of iron produced is not yet attainable, but in 1888 
it was 2.54 tons. 

Turning now to the output of coal, it is stated 
that the demand last year was larger than in any 
previous year in the history of the trade. The 
output last year was 176,916,724 tons, an increase 
of 6,981,505 tons on the previous year. In spite of 
this, however, there was at times a scarcity of fuel, 
which, however, never became really serious. The 
number of mines in operation was 3389, an increase 
of 35 on the previous year, and the number of 
employés also rose from 534,945 to 563,735, but the 
average output per man was only 320 tons as com- 
pared with 324 tons in 1888. The largest increase 
in the production was in the South Yorkshire dis- 
trict, after which came South Wales and Scotland. 
Of the total output 28,974,129 tons were exported, 
and 12,650,729 tons were taken by London, adding 
to this 7,736,794 tons taken by steamers in foreign 
trade, 27.9 per cent. of the total output is accounted 
for, the remainder being absorbed by manufac- 
turers and private houses. 

The total quantity of pig iron produced in the 
United Kingdom last year was 8,245,336 tons, an 
increase of 346,702 tons on the previous year. This 
increase was largely due to Cleveland, as this dis- 
trict turned out 2,771,181 tons, as compared with 
2,614,983 tons in the previous year. On the other 
hand Scotland only produced 998,928 tons last year, 
a decrease of 28,846 tons on the previous year. The 
greatest proportionate increase was in Derbyshire, 
where the output rose from 307,564 tons in 1888 to 
392,831 tons in 1889, an increase of 85,267 tons, or 
28 per cent. The importance of this increase of 
output last year is still further emphasised by the 
very considerable reduction, amounting to 537,265 
tons, in the quantity of iron in store at the end of 
the year. These stocks have now been reduced to 





1,941,443 tons, and here again Cleveland has 
benefitted principally, as stores here have been 
decreased by 251,198 tons, on 597,310 tons in 
store, or by about 42 per cent. In Scotland stocks 
have decreased from 1,244,433 tons at the end of 
1888, to 1,035,840 tons, or by about 16.5 per cent. 
Adding the increased output of the furnaces to 
decrease in stocks, we geta grand total of 8,882,601 
tons of iron delivered in the year, 7,692,230 tons 
of which were consumed at home, an increase of 
639,939 tons on the previous year. 

The furnaces in blast during the year averaged 
447.1, and their average weekly output was 354 
prin per week, or 7 tons per week less than in 


The quantity of puddled bar produced last year 
was 2,253,756 tons, an increase of 222,283 tons on 
1888. But these figures show a considerable 
decrease on the average of the four years ending 
1884. In the best of those years (1882), 2,841,534 
tons of puddled bar were produced, but it is pro- 
bable that the falling off is due to the increased use 
of steel. Here again Cleveland leads with an 
increased production of 94,407 tons, or 25 per cent. 
increase on its output of 1888. 

Mr. Jeans states that in Lancashire and South 
Wales the production of puddled bar has not 
been sufficient to meet the demand for finished iron, 
and that the question accordingly arises as to 
whether more puddling furnaces are required. The 
number at work last year was 3346 as against 3008 
in 1888, but the average output was 673 tons, 
or 2 tons less than in 1888. Prices have risen con- 
tinuously during the year, being at their maximum 
last December when iron rails in the Cleveland 
district stood at 6/. 2s. 8d. per ton, and the prices 
a _ avgles and bars were correspondingly 

igh. 

Turning to Bessemer steel the output of this was 
2,140,791 tons, an increase of nearly 6 per cent. on 
the previous year. In this instance the Sheffield 
district shows the largest increase, amounting to 
58,686 tons, that of Cleveland was practically the 
same as in the preceding year, there being only 
122 tons difference between the two years. Of the 
total output 1,718,580 tons were made by the acid 
process and 422,211 tons by the basic process. As 
was to be expected, rails account for by far the 
greatest part of the total, the output of these being 
943,048 tons, a decrease of 36,035 tons on the 
previous year, which was no doubt occasioned by 
the rise in price. The converters at work during 
the year averaged 602, with an average output of 
25,156 tons each ; this is the highest average output 
yet attained and is nearly twice the average obtained 
in 1879. As regards price the average value of 
Bessemer steel rails per ton was only 4l. 12s. 2d., 
which is less than that ruling in 1886, but is higher 
than the prices in any year since then. Towards 
the close of the year, however, steel rails of heavy 
section were quoted at from 7. to 71. 10s., the low 
average being no doubt due to previous contracts 
which were not worked off till the close of the 
year. 

The home Serre of open - hearth steel 
ingots reached 1,429,169 tons last year, an 
increase of 136,427 tons in the output of 1888, 
and 448,065 on that of 1887. In this item 
Cleveland fully makes up for her backwardness in 
the production of Bessemer steel, as she heads the 
list with an increased production of 84,390 tons as 
compared with 1888, the returns for which again 
showed an increase of 104,423 tons on those of 1887. 
The greatest output last year was in Scotland, 
which is credited with 440,065 tons, a decrease of 
2871 tonsin 1888. The North-East Coast produced 
437,100 tons, and would appear from what has gone 
before to be rapidly overhauling Scotland. The 
number of furnaces at work during the year averaged 
233.6 worked on the acid process and fourteen on 
the basic process, and at the present time forty- 
three new acid and three new basic furnaces, with 
an average estimated output of 135 tons per week 
each are now in course of erection. 

From the figures given it appears that the out- 
put per furnace has steadily increased during the 
past ten years. In 1880 the average yearly output 
per furnace was but 2535 tons, whilst last year it 
was 5772 tons, an increase of 110 per cent. 

The tin-plate trade has also improved along with 
the other iron industries, the make last year being 
430,623 tons as compared with 391,291 tons in 1888, 
As usual the United States was our best customer, 
the exports there being 339,692 tons, or upwards of 
77 percent, of the totalmake. The average price, 
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however, was 3s. 1d. per ton lower than in 1888, 
when it was 141. 3s. 1d. 

The quantity of iron exported during 1889 was 
4,188,388 tons, larger than in any of the five pre- 
ceding years. Nearly three-sevenths of the total 
went either to English-speaking countries or to 
India. The United States and India were the two 
largest importers, after which came the Argentine 
Republic. 

Much of the prosperity of the year was due to 
the heavy demands of the shipbuilding yards, 
which launched about 1,288,251 tons of shipping, 
this being an increase of 382,922 tons on the 
returns for the previous year. The North-East 
Coast took the lead with 695,321 tons of shipping, 
an increase of 210,401 tons, or 43.5 per cent. more 
than in 1888, whilst the Clyde launched but 
334,454 tons, an increase of only 16.1 per cent. on 
1889. The supremacy of the Clyde is therefore a 
thing of the past, though it is probably true that 
the class of vessels launched on that river are, on an 
average, of a higherclass than those launched else- 
where. 

Of the other countries dealt with in Mr. Jeans’s 
report the United States takes the lead so far as 
total output is concerned, though it does not 
appear to have benefitted by the revival of trade to 
the same extent as we havedone. The output of 
coal increased from 129,789,000 tons in 1888 to 
132,419,342 tons in 1889, that of iron ore from 
5,055,411 tons to 7,292,754 tons, and that of pig 
iron from 6,489,738 tons to 7,605,864 tons, so it is 
obvious that our American cousins must have had a 
prosperous year. 

Turning to Germany, Mr. Jeans is only able to 
give the details of the output in 1888, but as her 
imports of iron and steel increased from 272,712 
tons in 1888 to 424,071 tons in 1889, and her ex- 
ports have decreased from 1,053,428 tons to 
997,397 tons, trade can hardly have been as pro- 
sperous there as in this country. 

In France the output of coal rose to 24,588,880 
tons, an increase of 1,985,986 tons on the previous 
year, and this increase would have been still 
greater had there not been great strikes in the 
colliery districts. The pig iron production reached 
1,722,480 tons, that of finished iron 793,364 tons, 
and that of steel 529,021 tons, 145,764 tons of 
which were used for rails. 

Belgium seems also to have shared in the general 
prosperity. Her output of coal increased by 
839,867 tons, whilst her iron ore production was 
also increased. 

The returns from the other countries possess 
little interest, save those of the British colonies. 
Of these Canada seems to have profitted but little, 
her make of pig being actually wae than in 1888, 
Her output of finished iron has, however, in- 
creased, that of rails, for instance, having risen 
from 80,568 tons in 1888 to 110,668 tons last year. 
In New South Wales the output of coal increased 
from 2,922,497 tons in 1888 to 3,203,443 tons last 
year, but hardly any iron ore whatever was pro- 
duced, though 3747 tons of iron were made in 
1888 from foreign ores. 

Taking a general review of the figures collected 
by Mr. Jeans, there can be no doubt that 1889 
marks a red letter year in the iron industries. 





THE USE OF DANGEROUS BOILERS. 

Tue formal investigations held a few weeks ago 
by the Board of Trade with regard to the Crosby 
and Halifax explosions, revealed an amount of 
ignorance and negligence as to the purchase and 
use of boilers which it would be difficult to believe 
existed, were it not that similar cases have occurred 
over and over again, and that the facts are vouched 
for in the evidence given before the Commissioners. 
A full report of these investigations will be found 
on page 521 of our issue of April 25th. We 
have from time to time given in these columns 
particulars of varivus explosions and of the formal 
investigations respecting them, but we have seldom 
had to record instances of greater negligence, or of 
a more flagrant disregard of the ordinary principles 
of safety, than in the explosions above mentioned. 
All questions as to whether the boilers were fit to 
work, or whether life was risked by their pur- 
chase, seem to have been utterly ignored. The 
boilers were bought, set to work, and allowed to 
continue in work in a spirit of apathy and of indif- 
ference which is lamentable to contemplate. No 
steps were taken to ascertain whether they were 
in good condition, and they were simply left to 





take care of themselves and ultimately to burst, 
when by sheer weakness they could no longer be 
the passive servants of their owners. 

In the case of the Crosby explosion the boiler 
was a very small one of the single-flued, or Cornish 
class, worked at 40 1b. or 50 1b. pressure, though 
sometimes this was raised to 60 lb. by the addition 
of an extra weight hung on the safety valve lever. 
Together with an engine of 8 horse-power it was 
bought second-hand for 20/. from a broker some ten 
or twelve years ago. For several years it lay on 
the ground exposed to the weather and the effects 
of damp, but was ultimately set to work some four 
years since. No examination whatever was made 
of it either before purchase or after, and it was 
worked year after year without iuquiry as to its 
capability to resist pressure, although for some time 
past it must have been in a most dangerous condi- 
tion. The Board of Trade surveyor, who made the 
‘* preliminary investigation,” stated that the shell 
plates, where resting on the brickwork seating, were 
wasted by external corrosion till they were as thin 
as brown paper, and that it was a matter of sur- 
prise that the boiler stood any pressure at all. 
Some slight repairs were made last Christmas at the 
front, where the plate was reduced in thickness 
apparently by contact with damp ashes, but the 
boilermaker who effected those repairs was not 
told to make any examination of the remainder of 
the shell, and kept strictly within the limits of his 
instructions simply to apply a patch near the blow- 
out tap, stating before the Commissioners that he 
never thought that any other plates might be 
corroded. Messrs. Levi and Thomas Usher, the 
owners, said that the idea of having the boiler in- 
spected had never occurred to them, though one of 
them in explanation volunteered the remark that 
‘* he thought the Government inspector came round 
to examine boilers.” 

The Commissioners commented severely upon 
the neglect shown by the owners, and ordered them 
to pay 30/. towards the costs of the investigation. 
The defence of the owners was that they knew 
nothing about boilers, but Mr. Howard Smith 
pee out that persons in such a position should 

ave their boilers examined by competent men, 
and that ignorance was practically no excuse for 
the neglect of which they had been guilty. An 
earnest appeal was made by Messrs. Usher for a 
remission of the fine. They had, they said, large 
families and a very small income, and had not the 
money necessary to pay the Board of Trade; in 
reply to which the Commissioners suggested that 
they should petition the Board to reduce the 
amount, or allow reasonable time for its payment. 

There the matter ends for the present, but the 
question may fairly be asked, How many small 
steam users are there scattered up and down the 
country working boilers, perhaps, on the eve of 
explosion, and taking absolutely no precautions to 
avoid these distinctly preventable disasters ? When 
further explosions occur, which is almost certain to 
be the case, the defaulting parties will probably be 
fined by the Commissioners, and will declare that 
they are unable to pay, and that they erred through 
ignorance. Such cases afford strong support to the 
advocates of a well-regulated system of compulsury 
inspection, and it can, in fact, scarcely be denied 
that such a system would have been an indubitable 
blessing to Messrs. Usher, as it would have saved 
them much loss and anxiety. 

The explosion at Halifax occurred from a still 
smaller and more insignificant boiler, credited, how- 
ever, with a remarkable history, to which the boiler 
at Crosby cannot lay claim. It was of the flat- 
ended, externally - fired type, measuring only 
3ft. 9in. in length by 1ft. 10in. in diameter. 
The back end plate was blown out, owing to its 
having been weakened by external corrosion. One 
life was lost, and several children playing near were 
injured. 

The owners were two young mechanics, one an 
engineer’s apprentice, and the other just out of his 
time. It appears that they bought the boiler, 
along with a small engine, a few months since to 
drive a couple of lathes in their spare time. The 
price paid for the lot was 30s. No examination 
whatever was made before or after purchase, and 
the boiler was set to work at a supposed pressure 
of 65 1b., but which, by an apparent error in cal- 
culation, proved to be 85 1b. Both the owners 
stated to the Commissioners that they had no prac- 
tical knowledge of boilers, but understood when 
they bought the one in question that it had been 
worked at 601b., and therefore thought they would 





be right in working at 651b. It was stated in 
evidence by the father of one of the owners that 
several boilermakers had assured him that it 
would be safe at 601b., while one enthusiastic 
admirer went so far as to volunteer to ‘‘ sit on it 
with steam at a pressure of 80 lb.” The boiler 
worked occasionally till March 8th, when it burst 
at a pressure of 781b., with the serious conse- 
quences narrated. 

The person who sold the boiler deposed to having 
purchased it from a man named Burroughes some 
time previously, and that he gave for it ‘‘an old 
watch and 5s. in cash,” representing a total pay- 
ment of 2/. 5s. A vertical engine and some steam 

ipes were thrown in with the boiler in the bargain. 

urroughes ‘‘ struck it with a heavy hammer and 
looked as if he struck hard,” but that was all the 
inspection the boiler received. Burroughes in his 
turn stated before the Commissioners that he 
bought the boiler as ‘‘he was having a walk one 
Sunday morning nearly three years ago,” and that 
the price he paid was 23s. He did not even know 
from whom he purchased it. After working it now 
and again at 60 1b. he discontinued its use as it 
burnt too much coal. 

It would have been interesting had the career of 
this so-called ‘‘ boiler” been traced further back 
still, but it is hidden from view. We do not know 
how often it had changed hands previously, but we 
do know that it was bought for 23s., then that it 
was sold for an old watch and 5s., and resold for 
30s. The idea of examination, or of learning 
whether the boiler was fit for work, never seems to 
have occurred to any of the parties connected with 
the transactions, although the last purchasers were 
two young men who had been for some years 
engaged in mechanical pursuits. 

The Commissioners in this case did not order 
payment of costs, the boiler being used more for 
amusement and instruction than for profit, but 
they stated that very great blame attached to the 
owners and to the man who sold them the boiler. 
They issued a general warning to steam users, and 
said that in the event of future explosions under 
similar circumstances they would be liable to the 
public and might be indicted for manslaughter 
should life be lost, a conclusion totally at variance 
with the opinion of the coroner and the verdict of 
the jury returned the previous day, when the ex- 
plosion at Halifax was pronounced to be ‘‘ an un- 
foreseen and unfortunate catastrophe, for which no 
one was to blame.” 

One peculiarity in the judgments delivered by 
the Commissioners in the case of these two explo- 
sions presents itself to us on reading the evidence. 
Both boilers were equally dangerous and had never 
been examined. At Crosby the owners, who were 
ropemakers, ignorant of boilers, were blamed by 
the Court, and fined 301. as a consequence of their 
negligence and lack of knowledge. At Halifax the 
owners, who were mechanics, and might reasonalby 
be supposed to have, at least, a rudimentary know- 
ledge of boilers and of the danger of neglecting the 
ordinary precautions to secure safety which common 
sense would dictate, were censured, but were not 
fined at all. Possibly this was due to a legal dif- 
ficulty owing to the boiler not being used purely 
for trade purposes, but it seems somewhat anoma- 
lous that a firm of ropemakers, who might be ex- 
pected to know comparatively little of boilers, 
should be condemned in costs, while mechanics who 
ought to have had, at least, enough engineering 
knowledge to have known the risk attending the 
working of such a boiler, should be practically ac- 
quitted, except of moral blame. 

The Board of Trade investigations are exceed- 
ingly useful, and are bringing plainly before the 
public many facts with regard to culpable ignorance 
and negligence in the purchase and use of boilers. 
So far they have shown that what is needed for the 
prevention of these lamentable catastrophes is an 
efficient system of inspection of boilers, before 
and after purchase. We do not know how many 
more explosions must occur, how many more lives 
must be lost, or how many more formal inves- 
tigations, mainly at the country’s expense, must 
be held before an effectual remedy is applied. But 
the question is an important one, the safety of the 
workpeople and of the public requires that some- 
thing should be done, and sooner or later the 
Legislature will, we do not doubt, be compelled 
to take it into serious consideration. As a first 
step we would strongly urge the early establishment 
of an effective system of registration of boilers. 
This is a matter which we have frequently advo- 
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cated, and it is one about which so little difference 
of opinion can exist that there should be no diffi- 
culty in carrying the necessary legislative measures. 
The registration should be of such a character as to 
put on record not merely the chief dimensions of 
each boiler and the pressure at which it is worked, 
but also its history as far as it can be ascertained up 
to the date of registration. The certificate of re- 
gistration should also be so framed as to bring home 
to the boiler owner a sense of his responsibility for 
the accuracy of the return and for the safe main- 
tenance of the boiler registered. The mere fact of 
having to make the inquiries or examinations neces- 
sary to comply with such a system of registration as 
this would in itself, we are convinced, suftice to 
weed out a very large percentage of existing dan- 
gerous boilers. 





NATIONAL ELECTRIC LIGHT 
ASSOCIATION. 

Tue last meeting of the National Electric Light 
Association was held in Kansas City, Missouri. 
Although the city where this meeting was held is 
located near what was considered a few years ago 
to be the western confines of civilisation, yet it is 
now a thriving city in a large and growing State, 
entirely free from the redundancies formerly 
marking a frontier town. In the mean time the 
frontier of the westward growing civilisation has 
swept on hundreds of miles beyond this point. 

The membership of the National Electric Light 
Association is composed of corporations or persons 
engaged in lighting from central stations, after the 
manner similar to gas associations and other indus- 
trial bodies. A special train conveyed the members 
of the Association from New York to Chicago, and 
thence to Kansas City. 

The Kansas City meeting was called to order by 
the President, Edwin Ruthven Weeks; after which 
the Honourable J. J. Davenport, mayor of the city, 
welcomed the delegates in a very interesting address 
upon the relation of applications of electricity to 
the requirements of daily life. The President’s 
address was largely devoted to statistics upon the 
growth of electrical work in the United States. 

One of the principal matters coming before the 
convention was the report of the Committee for the 
Abolition of Customs Duty on Copper. George M. 
Phelps, the chairman, had appeared before a Com- 
mittee of Congress, in support of the petition. It 
was stated that the capital invested in the electrical 
industries named and represented by the Associa- 
tion, was not less than 275,000,000 dols., and that 
in the total cost of electric plants one-fourth to 
one-third is expended for copper. The _peti- 
tioners especially urged that the duty should be 
removed, because copper is not imported in any 
considerable quantity, and is, therefore, not a source 
of revenue to the Government, and, moreover, 
the product of American mines is sold abroad at 
less cost than in the home market. 

Another interesting report of the Committee was 
that upon the standardising of potentials of electric 
apparatus on street railways ; in which it was sub- 
mitted that fully 90 per cent. of the railways in 
operation are under the systems controlled by the 
Thomson-Houston and the Sprague companies. 
Three-fourths of the railways have equipped their 
cars with motors varying from 74 to 15 horse-power 
each ; but in all railways operating over 15 cars 
not more than one-third of the total horse-power 
with which the system has been equipped has ever 
been called for at one time. On roads operating 
between 5 and 15 cars, the greatest average load 
has not reached 50 per cent. of the total horse- 
power of the station. The potential varies between 
the extreme of 220 and 800 volts. The greater 
number of companies, however, reported using a 

otential of between 450 and 550 volts. But of 
Tate 500 volts has been adopted by the leading 
companies as a standard potential for electric 
railways, excepting those requiring special apparatus 
for their successful operation. 

The Committee on harmonising the insurance and 
the electrical interests submitted a report in which 
it was recommended that the system of examining 
and licensing those engaged in the installation and 
operation of lighting and power stations which is in 
vogue in the New England States, should be 
extended over the whole of the country, and that 
special agents of insurance companies ought to 
specially qualify themselves for the inspection of 
electric light installations. The discussion upon 
this report was very spirited, being mainly devoted 





to applications of electricity and methods of insur- 
ance peculiar to the United States. 

The question of the insurance of central stations 
was presented to the Association by S. E. Barton, 
of Boston, who submitted a plan for the formation 
of a company to insure such property in the manner 
in which the Boston Manufacturers’ Mutual Fire 
Insurance Company insures mills. The electrical 
interests in America have certainly reached a large 
enough amount to render thc formation of such a 
company feasible, provided that the necessary 
differences and distinctions in the various stations 
are fully recognised. 

The first paper read before the Association was 
on the ‘‘ Construction of Central Stations,” by C. 
J. H. Woodbury, vice-president, Boston Manufac- 
turers’ Mutual Fire Insurance Company. The 
paper recommended, in place of the general and 
diverse character of the buildings used for electric 
lighting stations, that whenever the cost of land 
would permit, such buildings should be only one 
story in height, constructed on what is known as the 
slow-burning method of construction, which has 
been so successful in mills and machine shops. A 
drawing was submitted showing a section of such a 
building, in which the walls could be either of brick 
or of posts 8in. square covered on the outside by 
3 in. plank. Such a building should be covered by 
a flat roof of plank, supported by rafters of 10 in. 
by 10 in. southern pine, placed 10 ft. between the 
centres and supported in the middle by a column. 
A longitudinal monitor running along the building 
to within 20 ft. of each end, would afford light and 
ventilation in addition to that from the windows ; 
and an extension of one end of this monitor would 
serve as a wire tower. The switch-board, which 
the writer recommended, should be made of soap- 
stone, or other incombustible material, and placed 
in the middle of the floor underneath this wire 
tower, and therefore away from the walls. 

It was submitted that a building constructed in 
accordance with the methods described and illus- 
trated, would be cheaper in the long run than the 
less expensive buildings which are so generally used 
for electric light stations. Such a building would, 
moreover, be better suited for the purpose, on 
account of its stability, permanency, and freedom 
from the hazard of fire. 

The rapid introduction of electric industries has 
in turn quickened other industries, notably those 
pertaining to the generation of power. A paper on 
the ‘‘ Steam Engine,” read by Mr. Fred. E. Sickles, 
of Kansas City, was devoted to a consideration of 
the various mechanical principles involved in the 
automatic cut-off, governors, packing, lubrication, 
and other matters connected with the steam engine 
as at present used ; tracing in many instances the 
various steps of development which have resulted 
in the improved forms in use at the present day. 

On a kindred topic was a paper on the economic 
generation of steam for electrical purposes, by 
George H. Babcock, of New York City, past-pre- 
sident American Society Mechanical Engineers. 
The paper stated very clearly the requirements for 
the production of steam, giving attention to the 
different conditions of demand on the boilers, and 
also to the great variety of fuels which conform to 
conditions of economy. For instance, in Bogota 
rosewood is found economical ; in some parts of 
California peach stones are used ; while in other 
places sawdust, peat, wood, bagasse from the sugar 
cane, spent tan bark, straw, and numerous other 
substances compete with coal. The price of coal 
varies from 16 dols. a ton in South America to 40 
cents a ton at Scranton, Penn. 

These various conditions of fuel impose, of course, 
various methods in the construction and arrange- 
ment of furnaces, as well as different requirements 
in their attendance, with a consequent difference of 
wages. The speaker deprecated forcing a boiler 
above its average rating ; and very strongly urged 
the economy of a higher degree of skill in the 
boiler-room, believing that it was always profitable 
to employ foremen and firemen who would keep 
the apparatus up to the point of maximum efficiency. 

The paper by C. J. Field, of Brooklyn, on the 
‘* Development of Generating Stations for Incan- 
descent Light and Power,” differed from the pre- 
vious paper on a similar subject in that it was 
devoted to the consideration of stations in cities, 
where the cost of land requires high buildings. 
The points to be considered in the designing of a 
station were summarised as permanency in opera- 
tion, economy in output of electrical energy, divi- 
sion of the generating power into the proper number 





of units, and flexibility of the system in order to 
furnish electricity for light, power, and other 
sources of revenue. 

Asa far erent station, that of the Edison 
Electric Illuminating Company, of Brooklyn, was 
cited, and its construction shown by means of draw- 
ings. The building is three stories in height, con- 
taining engines and boilers in the first story, 
dynamos and coal storage in the second, and 
general offices, supply rooms, and workshops in the 
third. The building covers an area of 75ft. by 
100 ft., and contains apparatus complete for the 
generation and supply of current and power for a 
capacity of 40,000 incandescent lights; the total 
cost of the entire plant as it stands to-day being 
426,000 dols. To complete the plant for its 
full capacity would require the expenditure of 
20,000 dols. additional. 

‘““A Universal System of Central Station 
Accounts,” by T. Carpenter Smith, gave a detailed 
statement of the methods of accounts used in the 
administration of central station electric light com- 
panies. A similar financial phase of the subject 
was covered by the paper on ‘‘The Costs of the 
Products of Central Stations,” by A. J. De Camp. 

In the paper on ‘‘Nine Years with the Arc 
Lamp,” by M. D. Law, superintendent of the Elec- 
tric Light Company, Philadelphia, was contained 
the results of a long and extended experience in the 
operation of central stations. Reference was made 
to many of the numerous difficulties liable to 
occur in the details of electrical apparatus, and 
the methods which he has found valuable for 
remedying those difficulties were presented by the 
speaker. 

Professor Elihu Thomson, of the Thomson- 
Houston Electric Company, presented a paper on 
‘*Safety and Safety Devices in Electric Installa- 
tions,” dealing with the various topics which com- 
prise the subject-matter of most of the insurance 
rules governing installations of electrical apparatus. 
The speaker made a strong plea for the best class of 
work in the installation of electric light apparatus. 
In connection with the system of lighting by alter- 
nate currents, in which the consumer uses the 
secondary or induced current, it was maintained 
that good work was all that was necessary to abolish 
all risks excepting those of the primary high poten- 
tial current. It was stated that it was very im- 
portant that the secondary wire should be con- 
nected to the ground through a protector containing 
a fuze which is perforated, in case that a direct 
electrical connection is made through the con- 
verters. Such a device will cause the primary 
current to be led directly to the earth, and the low 
conductivity set up will cause the safety fuzes at 
the converter to melt, and thus cut that particular 
installation out of the circuit. 

Among other papers before the meeting was that 
on ‘Electricity as Applied to Street Railways,” by 
Frank J. Sprague, of New York. This paper gave 
a résumé of the history of the subject, especially in 
connection with the Sprague system of electric 
motors, which has been widely introduced in tram- 
cars in the United States. 

Mr. Edward H. Johnson, of New York City, 
formerly president of the Edison Company, ad- 
dressed the audience on the phonograph, and at the 
conclusion of his remarks Mr. Edison addressed the 
audience through a phonograph, having dictated 
the address at his laboratory in Orange, N.J., over 
2000 miles away. 

In connection with this convention there were a 
number of exhibits of various forms of electrical 
apparatus and supplies. Numerous courtesies were 
extended to the visitors, who were readily distin- 
guished by the badge, which consisted of an English 


ivy leaf in silver, bearing the equation C = 4 





NOTES. 
THe Future oF THE SHIPPING TRADE. 

TuHE relation between the freight markets and the 
industries associated with marine construction is so 
close that the state of the shipping trade has 
necessarily a great interest for engineers generally. 
To judge from the remarks made by the chairman 
of the Peninsular and Oriental Steamship Company, 
Mr. Thomas Sutherland, M.P., the prospects are 
by no means brilliant. The import trade of the 
country has been falling off, the Board of Trade 
returns just issued showing that during the five 
months there has been a decrease of several millions, 
The shipbuilding operations have been on a scale 
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almost ‘‘ colossal,” and this means greater competi- 
tion. Since the beginning of the year, however, 
the tendency to build new vessels has been almost 
extinguished. But even this slight relief to the 
dark picture is not great. Mr. Sutherland does 
not believe there is scope for such high prices as 
has been paid for ships within the last year, because 
the margin of freight existing now, in comparison 
with the margin only eight or ten years ago, is little 
morethanhalf. Taking the Calcutta trade as typical, 
he said that ten years ago the margin of rough 
cargo, which formed the bulk, was between 35s. 
and 50s., and for months past it has been 20s. to 
30s. A similar state of affairs exists in other 
branches. Freight rates indeed are at a low ebb. 
To Australasia the rates are 40 per cent. less than 
they were six months ago, and homewards from the 
East a somewhat similar reduction has taken place. 
At Newcastle and other ports several vessels have 
been laid up, rates being considered unremunera- 
tive. Some of the shipbuilding yards too are 
almost finishing the last of their vessels. Mr. 
Sutherland was therefore within the mark in saying 
that the prospects were not satisfactory. So far as 
his own company was concerned he had a favour- 
able report to give. While the carrying trade had 
decreased, their traffic receipts were good. The 
division of the stock into preferred and deferred 
had been satisfactorily accomplished, and he 
pointed out that since 1879 the market value of the 
stock had doubled. 


Foam. 

In his lecture on ‘‘Foam” Lord Rayleigh insisted 
that foaming liquids were essentially impure, for 
pure liquids will not foam. For instance, neither 
water nor alcohol can be raised into a froth, 
although a mixture of the two may be to a certain 
extent. The addition of gelatine to water in the pro- 
portion of 1 in 100,000 develops the foaming quality 
quite noticeably. Of course the best-known foam- 
ing liquid is a solution of soap, such as the children 
use for blowing bubbles. A liquid foams when its 
films have a certain durability. In all liquids these 
films exist, since a bubble as it rises is covered 
with a thin film. Now the most striking property 
of films is their tendency to contract, and ar may 
be regarded as being in the condition of a stretched 
membrane, as of india-rubber, with the difference 
that the tendency to contract never ceases. An 
air-bubble will force the air back through the pipe, 
and a loop of silk, floating on a film, will be forced 
into a circle the moment the film inside it is rup- 
tured. Oil forms a film on the surface of water, 
and covers it entirely even if the mass of the oil be 
collected into drops. This is well shown by drop- 
ping a particle of oil on to a vessel of water lightly 
covered with sulphur flour. The sulphur will be 
immediately driven to the edge by the spreading 
film. The reason of this is that the tension of the 
water-air film is greater than the combined tensions 
of the water-oil and oil-air films, and consequently 
pulls out the oil-film. It is possible to reduce the 
surface tension of water by mixing it with various 
substances, such as ether and camphor. Camphor 
scrapings placed on the surface of pure water enter 
into vigorous movement, because the dissolved 
camphor diminishes the surface tension of the 
water, but if the water be contaminated by the 
least quantity of oil or grease the motion ceases. 
Lord Rayleigh made several experiments to find 
what thickness of oil film would accomplish this ; 
he found it to be about 14-millionth of a millimetre. 
This thickness bears to an inch the same ratio that 
a second of time bears to half a year. Lord Ray- 
leigh explains the calming action of oil on the sea 
as follows: as the waves advance, the surface has 
to submit to periodic extensions and contractions. 
At thecrest of a wave the surface iscompressed, while 
at the trough it is extended. So long as the water 
is pure there is no force to oppose this, but if the 
surface be contaminated the contamination strongly 
resists the alternate stretching anc contraction. It 
tends always, on the contrary, to spread itself 
uniformly, and the result is that the water refuses 
to lend itself to the motion which is required of it. 
The film of oil may be compared to an inextensible 
membrane floating on the surface of the water and 
hampering its motion. 


Tue Stream Loop. 

There has just been introduced into this country, 
from America, an appliance for returning to a 
steam boiler the condensed water from steam pipes, 
jackets, heating coils, andthe like. This appliance 
is called the ‘‘ steam loop,” and at the first glance 





is a very striking piece of apparatus, since it will 
return water to a boiler situated at a higher level, 
without the intervention of pumps, injectors, or 
other motors. The water simply flows back just 
as if it were under the action of gravity, the only 
means of communication being a range of pipes. 
The action will be readily understood by reference 
to the annexed diagram, which shows a steam 
boiler connected by a steam pipe from the dome A 
to a steam engine B. Immediately in front of the 
engine is fixed a separator which catches the water 
carried over by the steam, as well as that which 
condenses in the pipe. From the bottom of the 
separator there rises a pipe until it attains a con- 
siderable elevation above the water line of the 
boiler ; it then proceeds horizontally, and finally 
descends and enters the boiler at D. The water 
from the separator follows the course of the pipe, 
and flows into the boiler at a higher level than the 
separator. Thereasonof this will bereadily seen. The 
steam pipe and the steam loop are all connected to 
the boiler, but of course there is a slight difference 
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of pressure in them, the pressure falling a little the 
further the steam gets from the boiler. Let us 
suppose the pipes to be blown through at the cocks 
H and C, and these cocks then closed. Water will 
commence to collect in the separator and the pres- 
sure in the loop to fall by reason of condensation. 
The excess of pressure in the separator will imme- 
diately begin to drive the water up the riser, not 
in a solid body, but in separate plugs or plungers 
which will follow each other at frequent inter- 
vals. As soon as these reach the top of the riser 
they will flow along the horizontal pipe, which 
is of large diameter, and collect in the down pipe. 
Here the mass will remain until the head of water, 
plus the steam pressure above it, is suflicient to 
raise the check valve, when a part o. the column will 
flow into the boiler. Usually a head of a few feet 
is sufficient to effect this, but if the pipes be 
very long it may require 20 ft. or more. At the 
moment when the check valve lifts, the gauges at E 
and F will give the same reading, while the gauge 
at G will show the steam pressure existing at that 
point. The water is thus returned to the boiler 
without loss of pressure, and almost without loss 
of heat. This is done continuously and automati- 
cally, the only care required being to blow through 
occasionally to remove the air. The system has 
been adopted by many leading firms in America, 
including the Worthington Pumping Engine Com- 
pany and the Pullman Company. The sole licensee 
in England is Mr. John Gillespie, Leadenhall- 
buildings, Leadenhall-street, E.C., while the con- 
sulting engineer is Mr. Chas. Blagburn, of 150, 
Leadenhall-street, at whose office a model may be 
seen in operation. 


Tue ‘‘Crry or Parts” SatvaGE Case. 

The Admiralty Court are to be commended for the 
promptitude with which they have disposed of the 
salvage case against the owners of the Inman and 
International liner City of Paris. Mr. Justice Butt, 
having heard evidence, delivered judgment on Satur- 
day last, awarding 7500I. to the Aldersgate, which 
towed the vessel 100 miles into Queenstown and to 
the Ohio, which stood by for seventeen hours, 600I. 
In giving his decision his lordship gave an interest- 
ing review of the case. The Court did not deal with 
the question of the cause of the collapse of the star- 
board engine. It is to be hoped that it will be 
thoroughly and successfully investigated at the 
Board of Trade inquiry which opens at Liverpool 
on Monday, when not only the officers of the ship, 
but the designers and constructors and those who 





superintended the building of the vessel and her 
engines, will examined. At Liverpool the 
Court has really got to do with the cause, and at 
London the effect was the point more immediately 
at issue. Doubtless, the Board of Trade in setting 
the questions to be answered, as a result of the 
inquiry, will make a speciality of the beneficial effects 
of the water-tight bulkheads and their powers of re- 
sistance, more especially as they have, at present, a 
special committee examining that particular subject, 
but the decision by Mr. Justice Butt is interesting. 
Starting with the statement that the City of Paris 
is ‘‘a very magnificent ship, strong, well-built, 
and extremely valuable,” the value in her damaged 
state being 235,0001., exclusive of cargo, he referred 
in terms complimentary to the designers and buil- 
ders, to the bulkhead arrangements, remarking 
that the result showed that ‘‘modern appliances 
and devices employed in the construction of such 
vessels as this are not without a very direct and 
important effect upon the safety of passengers 
crossing the Atlantic.” He also spoke in eulogistic 
terms of captain, officers, and crew, and of the 
behaviour of the passengers. That the vessel 
salved was valuable was undoubted, and the 
Aldersgate was efficient under the circumstances. 
This, therefore, all favoured the opinion freely 
expressed when the accident took place that the 
salvage damages would be very heavy, and although 
75001. to a vessel worth 32,0001. is a good stroke 
of luck, it does not bear the same relation to 
the great value of the City of Paris, for, adding 
the two salvage awards, it is found that only 
81001. is paid for saving 278,0001. But the point 
the Court considered was not so much the value 
saved as the risk run. The Elder Brethren of 
Trinity House advised Mr. Justice Butt (we use 
his lordship’s words) that there was no more than 
an ordinary amount of risk on the occasion. The 
weather was fine, and, save for a not unusual 
Atlantic swell, there was nothing to enhance the 
danger. 

The point as to the amount to be paid to the 
Aldersgate evidently caused a difference of opinion, 
and to judge by the justice’s remarks, a pretty 
lively difference. The Brethren differed as to some 
of the special points in this vessel’s construction. 
It would have been interesting to have heard on 
what points there was a want of unanimity and the 
reasons given on both sides. His lordship said : 

The question for my determination is what amount 

ought to be awarded to the Aldersgate for the services she 
rendered. It is an extremely difficult thing to arrive at 
a just appreciation of what amount ought to be given. 
discard all notion of dealing with these cases on the basis 
of percentages. All I do in such cases is to see whether 
there is enough to make an adequate, and even it may be, 
an ample si handsome award for the services rendered ; 
and if there be enough, then to deal with the matter 
on that footing. The conclusion at which I have 
arrived is, that 7500/. is a fair and proper remuneration 
to the Aldersgate. 
The amount was apportioned as follows: To the 
ship the usual three-fourths of the total, with 
5001. extra to repair any damage due to straining 
while towing, to the captain 450/., and the balance 
to the officers and crew according to rating. The 
award to the Ohio was apportioned 400/. to owners, 
501. to master, and 1501. to officers and crew. 





INDUSTRIAL NOTES. 

THE most serious item of news in connection with 
labour just now is the serious aspect of affairs in the 
Staffordshire iron trade. The employers strongly 
assert that they cannot go on paying the Is. 9d. per 
ton premium, while the men as firmly declare that 
they will not accept less. The attitude of the iron- 
workers is such that the operative section of the 
Midland Wages Board have issued a circular to the 
various bodies in the district in opposition to any 
reduction. Mr. Benjamin Hingley, M.P., the chair- 
man of the Board, states that the result of the six 
months’ working of the premium shows that the wages 
under the 1s. 9d. premium is 1s. 3d. per ton above the 
North of England scale, and that the ironmasters of 
the Midlands are consequently placed at a disadvan- 
tage. He says it is admitted that the men in South 
Staffordshire are entitled to 6d. per ton more than the 
North of England men for extras, but that the present 
premium leaves them still in excess to the extent of 
9d. per ton. The ironworkers deny that the employers 
are placed at a disadvantage, or that the Midland iron 
trade is a the competition of the North of 
England. Mr. Hingley contends that taking off 9d. per 
ton from the premium will not affect the wages of the 
men to the extent they imagine; and further that if the 
men were to consent to the reduction, and if it were found 
to work unfairly, the employers would give an under 
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takiny that the matter should be reconsidered. The 
present aspect of affairs looks serious, as a strike in the 
iron trade would, it is contended, be ruinous. But the 
way in which the controversy is carried on would seem 
to indicate that any such extreme step will be averted. 

There is one element in the dispute about the 
premium which is causing some interest and evokin 
much feeling, namely, the ‘‘ gambling in —— : 
The workmen allege that the trouble has been caused 
by speculators, and not by either the makers or by 
the workers. The makers to a great extent seem to 
concur in this view, but they say that there is no 
means of preventing it. Many Staffordshire firms 
express themselves strongly in condemnation of a 
system which they allege upsets the whole foundation 
of legitimate trade. ‘‘Gambling in pigs,” or in war- 
rants, is mostly carried on by men not in the trade, 
the ironmasters and the operative ironworkers say, and 
tends to cripple the industry. Whether it is possible 
for some kind of combination to step in to prevent 
this ruinous practice, is a question of some moment for 
all persons connected with the iron, steel, and engi- 
neering trades ; in any case all branches seem to 
unanimous in condemning it. 





The engineering trades throughout Lancashire have 
resumed their normal condition. In all departments 
the men are well employed with orders on hand, but 
these are being worked off generally faster than they 
are being replaced by fresh orders. Comparatively 
little new work is being secured of any great weight, 
though low prices are quoted with the view of obtaining 
orders. The market remains depressed, and prices 
are still tending downwards both in pig and finished 
iron. Offers have been made below quotation prices 
for some kinds of material, but there is an indisposi- 
tion to sell largely at low prices. For the present it 
is mostly speculation, as manufacturers are not in 
pressing need, and makers are slackening the output 
rather than sell at what they deem ruinous prices. 
This attitude of suspension cannot last much longer. 

The wages dispute between the engineers and their 
employers at Leeds has been satisfactorily arranged. 
On Friday last at noon the following notice was posted 
up in the office of the Amalgamated Society of Engi- 
neers from Messrs. Fairbairn, Naylor, and M‘Pherson’s 
firm: ‘* Wages of all fitters, turners, model makers, 
grinders, glaziers, and all skilled mechanics will be 
advanced 2s. per week, and all others will be con- 
sidered on their merits.” The men thereupon went on 
working as usual after noon, evidently well satisfied 
with the decision of the employers. 

Messrs. Tannett and Walker, of Leeds, met a depu- 
tation of their men subsequently, and offered to advance 
the wages of their skilled workmen 2s. per week, and 
to increase the wages of those who had been in their 
employ for twelve months ls. per week all round. The 
offer was finally accepted, the men resuming work on 
Monday last. The whole dispute in the Leeds district 
is now virtually over, a few firemen only having 
objected to the terms agreed upon. This settlement 
affects about 10,000 hands connected more or less with 
the engineering branches of trade. A few small 
firms only refused to concede the terms. 


The bedstead makers of London, following the lines 
of the Birmingham and Rotherham workmen in the 
same branch of trade, have demanded an advance of 
15 per cent. in wages ; this the employers refused, and 
the men struck. At an interview of the men, accom- 
panied by the general secretary, with Messrs. Briants, 
the firm refused to concede the advance. The society 
has, it isstated, 30,000/. in hand, and is paying 1/. per 
week to those on strike. A similar advance has been 
conceded by all other firms in the country except in 
London and Manchester. 


In the Cleveland district the most satisfactory 
news is the settlement of the Consett strike, the works 
again being in full operation, to the satisfaction of 
everybody. The company refused to discharge the 
men against whom the strike was directed, but one of 
them decided to leave the works, and the others agreed 
to join the union. Arrangements were made for the 
transfer of members in the case of the two unions 
whose members were involved in the dispute. The 
strike hands were afraid that the company might 
object to some of them resuming work, but the com- 
pany gave them to understand that they would admit 
all well-disposed workmen to the works as usual, but 
each man must be at liberty either to join the union or 
abstain from joining, as he thought fit. After two 
weeks’ duration the strike was therefore settled in a 
fairly amicable manner. 

At the Bon Lea Foundry, South Stockton, the firm 
gave notice to reduce the wages of the labourers from 
19s. to 18s. per week ; the men thereupon struck. The 
employers consented to give the 19s. as usual, but the 
men then demanded 20s., and refused to go back unless 
the extra ls. per week was conceded. A number of 
labourers have gone in at the old rate of 19s. per week, 
but the old hands determined to stand out. 





In consequence of the slackening off in the demand 
for finished iron and steel in the North of England, the 
ironmasters have experienced much difficulty in keep- 
ing the works going full time. In preference to work- 
ing short time some of the works have been closed for 
a week at a time on two occasions, and notice was 
given of another stoppage for a week. The outlook 
is by no means so bright in the iron trades as it was a 
few months ago, either in the North or in the Midlands. 


In the Sheffield and Rotherham district the iron- 
workers are much exercised by the expected attempt 
to reduce wages in Staffordshire, the depression in this 
branch having reached this district. But the iron- 
workers are unanimous in the hope that the men of 
Staffordshire will fight the matter out. 

The spring-knife cutlers of the Don Works, Shef- 
field, are on strike for an advance of 10 per cent. in 
wages, and some other firms have had notice from the 
men for a similar advance. The notices expire this 





week, 

The table-blade grinders of Messrs. Joseph Elliott 
and Son have been successful in their strike, and have 
returned to work at the advance in wages demanded. 
Several other firms have also conceded the advance 
of = per cent. for which the blade-grinders struck 
work, 

The Grinders’ Association are taking a few firms at 
a time in order to gain their object, the same as was 
done some time since by the spring-knife cutlers in 
Sheffield. 

Trade generally is busy throughout the district, 
except with the iron and steel workers. The reports 
of last year’s work by many of the Sheffield firms 
show that the year was one of general prosperity. 





In North Staffordshire the one matter now discussed 
is the proposal to reduce the premium by 74 per cent. 
The men demur to this. They say that no more orders 
will come in after the reduction than before ; and that 
there will be as much work for 9s. 6d. as for 6s. 9d. per 
ton. Resistance is preached by all the lodges in the 
district. At the recent demonstration it is stated that 
70,000 persons were present at Clough Hall, Kids- 
grove, connected with the various trades. 


In the mining districts the policy of waiting is the 
order of the day. The demand for coal has slackened 
off very considerably. The Lancashire miners are 
organising a great demonstration at Southport on the 
2ist instant. The railway companies are running 
cheap trains from all the districts. Nolabour disputes 
exist in the colliery districts of Lancashire at present. 

A series of small disputes have arisen in Derbyshire, 
some of them out of the Mayday holiday without 
notice. But those trifling disputes are being settled 
by conferences, between the managers and the agents 
of the men. 

In Northumberland there are no disputes at present, 
but in Durham there is considerable industrial dis- 
turbance. In West Durham there is a dispute over 
the discharge of some men, which is not quite settled. 
At Monkwearmouth the hewers struck for shorter 
hours, even while negotiations were pending. Two 
pits of the Birtly Colliery Company struck, but the 
matters in dispute were settled. 

In Yorkshire four or five disputes exist, some of 
which have ended in the men leaving work, in others 
a strike is threatened. There seems to be a good deal 
of friction in some places which may eventuate in a 
struggle, unless patience and forbearance are shown. 





The gas workers at the Beckton Gas Works have 
proposed an alternative scheme to that proposed by 
the company, and which the men have rejected. The 
scheme was drafted by the Gasworkers’ Union and sub- 
mitted to the men for approval. In this proposal the 
men agree to 28 days’ notice in writing on either side 
to terminate existing engagements ; failing such notice 
any man leaving his work to forfeit to the company all 
pay due to him. Drunkenness or misconduct to en- 
title the company to peremptorily discharge an em- 
ployé, such servant not to claim more than the wages 
due at the time of dismissal. The proposed agreement 
provides that the workmen shall observe and conform 
to all the rules, regulations, and instructions of the 
company that do not affect the existing rates of wages 
or hours of work, and that all workmen shall faithfully 
work and serve the company to the best of their skill 
and ability in whatever capacity they may contract, 
and at the rates of wages, or pay specified for each 
class and description of work in the schedule appended. 
Schedule : Firemen seven days per week of eight hours 
(nine fires), 39s. per week ; scoop drivers, eight hours’ 
day, seven days per week, 39s. (for 24 mouths) ; stokers 
eight hours per day, seven days per week, 37s. 4d. (for 
24 mouths) ; coke spreaders eight hours per day, seven 
days per week, 31s. (for 72 mouths); coal wheelers’ 
stokers, eight hours, 4s. 3d. per day ; labourers, eight 
hours, 4s. per day; machine men, eight hours per day, 
5s. 9d. All wages to be paid and calculated in each 
week according to the second schedule pertaining to 
three shifts and day workmen, This agreement rejects 





the offer of any accruing bonus, but is clear and ex- 
plicit as regards payments and duties respectively. 





The Dock Labourers’ Union is beginning to exercise 
some kind of control over the fiery spirits whose strike- 
temper is such that strikes, instead if being excep- 
tional, were becoming usual nearly every week, and 
sometimes oftener. In consequence of the recent 
strike at the Albert Docks, without the sanction of 
the leaders, the Executive Committee of the union 
has issued the following notice: ‘‘ All members of 
the above union are instructed to remain at work at 
all times during any dispute, unless officially requested 
to stop work. Any member infringing this rule will 
not be entitled to compensation.” 

Workmen employed on the south side of the Royal 
Albert Dock have been in a rather excited state 
over the employment of a body of stevedores to dis- 
~——- the steamship Ludgate Hill from New York, 
at 7d. per ton, which the dockers declare is under 
price. The dockers regard the employment of the 
stevedores as an encroachment upon their rights, as they 
consider the latter should confine themselves to loading 
only, discharging being the work of the labourers. 
The aspect of affairs was so serious that the men 
threatened to strike unless the services of the steve- 
dores were dispensed with ; this the shipowners con- 
sented to do after some negotiations, and the unload- 
ing forthwith proceeded as usual. 

The dockyard labourers at Chatham had an inter- 
view with Sir John Gorst, member for the borough, 
with respect to the low wages paid in Her Majesty’s 
dockyards, In reply he stated that in his opinion it 
was most unsatisfactory and alarming that men should 
be paid less than 10s. per week, and he thought that 
Government should adopt the noble example of the 
Emperor of Germany who had made German establish- 
ments models of the relations which ought to exist 
between employers and employed. 





The paragraph in last week’s Notes relating to the 
secretaryship of the London Trades Council was in- 
serted under a misapprehension. The meeting at 
which Mr. George Shipton was outvoted was not the 
official delegate meeting. The official delegate meeting 
of the trades of London re-elected Mr. Shipton by 61 
to 46 votes, majority 15 votes.’ But the number of 
votes recorded scarcely tells the whole tale. The dele- 
ater from nearly all the old-established unions voted 
or Mr. Shipton, while the labourers’ unions and some 
representatives from branches of the old unions voted 
for his opponent. It is an open secret that if the elec- 
tion had gone otherwise many of the old unions would 
have withdrawn from the council rather than see it 
transformed into a kind of Socialist League. For the 
present the work of the London Trades Council will 
therefore go on as heretofore, except perhaps that it 
will develop more and more a propagandist policy. 





The London Chamber of Commerce is making pro- 
gress in their scheme for the establishment of a Board 
of Conciliation for the metropolis. The various in- 
dustries of London have been divided into twelve 
groups, with the view of securing twelve representa- 
tives of labour upon the Conciliation Board. The 
general grouping has been confirmed, and delegates 
will be invited from the several groups to constitute 
the first Board. The following are the sections who 
will elect representatives: (1) Building trades ; (2) 
cabinet and furnishing trades ; (3) carmen, bus, coach, 
and tram employés ; (4) clerks, shop assistants, and 
warehousemen ; (5) the clothing trades; (6) gas, coal, 
and chemical trades; (7) leather trades; (8) metal 
trades ; (9) printing and paper trades ; (10) provision 
and food trades ; (11) railwey employés ; (12) shipping 
trades, These groups fairly represent the multifarious 
trades of London, but there will perhaps be a little 
difficulty in selecting the first representatives in some 
instances, because of the diversified character of the 
several sections in the groups. However, that is a 
mere matter of detail which will be got over, if there 
is any real enthusiasm in the work of conciliation as 
proposed by the Chamber of Commerce. Now is the 
time for a start, before anyreaction sets in, consequent 
upon any falling off in trade. If the scheme is allowed 
to lag there will be a real difficulty in reviving it. 
The action of the Gas Workers’ Union, as foreshadowed 
in their proposals, and of the Dockers’ Union as regards 
improvised strikes, show that a more reasonable dis- 
position is being developed by the newer trade unions 
than was manifest some months ago. 





Tue Royat AcricutturaAL Society.—The fifty-first 
annual exhibition of the Royal Agricultural Society of 
England will take place at Plymouth from June 23 to 
June 27, the implement yard being also open on June 21. 
There are to be several machinery competitions, com- 
mencing next Tuesday. These will include: (1) Light 

rtable motors (steam, iy way or gas) under five 
caneutrs (2) grist mills for use on a farm ; (3) disin- 
tegrators not requiring more than 20 horse-power ; (4) 
plant for cider making. There are two prizes of 30/. 
each, five of 20/7. each, and three of 10/. each. 
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MISCELLANEA. 
THE Canadian Government has decided to advertise 
immediately for a fast Atlantic mail service, with an 
average speed of 18 knots from port to port. 


The Union Steamship Company have received a cable- 
ram from Johannesburg stating that the gold crushings 
or May yielded 38,844 oz. of the metal. 


A private Bill permitting the North Metropolitan 
Tramways Company to work their line by electricity has 
just been weaned ' by a committee of the House of Lords. 


During the past winter the Canadian Pacific Railway, 
in spite of its northern location, has been the only trans- 
continental line which-has not been blocked by snow. 


In some recent experiments, Mr. Shelford Bidwell has 
established the curious fact that electrifying a jet of steam 
decreases its transparency. 


The new Russian Imperial yacht Polar Star is to be 

fitted with two Durham and Churchill marine engine 
overnors, as is also the new ironclad, Azof, now being 
uilt for the same navy. 


An American has patented a cable cutter with a long 
insulating handle for the use of firemen, who not unfre- 
quently in the States have to cut through electric lighting 
cables carrying powerful currents. 


The total revenue from all sources from the Transvaal 
goldfields amounted to 197,412/. for the first quarter of 
1890, as against 220,904. for the corresponding period of 
1889, showing a decrease of 23,3910. 


The large shipbuilding establishment Vulcan, Stettin, 
continues to be very busy, and in order to meet the 
increasing requirements, the share capital has been in- 
creased with another 100,000/, It was stated at a recent 
meeting that orders in hand represented a value of close 
upon 200,000/. 


The new report of the Panama Canal Commission 
estimates the cost of the acquisition of the lands necessary 
for the canal works at 16,000,000 francs. The average 
cost per cubic metre of the embankments is estimated at 
6 francs 90 centimes, and of the masonry of the locks at 
74 francs. 


The gross receipts of the twenty-three principal rail- 
ways in the United Kingdom for the week ending June 1, 
amounted, on 16,159} miles, to 1,474,105/., and for the 
corresponding period of 1889, on 16,034 miles, to 1,281,146/., 
an increase of 125} miles, or 0.7 per cent., and an increase 
of 192,9591., or 15 oad cent., the receipts including the 
second part of the Whitsuntide traffic. 


The survey of the route of the proposed Ship Canal 
from Birmingham to the Mersey being completed, and 
the consent of the property owners, including the Duke 
of Sutherland, obtained, application will be made to Par- 
liament next session for powers to proceed with the 
undertaking. The capital is estimated at 3,000,000J. 
sterling. 


An examination by the dockyard authorities at Ports- 
mouth of the Barossa, which made its gunnery trials on 
Friday, has proved that the deck beams which support 
the gun mountings, and more particularly those on the 
forecastle, exhibit signs of weakness, and that the ship 
will have to be considerably strengthened to resist the 
shock of the 4} in. quick-firing guns. 

The quantity of coal brought to London by rail and 
canal during the month of May was 673,586 tons, and by 
sea 421,293 tons. For the same month last year the quan- 
tities were respectively 571,095 tons and 328,361 tons. 
For five months to date the quantity brought by rail was 
3,478,455 tons, as against 3,346,077 tons in the correspond- 
ing period last year, whilst the quantity brought by sea 
was 2,083,639 tons, as against 2,067,217 tons. 


At a recent meeting of the New England Railroad 
Club a paper was read by Mr. F. W. Tombly, of the Old 
Gelony taxtiveest, in which long rigid wheel bases were 
advocated, as riding round curves more easily and being 
less liable to derailment than shorter wheel bases. This 
view was generally supported at the discussion which 
followed the reading of the paper. 


A commission appointed by the United States Govern- 
ment has been examining a project for constructing a 
tunnel under the Detroit River at Detroit, and report that 
the scheme is quite feasible and could be accomplished 
at a cost of 3,500,000 dols. They hold that a bridge 
would cost much more, but previous experience in sub- 
aqueous tunnelling would lead one to believe that the 
commission is somewhat sanguine in its views. 


About five years ago the Sutton-in-Ashfield Local Board 
made a water works for the supply of their district, and 
the water proved to be of such quality that several 
adjoining authorities desired to be supplied with the 
water in bulk. The mains now extend over an area of 
50 square miles of country, and the Local Board have just 
decided, on the advice of their engineer, Mr. George 
Hodson, M. Inst. C.E., F.G.S., of Westminster, to 
duplicate their pumping machinery and increase the yield 
of their well. 

A deputation from the Sanitary Institute visited 


Brighton on Saturday last, and met the mayor and other 
members of the committee for the purpose of further con- 


sidering the Congress and Exhibition to be held in the | a! 


Pavilion Buildings at the end of August. The lar 
dome of the Pavilion, the Corn Exchange, and the 
Picture Gallery are all to be devoted to the Exhibition, 


but as the applications for space are considerably in excess 
of previous years, probably some difficulty be found 
in accommodating exhibitors, 


Dr. Frankland reports to the Registrar-General the 
results of the chemical analyses of the waters supplied to 
the inner, aad portions of the outer, circle of the metro- 
polis during the month of May. Taking the average 
amount of organic impurity contained in a given volume 
of the Kent Company’s water during the nine years end- 
ing December, 1876, as unity, he finds that the propor- 
tional amount contained in an equal volume of water 
supplied by each of the metropolitan water companies 
and by the Tottenham Local rd of Health was— 
Kent 0.6, New River, 0.7, East London and Tottenham 
1.1, Colne Valley 1.5, Grand Junction 1.9, West Mid- 
dlesex 2.2, Southwark 2.6, Lambeth 2.7, and Chelsea 3.1. 


Some experiments made in America show that one ton 
of ordinary Pittsburg coal will produce on an average 
131,280 cubic feet of purified producer gas corrected for 
pressure and temperature, and of the following percentage 
composition : CO., 3.4 per cent.; CHy, 3.1 per cent. ; 
H, 9.2 per cent.; ron Hy, 0.8 per cent.; CO, 25.3 per cent.; 
the remainder being mainly nitrogen. The above figures 
are the result of a ten days’run. Analyses of the coal 
used gave the following results : 


Water “e 1.26 
Volatile matter 36.22 
Fixed carbon 57.98 
Sulphur ee ate a eee 0.70 
Ash ... ae ‘ oe 3.78 


During the year 1891-92 a sum of 5000/. is to be granted 
from the Imperial Treasury in aid of technical instruc- 
tion other than that kind already dealt with by the 
Science and Art Department. This grant will be made 
under the provisions of the Technical Education Act 
passed last year, and the grant will only be granted in 
cases where the local authorities also make grants. The 
instruction must be (a) in the use of the ordinary tools 
used in handicrafts in wood or iron, (b) given out of 
school hours in a properly fitted workshop, and (c) con- 
nected with the instruction in drawing; that is to say, 
the work must be from drawings to scale previously made 
by the students. The teacher may be one of the regular 
teachers of the school if he is sufficiently qualified ; if not, 
he must be assisted by a skilled artisan. 


Mr. W. H. White, Director of Naval Construction, 
and Mr. Deadman, Chief Constructor of Portsmouth 
Dockyard, made an inspection of the Sultan on Wednes- 
day last with reference to the expediency of bringing her 
forward for further service. While a large portion of the 
shell of the ship is uninjured, there is considerable dete- 
rioration and straining of the plates and framing, espe- 
clally on the starboard side. There is, however, no 
absolute fracture of the frames except below the third 
longitudinal before amidships on the starboard side. The 
difficulty of renewing the frames below the upper sides 
and at the same time satisfactorily supporting n 4 weight, 
including that of the armour, will require careful con- 
sideration before deciding whether this unfortunate iron- 
clad is worth the heavy expenditure which would be 
incurred to make her seaworthy. 


In the current number of the Revue Universelle des 
Mines et dela Metallurgie, Mr. C. H. T, Zlvinski describes 
the route laid down for the construction of the Congo 
Railway from Matadi ’Ndolo to Stanley Pool, which 
are 241 miles apart by the river route. 
out this distance the river is a constant succession 
of cataracts and rapids, its mean slope being upwards 
of 4 ft. per mile, and it is therefore totally impracticable 
for boats of any size. The location of the line does not 
follow the river, but keeps much further south, finally 
rejoining it at Stanley Pool as already stated. It will be 
269 miles in length, 16 miles of which from its commence- 
ment at Matadi to the height of Palalalla will be some- 
what difficult to construct, but the remainder will be 
easy. A 75-centimetre (294 in.) gauge is to be adopted, 
and for the first part of the line it is expected that earth- 
work will cost about 38007. per mile, whilst for the rest 
or longer portion the earthwork is only expected to come 
to 2901. per mile. Steel rails weighing 51 Ib. per yard 
will be used throughout. The bridgework will ts ude 
two bridges of 264 ft. span over the Mpoza and Quillou, 
one of 328 ft. span over the Inkissi, and a number of 
smaller ones. The sharpest curves will have 164 ft. radii, 
and the ruling grade will be 4.6 per cent. The locomo- 
tives are to weigh 30 tons, and will be capable of drawing 
a paying load of 50 tons at about 11 miles an hour. The 
total oe necessary is put at 1,000,000/., and the time 
required for construction at four years. 


The new central offices of the Metropolitan Police on 
the Embankment are being fitted throughout with the 
electric light. Altogether some 1260 incandescent lamps 
will be employed to light the 300 rooms and multitudinous 
corridors and passages. In order to obviate any risk of a 
total extinction of the light from any cause, the wiring, 
which will require altogether about 15 miles of conductor, 
is arranged with alternate lamps on different circuits sup- 
by separate engines and dynamos, and a special 
eature will be the arrangement of the lights in the various 
offices, in each of which all the connections will be made 
with twin flexible conductors, which will start from a dis- 
tributing box over the door, and run separately to the 
pendant iamps across the ceilings on the surface of the 
plaster, the twin cables being held in place by small in- 
sulating eyes. This arrangement has been specially de- 
signed to suit the construction of the building, in which 
it the floors are of the parquet description laid on solid 
concrete, and the exigencies of the police requirements 
which necessitate from time to time alterations in the 
positions of the lights. It was at one time proposed to 
obtain current from one of the public supply companies, 
but having regard to the large size of the installation and 








the importance of the lighting being entirely independent 


hrough- | 


of labour disputes or such other troubles as might affect 
an outside source of supply, it has now been determined 
to put down a special ences Pert, with which, on the 
considerable scale required it will be possible to manufac- 
ture the electric energy at a price considerably helow the 
7jd. per unit demanded by the supply companies. The 
generating plant will consist of three Lancashire boilers 
and four sets of engines and dynamos, having a combined 
power of some 160 electrical horse-power, and will be 
placed in a special underground engine-house excavated 
outside the main building, so as to avoid the possibility of 
the noise or heat causing any nuisance in the latter. 
There will also be a battery of accumulators capable of 
maintaining 200 lights for nine hours when the engines 
are at rest. The installation, which will be one of the 
largest and most complete of the kind in London, is rae | 
carried out to the pgp og of Mr. A. A. Campbel 
Swinton, A.M.I.C.E., who has been appointed by the 
Home Office to superintend the whole undertaking. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday the Cleveland 
iron market was pretty well attended, and inquiries were 
fairly numerous, but the amount of business done was 
only small. The tone of the market was pretty cheerful, 
poe buyers appeared more disposed to Fs business than 
they have been for some time past, but only in a few cases 
did they come to terms with sellers. There were one or 
two inquiries for forward delivery of pig iron. A great 
many people now take a hopeful view of the future and 
regard prospects as much brighter than they were a little 
while ago, but others are by no means sanguine that 
matters will continue to improve. The stocks of Messrs. 
Connal and Co., the warrant storekeepers, continue to 
decrease in a satisfactory manner. Early yesterday 
morning No. 3 g.m.b, Cleveland pig iron changed hands 
at 41s. 3d. for prompt f.o.b. delivery, but later buyers 
as a rule weal not give more than 41s. Sellers, how- 
ever, in many cases held out for 41s. 6d. Middlesbrough 
warrants, after reaching 41s. 9d., fell gradually and closed 
41s, 2d. cash buyers, with next to no business doing. 
The hematite pig-iron trade was steady, and iron could be 
obtained at 52s. 6d. per ton for east coast brands of 
makers’ iron. West coast were nearly a couple of shillings 
below this figure. To-day affairs were rather quiet but 
steady. Only a small amount of business was trans- 
acted. For prompt delivery of No. 3 g.m.b. Cleveland 
41s. was the general quotation, and Middlesbrough 
—— deal at 40s, 11d. cash. Scotch iron was 
44s, . 


Manufactured Iron and Steel.—The manufactured iron 
and steel industries remain very dull, and prices, especially 
in the latter industry, are somewhat easier than when we 
last reported. Common iron bars are 5l. 15s.; ship 
plates, 5/. 7s. 6d. ; and ship angles, 5/, 5s.—all less 24 per 
cent. discount for cash. eavy steel rails are 4/. 17s. 6d.; 
steel ship plates, 6. 7s. 6d.; and steel angles, 6/. 5s.—all 
at works. 


The Darlington Steel Company.—In the annual report 
for the year ending April 30, the directors of this company 
express regret that the enticipations in their last report 
ave not been realised. The most important cause is to 
be found in the fact that the alterations then spoken of 
were not completed by the contractors within the time 
fixed, and meantime an unfortunate breakdown in the 
cogging mills taking a last autumn, the output of the 
works was considerably reduced, The amount brought 
forward from last year was 2179/. 4s. 2d.; add profit for the 
year ending 30th ies, 1890, 35957. 12s, 2d., less proportion 
of special alterations in plant written off, 20007.—15951. 
12s, 2d. ; at credit of profit and loss account, 30th April, 
1890, 37741. 16s. 4d. The directors recommend that this 
amount be disposed of as follows: Dividend on preference 
shares, at 7 per cent. per annum, 35001. ; carried forward 
to next year, 2741. 16s. 4d.—total, 3774/7. 16s. 4d. In 
accordance with the policy outlined in the last report, 
20007. has been written off the revenue of the past year on 
account of the alterations and improvements which were 
then mentioned. Altogether, the directors have expended 
11,9697. 8s. 11d. under this head during the last two 
years, and of this amount 4000/. has now been written off 
the revenue. Although it cannot be said that this ex- 
penditure will now cease, it is not contemplated that 
there will be any large items in the immediate future. 
The reserve fund now stands at 6503. 7s. The director 
retiring by rotation is Mr. J. Woodall-Woodall, who is 
eligible and offers himself for re-election. Last year 
there was a profit of 7522/., and in 1888 of 9462/. shown by 
this company. 

Messrs. Headand Wrightson to be Converted intoa Limited 
Company.—During the past twelve months or so we have 
seen several nae private firms in the North of England 
converted into limited liability companies, and within a 
very short time, we understand, the engineering estab- 
lishment of Messrs. Head, Wrightson, and Co., of Stock- 
ton-on-Tees, will be turned into a limited company. The 
firm for many years has been one of the most successful 
engineering concerns in the north, and is known through- 
out the civilised world. Sir Frederick Bramwell, Bart., 
F.R.S, of Great George-street, Westminster, has for 
some time past been in Stockton making a valuation of 
the property to be transferred to the limited company. 
The concern will transferred as a going concern 
and will execute all the contracts on hand at present. 
It is not yet known what the capital will be. We 
are informed that Messrs. Head, Wrightson, and 
Anderson will continue to manage the affairs of the firm, 
and will hold a considerable number of shares in the new 





company. 
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MACLAINE'S INTERNAL FEED-WATER HEATER AND CIRCULATOR. 
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WE illustrate above an internal boiler feed-water 
heater and circulator patented by Mr. Alexander 
Maclaine, Belfast. Fig. 1 is a transverse section and 
Fig. 2 a longitudinal section of an ordinary marine 
boiler showing the arrangement adopted by Mr. 
Maclaine, and now in use in several steamships. The 
feed water is heated to about 170 deg. in an external 
heater. The steamsupply for it is first used in the high- 
pressure cylinder and then passes through copper coils 
in the evaporator, and thence into feed water in heaters. 
Having been thus heated to 170 deg. the feed water 
enters the boiler and is conducted to a cast-iron zinc 
receiver, indicated in Fig. 2 by the letter A. An 
enlarged section of this zinc receiver with the internal 
pipes in the boiler is shown by Fig. 3. The receiver 
is secured to the boiler stays (marked B B on Fig. 1) in 
the steam space of the boiler, where the temperature is 
about 375 deg. The arrangements for the escape of air 
is clearly shown on Fig. 2. The cover of the receiver 
acts as an air vessel L (Fig. 1), and the small pipes 
are led througha cock M in front of the boiler (Fig. 1). 
The feed water enters the receiver at the point indicated 
by C on Figs. 2 and 3, and after passing through the 
pipes in the receiver, leaves it in two streams at D D, 

assing into wrought-iron sinuous pipes, shown in 
Fig. 3 and marked KE E E. These ps are also placed 
in the steam space, being hook-strapped to the 
boiler stays as shown by K K, and as the feed water 

ercolates through these pipes to the points indicated 
a the letters F the temperature of the water rises to 
about 350 deg. It then passes downwards in the pipes 
G G to the induction apparatus H H, of which 
Fig. 4 is an enlarged view. Any sluggish water 
which may gather in the bottom of the boiler is set in 
motion by the apparatus H and ascends in a stream 
along with the feed water, thus securing better cir- 
culation and uniformity of temperature. There is a 
zinc plate for the emerging feed water to impinge upon 
before being diffused through the boiler, as shown 
by J on Fig. 1; Fig. 5 is an enlarged view. The area 
of the zine receiver being much greater than the feed 

ipe there is ample room for zinc plates to act on the 

eed water, 

The feed pipes have a steam connection from the 
donkey boiler, so that steam from it can be blown 
through them and through the induction apparatus, 
and the temperature of the water raised to boiling 
point before lighting the furnaces in the main boiler. 





AN EXPERIMENTAL STUDY OF ATMO- 
SPHERIC RESISTANCE.* 
By O. T. Crossy. 
(Concluded from page 690.) 

Description.—The room in which the whirling experi- 
ments were made was 40 ft. long, 19 ft. wide over one- 
half its length, sloping to 13 ft. width across the engine. 
The height to the rafters was 12 ft., with a hip roof 
having 7 ft. rise. There were six windows opening 


* Paper read before the West Point Branch of the 
Dnited States Military Service Institution. 
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about 9 square feet each, to free air on three sides 
of the room; also one door opening about 20 square 
feet. A similar door opened into another room, itself 
communicating with open air, and a third double 
door, about 40 square feet, communicated with a third 
room opening into free air. Most of these doors and 
windows were continually open during the experiments. 
The closing of some of them seemed to make little, if any, 
difference in the interior movement of air. Not having a 
set of meteorological instruments, readings are given from 
the Government Station in Baltimore, 22 miles distant, 
the weather being quite uniform over a considerable sur- 
rounding area. Interior temperatures could not differ 
materially from those given in the record. (See page 718). 
The apparatus consisted of a 90 horse-power steam engine, 
whose speed could be regulated to half a revolution or 
even less. Its normal work was the driving, at 300 revo- 
lutions per minute, of a 70 horse-power dynamo. The 
dynamo being removed, this engine was belted to a pulley 
set on a vertical shaft, 2,7; in. in diameter, 6 ft. 6 in. long, 
running in socket bearings above and below. On this 
shaft were four collars, two near the top, and two near the 
bottom. Of these two sets, one was keyed, the other 
loose. The two keyed collars were attached toa system 
of iron rods forming a es the rods from the upper 
collar meeting those from the lower collar in the horizontal 
plane passing through the latter. At their intersection 
they carried a two-pronged casting (Fig. 5), against which 
rested the spring transmitting the atmospheric pressure ; 
here was fixed also a wooden plate to which was attached 
the card on which the spring movement was recorded. 
The loose collars were likewise attached to a system of 
iron rods, two of which—those in the horizontal plane of 
the lower collar—passed through the middle of the minia- 
ture cars, those from the upper collar being bolted to the 
top of the car, thus preventing any sag due to weight. 









The length of the radius thus constituted was 5 ft. 6 in. 
To the rear of the car was bolted a plate having a central 
socket. A rod extended from this socket through the 
forked casting above referred to ; back of this casting the 
rod carried washers and a nut. Over the rod a piece of 
pipe loosely fitted, and over this, loosely, the spring 
about 8 in. long. The surface of the pipe was well oiled. 
Springs of three different values were used : 


No 1 Compression of 1.16in. = -84 Ib 
» 2 ” ” 1.16 ,, = 1.56 ,, 
”” 3 ” ” 1.16 ” = 3.20 ” 


To the rear of the car was attached an arm carrying a 
pencil having spring contact with the card above men- 
tioned. When the shaft moved, under the belt effort 
the fixed collars and attached rods pushed the car and 
carrying rods forward ; the resistance of the air was then 
measured against the elasticity of the spring, the friction 
of the pencil on the card, and the friction of the collars 
on the shaft. These frictional resistances were scarcely 
appreciable. A slight effort of the finger would continue 
a steady motion. Its absolute maximum value is now 
known to be not more than 0.2 lb. applied at the cir- 
cumference of the circle of revolution, The car most 
used was 3 ft. long, without the head. With the head, 
the length varied, as indicated by the various shapes 
given the heads. The car body and the heads were all 
made symmetrical with respect to an arc of the circle of 
revolution. 

When the larger bodies (2 square feet cross-section) 
were in ition, the lower surface was 2.5 inches above 
the platform, with the smaller bodies (1 square foot) this 
distance was 5 in. 

The linear velocity of the car was known by count of 
revolutions per second multiplied by length of circum- 
ference (36 ft.) In most cases the count was direct, in 
some only the engine revolutions were taken, the car 
revolutions deduced from the known relation of revolu- 
tions. 


As will be seen by reference to the plotted observa- 


tions (Fig. 1), the resistance to the rods was separately 
determined, and for three cases four rods, three rods, 
and two rods. This because in testing very short bodies, 
it was not possible to attach four rods. Although the 
formula for long rods, given above as by Theissen, sets 
forth a law of variation very different from that to be 
shown in this paper, yet at 100 miles per hour, the re- 
sistance for four » as ea expen’ and as per 
formula of Theissen, are almost identical. Below that, 
Theissen’s values are lower than would appear here. The 
resistance per unit in the case of four rods is consider- 
ably less than in the case of two rods, probably owing to 
the protection, in the former case, of the rear by the 
front rods. 

The rod resistance for each case, when subtracted from 
the total, gives the lines plotted in Fig. 2. 

The general body of air, in such a room as used, is given 
a rotary movement by the rotation of the rigid system. 
The true relative velocity of the air and the body can be 
known only when this general rotary velocity is known. 
No accurate measurement was made for this purpose, and 
indeed it is almost impossible to make such measure- 
ment, as it should be made in the very path of the 
experimental body. Tell-tales, consisting of vertical 
sticks carrying light strips of paper, were stuck just 
within and just without the path of rotation. These strips 
in all cases showed marked pulsation of the disturbance, 





and the direction taken by them did not vary more 
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than 15 deg. from the radii drawn through their bases. 
This almost radial flow is due to the fact that the body 
is indeed pushing the particles apart, outward and 
inward, as well as forward, and this lateral flow, by the 
time the rotating body has travelled a semi-circumference 
past a tell-tale (or other point) has so disturbed any 
tangential current as to make the general rotary velocity 
very small. Light objects placed near the moving body 
were blown outward, or inward, almost exactly along a 
radius. This matter has been quite carefully experi- 
mented upon by Robinson and Recknagel, and especially 
by Dohrandt, who determined, in anemometer experi- 
ments this ‘“‘mit-wind” velocity as 5 per cent. of the 
velocity of the whirling machine. 

This value was also adopted by Recknagel. Robinson 
obtained values as high as 10 per cent., but himself con- 
sidered them as exaggerated by reason of the inertia of 
his mechanism, which recorded a velocity much higher 
than that existing at the instant the body passes a given 
point, which velocity of ‘‘mit-wind” is the minimum of 
a pulsating value whose maximum is always just behind 
the body, not in front of it. 

I have, however, drawn a curve (Fig. 2), showing 10 
per cent. increase over recorded pressures, This increase, 
[ believe, will cover both the corrections (mit-wind and 
friction); at low velocities, there is no appreciable re- 
maining rotary movement when the body returns toa 
given point. At extremely low velocities, since the 
resistance of friction remains constant, this 10 per cent. 
does not cover all error, hence for velocities less than 
300 ft. per minute no accuracy is claimed. 

As is usual, inertia of parts was found to present diffi- 
culties, indeed it is this which made it impossible to 
obtain results at very low velocities. 

The pencil movement due to inertia or resistance 
against starting was not greatly varied whatever the 
final velocity, and for low final velocities the inertia 
marking was so confused with that for the steady re- 
sistance reading as to be undistinguishable one from the 
other. For higher velocities, however, there was a slight 
centrifugal action resulting in throwing the pencil end of 
the arm (a light piece of wood) outward, thus giving 
width to the marking and showing plainly the pressure 
reading for steady velocity. This can be better under- 
stood by reference to Fig. 3, where a number of cards 
are reproduced. 

When a high velocity was gained very quickly the 
inertia mark is merged entirely in the pressure mark, as 
shown in record 39, Fig. 3. 

The errors affecting the results here given are : 

1. Possible errors in count of revolution. 

2. Failure to preserve perfect constancy of velocity 
during a run, thus producing inertia effects in the line 
assumed to measure pressure only. 

3. Error in measure of mit-wind, with probability 
that error does not exceed 3 per cent. 

4. Error in determination of friction of collars and 
spring, very small except for very low velocities. 

5. Errors of measurement and calculation, under which 
may be placed possible error in calibrating the springs. 

Of these, (1), (2), and (5) would sealable be compen- 
satory in a considerable number of observations. That 
they are nearly so and that (8) and (4) are comparatively 
unimportant appears from the remarkable agreement of 
the readings between 50 and 60 miles per hour with other 
readings obtained under different conditions; two of 
these are shown thus (-), on Fig. 2. 

They result from running a car, having a cross-section 
of 5.1 square feet, at velocities of about 50 miles per 
hour, and recording atmospheric pressure against this 
car head. The runs were made on a track about two 
miles in circumference, hence all questions as to mit- 
wind ceases. ‘The movement was practically rectilinear. 
The front of the car was made of a wooden plate, mounted 
on angle rollers and free to move against a spring, the 
spring pressing against a rigid crossbar in the car. The 
head ie carried a pencil pressing against a chrono- 
graph placed inside the car. The car was propelled by 
electric motors, its velocity being obtained from the 
record of a number of observers stationed at intervals 
along the circular track. Two runs were made with the 
chronographic apparatus, the resulting cards given on 
Fig. 3. and readings for maximum velocity given on 
Fig. 2. A third run, not plotted, gave a record on a 
stationary card. The maximum travel of the pencil in 
that case gave a result, for 50 miles per hour, within 10 
per cent. of those here given, but the exact record has 
unfortunately been lost. 

In these cases the total pressure recorded rises to 
nearly 40 1b. The only frictional resistances were due to 
rolling of the plate, movement of the spring over a 
lubricated pipe, and movement of pencil over the chrono- 
graph. The sum of these was well within 0.5 1b., or 
about 1 per cent. of the total registered. 

The plotted values result of course from dividing the 
total pressure by the number of square feetin the head and 
assuming equal pressure per unit for the areas 1 and 5. 
As seen above, this is known to be very nearly true. The 
determination of velocity is subject so a possible error of 
5 percent. I cannot but consider this close agreement 
of results from different methods as an indication of great 
reliability throughout the range of experiment. 

It will be noted that the experimental velocities ranged 
from 10 to 130 miles per hour, the observations above 
30 miles being numerous, thus affording data sufficient to 
show clearly the velocity relation throughout this latter 
range from about 30 to 130 miles per hour. 

On examining the plotted records of these experiments 
for information concerning the various branches of the 
general inquiry, as above divided, we were at once struck 
by the rectilinear relation between velocity and pressure. 
This was altogether surprising to Mr. Dashiell and 
myself, and, by reason of its variation from general 





authority, was in a certain sense unwelcome. The close | themselves establishing over the range here covered, the 
accord of all the observations leaves, on this point, no | relation P varies as V?. So 

room for doubt unless there be found some systematic) The task of obtaining the original and full record 
error varying regularly in such a way as to absorb all the | of experiments is a difficult one. As to the range of 
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pressure due to V*—!, a being the true exponent. No} velocities of experiment, I have gathered the follow- 
such error has been discovered. | ing information: Mariotte’s velocities (in water, fluid 

Departing as this relation does from that usually impact) extended from .66 to 2.5 miles per hour. So 
assumed (P and V-“) I yet cannot find any series of obser- | Bouguer, Ullvua, Buchanan, a Commission of the French 
vations more exact and more extended than these, and in Academy, Nordmark, for Swedish Commission, all ex- 
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perimented with velocities less than two miles per hour, 
and seem not to have questioned the law of the velocity 
squares. The widely different values found by them for 
the constant coefficient might suggest in themselves an 
inquiry into the correctness of the assumption as to V. 
Probert, Moran, and Didion, experimenting with thin 
on in air, reached velocities of about 20 miles per hour. 

agen, Edgeworth, Da Borda, Hutton, Rennie, Rechnagel, 
Thibault, obtained velocities of 3, 7, 20, 12, 20, 25, 26, and 
27 miles per hour, most of these with whirling machines. 
In a good many cases the maximum and minimum 
velocity of experiment differed but little, so that, though 
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N? 36. 
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accurately, merging boundary) may be a function of the 
perimeter of the solid and of the velocity of relative 
movement. This shape may then become more and more 
favourable (i.e. the true angle of incidence may become 
smaller and smaller) with increase of velocity, up to some 
limiting velocity andshape. Within this range of changes 
in the fluid prow, the change may be such as to defeat 
the law of the squares, to which we are, deductively, 
most readily brought. 

Beyond such range, the law of the squares may estab- 
lish itself; still further, this law may again be departed 
from by reason of rapid increase in the ‘‘ non-pressure ” 
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(9995 9) Pressure in 
the absolute value was considerable, no comparative 
information as to effect velocity variation could be had 
from the one series of experiments. 

While I do not consider it a necessary task to frame a 
theory explanatory of the rectilinear function disclosed 
by the records here presented, nor am I sure that one can 
now be framed, yet the following consideration seems to 
be of some value. It was set forth by Dubuat in his great 
treatise, and perhaps by others before him, that a sort of 
fluid prow is built up in the front of an object having 
motion relative to the surrounding fluid. This was par- 
ticularly stated with respect to motion in water, as some 
sort of visible evidence may be had in that case. Let us 
suppose, as does Dubuat, that the same thing occurs in 
the case of motion in air. Indeed, it seems that by 
reason of its compressibility, a resisting or resisted gas 
would more readily form into a head volume of abnormal 
density, the shape of whose limiting surface (or more 
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at the rear (this is Dubuat’s term), the law of the cubes 
or higher powers may appear; and yet further this 
‘‘non-pressure ” reaching a limiting value, or a 
becoming constant, a return to the square may be found. 
Thus, possibly the changes in the exponent of V, insisted 
upon by the highest authority in ordnance practice, may 
be explained. That there should be some change in the 
pressure velocity relation in case of great change in the 
velocity, we are led to expect from the latest and best 
studies of the dynamics o gases (see article ‘‘ Atom” in 
‘Encyclopedia Britannica.”) There is beyond question 
local change in density of gases due to change of relative 
velocity of, gas and solid, how far this may go we do not 
know. 

But with change of density there is change in the 
relative value of pressure due to kinetic energy of 
individual particles and that due to interaction of 
component particles each upon the other. Due to this 


change, those laws a roe to be most general—such as 
Boyle’s law—are found to apply with ce accuracy 
under wide ay of density. 

Recognising the great difficulty of the problem from a 
theoretical standpoint, and having become uainted 
with the conflict of previous experiments, I feel it not 
unreasonable to accept the rectilinear relation over the 
given range, until other experiments may conclusively 
show the error of these now presented. 

We would then write, for velocities from 30 to 130 
miles per hour, and for 1 square foot cross-section, with 
prolongation of body to the rear (see Fig. 2), 


P=0.131 V 
or, if the 10 per cent. increase for “‘ mit-wind ” effect be 
e 
; P=0.1441 V, 


P being in pounds per square foot, V in miles per hour. 

In applying this to larger surfaces than 5 square feet. 
(the area of the car run at 50 miles per hour), it may be 
necessary to apply some correction. No value for this 
correction can now be given, as the whirling experiments, 
with 1 and with 2 square feet, and the car experiment, 
with 5 square feet, disclose no clear difference in pressure 
per unit of surface. 

To show that the formule hitherto accepted are much 
at fault, either in the determination of constants, or in 
the form of the function, let us apply various values of 
atmospheric resistance to some practical cases. 

From dynamometer records taken on a New York 
Central passenger train, Mr. P. H. Dudley found 766 
horse-power developed at 51.4 miles per hour, The train 
consisted of engine, tender, three day and six sleeping 
coaches. 

Surface exposed (reduced in the matter of shape) : 


Engine— Square Feet. 
Boilers... ‘aa Pat asa ad aid oe 
Cylinders ne sad ” ee déiopenel 
Cow-catcher.... a3 isa pe at. 
Cab aaa ois EP sed ies i) 
Firebox ... ais e ve as cit i 
Head-light and smokestack ... 6 
Drivers .. - a 8 


Swivelling truck and wheels a sad 8 
Sand-box, dome, whistle, bell, pipes, rods 10 





98 
Or, very nearly... aca is ae sae a 
Tender... ~ +i 4 es .. 30 
First car front ... al ga poe ey ae 
Eight additional car bodies (separated by 
about 6 ft.), and covering wakes irregu- 
larities, &c.  ... es a se ae 
80 wheels, 40 axle: i a ae a ae 
Trucks, brakes, steps, &c. ... aa wane 
Total for train a5 ae ... 390 
Atmospheric resistance— Ib. 
(a) Following Smeaton’s rule ie ... 5804 
(b) oa Hutton’s ,, ... e¥ ... 5070 
(c) a Hagen’s eer ee ... 4290 
Total recorded pressure... ... 5585 
Leaving for all other resistance— 
(a) Smeaton ot eas oa <5 ae 
(b) Hutton ae Ge ya sag aa 
(c) Hagen... Sis ... 1296 


From a careful test by indicator cards, made on the 
same railway, October, 1889, Mr. Sinclair obtained for a 
velocity of 52 miles per hour, and for a train of seven vesti- 
buled cars, total horse-power developed (mean of several 
results) 664, or in pounds, 4788. 

In this case we have a reduction in surface exposed— 


For vestibule—say 7 ft. on 7 cars ... a 
Two car-bodies, 16 wheels, &c. as on ae 
95 
Leaving nearly me to ... 300 
Then again, for this surface— 

(a) Smeaton... ai nia aa ... 4080 
(6) Hutton das ais iis dea ... 3900 
(c) Hagen ada =F ice e ... 8240 

Subtracting from 4788, we have— 
@) ... nal mee pe aia Pe din te 
et ee, ee ee oe 
ee ee . 1548 


When it is remembered that about 6 per cent. of the 
total horse-power developed, as from indicator cards, 
should be taken to cover friction of machinery in the 
engine, it is evident from the very small remainders 
given above, that atmospheric resistance by any of the 
above formule is much overestimated, as in some cases 
sractically nothing is left for work of friction and oscil- 
ation. The maximum (Hagen) is about 4 !b. per ton. 
The application of Hagen’s formula is rendered slightly 
uncertain by reason of many variations in the magnitude 
of the perimeter. It has been assumed that the average 
perimeter could be taken as 8 linear feet. 

The remainders in the two cases given become, accord- 
ing to the determinations here presented, about 2900 lb. 
and 2500 lb. respectively, values which are at least reason- 
able. They show about 8 lb. per ton for frictional and 
oscillatory resistances ; it will be agreed by those familiar 
with the subject that this figure is certainly low enough, 
hence the value for atmospheric resistance high enough. 

As additional testimony concerning the reliability of 
the values here presented, I have constructed Fig. 4; 
on this are compared the pressures against (1) one square 
foot as by Hutton’s rule, considered as a type of the low 





velocity formule ; (2) by several ordnance rules, as applied 
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to the lower velocities of projectiles ; (3) by the rule now 





resented. 
. It should be borne in mind that the low resistance 
formule, based for the most = upon experimental 
velocities not over 10 miles per hour, are u y applied 
to engineering problems in which much higher velocities 
are involved. : 

The ordnance formule are based upon experimental 
velocities from just above, to far above what may be 
called engineering velocities. The rule here presented is 
based on velocities covering the middle ground. 

The fairly close agreement, from 150 ft. to 500 ft. per 
second, of Bashforth and Mayeoski, constituting a group 
of the best modern ordnance authorities, indicates that 
reliability in values has been, at last, through multi- 
plicity of experiment, fairly attained. 

Comparing values for 1 square foot at 100 miles per 
hour, for flat head, we note that while the curve from 
Bashforth and that from Crosby and Dashiell differ b 
only 10 or 12 per cent., the value from Hutton exoeeds 
Bashforth’s by 360 per cent. It seems impossible to 
explain such discrepancy save by assuming an error in 
the actual values determined by Hutton at his experi- 
mental velocities, or an error in the form of function 
adopted by him. It must be granted that the latter is the 
more probable error. And further it is worthy of note 
that in the neighbourhood of Hutton’s actual velocities, 
namely 30 ft. per second, the values given by him and by 
this paper are identical. 

The values for ogeeval-headed projectiles are compared 
with those for the parabolic wedge head as used in these 
experiments, the reduction as compared with flat head 
being nearly the same in all these cases. 

The divergence from Bashforth and Mayeoski of 
Piobert’s formula, in which is used the constant .0000385, 
as determined by our own ordnance officers, may be 
attributed to the difference in the angle of incidence, or 
to defects in the form of the expression. 

In regard to branch B of the inquiry, I simply 
append a Table of meteorological readings for the days 
covered by the experiments, the above formula being 
understood to require correction for other conditions of 
atmosphere. 


Readings from Office of — Service Bureau, Baltimore, 




















| 3} g| g 
7 | srumidity, |"r g Bla 5 3 
g| arometer. | Humidity. |'Temperature a¢ zeae 
S| | gale Bs 8 
a 
| | (aes) 8 
\8 a.m. 8 p.m.|8 a.m. 8 p.m. 8 a.m. 8 p.m. B| al a 
2 |30.431 30.356, 86 | 89 | 48 | 59 | 60 | 44 | 52 
3 | 30.592 30.625, 47 | 52 | 48 | 47 | 54| 47 | 50 
4 |30.673 30.482) 63 | 75 | 34 | 389 | 43 | 34 | 38 
5 |30.254 30.071| 92 | 94 | 43 | 55 | 61 | 38 | 50 
6 |29.964 29.926) 87 | 73 | 52 | 61 | 62] 51 | 56 
7 |30.069 30.049, 80 | 93 | 49 | 46 | 50 | 45 | 48 





As to branch C, I have inserted in the Table of formule 
for inclination effect, the results obtained by the use of 
wedge-shaped heads of two angles—one 64 deg., the other 
76 deg.—at the base. It is worthy of note that in both 
cases the values are, very closely, means between the 
values for the first and second powers of the cosines. 
The two sets of authorities who have respectively stood 
for the correctness of the first or second power as showing 
the true relation, are thus offered a compromise. 

If, likewise, we take a mean of the results obtained by 
Wenham and Browning. and those given by the carefully 
prepared formula of Theissen, we find again almost the 
exact figures now presented. 

The results of Hutton appear to agree quite closely 
with those of Wenham an Seow . The average of 
results from Theissen, Wenham and Browning, Hutton, 
and those now recorded, is not inaccurately expressed by 
the simple formula : 

cos ¢ + cos? > 
2 

It is presented with the belief that, while not proven 
to be absolutely accurate, it seems to be an excellent 
and simple guide. 

A practical application of some interest, and which I 
have not elsewhere seen, arises in determining the total 
pressure in direction of motion in case a certain base area 
is to remain constant, the angle of the head being changed. 


Tn this case the area exposed increases with sec. ? 


cos ¢* 
Multiplying the above expression for pressure per unit 
area by this expression for increase of area, we have : 
p = lLt+cos¢ 
2 

The values of this function are shown in the Table 
(page 690 ante). It will be noted that the pyramid of 
equal obliquity with the longer wedge, gave resistances 
considerably higher. This probably is to be explained 
by the fact that the four masses of air thrown outward 
by the four faces interfere along their boundaries, result- 
ing in greater lateral density than in the case of the 
diedral angle. Moreover, the lower face, having its 
lower edge only 3 in. from the floor, doubtless met a 
somewhat greater resistance due to crowding of the air 
under the car. 

The beneficial effect of curved surfaces is shown in the 
low value of P given by the parabolic wedge. It reduces 
the pressure as compared with normal pressure on its 
base, by one half. 

Changes in the length of the body and also in shape at 
rear were tried, but no appreciable differences established, 
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E. No reliable determination has yet been made as to 
whether the pressure between fluid and solid is greater 
in the case of movement of the fluid or movement of the 
solid. In the most general treatment of the subject of 
fluid motion, it is assumed that the pressures, ceteris 
paribus, are equal in the two cases. There is some experi- 
mental indication that the case of fluid impact gives the 
higher pressure. Some authorities take ios soupedlion 


Experimental determination is difficult owing to the 
inaccuracy of anemometers. 

Concluding, I should say that, although the experi- 
mental results here recorded seem reliable, and cannot 
be now distinctly overthrown or set aside, yet, by reason 
of the great conflict of evidence, this important matter 
of atmospheric pressure calls for a very extended and 
careful series of tests. The cost of determining formule 
true beyond any question would be repaid many times 
every year in applying them to the true economy of 
engineering structures. 


THE PHYSICAL SOCIETY. 

At a meeting of the Physical Society held on June 6, 
Professor W. E. Ayrton, F.R.S., President, in the chair, 
Mr. H. Tomlinson, F.R.S., read a paper on ‘‘ The Effect of 
Change of Temperature on the Villari Critical Points of 
Iron.” This, he said, was a continuation of the paper he 
read before the Society on March 21, and the method 
employed was the same as then described (see Phil. Mag., 
vol, xxviii., page 394). Since then, however, he has made 
experiments at various temperatures up to 285 deg. Cent., 
the temperature being determined from the resistance of 
a = wire whose temperature coefficient was care- 
fully determined. The following Table shows some of 
the results obtained with a well-annealed iron wire 1 mm. 
in diameter, which has been repeatedly heated up to 
300 deg. Cent. and cooled to the temperature of the reom 
until the temporary permeability with various loads 
attained constant values at both temperatures. 








| 
|Load in Kilogrammes for which Permeability is the 
Magnetising same as for Unloaded Wire at Temperature 























Force in | 

C.G.8. | Nl 

Units. (12deg 76deg, 167 deg. 244 deg. 285 deg. 

| Cent. Cent. | Cent. Cent. Cent. 

2.84 | 4.7 | 5.0 | 5.3and 12 | 5.7 and 10 None 
370 | 25| 32] 36 24, 11.5'4.7and 9.9 
4.8 1.8 2.5 2.7 os 81 ,, 123 
7.69 | None None None None None 
10.40 | ” » | ” | ” ” 
15.32 ; » | 9 | ” j ” ” 


Curves from which these numbers were obtained are 
given in the paper, and in these Joad in kilogrammes and 
agg change of temporary permeability are plotted. 

he curves and Table show that if the first points in 
which the curves cut the load line be considered, then at 
all temperatures the Villari values increase as the load 
decreases. If, however, the second points be taken the 
critical values increase both with load and temperature. 
In both cases the Villari value is increased by rise of tem- 
perature. From the curves it follows that rise of rr 
rature reduces the total variation of permeability produ- 
cible by loading. A Table showing the temporary permea- 
bility of the unloaded wire at the various temperatures 
accompanies the paper. 

A paper ‘‘ On the Diurnal Variations of the Magnet at 
Kew,” by W. G, Robson and 8, W. J. Smith, was com- 


municated by Professor Riicker. In some preliminary 
remarks the professor pointed out the great advisability 
of having the results of magnetic observations at various 
observatories reduced and published in the same manner 
and for the same periods. In order that this may be 
effected the methods of reduction must be reliable, but 
not very elaborate. The Greenwich plan is too laborious 
to be generally adopted, but the method suggested by Dr. 
Wild (Rep. Brit. Ass. 1885, page 78), in which the mean 
diurnal variation is obtained from measurements on five 
= days in each month is feasible. With a view to 
urther testing the reliability of this method the work 
described in the paper was undertaken. Mr. Whipple 
had made a comparison of the two methods for the years 
Lhe 1871, 1872, with the result shown in the following 
‘able : 
K, — Kw=0.7 min. of arc. 
——aew ae ” 
G —Ky=1.6 “s 

where K; is the mean diurnal range at Kew as obtained 
by Sabine’s method, Kw the mean diurnal range at Kew 
as obtained by Wild’s method, and G the mean diurnal 
range at Greenwich by the Greenwich method. 

e also found that the mean hourly differences followed 
some definite law. 

The authors undertook the reduction of the Kew obser- 
vations according to Wild’s method for the years 1883, 
1886, 1887 ; the first was chosen as being a year of maxi- 
mum sun spots, The results give : 


; min. 
1883 G — Kw =1.5 
1886 Pre I 
1887 » =L9 


There is thus a difference of nearly two minutes in the 
variations at the two places, and this cannot all be 
accounted for by the method of reduction. Another pecu- 
liarity is that the range as calculated by Wild’s method is 
greater by about 0.5 min. than that es Boon by Green- 
wich method, although the latter includes days of mode- 
rate disturbance. The total range at both places has 
diminished by about 1.6 min. between 1883 and 1887, 

he paper is accompanied by tables and curves plotted 
from the differences in the mean hourly readings at Green- 
wich and Kew for each of the above six years, and a 
marked similarity exists between all of them. The mean 
of the six curves differs in no case by more than 0.4 min. 
from the curve for any year. It is thus possible to calcu- 
| late the Greenwich values from the Kew numbers, and as 
| these latter are published about two years sooner than the 

former, this fact may be very important. 

The President said the movement initiated by Pro- 
fessor Riicker would be of t service if it resulted in 
the numbers obtained at the various magnetic obser- 
vatories being published in the same way. It was a great 
prea to have such men, who were not permanently 
attached to an observatory, to take up the subjects and 
suggest improvements. The heads of such institutions 
were usually too much employed in making the neces- 
sary reductions, to have time for devising improved 
methods. 





_ New ZEALAND Exutsition.—A New Zealand Exhibi- 
tion recently held at Dunedin has proved a success. The 
attendance exceeded 600,000, and among other useful 


results achieved by the Exhibition has been the dissemi- 
nation of increased information as to the resources of the 
South Island of New Zealand among New Zealanders 
themselves, 
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CompitepD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883. 
The number of views given in the ification Drawings is stated 
in each case after the price ; a none are mentioned, the 
Specification is not illustrated. 
Where Inventions are communicated from abroad, the Names, 
é&c., of the Communicators are given tn italics. 
om of Specifications po My: obtained at 38, Cursitor-street, 
neery-Lane, E.C., eit: Fa ane or by letter, enclosing 
amount ice and postage, addressed to H. READER LACK, Esq. 
The date advertisement of the acceptance of a complete spe- 
ra ion is, in each case, given after the abstract, unless the 
‘atent has been sealed, when the date of sealing is given. 
— may at any time within two months from the date of 
the advertisement of the acceptance of a i y 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES AND BOILERS. 


W. R. Renshaw, Kidsgrove, Staffs. Steam 
es. [lld. 9 Figs.) June 13, 1889.—The illustration 
refers to a vertical triple-expansion engine comprising two sets of 
three superposed cylinders A, B, C, with their respective pistons, 
and a piston-rod common to the three pistons. In each set of 
cylinders the intermediate cylinder B is the lowest; the high- 
pressure cylinder A is immediately over the intermediate cylinder, 
and above the high-pressure cylinder is the low-pressure cylinder 
C. Aconnecting-rod E connected in the manner of a ball-and- 
socket joint with the lowest piston serves to transmit the motion 
toa crank F on a crankshaft G. The high-pressure cylinder A 
first receives steam through the steam pipe O, and the rotary 
valve P, upon the top of its piston. At the end of the downward 
stroke this steam passes to the upper side of the intermediate 
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cylinder of the other set (not shown) which makes its effective or 
downward stroke whilst the piston of the high-pressure cylinder 
Ais ascending. From the intermediate cylinder of the set not 
shown, at the end of its stroke, the steam s to the low-pres- 
sure cylinder of the same set, and there it acts on the underside 
of the piston, tending to lift the pistons and piston-rod, but 
without wholly overcoming the resistance offered to upward 
movement. The valve P serves for the high-pressure cylinders, 
the valve P1 for the intermediate cylinders, and the third valve 
Pll for the low-pressure cylinders. The admission of steam to 
the several cylinders is further regulated by means of cut-off 
valves S, S1, S11, of which there is one arranged concentrically in 
each of the valves P, Pl, Pll, (Accepted April 23, 1890). 


9961. C,. F. Dixon, Darlington, Durham, and W. 
N. Dack, Patricroft, Lanc. Steam Boilers. (8d. 8 
Figs.) June 18, 1889.—This invention relates to improvements on 
the invention described in the specification of Letters Patent 
No. 6828 of 1889. According to the present invention the front 
headers c are prolonged far enough in an upward direction to be con- 
nected directly to the end of the steam and water drum e by means 
of a series of nipples j which are —— and secured in two 
corresponding series of openings forme Ss in the headers 
c and the front end plate of the drum e. The ends of the inclined 
water tubes b are expanded and secured at the front in the headers 
c and at the rear in the back headers d, which are prolonged 





downward and connected to the filter or mud drum g by a series 
of nipples j! in a manner similar to that in which the front headers 
e are connected to the steam and of the water drum e. The 
headers c and d have openings in their sides opposite to the ends 
of the water tubes b and the nipples j, 1, respectively, to enable 
ready access to be had to the same ; and these openings are closed 
by caps k. The headers c extend across the entire face of the 
steam and water drum ¢, and each header has a number of tubes 
or nipples j forming a series of passages from the header into the 
steam and water drum equal in area to the united areas of the 
vertical or zigzag row of inclined water tubes b fixed in the header. 
(Accepted April 23, 1889). 


FILTERING AND PURIFYING. 


8271. L. A, Chevalet, Paris. Water Heating and 
passe. 8d. 4 Figs.) May 18, 1889.—The water to be 
purified flows from a pipe E together with a solution of carbonate of 





soda from an upper vessel if required, through a funnel D into a 
series of superposed compartments B by means of successive over- 
flow pipesd. Steam admitted from a pipe and trap C into the 
bottom of the apparatus flows up through the central tube c in the 
lowermost compartment, thence underneath the serrated bottom 
edges of the central cap cl, bubbling up through the water con- 
tained in that compartment and rising up through the central tube 























c of the next compartment, and so on through the series of com- 
partments. The water thus maintained at boiling point deposits 
all the salts held in suspension during the e through the 
apparatus, and flows in a purified condition in a bottom tank A, 
whence it is drawn off for use. Fig. 2 illustrates a horizontal 
arrangement of the apparatus. (Accepted April 16, 1890). 


9512. G. W. Hawksley, Sheffield. Filtration of 
Water and Cleaning the Filters. (8d. 3 Figs.) June 8, 
1889.—According to this invention the chemical purifiers or pre- 
cipitants usually employed are mixed with the water to be pu 
by admitting them to the suction pipe P! of the pump P employed 
to force the water through the filters A. The chemicalsare placed 
in a tank T and are drawn intothe pipe P! through a rose M dippin 
in a trough N, to prevent deposit. e water thus treated is fo 
by the pump Pinto a closed residual tank R whence it 
through the supply pipe C into an intermediate pipe D which com- 











municates with each filter A by means of a three-way cock G. 
After passing through the filtering medium, the filtered water 
passes through the cocks H and through a delivery pipe J and 
valve K to the point of consumption. To cleanse the filters, cocks 
G and H are manipulated so as to allow the filtered water from a 
storage tank to force its way in a reverse direction through the 
filtering medium, by gravitation or by means of a pump. By 
closing the valve K, and admitting steam through the valve 8, 
steam may be blown through the filter beds to cleanse them 
from all impurities which pass off through the sludge pipe F. 
(Accepted April 23, 1889). 
SHIPS, &c. 

9431. Sir N. Barnaby, Lewisham, Kent. Mount- 
ings for Guns in Ships, [6d. 2 Figs.) June 6, 1889.—This 
invention relates to means for mounting guns in ships, with the 


gun standing upon the top of an armoured cylinder springing from 
an armoured deck below. Fig. 1 is a transverse vertical section of 
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a portion of the ship with an — or nearly upright armour- 


plate cylinder. a is the armoured hull of the ship. 0b is a shot- 
proof deck. c is the armoured cylinder extending up from the 
shot-proof deck to carry the gun to support the same and to form 


a age for the supply of ammunition to it. d isa quick-firing 
gun with its carriage. ¢, e are the upper decks and / the side of 
the ship ; these parts e and f are not protected by armour, and 
the cylinder c forms within them a firm support for the gun. cl 
is an opening in the cylinder c, by which ammunition is conveyed 
out of it for the service of the gun. Fig. 2 shows a stronger cy- 
linder for the larger sizes of quick-firing guns. In this case the 
cylinder has or may have an inner lining of wood. (Accepted 
April 23, 1890). 

9730. W. P. Thompson, London. (P. Caillard and V. 
Caillard, Havre, France.) § Gear. (8d. 5 Figs.] 
June 13, 1889.—This invention relates to a steering machine 
capable of being worked by steam or by hand as desired. Bevel 
gearing e, dis used as a transmitter between the shaft ¢ driven 
direct by the steam cylinders C and a hollow intermediate shaft J 
which transmits the motion through the pinion Q and spurwheel 
R to the shaft S of the chainwheel N receiving the chains of the 
rudder. The steam cylinders O are arran vertically behind 
the back part of the framing of the machine, and the steam admis- 
sion valve D is situated between the two slide valve chests. The 




















boss of the bevel wheel d can revolve freely on the intermediate 
shaft J and ne ping with a toothed plate which the teeth of a 
clutch K fixed on the shaft J can be made to en at will by 
means of a clutch operating lever. The spindle G for operating 
the steam admission valve D is arranged within the hollow inter- 
mediate shaft and is operated by means of a handwheel H which 
is connected to the spindle G insuch a manner that the rotation 
of the handwheel will produce a longitudinal movement of the 
spindle and thus through the slide and bent lever E, and spindle 
1 to the admission valve D. (Accepted April 23, 1890). 


10,097. F. G. Marvey, Vere, Somaiee, Sagenetee 
for Preventing the ers of S ips from 
“Racing.” (6d. 3 Figs.) June 20, 1889.—a is the propeller 
shaft, and 6 are two brake-blocks adapted to grip the same, pro- 
vided with plungers c entering cylinders d, supported on a frame 
e. Tie rodsf passing through lugs g on the cylinders d, serve to 

revent the cylinders from moving relatively to each other. 

alves h control the supply of fluid to the cylinders d. tis a 
weighted arm suspended from the shaft j carried in bearings k on 
the frame e. At each end of the shaft j is a lever arm / connected 
by a link m to the stem n of one of the valves h in such a manner 
that, when motion is communicated to the shaft j, the valves will 
be operated. The weighted arm 7 is suspended between guide- 
plates 0, so that it is not affected by any rolling motion of the 





vessel, and so that it will only operate the valves when the stern 
of the vessel rises out of the water. When the bow of the vessel 
is higher than the stern, the weight on the arm is supported 
against one side of the framee. If the stern rises so that the 
frame ¢ assumes an inclined position as indicated by dotted lines, 
the weighted arm, by remaining in a vertical position, will cause 
the operation of the valves A to admit fluid into the cylinders d, 
whereby the blocks 6 will be forced tightly against the ———_ 
shaft, and thereby compensate for the non-resistance of the water. 
Immediately the vessel assumes such a position that the shaft of 
the propeller again enters the water, the valves h are — ope- 
rated to shut off the supply of fluid, and to permit the discharge 
of the fluid contained in the cylinders, so that the springs q 
arranged between the blocks b will force the latter away from the 
propeller shaft. (Accepted April 23, 1890). 


TREATING MATERIALS, 


6861. J. Price, London. Apparatus Soe Bepeiiins 
uid from Comp: Semi-Fluid or Cc 
u ces. (Sd. 3 Figs.) > 1 24, 1889.—A is the base- 
late and D the head, connected by the columns C. D is the 
bed late operated by the ram E of a hydraulic cylinder. Fis a 
casting forming the sides of the mould, and capable of vertical 
movement on the columns C, which serve as guides, It is operated 
by the hydraulic ram H. Loose plates J and K are provided which 
form the actual top and bottom of the mould. The action of the 





— is as follows: The bedplate D and sides F being lowered, 
the loose plate K is laid on D, and the material to be compressed 
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is placed in the mould, and the loose plate J laid on the top of the 
material. The sides and bedplate are then raised until the sides 
are in contact with and firmly pressed up against the head B. 

sheet of felt is interposed between them to form a tight joint. 
Further upward motion is now given to the bedplate, until the 
material within the mould has been compressed to the required 
extent. The ram E is then secured in this ition, either by 
cutting off the pressure and leaving the water in the cylinder, or 


je 





by any suitable mechanical device. The slides F are then slid 
downwards, clear of the compressed material L and the loose 

lates J and K. These — are then securely locked in position. 

he ram E now being allowed to descend, the said plates together 
with the pressed material between them are removed as one piece 
and placed on one side until the material has dried or acquired 
the desired consistency, when the plates can be removed. (Ac- 
copted April 23, 1890). 

6280. J. F. H. Gronwald and E. H. C. Oehlmann, 
Berlin. Pre ring Milk so as to Enable the same to 
be Preserved Indefinitely. (11d. 10 Figs.] April 12, 1889. 
— According to this invention the milk is neutralised and sterilised 
by being heated to 100 deg. in a boiler A by means of flowing 
aqueous steam purified by passing through a purifying vessel C!. 
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The milk is then forced through the pipe 8 R into a filling vessel 
M, and thence into a number of bottles arranged on a table D. The 
filling apparatus is previously sterilised by the circulation of steam. 
When the bottles are full, the stoppers are turned over into the 
mouth of the same and fastened in place by a special mechanical 
device. (Accepted April 16, 1890). 


8372. J. M. Case, Columbus, Ohio, U.S.A. Appa- 
ratus for Bolting and Sifting Flour. [6d. 2 Figs.) 
May 20, 1889.—According to this invention a series of elevating 
buckets A are carried upon supports B fast on the bolt shaft A? 
which is mounted in bearings C on the frame of the apparatus. To 
each bucket are fixed a series of blocks c to support the silk form- 
ing the periphery of the reel. The flour to be bolted is fed into the 
reel in the usual manner by the hopper D, and the reel is rotated 
by a strap passing round the pulley H on the shaft A?. When 
the apparatus is at work the buckets A raise the material at one 
side of the reel and carry it over and deliver it at the opposite or 
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downward side. The material descends by gravity in a thin stream 
which gently slides down the descending side of the bolting cloth 
or silk, in such a manner as to produce no injurious pressure upon 
it. As the material is being elevated, a portion falls from the 
buckets and slides over the bolting silk to the bottom of the reel 
in a thin sheet, whereby there is no pressure on the bolting silk 
and consequently a better class of bolt is produced, whilst any 
excess of material in the buckets while being elevated, will pass to 
the bottom of the reel through the spaces b! and thus prevent the 
choking of the passage or injury to the bolting silk. (Accepted 
April 16, 1890). 

8740. W.P. Thompson, London. (4. Schwmacher and 
C. Tschiffeli, Marseilles, France.) Presses for Extracting 
Oil m Seeds. . 8 Figs.) May 27, 1889.—This invention 
has for object, without increasing the pressure of the water in- 
jected into the pressure cylinder, to increase at will the pressure on 
the articles in the cages to such a point that, at the first opera- 
tion, almost the whole of the oil contained by them is extracted, 
and even, in the case of most grains, without previous trituration, 
so that the use of rollers, and partially of mills, is done away 
with. The increase of poy in this system is brought about by 
diminishing the area of the cages in proportion to that of the 
pistons of the presses, the greater the difference of the areas the 
greater being the pressure with a given head of water. The 
piston of the press being of too great a diameter to penetrate into 
that part of the cage where the materials to be pressed are placed, 
the bottom of the cover of the is terminated in one arrange- 
ment by a pressure cylinder A having a vacant space around 
its lower end in which the piston P can lodge when raised. The 








improved cage C is composed of a metal case mounted on wheels 
G. In the inner side is a number of vertical grooves to allow the 
expressed oil to escape. In the interior of the are piled, one 
above the other, a number of horizontal rings H connected by 
horizontal joints J, to which more or less play is given, according 
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to the nature of the grain to be treated. The rings are pierced 
with a number of vertical holes T with vertical openings I to pro- 
vide, in addition to the filtering horizontal joints, as many vertical 
filtering joints as desired. The rings preferably taper slightly 
from top to bottom in order to facilitate the discharge of the oil 
bags. (Accepted April 23, 1890). 


8760. A. Drummond, Glasgow. Manufacturing 
Corrugated Glass. (8d. 7 Figs.] May 27, 1889.—Under the 
present system of manufacture when it is desired to produce cor- 
rugations or other designs upon glass, the glass, in a molten 
state, is poured out either on a table over which a roller having 
the requisite design cut upon its surface is run ; or upon a table 
having the — cut upon its surface and over which a smooth 
roller is run. The cutting of the tables and rollers make this 
system of producing glass with designs very expensive. Accord- 
ing to this invention a sheet of steel or other material is im- 





























pressed, stamped, cut out, embossed, or perforated by means 
of dies with the desired pattern or design. The ornamental 
sheet thus made is, when the glass is to be rolled on a sinooth 
casting table, bent into the form of a cylinder or tube, which is 
slip upon an ordinary smooth plate-glass roller. The roller 
with the cylinder on it is now rolled over the glass in the usual 
manner. A sheet of asbestos cloth or other heat-resisting material 
may be fitted on the roller between the inner surface of the 
cylinder and the outer surface of the roller. The asbestos serves 
as a packing or cushion to the ornamental cylinder. (Accepted 
April 23, 1890). 

9225. T. Turner, Birmingham. Treatment of 
Waste Pickle from Galvanising Works. [8d. 4 Figs.] 
June 4, 1889.—The waste pickle liquor is treated in a furnace the 
internal part E of which is covered by a brick arch N. The 
bottom is formed by firebricks e! which fall towards the centre 
e? and are rabitted together. The furnace is heated by means of 
flues K underneath it. Access to the furnace is obtained through 
doors e’, e4, The waste liquor is conveyed to the furnace by 
wood troughs R from which the liquor passes through taps r! into 
bell-mouthed pipes S, and thence into the furnace. The liquor 
distils as fast as it enters, leaving a cake of basic chloride of iron. 
When a sufficient thickness of this crust has been formed, the 
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temperature is slightly raised so as to loosen the cake of chloride 
of iron from the furnace bottom. The cake is then broken up and 
heated to a temperature not exceeding a dull red heat, while air 
and steam are passed over. The steam may be replaced wholly or 
in part by the acid water vapour obtained from the liquor itself 
or from the basic chloride of iron. The pipes S may be filled in 
with pieces of coke to prevent the regenerative acid rising through 
them ; but when the furnace once commences workin they act as 
inlets for a small quantity of air, and the regenerated acid passes 
up the exit pipe M and along m1 to the condenser or other appa- 
ratus as rece iy The hydrochloric acid is condensed in the usual 








way. (Accepted April 23, 1890). 


19,225. T. Wilton and G. Wilton, Beckton, Essex. 
Manufacture of Sulphate of Ammonia, (8d. 3 Figs.] 
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November 29, 1889.—According to this invention the deposited 


comprising an injector made of lead consisting of a pipe A 
constructed with a trumpet-shaped lower end terminating in a 
baseplate B with passages b, b for the ingress of deposited salts. 
To this is applied a steam pipe a provided with the usual cock, 
and terminating ina nozzle at the base of the ejector A. The 
ejector is fixed in the trough of an ordinary saturator S from which 
the sulphate of ammonia is usually removed by hand. M is the 
mother liquid trough, D the drainer. The upper end of the 
ejector A is connected by an ordinary lead pipe to a point of sup- 
port above the drainer D, which conveys the discharge of the 
ejector to the drainer that may have a mid-feather to limit the 
flow of deposit, and has an overflow for the excess liquor. On 
turning on steam the discharge of salts from the ejector tank to 
the drainer commences, and will continue without any manual 
assistance until steam is turned off. (Accepted April 9, 1890). 


MISCELLANEOUS. 


8150. H. A. Gadsden, London. An Artificial Hori- 
zon. [8d. 2 Figs.) May 16,1889. This invention has reference 
to animproved artificial horizon for use with sextants, quadrants, 
and other instruments, A pin 2, projecting from a balanced beam 
1 is so arranged that it can be seen in front of or behind the 
horizon glass of the instrument, so that it may serve in lieu of the 
natural horizon as a base line. The pin 2, which serves as 
the artificial horizon, projects horizontally from and at right 
angles to the beam 1 nM is arranged parallel to the axis 6, about 
which the beam turns in such a manner that the observer can see the 
pin in the line of sight. The balance beam 1 is carried on a pivot 


Fig.1. 
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3 mounted in the sides of the box 4. A pendulum beam 5, 9 is 
mounted on a pivot 6 carried by the sides of the box, and is con- 
nected by a link 7 with the balance beam. An adjusting screw 8 is 
carried by the balance beam 1 for changing the position of connec- 
tion of the link 7 with the beam relatively to the axis of oscillation 
of the beam. Or the pendulum beam may have connected to it a 
pendulum 11 with a steadying device of a rod with weight 12. An 
adjusting screw 13 serves to alter the angle of the pendulum beam 
5 in relation to the pendent arm 10 for adjusting the vertical posi- 
tion of the horizontal pin2. (Accepted April 16, 1890). 


17,459. T. Berry, Manchester. Wringing and 
Mangling Machines, [6d. 2 Figs.) November 4, 1889.—In 
the present process of wringing and mangling the articles are 
carried to the back of the machine and there deposited until the 
operator reaches over and lifts them to the front by means of the 
hand. The object of this invention is to bring the articles 
to the front of the machine, no reaching over being required. The 
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figure shows the end elevation of the two rollers of a wringing and 
mangling machine. When the rollers are set in motion the tapes 
or bands move in the direction indicated by the arrows. The 
article to be wrung or mangled is caught between the rollers at 
the point C and is then carried round the back of the top roller by 
the tape or band and brought to the point Din front. (Accepted 
April 2, 1890). 


1003. A. J. Boult, London. (C. Andersson and T. 
Blom, Copenhagen.) Lubricators. [6d. 5 Figs.) January 
20, 1890.—The lubricator consists of a reservoir A, at the bottom 
of which is a barrel c with a longitudinal opening for the recep- 
tion of aspindle D. There are also a number of radial openings 
in which tubes E are fitted. h tube E communicates through 
a socket P with a lubricating tube g leading to the axle bearing, 
and is also connected with an air pipe K, the top of which rises 
above the level of the oil contained in the reservoir A. Corre- 
sponding to the tube-holes E provided in the barrel, a number of 
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diametrical apertures are formed in the spindle D, which do not 
traverse such spindle entirely, and in which fit screwed plugs 
F, the position of which in their respective apertures determines 
the quantity of oil supplied to the different bearings. The spindle 
D is connected with the machine, and revolves with the same. 
When the reservoir is filled with oil, the latter enters openings 
H, and when spindle D is in the position shown, its own apertures 
are filled with oil at the same time. Upon turning the spindle D 
this oil is discharged into the tube-holes E, whence it passes to 
the bearings it is desired to lubricate. (Accepted April 2, 1890). 


UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the Cflices of ENGINEBRING, 35 and 36, Bedford- 











salts are elevated by means of a continuous self-acting apparatus 


street, Strand. 
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LITERATURE. 


Steam and other Prime Movers. A Text-Book both Theo- 
retical and_ Practical. By Henry Evers, LL.D. 
London : Walter Scott. 

WE are informed in the author’s preface to this 

work that the title should have been ‘‘ Steam and a 

few other Prime Movers.” That this correction 

was required will be evident when on examination 

it is found that no prime mover at all other than a 

steam engine is in any way considered ; the only 

approach to such consideration being the mention 
of gas engines as one type of engine, and this fact 
by itself hardly gives much practical or theoretical 
assistance to the willing student; this being 

—again according to the preface—the aim. of the 

author. 

It is fortunate that the aim was thus described, 
because otherwise it would have been extremely 








(For Description, see next Page.) 
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difficult to understand why the author had ever 
written the work under consideration ; there still 
remains the difficulty, why he thought that the 
contents of his book would be of any value in 
accomplishing the result aimed at. But it is at any 
rate some satisfaction to know that there was an 
aim, and what it was. 

So far we have not advanced beyond the preface, 
but the book is so full of singular ‘‘facts,” that there 
is hardly a page about which one or two columns 
might not be written. The very title-page itself 
is suggestive. For it at once suggests the inquiry 
whether the author exactly knows what a prime 
mover is. There was some time ago an author of 
some repute, of whom Dr. Evers may have heard, 
named Rankine, who also wrote a treatise on prime 
movers. Now that book is not compared to the 
present, except that when such very similar titles 
are chosen, the comparison naturally suggests 
itself. The point, however, for consideration is 


that Rankine—and his book, although not of course 
comparable with Dr. Evers’, was yet a very fair one 
—used the title ‘‘The Steam Engine and other 
Prime Movers,” not ‘‘ Steam,” &c., and he defined 
as a prime mover a machine by which the powers 
of nature are utilised. It is probable that this 
difference of ideas on what constitutes a prime 
mover accounts for the defect first mentioned, 
Dr. Evers probably considering steam by itself to 
be one kind of prime mover, a marine engine or 
land engine as a different kind, and a rotary engine 
as another kind again, and so on. 

Perhaps now it will be well to take some notice 
of the contents of the book itself ; and it will pro- 
bably be expected from the preceding remarks that 
such notice will not be extremely favourable. This 
impression is perfectly correct, in fact, we may say 
that, taken as a whole it would be difficult to 
imagine a worse book on the subject it is supposed 
to treat. There are undoubtedly some items of 
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useful information, but they will be found in nearly 
all cases to be between quotation marks, and will 
be better studied in their original places than in 
the pages of this book. Where, however, the 
author’s own ideas are set forth, it is difficult to 
say which is the more uscless, the theoretical or 
the practical ; perhaps on the whole the former is 
the worst, because every one picks up his practical 
knowledge for himself by his own observation, 
but in theory the effects of bad teaching may never 
be effaced. 

It would be impossible within the limits of an 
ordinary review to notice one tithe of the errors 
contained in the book, this would, in fact, take a 
book as large if not larger than the original, so a 
few specimens must suffice. 

Chapter I. deals with Heat and Steam, and asa 
specimen of the lucid nature of the definitions 
generally we may take the following: ‘‘ The tem- 
perature of a body is its thermal state considered 
with reference to its power of communicating heat 
to other bodies.” It would be incorrect to say this 
is a wrong definition, but it is pretty certain that 
after hearing it, a student weal possess no more 
idea of the nature of temperature than he did 
before, in all probability he would lose what little 
idea he originally possessed. Next, in defining 
kinetic energy, we meet the statement that when 
a stone falls actual work is done; it is, we believe, 
pretty generally considered that this is one case in 
which no work at all is done ; for there is no re- 
sistance overcome, and work has just been defined 
on the preceding page as the overcoming of 
resistance. After the preceding we are informed 
that ‘‘ Heat is a sensible condition of matter,” and 
we presume it follows that the hotter the matter 
the more sensible it becomes ; if this be correct 
some writers would derive great benefit by taking 
up an abode as near the equator as possible. 

The next definition certainly deserves a new 
paragraph, being as follows: ‘‘The steam engine 
is the manifestation of the united impulses of 
countless numbers of invisible particles of steam.” 
We are not going to spoil this by commenting on 
it ; we will only say that if, after reading this, any 
maker of steam engines goes to the trouble and 
expense of employing men, and buying and work- 
ing up metals to make up his engines, when he 
need only light upa fire in a boiler, and let the 
particles of steam manifest them for him, he de- 
serves to become bankrupt. In the rest of the 
chapter we find the unit of heat wrongly defined ; 
the increase of total heat explained as taking place 
according to a formula for the latent heat; a 
non-condensing engine with a back pressure of 
6 lb. ; and various other equally interesting state- 
ments. 

Chapter II. goes the old round of Savery, New- 
comen, &c., to Watt, and we then consider the 
action of the slide valve ; here it is almost impos- 
sible to go wrong with so many sources to draw on, 
but we meet an ingeniously arranged single-ported 
valve in which the steam port as drawn is about 
twice the size of the exhaust ; and the sketches are 
here, as generally, very poorly executed, and 
plainly show a want of any practical knowledge of 
the engine; we also find that the author thinks 
that if the exhaust open before the end of the 
stroke, this indicates negative inside lap ; if it be 
so, negative inside lap must be pretty general. 

In Chapter ITI., on Boilers, we have the author's 
opinion that steel of from 33 to 40 tons tensile 
stress is best adapted for boilers; this hardly 
agrees with the opinion of the Admiralty, who are 
pretty extensive users of boiler steel, since they 
actually reject any steel above 30 tons ; perhaps 
after reading Dr. Evers’ book they will alter this 
unwise course of procedure. Rivetting also sup- 
plies us with some peculiarities ; a rough practical 
rule that diameter of rivet should equal thickness 
of plate being illustrated just below by a case of 
a {-in. rivet in 4-in. plate, and a proof on the 
next page that 2-in. rivets make a better joint in 
$-in. plate than 1l-in. rivets dc ; comment here 
would be superfluous. Among the preceding we 
find also the astounding statement that the strength 
of double rivetting is 98 per cent. of that of the 
plate. 

The book contains fifteen chapters, and we have 
only now arrived at Chapter III., although only a 
selection of the erroneous and absurd statements 
with which the book is crammed has been given. 
It is plainly impossible to proceed in this manner 
all through, but we cannot help noticing one or two 
more gross errors. To illustrate the strength of 


plate a diagram which we here reproduce is in- 
serted, and below is given the equation. 
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Wx 5 =depth or thickness x tension. 


By a reference in the book it appears that the 
author has written, or is about to write, a treatise 
on Applied Mechanics ; judging by the specimen 
here given it should be decidedly amusing reading, 
if not very instructive. 

The next point calling for notice is a most extra- 
ordinary use of the word ‘‘ calorimeter.” A calori- 
meter is generally understood to be an apparatus 
for measuring quantities of heat, but Dr. Evers 
appears to think it means an area; for we have 
the ‘‘ calorimeter over the bridge,” and ‘‘calori- 
meter through the tubes,” &c., all given relative 
to the grate area of a boiler. Had the term ap- 
peared once only, it would be natural to suppose 
it a printer’s error, but finding it repeated no less 
than four times, we can only conclude that it is 
really put down as representing an area. 

One more extract and we shall have finished. 
‘* Tf an engine be running at 30 miles an hour, and 
using a given quantity of steam per mile, and we 
double the speed, the resistance being constant, the 
power is double, and hence twice as much water is 
evaporated per mile ;” the italics are ours ; and we 
think that any one will agree that the author of 
such a statement as the preceding would be much 
better employed in getting some sound knowledge 
of mechanics for himself, than in writing books to 
instruct others. 

It may appear that it was hardly worth while 
devoting so much space to the examination of a 
book of this class. For an explanation of the 
reason for so doing we will return to the place 
whence we started, viz., the title-page. On that 
page we find the author described as the author of 
‘* Navigation and Nautical Astronomy,” ‘‘ Steam,” 
“Trigonometry,” ‘‘Mensuration,” &c. 

Here then is the explanation of the utter worth- 
lessness of the book, and of many other books 
which have misled and still mislead hundreds of 
the younger and in some cases older members of 
the engineering profession. Written by men 
having a superficial knowledge of everything, and 
the almost invariable accompaniment of sound 
practical knowledge of nothing, they fill the minds 
of students with, in some cases, erroneous ideas, 
and in others with that half-knowledge which is 
perhaps even more dangerous. And the injurious 
effect does not stop here; for the hardworking 
student finding himself landed in a quagmire, 
becomes disgusted, classes all teachers and pro- 
fessors alike as humbugs, and becomes thus often 
a stumbling-block in the path of the now happily 
increasing number of teachers, who understanding 
both theoretically and practically the science of 
engineering, are earnestly labouring to impart 
sound professional knowledge to the rising genera- 
tion of engineers. 

It is then not only in itself but as representative 
of a class, that we condemn this book as one which 
can hardly, under any circumstances, be of use, 
but which is on the contrary almost certain to do 
great harm to any student who attempts to obtain 
from it help in the study of the steam engine. 
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In the ‘ Year-Book of the Scientific and Learned 

Societies’ is given a short review of the history 





and organisation of the societies, of the conditions 


of membership, and a list of the papers read by 
the members at the meetings last year, with such 
notes as are possible regarding the sources from 
which the papers may be had for perusal. It will 
thus be seen that the book is a valuable one for 
reference, and as it is compiled mostly from official 
sources it may be taken as accurate. 

Lockwood’s Price-Book has undergone com- 
plete revision, and the recent improved methods of 
construction have been taken into account in the 
compilation, electric lighting, ventilation, and 
sanitary appliances generally being fully dealt with. 
Where the markets do not fluctuate to any great 
extent this annual should form a good book of 
reference. The notes as to the sources of supply 
of many metals and minerals are worth studying. 

To all engaged in shipping, the Shipping Year- 
Book is indispensable. It contains all that one 
should know about ports and harbours, dues and 
tariffs, foreign weights and measures, recent addi- 
tions to shipping legislation, and the information is 
arranged in a convenient form for handy reference. 

Regarding all British colonies a great amount of 
interesting detail is given in ‘‘The Colonial Year- 
Book.” The different colonies are arranged alpha- 
betically and of each information regarding the 
history, topography, mineral products, government, 
social life, &c., is given. Maps of all the colonies 
are included. An introductory article by Professor 
J. R. Seeley treats generally of the history of 
colonisation, while in an appendix questions affect- 
ing the whole of the colonies are discussed. 

The enormous number of new limited liability 
companies registered last year has made a very per- 
ceptiblechange onthe bulk of theannual dealing with 
public companies. In the work entitled ‘‘ The Stock 
Exchange Year-Book,” there is given a record of ali 
public companies, indicating their origin, the 
management, and the financial results. The work 
is too well kn#wn to the investing and speculating 
public to require further notice. 

A publication of a kindred nature is ‘‘ The Mining 
Manual,” in which details are published of all 
mining companies, and in addition a directory of 
mining directors. A separate section is devoted to 
South African companies. Some idea of the scope 
of the book may be inferred from the fact that it 
deals with 1527 mining companies, the nominal 
capital totalling 157.6 millions, and the paid-up 
capital 116 millions sterling. 

‘““The Mercantile Year-Book ” contains a direc- 
tory of exporters in the principal cities of the 
kingdom, and of the merchants and importers 
abroad with their representatives and buying 
agents, along with the tariff and import duties in 


the colonies. ae 
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No. XXIV. 
Tue Forces ET CHANTIERS GuN Factrory— 
Mountain AND Fietp Guns—concluded. 
Tue three illustrations, Figs. 258 to 260, show 
the form and construction of the limbers used for 
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PERCUSSION AND COMBINATION FUZES. 
the mountain and field artillery of the type made 





by the Forges et Chantiers at Havre. For the 
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former the wheels are of the same pattern as 
for the gun carriage, and the ammunition boxes 
carried on the frame each contain ten rounds, 
there being two of such boxes. Figs. 258 and 259 
(see page 721) show the manner in which the 
trail of the gun carriage is attached to the limber. 
That forthe field guns shown in Fig. 258 carries 
three ammunition boxes, of which one contains 
twenty-four rounds, and the other two twelve 
rounds each; in a separate box there are carried 
spare parts, tools, &c. : 
The ammunition for the various types of 75-mil- 
limetre guns has been already described ; in the 
head of the common shell is screwed a percussion 
fuze shown in Fig. 261, in which the cap con- 
taining the fulminate and firing charge is held in 














Fic. 276. 12-pouUNDER ELSWICK FIELD GUN AND LIMBER. 
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TaBLE XX.—Composition of a Completely Installed Field | mountain and field gun equipments in use in the 
Battery of (3-mm. Gun. | British service, to afford some means of comparison 
..| with those of the Canet system we have just de- 
Steel _carviages on steel ‘ A |seribed. There are five natures of carriages for 
Deubells ond sanmaniticn! ” ” | mountain guns in the service, the weights of which 
aa |. = ns Goes are shown in Table XXIII. 
Cartridge boxes bAracsonger 9 caissons (1 box of | The early patterns of these carriages were of wood; 
proce Lp pg these were succeeded by composite carriages of steel 


rounds) (1 box of 24 rounds) P ‘ 
1 long type 1 short type jand wood. The present service types are of iron, 





Number of guns... | 





6 short type 


6 long type 


Portable forge 
Battery wagon 


” ” 





— - 3 : 3 and the carriage consists of two brackets, two 
Mitrailleboxes .. ..| 68 °. 50 se | transoms, a trail-piece, axle-tree, and wheels. The 
Comee = sant ir pee | brackets are of plate iron cut away as far as pos- 
* . ‘ » a » } © . . . > 

Shrapnel (compound fuze) | 374” 309 - | sible for lightness: and stiffened with angle iron 
Cartridges se AL = |along the upper side. The frames are connected 
riction fuzes pe 36 ” 36 ” : 

ity teeter et bases 108 - jand strengthened by the two transoms; they are 





parallel as far as the second transom, after which 
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ELSWICK MOUNTAIN GUN AND CARRIAGE PACKED FOR TRANSPORT. 


place by a soft metal pin passing through the body | 
of the fuze ; it is also kept from the striking point | 
by a light spiral spring ; when the shell strikes, the | 
pin is sheared and the charge is thrown against the | 
striking point. The shrapnel and case shot are 
fitted with a combined time and percussion fuze 
illustrated by Fig. 262, and the principle of which 
will be described on another occasion. | 
In Table XTX., page 726, are given particulars | 
of the 75-millimetre and 84-millimetre mountain 
and field guns made at Havre on the Canet system 


by the Forges et Chantiers Company ; Tables XX. | the ballistic characteristics of the mountain and 


TABLE XXI.—Composition of a Complete Mountain 


TABLE X XIII.— Weights of Carriages for Mountain Guns’ 
Battery. 


British Service. 





Steel guns of 75 mm. and 16 calibres 6 oS SS ee 
Carriages and steel wheels .. a 6 Weight 
Ammunition boxes (7 rounds) 100 a 
Portable forge .. ee ee 1 Nature erence 
Tools and accessories .. 14 boxes F = = 
Shrapnel boxes. . ae ~ a a 100 Without With 
Common shells loaded percussion fuzes .. 300 Wheels. | Wheels. 
Shrapnel loaded compound fuzes .. 300 arte — were eg 
Cartridges es a ae a 700 2 Ib. Ib. 
Fuzes.. ie ig ae rn 1000 R.M.L., 7 pounder, 200 Ib. .. 206 350 
Number of mules required .. ne a ua 76 ” wen i. be js aan 
Table XXII., page 726, contains particulars of B-M-L..25imq° yy TD 324 539 
Limber, R.M.L., 7 pounder, 200 Ib. “a 382 


and XXI. show the compositions of standard | field artillery. - 


mountain and field batteries. 


It may be interesting to give a few details of the they converge and are united in the trail-piece. To 
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the front of the frames are attached the brackets 
recessed on the under side and having angle irons 
rivetted round the recess to make bearings for the 
axle-tree. The latter is forged solid and has pins 
on each side 7 in. long to receive the wheels which 
are 2 ft. 3in. apart. The axle-tree is secured to 
the brackets by clips. Fig. 263 shows a general 
view of this carriage, and also the means for train- 
ing it in elevation. This consists of a frame hung 
to a pin over the brackets and having attached to it 
a bearing for a screw ; the top of the frame serves 
as a guide for a wedge on which the breech of the 
gun rests, and by turning the screw in either direc- 
tion the gun can be raised or lowered. The height 
from the ground to the centre of axles is 2 ft. 3} in. 
The carriage can be carried by one man and the 
wheels by another. The Elswick mountain gun 
and carriage, which is largely used in the service, 
differs in many respects from the foregoing. Figs. 
264 to 270 (page 723) illustrate it packed for trans- 
port. The gun shown is a 7-pounder and is made so 
as to be easily separated into two parts and as easily 
reunited for service (Figs. 267 and 268). Two mules 
are required to carry the gun, which is packed on the 
saddle shown in Figs. 269 and 270. Three mules 
are required for the carriage and a fourth carries 
the ammunition boxes. The elevating gear of the 
Elswick field gun, Fig. 271, consists of a toothed 
quadrant pinned to the gun and brought into gear 
with a pinion mounted in the frame, and which is 
driven by a worm. The brake consists simply of 
a rope by which the wheels are lashed to the trail. 
Figs. 272 to 274 (page 725) illustrate one of the 
service types of carriage for a 12-pounder breechload- 
ing field gun (see ‘‘ Official Treatise on Military Car- 
riages”). The trail is trough-shaped in section and 
built of steel side plates .192 in. thick, stiffened by 
angles rivetted to their upper edge. Atthe bottom 
they are connected by a steel plate, and the trail is 
further strengthened by an eye forging at its lower 
end and by two transoms. The trunnion bracket 
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Fic. 275. ELEVATING GEAR FOR 12-POUNDER FIELD 
GUN. 


of the form shown is rivetted to bracket plates at 
the front of the trail and the trunnions are carried 
in this bracket and held by capping pieces. The 
upper side of the trail is partly covered by steel 
plates so as to forma box. The axle-tree is square 
and made of steel, and is connected with the 
bracket plates of the trail by steel stays, the rear 
ends of which are secured to the trail as shown. 
The elevating gear of this gun is shown in Fig. 275. 
It consists of the are A made of steel and with 
twenty teeth. The elevating pinion B gears into 
this arc ; it is 3.9 in. in diameter and has fourteen 
teeth, within it is the friction cone C made of gun- 
metal and set up in place by a spring and two nuts. 
The hate D is 3.87 in. in diameter and has 
twenty-two teeth. This is inclosed in a case G, and 
the wormwheel and pinion are mounted on a 
spindle 1 in. in diameter and running in the bear- 
ings Eand F. The top of the are A is pinned to 
the breech of the gun and can be moved up and 
down against a guide bolted to one of the transoms ; 
the pinion gearing into it is loose on its spindle, 
but can be made fast by setting u» the friction cone; 
when this is done, if the wormwheel be turned by 
means of a worm not shown in the drawing, the gun 
can be raised or lowered through any desired angle ; 
the range of this gear is 16 deg. of elevation and 8deg. 
of depression. The brake gear is shown in Figs. 273 
and 274 (page 725). A band of steel is placed round 
the inner flange of each wheel, and the ends of each 
band are connected by a bolt and nut, so as to put on 
any tension that may bedesired. Ratchet teeth are 
formed on the band, and when the gun is in action 
these are in gear with a steel pawl hung to a pin 
fitted in the front end of the tensile stay ; on the 
same pin is a gun-metal bracket in which is a slid- 
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Fic. 260. CANET FIELD GUN SHOWING TRAINING GEAR AND BRAKE. 
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ing stud of gun-metal, which when the carriage is 
in action, is pressed by a spring against the pawl 
which is thus held in gear with the teeth on the 
brake band. The arrangement is such that the 
wheel cannot turn during recoil, but is free to re- 
volve in running up. The pawl can be released at 
will by drawing on a cord attached to the sliding 
stud in the bracket. To enable the brake to be 
used in travelling without releasing the pawl, a 
lever is hung near the driver’s seat, by depressing 
which the lower end of the lever can be made to 
engage in the teeth of the brake band and then skid 
the wheel. 

Fig. 276 (page 723) illustrates a 12-pounder breech- 
loading field gun and carriage of a pattern designed 
at Elswick, and adopted as the arm for the Royal 
Horse and field batteries. The gun is wholly of 
steel, and consists of a barrel hooped at the breech 
end, the material being distributed so as to give 
the maximum strength for the least weight. The 
breech mechanism is exactly the same in principle 
as in the larger Elswick guns, but somewhat sim- 
plified. The gun is vented radially from the top, 
and in the middle of the chamber, by a ome 
steel vent, so that when it is rendered unserviceable 
another can be inserted immediately and without 
the aid of a skilled artificer. With the copper 
vents fitted to the older patterns of field guns, the 
insertion of a new vent was an operation requiring 
very great care and considerable skill, often taking 
two or three days to complete, besides which a 


'number of the necessary tools were special and 
| were kept at certain stations only. The carriage 


is in general appearance similar to the ordinary 
type of field carriages, but it has many distinct 


characteristics. It is formed of two steel cheeks 
‘flanged inwards for strength, connected by five 
‘diaphragms of steel. This rests on a forged steel 


axle-tree, being kept in position by bearings, and 
further connected by two round tempe steel 
stays fitted at the centre with a strong steel spring 
to give elasticity to the carriage. An automatic 
brake to check recoil is fitted to each side, and acts 









é 
i 
| 
i 
f 
{ 





726 


-ENGINEERING. [JUNE 20, 1890. 





——— 








TABLE XIX.—GENERAL PARTICULARS OF CANET MOUNTAIN AND FIELD GUNS; FORGES ET CHANTIERS DE LA 








































































































































































MEDITERRANEE. 
l wire =e | | | 
| | sali 2 | | rer |Thickness of Mex! 
‘ sa | _ Total iameter of | Lengthof £2) @ eight of Weight of Pro-| Weightof | Initial oy |tron Plate aximum 
Nature of Gun, | Calibre. Length. —_ of —— Riffing. £8 ge Gun. Fectile. hates. | Velocity. Total Energy. perforated at| Range. 
56 54 | Muzzle. 
| A |e | | 
oe $$ |] — | | ——_—___- | —____— = iis eal | a] ene : 2 te ei rae 
i in. | in. |mm.{ in. |mm,! in. [mm| in. | | | 1b. kls.| Ib. jkilos.| 1b, |kilos.| ft. | m./|ft.-tons m.tns) in. |cm.| yards | m.' 
a and bent ™ 3s Imm 472 1024.5 40.33| 78 | 3.07 34.65 22 x | 218.25 99 10.14 | 4.600 882 (0.400 98% 300) 69.15 21.42, 1.299 | 3.3) 4375 4000 
Light field gun ..| 75 | 2.95 [1800 70.8 |1600 | 62.9 | 78 | 3.07 |1330 2 | 451.94 208 10.14 | 4.600 1.94 (0.880 1961 | 4151466 | 45.42, 2.984 5.8] 6463 5910 
Short», » | 75| %95 (1950 76.7 [1750 68.8 | 78 | 3.07 [1470 57.8 22 3 .| 573.20 260 10,14  4.600/ 2.205 |1.000 1542 | 470, 166.9 | 51.69, 2.520 6.4| 7308 6630 
Long ,, » «| 75, %95 |2400 94.5 [2200 | 86.6 | 78 | 3,07 |1905! 71,07 | 22 EY 791.45 359 11.46 | 5,200| 3.086 | 1.400, 1706 | 520, 231.3 | 71.65) 3.189 8.1! 7497 6855 
Short ,, ,, +. 75 | 208 2700 106.3 (2500 | 98.4 | 78 | 8,07 [2100 88.6 | 22 3° 1096.2 | 470) 13.67 | 6.200| 3.968 1.800 1788 | 545 303 4 | 93.99 3.858 | 9.8 9744 3910 
on + 84 | 2.95 2016 79,98 /1792 | 70,56] 87 | 3.07 |1500 59,0 | 26 5 | $81.84 400 16.31 7.400) 3,53 | 1.600 1575 | 48C) 275.2 | 85.25 9.908 8.4) 7907 7280 
Long 4, y -. 84, 2.05 2520 98.2 (2206 | 90.40/87 | 9.07 [1900 747 | 26) 1146.39 620 16,31 [7.400 4.63 2.100, 1804 | 560) 361.4 111.92 4.015 10.2, 10483 9540 
| : \ } ! 
TABLE XXII.—Particutars or Mountain AND Freip Caner Guns, 75 MM. (2.95 1N.). is fitted, in addition to the ordinary sights. The 
off box has a similar compartment, but contains 
FieLp Guns. spare obturator wads, vent bolts, and keys for 
Mountainand | ae 2 ; __ | fixing. Each box contains eighteen projectiles and 
— Boat Guns. soe | cia ie | aie eighteen cartridges, and the carriage itself carries 
oe a ON tbl, at aes 50 = ee. “““Y:___ | two rounds of case shot and two cartridges to be 
in. mm. in. | mm. in. | mm. in. mm. | in. mm. used in an emergency. 
Calibre ee eves] 0B | 78 295 | 75 | 295 | 75 | 295 5 | 295 75 | Figs. 277 to 280 (page 725) illustrate the breech 
Totallengthofgun  ..  ..| 47.2 | 1200 70.8 | 1800 | 76.7 | 1950 | 945 2400 | 106.3 | 2700 | mechanism designed by M. Canet for mountain and 
= » bore ..  ..| 40,33 [1024.5 | 62.9 | 1600 | 68.8 1750 | 866 2200 | 98.4 | 2500 | field guns ; this has been already described in detail 
Length of bore in calibres —..| 18.66 | 13.66 | 21.83 | 21.33 | 23.83 | 23.83 | 2933 | 2933 33,33 | 3333 in a previous article, the engravings show clearly 
1». | kilos, | 1b, | kilos. | 1b, | kilos. | 1b, | kilos. | 1b, | kilos | four positions of the breech-block during the opera- 
Weight of the piece .. | 218,25 99 | 451.94 | 205 | 573.20 260 © 791,45 359 | 1036.2 470 | tion of opening the breech. 
» hell =... ws] MONE | 4.60 | 1014 | 4.60) 1014 | 460 | 1146 | 5.20 | 18,67 | 6.20 
Ratio of weight of gun to weight SR aay S NOTES FROM THE NORTH. 
ofshell ..  .. «. .| @6 | 215 | 4456 | 44.56) 565 | 56.5 | 69.0 | 69.0 75.8 | 75.8 iinicummmil qousscow, Wednesday. 
cols , : 0.40 | 1.94 0.88 205 | 1.000! 3.086/| 1.40 3.968 1.80 sgow Pig-Iron Market.—There was a continuance 
Weight of powder charge - 882 | | & | | of the flatness in the iron market on Thursday, the up- 
ft. metres! ft. | metres ft. metres | ft. metres ft. metres | ward spurt which was caused by the Board of Trade 
Muzzle velocity ..  .. : 984 300 | 1361 415 1542 470 | 1706 520 1788 545 re on je ee Monday not having been backed 
up. newed selling during the forenoon resulted in the 
. -- . ths, . : . . tns. ti wit : : 
on test, fous fom | —- —— a SS — TLS en” "93.99 | Price falling back to 44s. per ton cash for Scotch warrants, 
” ce Pee ee | to 40s. 7d. for Cleveland, and to 50s. 04d. for hematite 
yds. metres| _ft. metres ft. | metres ft. | metres ft. metres ft. metres jiron. Prices receded further in the afternoon, and the 
"547 500, 909 277 «| «#1165 355 | 1299 | 396 1460 445 1571 479 settlement quotations at the close were—Scotch iron, 
Semenent “ile ON eel “OD 256 1033 | 31s | 1195 | 343 1260 384 1378 429 | 48s. 104d. per ton cash; Cleveland, 40s. 74d. ; hematite 
ana. "ck | - pone | cae 1017 | a 1118 200 1294 373 | on, 49s. 104d. The market was a trifle firmer on 
— 1500, 777 q oe tae ion and the prices of warrant iron had a slight rebound 
2188 2000 722 220 882 | 269 935 285 1020 311 1109 338 ged ons depression. At noon Scotch warrants were 
Ce : ’ ' | 3d. per ton higher than at the close on the preceding day 
dex. ye || & — ("Sa | Gee |\"are | Sues | ee ee | and there were advances of 3d. and 2d. per ton respectively 
nt me a 00 | €08e 5715 | 92 Cleveland and hematite iron. In the afternoon the 
Range eh eieneet 10 2734 | 2500 | 4046 | 3700 | 4626 4230 | 5008 ° \improvement was maintained, warrants being a turn 
angles... 15 3664 | 3350 | 5386 4925 | 6146 5620 | 6403 5855 | 8174 7475 | dearer in price. The more timid “bears” assisted to 
20 4375 4000 6463 5910 7306 6680 | 7497 6855 9744 910 | stiffen prices in their efforts to reduce their accounts 
| ; f within more manageable limits. The closing settlement 
Ib. kilos. Ib. | kilos. Ib. kilos. | Ib. kilos, Ib. kilos. | prices were—Scotch iron, 44s. 3d. per ton; Cleveland, 
Weight of carriage, minus wheels} 227.1 103 | 529.1 | 240 617.3 230 | 762.8 346 948.0 430 | 40s. 104d. ; hematite iron, 50s. 14d. per ton. A better’ 
» Wheels... | 97.0 44 220.4 100 264.5 120 | 308.6 140 352.7 160 | tone was + gece in “— market on — agg 4 _ 
oe i SE ; 545 ? 660 | t 845 | 233.69 1060 | account of reports of large shipments last week. e 
Total weight of gun and Serereeel 542.3 246 | 1902.5 ‘ | seme | ee ‘ | dealings were chiefly in Scotch warrants, the price of 
| ft, ‘| metres ft. metres | ft. metres ft. metres ft. metres which advanced 24d. per ton in the course of the day. 
Width of carriage... 9... 8.231 0.680 3.61 | 1.10 3.87 | 1.18 | 4.00 | 1.220 | 4.265 | 1.30 (Cleveland iron gained 7d. in price, and hematite 
dn a ” deg, | iron 5d. per ton. At the close the settlement prices 
, a. . 3, = F30 r -% F'99 | Were—Scotch warrants, 44s, 6d. per ton; Cleveland, 
Extremeangles of fire .. = ..) «| ~#0++2 oo oe og Tila 7 o, | 418 6d.; hematite iron, 50s. 74d. per ton. Quietness 
Numberof shots carried in limber) | 2 24 Sine (ies. 24 “ 2 | _ ~ = of = warrant market yesterday, quotations 
b. | kilos. | 1b, | kilos. | 1b, | kilos. | 1b. | kilos. | _ Ib. | kilos, | being fairly steady, and not varying in the forenoon 
iihiniaabitiaitain diate ous | 996 837.7 380 981.0 | 445. | 1111.1 504 | 1329.7 600 | above 1d. per ton in the case of Scotch iron, while in the 
& rate a 925 | 2496.0 | 1105 | 2973.9 | 1349 | 3680.6 | 1660 | afternoon a better demand set in and prices rose and 
»  gunand limber ..| 1040.5 472 | 2039.2 925 . “4 ; : . ~, |closed 14d. per ton over Monday’s final quotations. 
Weight perhorse .. 0... ie oS 509.3 231 608.47 | 276 | 493.8 224 608.5 276 Penna ed iron — weaker Re the start, an increase 
: ; me e v. 60 60 | 72 ie 72 | having been made to stocks which was not looked for; but 
Number of shot in full caisson .. | mee ae | pa ; wo b- quotations stiffened, and closed 2d. per ton’ up. 
tons ilos. | tons silos, tons Hos. ens vos, | Hematite iron was depressed and declined in price 4d. 
Weight of filled caisson .. —.. os | 1,004 | 1,020 1.017 1033 | 1,271 1291 1.476 | 1,500 fies ton in — forenoon, but recovered 3d. in the 
Weight of batteries and acces eee ee or, | afternoon, e closing settlement prices were—Scotch 
sues ms ee a ae oe | - 17.625 beens | 18.892 19.191 | 22.756 | 231.18) 26.826 (27,250 | iron, 44s, 73 A. Der ton ; Cleveland, 4is. 7Ad. ; hematite, 
lute | S = Hit | | us iron, 50s. 6d. There was a sharp upward movement in the 
se Ib. kilos. | 1b. = — | - — | one 5 | = | prices of warrants this forenoon. On Scotch warrants the 
Weight per horse 2 at 529.1 240 | 586.4 266 474.0 | 215 | 5 |] : 
ight pe: - rake | Pil ; | 490.9 | 1820.0 | 563.94 | UBProvement was 5d. per ton, on Cleveland 8d., and on 
Total muzzle energy of battery../ 414.8 | 128.52 | 879.8 272.52 | 1001.0 | 310.14 1387.3 429. | . ‘ . hematite iron 4d. above the closing prices yesterday. A 
. ‘ sais , ae: wal adie a | further ——- _— place in the afternoon in the 
Striking energy per ton weight of! foot-tons m. tons | foot-tons m. tons | foot-tons | m. tons oot-tons | m. tons | -tons | m._ | price o otch an: hematite iron, while there was a 
"ie ae ) 216.3 | TIEB 221.5 | 641.6 | 198.8 | 643.8 | 199.5 | 645.5 | —- ‘decided drop in the price of Cleveland warrants, sellers 
Striking energy per ton of gun! | a nel) | | asking 41s. 11d. per ton cash, as compared with 42s, 44d. 
and endings’ oo «(2808 | 87 | 268.8 83.3 | 252.7 | 78.3 | 273.7 | 84.8 | 285.9 | 88.6 | at the close of the forenoon market, A correspondent of 








on the nave of each wheel. The seats by the side 
of the gun are mounted on springs, so that in 
travelling over rough ground t.:e men are not sub- 
ject to the jarring as in the old pattern. The ele- 
vating gear consists of a steel are attached to an eye 
on the under side of the breech of the gun, having 
teeth cut on the rear edge geared into a pinion on 
the same shaft witha wormwheel. The pinion is of 
steel, and, somewhat as in the service gun before 
described, it has a friction cone in one piece with it, 
which fitsintoaconed recessin the bronze wormwheel. 
It is forced into this place by means of a dished steel 
spring pressing on the reverse side of the pinion to 
that on which the cone is. The requisite amount of 
pressure is obtained by means of a nut screwed on 
to the steel shaft which carries the pinion and 


Sa ae eee eee one of the local papers, writing on the question of the 
: | price of iron, says he is puzzled, along with many 
wormwheel, and which is held in its position by a | others, no doubt, at the action of investors in the 


. +43 li t market at the present time, if current 

steel pin. The friction between the surfaces of the | 70D warran § Pp , 
a ae reports are correct. There are reports, he says, that 
cone on the pinion and the wormwheel causes them [warrants are being lifted off the market for. invest- 


to rotate together, but to slip slightly when the |ment purposes, even in face of extreme dulness in 
gun is fired. The gear is carried by a bronze | freights, resulting in the laying up of numerous steamers 
bracket fixed to one of the connecting diaphragms. |and an almost complete stoppage of shipbuilding 
The limber is similar in construction to the car- | Orders. He questions the truth of the statements that 

: but is fitted with a centre pole instead of | Warrants at present prices are being taken up, as_he 
riage, Dut 1s ; ‘ P : | believes that before there is any upward movement prices 
shafts as in the ordinary limbers. The limber | must drop to about their old level; and even then, he 
| boxes are of steel, and are partitioned for projec- | says, unless trade takes a decided turn for the better they 
‘tiles and cartridges, the former of which stand on | will hang for a considerable time. The number of blast 
india-rubber washers in wood trays, while the heads | furnaces in actual operation is now 83, as compared with 
fit into recesses cut in wood blocks fitted to the | 83 at the F een “Sak cae eee Sng yay 
lids. The near box is provided with a small | against 5353 in the corresponding week of last year. They 
compartment with hinged door at the rear, and /|jncluded 340 tons for the United States, 1120 tons for 
/contains a Scott’s telescope sight with which the gun | Canada, 425 tons for Australia, 185 tons for France, 552 
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tons for Germany, 510 tons for Holland, 155 tons for 
Belgium, 190 tons for Spain and Portugal, smaller quan- 
tities for other countries, and 4812 tons coastwise. The 
following are the current quotations for some No. 1 
special brands of makers’ iron: Gartsherrie, 60s.; Clyde, 
60s. 6d ; Summerlee and Glengarnock, 61s.; Langloan 
and Coltness, 62s. 6d.; Shotts (at Leith), 62s. 6d.; Calder, 
66s.; Carron (at Grangemouth), 65s. The stock of pig 
iron in Messrs. Connal and Co.’s public warrant stores 
yesterday afternoon stood at 726,395 tons, as compared 
with 732,486 tons yesterday week, thus showing for the 
week a decrease amounting to 6091 tons. 


Shipments of Machinery, d&c., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from 
the Clyde, reported last week, included the following: 
Locomotive engines for Madras and Natal, of the value 
of 7143/.; sugar-crushing, tea-preparing, textile, and 
other machinery, chiefly for Cuba, Melbourne, the 
Mediterranean, Bilbao, Canada, Natal, Italy, Colombo, 
and Antwerp, valued at 18,000/. ; sewing machine parts, 
of the value of 400/., chiefly for Italy, the Cape, Mar- 
seilles, Antwerp, and New York; blooms, billets, plates, 
bars, tubes, and other steel goods, valued at 8236/., chiefl 
for Natal, New York, Canada, the Cape, Melbourne, Cal- 
cutta, Philadelphia, Ttaly, and Dunedin ; pipes and other 
castings, plates, sheets, bars, tubes, bridgework, girders, 
frames, sleepers, &c., valued at 23,600/. 


The Coal Trade.—In the Glasgow coal market to-day, 
main and ell coals were reported steady, with plenty 
demand for the whole of the current output. Steam coal 
is fairly steady, but the supply is more plentiful and 
large buyers are obtaining slight concessions. Splint coal 
meets with a quiet sale at barely former prices. There is 
a distinctly easier market for triping and dross for the 
public works. The best qualities of coke are in demand 
at steady prices, but furnace and inferior cokes are 
reported to be full in supply and easier in price. The 
following are to-day’s prices at Glasgow Harbour : 


F.o.b. per Ton. 

. & &. @ 

Splint aa ‘ 9 Oto 9 8 
in coal te aie ine 8 6, & 9 
Steam ... eax aaa a 10-9: 255-2 
Ell ae ea 90,10 8 


Ayrshire coal, 8s. 9d. to 9s. f.o.b, at Ayrshire ports. 


Steel Trade.—There have lately been some reports of new 
orders for shipbuilding steel having been placed, but so 
far, these have not been confirmed. Most of the steel 
works are still engaged on orders placed a number of 
months since, but fresh orders are scarce. Prices have 
now been reduced very materially, in some instances to 
the extent of 7s. 6d. per ton. Ship plates are generally 
quoted at 7/. per ton, boiler plates at 8/. per ton, and 
angle bars at 6/. 5s. per ton, all less 5 per cent. discount 
for delivery in the Clyde district. 


Finished Iron Trade.—There has lately been a some- 
what improved tone in the finished iron department 
throughout Lanarkshire. Prices have declined. The 
lowest grade of common bars are quoted at 5/. 17s. 6d. per 
ton, second grade at 6l. 15s., and the highest grade at 
7l., with the usual extra 10s. per ton for best ; sheets are 
selling at 8/. 5s., and hooks at 7/. 5s. per ton, all less the 
usual trade discount of 5 per cent. There are still large 
orders for unbranded iron in the market, and for this 
class of material makers are now quoting 5/. 5s. net per 
ton. 


Royal Society of Edinburgh.—An ordinary meeting of 
thisSociety was held on Monday night, Lord McLaren, vice- 
president, in the chair. Dr, Alexander Buchan, secretary 
of the Scottish Meteorological Society, communicated a 
note on a “‘ Difference between the Diurnal Barometric 
Curves at Greenwich and at Kew.” Dr. Sang read a 
paper on the “‘ General Formule for the a of Light 
through a Spherically arranged Atmosphere.” Dr. Buchan 
also had a communication on a ‘‘ Remarkable Barometric 
Reading at the Ben Nevis Observatory, on April 8, 1890.” 
The barometric depression occurred at from 8 to 9 o’clock 
p.m. on the day mentioned. It was sudden and un- 
attended by any change of wind, but was accompanied by 
two sudden depressions of temperature to the extent of 
3 deg. or 4deg., a phenomenon quite unique in the 
history of the observatory. 


Dundee Mechanical Society.—Last Thursday night the 
members of the Dundee Mechanical Society visited 
University College (Mechanical Laboratory), whew they 
were received by Professor Ewing and Mr. Reid. Pro- 
fessor Ewing, after explaining the principle of workin 
the large testing machine, broke some steel bars an 
crushed pieces of wood. The members were then shown 
the experimental engine (marine type), which has been 
constructed to work under all conceivable conditions, 
Indicator diagrams were taken by Mr. Reid, showing the 
conditions under which it was running at thattime. The 
professor then } pene out a number of other interesting 
appliances, an a ge their uses, A vote of thanks 
was as grog by Mr. George C. Douglas, C.E., vice- 
ne % to Professor Ewing and Mr. Reid and heartily 
aw: ; 


Telephone Extension in Sco!land.—There was a large 
gathering in Edinburgh yesterday of gentlemen interested 
in telephone progress, for the purpose of learning what 
has — been done in the way of laying and complet- 
ing trunk lines between Edinburgh sad Danton idin- 
burgh and the border towns, and Edinburgh and Glas- 
=. A most interesting demonstration was given by 

r. A. R. Bennett, general manager to the National 
Telephone Company, who also detailed the extraordinary 
extension of the telephone in Scotland. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLEsBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
good attendance on ’Change at the weekly iron market, 
and the feeling was better than it has been of late. The 
amount of business done, however, was but small, buyers 
being unwilling to give prices asked by sellers. Early in 
the day a few small lots of No. 3 g.m.b. Cleveland pig 
iron changed hands at 41s. 6d., but later in the day 
41s. 9d. was paid, and several sellers would not accept 
less than 42s, There was more inquiry on forward 
account than has been the case for some time past, but 
few contracts were entered into. The general quotation 
for delivery of No. 3 to the end of the year was 42s. 6d. 
Middlesbrough warrants were steady, but few transactions 
in them were recorded. As a matter of fact they are 
now becoming scarce, Messrs. Connal, the warrant store- 
keepers, only holding in the Cleveland centre some 97,000 
tons. Yesterday they opened at 41s. 5d. and advanced 
to 41s. 7d. cash, which was the closing price of buyers. 
For cash in a month Middlesbrough warrants were 
41s. 9d., but holders as a rule were by no means anxious 
to ye me of warrants. To-day the market opened rg | 
and the general quotation for prompt delivery of No. 
was 42s, Middlesbrough warrants gradually advanced 
to 42s. 3d., but they afterwards declined and closed with 
buyers offering 41s. 10d. cash. Mixed numbers of east 
coast hematite makers’ iron were obtainable at about 54s. 
Altogether prospects are certainly brighter than they 
have been during the past week or two, and the general 
opinion appears to be that quotations will now steadily 
improve. It must be remembered, however, that the 
months of June and July are as a rule noted for poor 
shipments of iron, as Continental consumers are not 
buying at this season of the year. In spite of this fact, 
however, many people largely interested in the iron trade 
express the belief that matters will continue to improve 
and regard the outlook as very satisfactory. 


Manufactured Iron and Steel.—We are glad to be able 
to report some improvement in the manufactured iron and 
steel industries. The outlook is certainly better than it 
was when we last reported, and producers are nothing 
like so despondent as they were a little while ago. Many 
of them now regard prospects as bright and speak very 
hopefully of the early future. Inquiries are better than 
they were a week ago, and quotations are firmer. Common 
iron bars are 5/. 15s. per ton, iron ship plates 5/. 7s. 6d., 
and iron ship angles 5/. 2s. 6d.—all ps the customary 
24 per cent. discount for cash. Inquiries for steel rails 
are reported now to be fairly numerous and heavy sections 
are quoted 5/. per ton. Steel ship plates are 6/. 7s. 6d., 
and steel angles 6/. 2s. 6d.—all at works. 


Engineering and Shipbuilding.—Engineers and ship- 
builders in the North continue busy, but the amount of 
work which is now being turned out is considerably less 
than it was a few months ago. In several of the ship- 
building establishments vacant berths are to be seen, and 
just now there is not so much certainty of filling the 
empty spaces as there was some time since. New con- 
tracts are very difficult to secure. 


The Fuel Trade.—Coal and coke are steady, the latter 
material for blast furnace purposes is obtainable at 
13s. 6d. per ton. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—Steam coal has been in steady demand, and 
previous prices have been well maintained. The best de- 
scriptions have made 15s. to 15s. 6d. per ton, and good 
dry coal 14s, to 14s. 6d. per ton. House coal has shown 
scarcely any alteration ; No. 3 Rhondda has been quoted 
at 14s. to 14s. 3d. per ton. Patent fuel has been in steady 
demand, but coke has been rather inactive, and prices 
have shown a downward tendency ; foundry pig has been 
quoted at 20s. to 21s. per ton, and furnace ditto at 18s. 6d. 
to 19s. per ton. 


East Usk Railway.—A Bill authorising the construction 
of this line has received Parliamentary sanction. The 
construction of the line is to be proceeded with at once. 
The east bank of the Usk is considered to be well adapted 
for iron works. 


Briton Ferry.—A blast furnace was re-started here on 
Monday. The furnace has been remodelled by the Briton 
Ferry Works Reconstruction Company for making hema- 
tite pig. The blast was put on by Lieutenant Davey. 


Burnham.—Sir G. Elliot, M.P., has visited Burnham, 
in company with two engineers and the dock master at 
Newport, for the purpose of making a further inspection 
of the Brue and its estuary, where it is understood the 
hon. baronet has it in contemplation to provide dock 
accommodation. Sir G. Elliot has purchased between 
forty and fifty acres of land extending from the mouth of 
the river to the Somerset and Dorset Railway, with which 
his newly acquired property is directly connected. 


The Electric Light at Bristol.—On Tuesday the Bristol 
Town Council discussed the a of lighting the city 
by electricity. The mayor (Sir Charles Watken) stated 
that upon Mr, W. H. Preece’s recommendation, the com- 
mittee which had been considering the question proposed 
to invite tenders for experimentally lighting the central 
part of Bristol. The committee’s recommendation met 
with much opposition, it being argued that the day for 
experimenting with the light was ae. It had Sse 
established in many towns in the West of England, and 
Bristol should go in for a larger scheme than the com- 
mittee proposed. Upon the question being voted upon 
an amendment was adopted by a large majority that the 
electrical committee should bring up a large scheme of 





supplying the city with electricity, and should at the 
same time keep the supply in the hands of the council. 


South Wales University College.—Messrs. G. Insole and 
Sons, of Cardiff, have promised 50/. per annum for five 
—— to the proposed engineering department at the 

uth Wales University College. 


_The Electric Light _at Swansea.—Arrangements for 
lighting the Swansea Harbour Estate by electricity have 
been completed, and the docks and neighbourhood are 
illuminated nightly by the new installation. The previous 
installation had aoyeg a comprised the Prince of Wales 
dock and the pier; but the trustees, finding the system 
work well, and taking into consideration continual com- 
plaints made as to fatalities in the docks through insufti- 
cient lighting, to say nothing of the cost of gas, resolved 
to light the whole estate by electricity. e@ work was 
entrusted chiefly to Mr. Polyblank, assistant engineer to 
the trust. An engine-house had to be erected near the 
Cuba Inn, St. Thomas, where the engines of an old 
dredger, which were found to answer the purpose of a 
motor, have been refitted to supply the power required 
for the area to be lighted. 


The Welsh Ports.—The tonnage movement of the 
Welsh ports last year was as follows : Cardiff—entrances, 
6,027,420 tons; clearances, 6,352,428 tons. Llanelly— 
entrances, 186,291 tons; clearances, 185,837 tons. Mil- 
ford—encrances, 339,100 tons; clearances, 337,274 tons. 
Newport—entrances, 2,177,600 tons ; clearances, 2,161,583 
tons. Swansea—entrances, 1,383,760 tons; clearances, 
1,398,225 tons. Last year’s entrances at Bristol were 
1,267,730 tons, while the clearances were 1,263,504 tons. 


Ebbw Vale Steel, Iron, and Coal Compiny, Limited.— 
The report of this company for 1889-90 was issued on 
Saturday. The gross profit for the year ending March 
3lst last, amounted to 83,439/., from which has to be 
deducted expenses of head office and legal expenses, 7382I., 
and interest on debentures and fully paid-up shares, 
21,756/., together 28,959/., leaving 54,4791. From this 
again has to be deducted the debit balance from the 
ag wine year’s account, 5104/., and 22,0987. written off 
or depreciation of property, together 27,132/., leaving a 
balance of 27,346/., out of which the directors recom- 
mend the payment of a dividend of 7s. per share, free 
of income tax, absorbing 26,066/., and leaving 1280/. to 
be carried forward to next year’s account. An outlay of 
33,0007. on account of new work during the year was 
incurred entirely on new pits, which are being sunk at 
Graig Fawe. The sinking of these pits has been rendered 
necessary—first, for developing a large breadth of virgin 
coal, and, secondly, to take the place of some of 
the older pits, at many of which the workings are 
so distant that the cost of getting coal is heavy 
and constantly increasing. Although the selling prices 
during the year ending March 3lst last are higher 
than in the preceding one, the highest prices were only 
reached in the latter part of it. On the other hand, the 
advances in wages have materially increased the cost of 
production ; but without taking a too sanguine view of 
the future the directors feel justified in oe Oe the 
os for 1890-1 are more hopeful than they have been 
or many years past. 


Silt Removal.—The Swansea Harbour Trustees, in order 
to bring into use Mr. Tydeman’s apparatus for the re- 
moval of silt, have purchased a twin-screw steamer named 
the Princess, which is now being specially fitted out on 
the Ribble. The Tydeman system is based upon pump- 
ing machinery which has the effect of keeping mud in solu- 
tion till it isscarried away with the outgoing tide. 


Gas at Cardiff.—The General Purposes Committee of the 
Cardiff Town Council has decided not to proceed with the 
purchase of the local gas works, as recommended by a 
special sub-committee. The decision not to purchase was 
arrived at by a vote of seventeen to five. The sum pro- 
posed to be given for the works was 505,000. 





Vancouver. — Vancouver is now a bustling city of 
17,000 inhabitants, with nine ocean steamship | a 
already established, and three fast steamers for an Aus- 
tralian line will soon be added. 





TownsvILLE.—It is understood that the Queensland 
Government has decided to proceed at once with an 
extension of the western breakwater at Townsville. The 
work will involve an expenditure of over 30,000/. 





Tue Paciric Coast.—A proposal to build a coast-line 
railroad from Portland, Oregon, to Lower California, is 
engaging the attention of a syndicate of capitalists on the 
Pacific coast. 





WorkinG EXPensss ON THE UNION Paciric RaILRroap. 
—The ratio of the working expenses to the traffic receipts 
of the Union Pacific Railroad stood last year at 63.97 per 
cent. The corresponding ratio in 1888 was 65.50 per cent. ; 
and in 1887, 61.87 per cent. 





Sreet RaILs in GERMANY.—Steel rail prices are tending 
downwards upon the German markets. ta of Essen, 
has just tendered at Berlin for 3420 tons at 8/. per ton. 
A few weeks since the same firm was asking 8/. 10s. yee 
ton. 


New Sovutn Wats Raitways.—The New South Wales 
Minister of Works contemplates submitting to Parlia- 
ment at the earliest opportunity a proposal for a railway 
from Cobar to Cockburn, on the South Australian border, 
via Wilcannia and Broken Hill. If practicable the con- 
struction of the line will be proceeded with at four pl aces, 
viz., Cobar, Cockburn, and both sides of the Darling at 
Wilcannia. 
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Ir is now more than two years ago since we described | this country by Messrs. Boyle, Campbell, Buxton, and | works of Messrs. William Baird and Co., of Glasgow, 
(in EnGrngeertne, November 11, 1887) a form of coke | Co., of 80, Lombard-street. A large circular oven of | and we expressed the hope that at some future period 
ovens patented by Dr. von Bauer, and introduced into | the type then illustrated was being erected at the| we might have something more to say of the perform- 
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A comparison of the engravings published on the 


ance of these coke ovens. The circular form, at that | have fully realised the expectations of its inventor, or 
present and opposite pages with those of the circular 


date the latest, and according to its originator most at least has not proved so fully satisfactory to the 

perfect form, was on its trial, and, as is often the | more practical mind of the large coke producers in this| ovens given iniour‘previous notice will show that the 
case, experiments, particularly on so large a scale, | country, since no more ovens of this type appear to| general principle of the Bauer system remains the same, 
often require very much longer periods to perfect | have been built, but manufacturers have rather re-| the alternate coke and regenerator chambers being now 
than it is at first anticipated. We believe we turned to Dr. von Bauer’s rectangular arrangement, | arranged side by side in a double row, while main 
are correct in asserting, that for some time, these |as erected at the Creusét and numerous other Con-| flues for the combustion gases run along the tops of the 
new ovens proved a source of considerable anxiety | tinental works, adopting however various further im-| chambers near the front and discharge into chimneys 
both to their inventor and to Messrs. Baird and Co.; it | provements introduced by the inventor since the! placed in convenient positions. 

is, however, gratifying te learn that they are giving | erection of the previously mentioned ovens, and it is) The coking chamber E, see Fig. 2, with its chargin, 
satisfaction now, after being fitted with a complete | of this latest type that we propose to lay before our opening at the top, its curved back and base, an 
arrangement of bye-product plant. Notwithstanding, | readers engravings and descriptions as well as the re-| large discharge opening in front, communicates at the 
however, the circular arrangement does not appear to | sults of working. sides through openings ff! arranged at various heights 
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with the combustion chamber G, where the gases are 
mixed with air admitted from the outside through pas- 
sages H, see Fig. 1, forming a combustible gas of high 
heating power, which by ~ of passage h is conducted 
to the channel j below and along the back of the coking 
chamber, and then through i into the upper chambers 
G', heating by their combustion the upper part of 
the walls of the coking chamber E before they are 
_—— through the passages //' into the main 
ue é!, 

The air before it mixes with the retort gases is heated 
by passing through long passages in contact with the 
heated walls, and the amount of air can be care- 
fully regulated by slides. Additional air inlets with 
valves are provided near the top of the ovens at H' 
(see Fig. 1), and the combustion gases can be also re- 
tarded in their flow to the chimney by valves at 7. 
As will be seen, the illustrations are, respectively, 
Fig. 1 a cross-section through the combustion, and 
Fig. 2 through the coking chambers, Fig. 3 longi- 
tudinal elevations and sections on various lines marked 
in their respective places, and Fig. 4a plan on different 
levels; in all these views the corresponding parts are 
marked with the same letters, and it is easy to trace 
out the courses of the gases and air through the various 
passages and chambers, ultimately discharging into 
the chimneys. 

With this apparently somewhat complicated com- 
bination of coking chambers and combustion chambers, 
Dr. von Bauer obtains very good economical results, 
converting nearly the whole amount of fixed carbon 
into coke without apparently any waste. In our 
previous notice we gave some figures showing the re- 
sults obtained at the Creusdt Works, while we are 
now enabled to give the result of some carefully con- 
ducted trials at the Carlton Iron Company’s Works, 
where a plant of forty of these coke ovens was 
erected in 1888, giving satisfactory coke from all 
the various mixtures charged into them. With a 
view to obtain actual figures, special trials were 
made in April of this year, 124 tons of coal being 
used, of which 65 tons 16 cwt. was washed East 
Howle coal, while 58 tons 4 cwt. was unwashed coal 
obtained from various collieries, and while the former 
is a fairly good coking coal the latter vary much in 
quality and contain a large amount of volatile matters. 
Samples of these coals were taken out of each barrow 
by the weighmen and carefully analysed and we have 
it on the authority of Mr. A. Stephenson, works 
manager of the Carlton Iron Company, Limited, that 
of a total of fixed carbon and ashes of 69.65 per cent. 
in the coal, 69,44 was returned as coke, the time 
required for coking beiog twenty-four hours. The 
proportion of large to small coke was_ satisfactory, 
there being only about 6 tons of small in a total 
of 86 tons of coke obtained from 124 tons of coal. 
This proportion of small coke is, however, still 
considerably reduced, we are informed by the 
constructor, in all places where the travelling belt 
is used for the transit of the coke from the 
ovens to the trucks. Of this arrangement we give 
an illustration on page 278 prepared from a photograph 
taken at the Creusot Works ; it consists of an endless 
metallic chain, supported on rollers and so arranged 
that it travels slowly in front of the discharge open- 
ings of the ovens. When the door of a chamber is 
opened the coke runs, owing to the shape of the 
coking chamber, with but very little assistance from 
the attendant, on to the traveller, where it is quenched 
by water sprays, which can be regulated at will. 
The belt discharges the coke, practically without 
handling, into the trucks, as shown by our illustra- 
tion; thus a great saving of labour is effected, and 
we are informed that a foreman with three labourers 
can attend to a group of forty ovens. With such 
good results obtained, it is little wonder that the 
works adopting these improved coke ovens are increas- 
ing, and we learn that Messrs. Merry and Cuning- 
hame are now erecting twenty ovens at their Glen- 
garnock works for the coking of Scotch coal. The 
experience so far gained in this country certainly 
seems to show, that owing to thehigh temperature 
obtained in the regenerative flues by burning the gases 
with a suitable admixture of atmospheric air, coals of 
almost any composition can either by themselves or 
as mixtures be used to produce sound hard coke 
suitable for blast-furnace work, and since none 
but the volatile gases are utilised to produce the 
necessary heat, nearly the whole of the fixed 
carbon is converted into coke, while in addi- 
tion any of the volatile gases not required for the 
coking process may be condensed and utilised for bye- 
products. Dr. von Bauer has found that about 16 per 
cent. of gases are necessary for the combustion, but 
since, for instance, our Durham coals contain as much 
as 30 per cent. of volatiles they leave a handsome 
margin for obtaining bye-products, and these ovens 
are all so constructed that the bye-product condenser 

lant may be fitted to them at any time. At Messrs. 

ird and Co.’s works, one of these plants is in full 
pings 2 giving very satisfactory results, but the ovens 
can worked either with or without the bye-pro- 
duct plant to suit variations in the coal. 





HEAVY LOCOMOTIVES. 
To THE EpITor oF ENGINEERING. 

Srr,—In your issue of April 11 you kindly inserted a 
letter from me on ‘‘ Heavy Locomotives,” dealing with 
the weight of the new Fairlie engines for the Mexican 
Railway. Since then I have m comparing the draw- 
ings and principal dimensions of the original Mexican 
Fairlie engines, built about 18 years ago—when I had the 
honour of being in Mr. Fairlie’s employment—with those 
of the new engines, published in your number of 
March 14. 

By this comparison I find that the first Fairlie engines 
sent out to Mexico had four cylinders 15 in. in diameter 
by 22 in. stroke and 12 wheels 3 ft. 6 in. in diameter ; the 
total heating surface was 1687 square feet, the tanks 
contained 2200 gallons, the coal bunkers 20 cwt., and the 
wood crates 180 cubic feet, while the weight in working 
order amounted to about 60 tons. These engines havin 

roved deficient, as regards the firebox capacity for w 

urning, while the contents of the wood crates had also 
to be augmented, the next supply of 10 Fairlie engines 
for Mexico had the following principal dimensions : 
Four cylinders 16 in. in diameter by 22 in. stroke, 12 
wheels 3 ft. 6 in. in diameter, total heating surface 1800 
square feet, capacity of tanks 2200 gallons, coal bunkers 
20 cwt., wood crates 300 cubic feet. The weight of these 
engines in working order was stated to be about 62 tons. 

Now, the new Mexican engines, published in Enat- 
NEERING of March 14, are in all essential points identical 
with these latter 62-ton engines, except the contents of 
the water tanks, which have been raised from 2200 to 
2850 gallons, making thus 650 gallons, or say 3 tons, more 
weight. But the weight of the new engines being given 
as upwards of 92 tons when full, it is quite evident that 
there must be something wrong ‘‘in the State of Mexico.” 
Either the weights of the former engines have been under- 
rated, or the 92 tons are an error and should read ‘“‘ up- 
wards of 62 tons.” Pending the information of those 
who know, I am inclined to rate the former engines 
heavier, bearing in mind the very similar Fairlie engine 
which I saw at Taunton, in the United States, and which 
Mr. Mason told me to weigh upwards of 70 tons in 
working order. Perhaps some of your American corre- 
spondents will be so kind to tell us whether this fine 
engine, called the Janus, is still alive. 

‘he Mallet articulated compound tank engine for the 
Gothard Railway is of the following ns imensions : 
Two high-pressure cylinders 154 in. in diameter, two 
low-pressure cylinders 224 in. in diameter, the stroke 
being in both cases 25 in., 12 wheels 4 ft. in diameter, 
total heating surface 1700 square feet, pl of tanks 
1800 gallons, coal bunkers 4 tons. As this engine will 
weigh about 84 tons when fully equipped, a comparison 
of the leading proportions just given with those of the 
original Mexican Fairlie engines must lead to the con- 
clusion that the weights of these latter engines have been 
considerably underrated indeed, and that the weight 
given for the new Fairlie engines, viz., 92 tons, comes up 
nearer the mark. 

These heavy Mexican engines, like those great articu- 
lated compound tank engines now building at Munich 
for Swiss Alpine Railways, are undoubtedly the most 
remarkable specimens of locomotive engineering ever 
devised, and any correct information appertaining to 
them will always command the universal attention of our 
profession. 

Tan, Sir, yours faithfully, 
Munich, June 14, 1890. A. BRUNNER. 








THE NEW CODE AND TECHNICAL 
INSTRUCTION. 
To THe Eprtor OF ENGINEERING. 

S1r,—The Science and Art Department must be con- 
gratulated on the instructions which they have issued as 
to the manner in which grants may be earned by teachers 
who give technical instruction in elementary schools. 
They have laid down a scheme under which all the older 
boys in elementary schools shall be grounded at least in 
the prime necessities of technical instruction. —_— 
and instruction in the use of tools in handicrafts in w 
or iron are the bases of technical instruction, and these 
the department has decided must be taught the pupils 
before any grant can be earned. 

Formerly a schoolboy could attend any class in science 
and with a little reading up and less coaching by the schoo 
teacher in examiner’s points, he could, by passing first 
class, obtain a bonus of 2/. for his teacher. Now that is 
all over. No schoolboy may now present himself at any 
of the science examinations. The efficiency of the pupil 
is now to be the primary consideration, and not the 
school teacher’s bonus of 2/. The boy must be confined to 
drawing and the use of tools, and he must qualify in these 
or no grant is allowed. This is as it eae be. 

Of course there will be a little opposition raised to the 
decision of the department. The school teacher who has 
alone benefitted by the existence of the Science Depart- 
ment will not let the possible 2/. bonus slip from him 
without a protest. A 2/. bonus is better than the ordinary 
17s. 6d. grant, and the department must expect to find the 
ordinary newspapers for the next few weeks flooded with 
letters from injured school teachers. Already this has 
begun. The teachers do not of course say in these letters 
that it is their rights about which they are agitated. 
Oh, dear no. It is the interests of science and the _— 
of their dear pupils which causes them to write these 
plaintive epistles. For example, I noticed a letter the 
other day in a country paper in which the writer says 
that the Science Department, by issuing Circular 40, 
has struck a fatal blow to science teaching, and he thinks 
that they must have made a mistake. It is very sad; but 
on consideration it will be found that it is not science 


teaching nor the technical training of the pupil which 
has received the fatal blow. It is only the pretensions 
of school teachers to give instruction in that for which 
they are not fitted, and the bonus of 2/., which has re- 
ceived the fatal blow. 

The department does not confine itself to keeping the 
school teacher in his proper place and confining him to 
giving instruction in the three R’s, and honestly earning 
the 17s, 6d. grant. The department does not intend to 
have technical instruction given in the loose fashion of 
the London School Board. The department intends to 
insist on technical instruction being given by properly 
— men, or no grant will be allowed. The Science 

epartment, in its order on manual instruction, says, 
‘“* The work must be done from drawings to scale previously 
made by the students.” This is excellent, but better 
remains behind. ‘‘ The instruction,” adds the Depart- 
ment, ‘‘may be given by one of the regular teachers of 
the school if he is sufficiently qualified ; if not, he must 
be assisted by a skilled artisan.” So school teachers 
will see that the department has not struck a blow at 
science teaching, but has rather determined that the 
technical instruction as well as the science teaching of 
boys in elementary schools shall be laid down on a 
proper basis and — in the only possible manner. 

he only fear is that the department will not stick to 
its own instructions. hen Mr. Cuninghame Graham, 
in his speech on the code in the House of Commons, 
insisted that the technical instruction should be given by 
properly qualified artisans and draughtsmen, he was 
»00h-poohed down by members who are supposed to 
now something about the matter. Sir B. Samuelson 
rose after Mr. Cuninghame Graham, and ventured 
the opinion that all that was wanted was to instruct the 
pupils in the use of tools and drawing. Six weeks under 
a former examiner of the department would enable any 
teacher to give this instruction. To this Sir William 
Hart Dyke, with his usual ignorance of the subject, cried 
‘‘Hear hear.” It is satisfactory, however, to know that in 
spite of the “hear hear” of Sir William Hart Dyke, the 
epartment has decided that technical instruction is only 
to be given by — qualified men. Colonel Donnelly 
may have a little trouble due to school teachers agitating 
for the status quo ante, but if Colonel Donnelly preserves 
his usual stiffness of back he will earn the gratitude of 
the country. 
I am, Sir, yours truly, 
GEO. HALLIDAY. 








THE SMOKE NUISANCE. 
To THE Epitor or ENGINEERING. 

Srr,—The reports of the influential meeting held at the 
Mansion House on the 21st ult. to promote the views of 
the newly-formed Committee for Testing Smoke-Prevent- 
ing es, seem to require to be supplemented by a 
few itional facts in order to prevent any misunder- 
standing as to the nature of the objects and aims of the 
committee. 

The origin of the organisation was as follows: 

The Society founded to prevent the pollution of the air 
in Manchester and the neighbourhood, has been trying for 
several years by various means to effect its objects, but 
has experienced great hindrance from the prevailing 
ignorance of the laws of combustion, and the inability of 
manufacturers to determine what appliances or what 
methods would act well under the varying conditions 
existing at their respective works. Many of them have 
expended considerable sums in the purchase of mechanical 
stokers, &c., relying mainly upon the claims put forward 
so confidently by the makers of such appliances. In 
some instances these claims have not been realised, not 
always because the appliance was of itself defective, but 
sometimes because the conditions necessary to its efficient 
working were not present. The manufacturers who were 
thus disappointed of the results expected are disheartened, 
and instead of helping on the cause are led to disbelieve 
in the possibility of smeke abatement. It has been felt 
that as long as this state of things is allowed to continue, 
any improvement must necessarily be very slow, except 
by a drastic application of the law. which in practice is 
impossible in districts where the chief offenders are them- 
selves among the administrators of the law, and where 
the majority of the magistrates believe that smoke cannot 
be prevented without unduly hampering the trade of the 
district. If the law could be sigitly ialewced each manu- 
facturer would be compelled to attempt todo for him- 
self, at great disadvantage, what this committee now 
proposes shall be done as fully as possible for all, by a 
voluntary co-operative effort. The course of action which 
the committee intend to follow is shown by quoting the 
following : 

Proposed Scope of the Work.—The collecting of infor- 
mation respecting the efficiency and general value to 
the coal consumer, of smoke-preventing appliances or 
methods, by the following means : 

1. Collation of the results of past experience. 

2. Examinations or tests to be conducted by experts 
appointed by the committee, at places where the appli- 
ances for, or methods of consuming coal smokelessly, 
are already at work, with the object of ascertaining 
whether under ordinary working conditions, i.¢e., with 
ordinary workmen, ordinary coal, and under varying 
demands for work, these methods or appliances do pro- 
duce or are accompanied by 

(a) Practical freedom from smoke. 

(b) Reasonable amount of duty. 

(c) Economy of fuel. 

(d) Moderate cost in wear and tear and simplicity of 
construction. 

(ce) Moderate cost of application. 

3. Examinations or tests to be conducted on premises 





temporarily occupied, and furnished with boilers, chimneys, 
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and apparatus, of such appliances or methods as cannot 
be adequately tested where they are in use and which are 
of sufficiently promising and distinct a character. 
4. Issue of a report embodying the results of the com- 
mittee’s operations. 
Towards the expense of carrying out this scheme manu- 
facturers are asked to contribute a voluntary rate of 10s. 
r boiler, and the public generally, who are equally in- 
terested in the suppression of the wide-spread evil of 
smoke in our large towns and their populous neighbour- 
hoods, are invited to aid. by subscriptions and donations. 
Contributions may be sent to the treasurer, Mr. George 
C. Haworth, J.P., Ordsal Mills, Salford, or the secretary, 
Mr. Fred. Scott, 44, John Dalton-street, Manchester. 
ALFRED E. FLETCHER, 
Chairman of the Executive 
Committee, H.M. Chief In- 
spector under the Alkali, 
&c., Works Regulation Act. 
HeErBeER’ PuIrips, 
Deputy Chairman, Chair- 
man of the Manchester and 
Salford Noxious Vapours 
Abatement Association. 





COMPOUND LOCOMOTIVES. 
To THE EDITOR OF ENGINEERING. 

Str,—The abridged reports on results obtained by 
various Royal Prussian railway directions with compound 
locomotives, which appeared in Mr. Harold Hawkins’s 
letter in your issue of the 6th inst., as extracts from a 
paper by Mr. Stambke, of Berlin, are most interesting 
Le Mess thi but the main conclusion drawn from 
them by the Prussian Ministry of Public Works, of which 
Mr. Stambke is the chief technical adviser, must neces- 
sarily be of even greater value. 

May we therefore be permitted to point out that the 
paper in question concludes with the important statement 
that, considered as a whole, and in view of the daily 
increasing traffic, the proved advantages of compounding 
in increasing the efficiency of the locomotives will force 
on the decision (which in Mr. Stambke’s opinion will 
probably be in favour of compounding) as to whether it 
will not be necessary, in the immediate future, to adopt 
this principle on the Prussian States railways for all 
locomotives except such as are solely intended for shunt- 
ing purposes? ‘ 

i is of interest to observe how exactly this accords 
with the views prevailing in Russia as mentioned in the 
most interesting paper by Mr. Urquhart, which is also 
referred to by Mr. Hawkins. 

A remark appears in the report from one of the Royal 
directions, as quoted from the letter in question, which 
appears to imply a deficiency in tractive force for starting 
in the case of compound locomotives fitted with the 
Lindner starting gear. May we therefore beg, as the 
representatives of the Lindner system, to be allowed to 
point out that the locomotive upon the performance of 
which this remark was based was not supplied with the 
later improvement by which the steam is led from the 
— instead of from the main steam pipe? 

o complaint as to tractive force has been since made 
from any railway, and nearly 100 locomotives on the 
Lindner system are already in traffic or building for 
various railways, amongst which figure several recently 
ordered for Royal Prussian State lines. 


Yours rae: 
OPE AND Co, 
18, St. Dunstan’s-hill, E.C., June 18, 1890. 





PATENT OFFICE LIBRARY, 
To THE Epiror oF ENGINEERING. 

S1n,-—I see in ENGINEERING of to-day ‘‘Subscriber ” 
states that ‘‘ the new rule rendered the search in my case 
an imperfect one.” my ? j 

My visits to both British and Patent Libraries are and 
have been for searches in business matters, which require 
great care and attention—often lasting for many days 
together, and frequently longer. 

instanced the British Museum as showing the time 
required to obtain a work, in contrast to that at the 
Patent Office, and I am quite at a loss to see how “the 
use and service of these scientific and engineering journals 
is reduced ‘to any appreciable degree’ by the closing of 
the wing containing them.” : 

The wing containing the volumes is not ‘‘ closed.” 
Any one requiring volumes from there can have them 
brought him by an attendant on asking for them. Before 
this regulation, it was a very inconvenient proceeding to 
try and search in the limited space for visitors, amateurs 
and readers trying their best to cover the tables with 
two or more volumes each at the same time. 

It is quite true that “there are numbers of far less 
important books and bound periodicals on the library 
shelves to which the public have free access, which might 
be put into this particular wing, and the journals in 
question substituted in their place,” but until ‘Sub- 
scriber ” can show how he is going to make bound quartos 
and folios fit into shelves which were made for octavos, 
&c., it can’t be done. 

I am at a loss to see that Y peer precautions being 
taken to prevent mutilation and stealing of parts—and in 
some cases the whole of volumes—can be esteemed ‘‘ an 
extraordinary policy and against the first objects of the 
library ” by any one but ‘‘Subscriber,” and it is true that 
‘the same risk now exists with regard to all those other 
works,” but at present it has not been found necessary to 
arrange any extra precautions in their behalf. 

How is it that ‘‘ Subscriber ” does not bind up and kee 
his copies for reference? Does he pro to forwa 
them to the library to make up deficiencies, which—if he 





— them existing—he would be the first to complain 
of ? 


Your obedient servant, 


London, June 13, 1890. SATISFIED. 





STEAM LOOP. 
To THE EprTor or ENGINEERING. 

Sir,—This apparatus, described on page 712 of this 
week’s ENGINEERING, is an old friend of mine, of thirty 
years’ standing. I think the description of modus 
operandi somewhat mystifying, and that its action is 
simply due to the difference in temperature (hence 
difference of density) of the two vertical columns of water. 
Its action is improved by clothing the ascending pipe, 
and adding a small air vessel and cock, at highest point. 

ours, &c., 
CHRISTOPHER JAMES. 

{If Mr. James reconsiders the matter, he will see that 
the difference in density due to difference in temperature 
of the two water columns, is not sufficient to account for 
the working of the ‘‘steam loop.” It is a necessity to its 
action that the ascending column should not consist of 
‘solid ” water, but of mixed water and steam.—Ep. E.] 





LAUNCHES AND TRIAL TRIPS. 

THE steamer Chang-On, built for the Shanghai Mutual 
Steam Navigation Company, by Messrs. 8S. C. Farnham 
and Co., Shanghai, had a successful trial trip on May 1. 
She is a two-masted three-decked twin-screw steamer, 
and is intended for the Hankow passenger and cargo 
trade. Her length 1s 212 ft. 8in.; beam, 30 ft. 6in.; 
depth of hold, 12 ft. ; depth from promenade deck to 
keel, 27 ft. ; the promenade deck extends from end to 
end of the vessel, and on it are officers’ cabins, one cabin 
with bath room for European passengers, and saloon. 
The saloon deck is principally devoted to Chinese 
passenger berths, of which there are 102 aft, and 64 
forward. She is fitted with two pairs of inverted direct- 
acting compound surface-condensing engines of 85 
nominal horse-power. The high-pressure cylinders are 
16 in., and the low-pressure 32 in. with a 24 in. stroke. 
She has one cylindrical return tube boiler 14 ft. 9 in. by 
11 ft. Gin. built of mild steel with a working pressure of 
90 lb., and three ribbed furnaces. Her registered tonnage 
is 1010.1 tons. Gross tonnage 1367.73 tons, with a lower 
hold capacity of 587.11 tons. On her trial trip she made 
a poi of 124 knots per hour, with a draught of 7 ft. 
8 in. aft, and 4 ft. 6 in. forward; and on the return 
journey against the tide her speed was 11.4 knots. 


On Thursday, the 12th inst., the s.s. Tandil proceeded 
from the Tees on her trial trip. This vessel has been 
built for Messrs. Arthur Holland and Co., London, by 
Messrs. Sir Raylton Dixon and Co., Middlesbrough, and 
is the third vessel they have sent to sea for this firm. She 
is built on the web-frame principle. The leading dimen- 
sions are: Length over all, 287 ft.; breadth, 39 ft.; depth 
moulded, 21 ft. 3in.; with a deadweight capacity of about 
3300 tons. The engines have been fitted by the North- 
Eastern Marine Engineering Company, Limited, Sunder- 
land, and on trial gave every satisfaction, developing a 
speed of 11 knots. 








The trial trip of the City of Vienna, the latest addi- 
tion to the fleet of Messrs. George Smith and Sons, Glas- 
Row, took place in the Firth of Clyde on the 10th inst. 

he City of Vienna was built by Messrs. Workman, 
Clark, and Co., Limited, of Belfast, and is a steel screw 
steamer of 5000 tons. Her dimensions are: Length, 
412 ft.; breadth, 46 ft. 4in.; and depth, 29 ft. 34 in. 
She has three decks, the upper and main being of steel, 
covered with teak. One of the features of the vessel is a 
long bridge, which gives a fine promenade from forecastle 
to poop. The vessel is engined by Messrs. John and 
James Thomson, Finnieston Works, Glasgow. The 
engines are of the triple-expansion type, having cylinders 
33 in., 53 in., and 874 in., with 60-in. stroke, and are 
of 4000 horse-power. The boiler pressure is 160 lb. 
per square inch. There are four single-ended boilers 
with 12 furnaces, fitted with Howden’s forced draught. 
On trial on the measured mile the vessel attained a maxi- 
mum speed of 15 knots per hour, the engines working 
with sea smoothness and no heating. She has the 
usual fittings of first-class deep-sea steamers. The vessel 
is fitted up throughout with electric light, and has Kil- 
burn’s machinery for making ice. 





On Friday last the new screw steamer Talbot, lately 
launched by Messrs. S. M‘Knight and Co., Ayr, for Mr. 
J. Bacon, Limited, Liverpool, for their —- carrying 
trade between Liverpool, Swansea, and Port-Talbot, pro- 
ceeded on her official trial on the Forth of Clyde. The 
average speed she attained on the measu mile at 
Skelmorlie was 12 knots an hour, which was considered 
most satisfactory. The Talbot’s dimensions are: Length, 
180 ft. by 274 ft., by 134 ft.; 550 tons gross measure- 
ment. he machinery, which has been supplied by 
Muir and Houston, Glasgow, is triple-expansion, and the 
main_ boiler, which is of steel, is adapted for 160 lb. 
working pressure. 


On Monday afternoon Messrs. Ramage and Ferguson, 
Leith, launched a three-masted steel barque of 2000 tons 
net register, built to the order of Mr. W. S. Croudace, 
Dundee, for the Calcutta jute trade. The vessel, which 
is named Orion, is 269 ft. between perpendiculars, 41 ft. 
beam, and 26 ft. 3 in. deep. 


Messrs. Russell and Co. launched from their Kingston 
yard, Port-Glasgow, on Monday, a four-masted steel 
sailing barque, named Holt Hill, of 2350 tons register, to 


' carry 3750 tons deadweight. 





Length, 283 ft. ; breadth, 
43 ft.; depth, 24 ft. 3in. This vessel is owned by Messrs. 
Wm. Price and Co., Liverpool. 





Messrs. Russell and Co. launched from their Greenock 
yard on Tuesday a steel screw steamer named the Strath- 
avon, for Messrs. Burrell and Sons, Glasgow. Dimen- 
sions: Length, 300 ft.; breadth, 41 ft.; depth, 22 ft. 2 in.; 
and of 2500 tons. Messrs. Blackwood and Gordon, Port- 
Glasgow, will supply triple-expansion engines of 1500 
horse-power indicated. 





Messrs. David and William Henderson and Co. launched 
from their shipbuilding yard at Partick four steel sailing 
schooners, named respectively Mosquito, Avispa, Her- 
miga, and Arana. These vessels have been built to the 
order of Messrs. Jas. and Alex. Allan, of Glasgow, 
and are intended for their River Plate coasting trade. 
Their dimensions are 108 ft. by 27 ft. 6 in. by 10 ft. 3 in., 
with a gross tonnage of about 220 tons. 





The new steel awning-decked screw steamer Sama went 
on her official trial before being handed over to her 
owner, Mr. Jacob Christensen, of Bergen. She was built 
by the Abercorn Shipbuilding Company, and engined by 
Messrs. Hanna, Donald, and Wilson, Paisley. Her 
dimensions are 185 ft. by 28 ft. by 19 ft. 10 in., moulded, 
with the latest type of triple-expansion engines of 185 
nominal horse-power ; cylinders, 154 in., 25 in., and 40 in.. 
by 33 in. stroke; working pressure of boiler, 160 Ib. ; 
class, 100 Al at Lloyd’s. She is intended for the carrying 
of fruit between Cuba and New York, and has accomimo- 
dation for sixteen first-class passengers. The average 
speed on the measured mile was about 114 knots, with 400 
tons deadweight on board. 





Messrs. A. and J. Inglis launched on Tuesday from 
their yard at Pointhouse, Glasgow, the Gertrude, a steel 
screw yacht of 137 tons gross, built to the order of Mr. 
Heys, Belfast. Her dimensions are: Length, 126 ft. ; 
breadth, 18 ft. lin.; depth, 11 ft. 5in. he will be 
fitted by the builders with compound engines. 


On Wednesday, June 18th, Messrs. Sir Raylton Dixon 
and Co. launched from their No. 2 dockyard a steel screw 
steamer named Alfalfa, which has been built by them to 
the order of Messrs. Arthur Holland and Co.. London, of 
the following dimensions: Length ever all, 287 ft. ; 
breadth, 39 ft. ; depth moulded, 21 ft. 3in. ; with a dead- 
weight capacity of about 3300 tons. Her engines will be 
fitted by the North-Eastern Marine Engine Company, 
Limited, Sunderland, and are to have cylinders 21 in., 
35 in., and 57 in. in diameter, and 39 in. stroke. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

John Brown and Co., Limited.—The directors’ report 
and balance-sheet for the past year has been issued. It 
states that, to enable the company to execute the orders 
in hand, considerable extensions have been made. A 
valuable additional cvalfield has also been acquired in 
the neighbourhood of Rotherham on advantageous terms. 
To meet the largely-extending business of the company, 
and to fully develop the new coalfield above referred to, 
the directors recommend the creation of 250,000/. addi- 
tional capital, divided into 12,500 shares of 20/. each. 
These shares will be ordinary shares, and will rank pari 
passu with the existing ordinary shares. They will be 
offered to the holders of the present ordinary shares in 
proportion to their existing holdings. The balance-sheet 
shows a net profit for the year of 115,971/. 17s. 2d., which, 
with the balance forward from last year of 9356/. 14s. 11d., 
gives an undivided profit of 125,328/. 12s. 1d. Out of this 
the directors recommend a dividend at the rate of 74 per 
cent. on the ordinary shares, in addition to the usual 5 
per cent. on preference shares, and that the item of 50,000/. 
— be written off, leaving a balance to be carried 
orward to next year’s account of 10,5471. 14s. 8d. 


The Contracts for Locomotive Coal.—An important 
meeting of coalowners has been held in Sheffield, for the 
consideration of the question—At what price shall 
supplies of coal to the great railway companies be 
tendered for? It was stated that large quantities of coal 
of the Parkgate seam had been offered at 10s. per ton 
and as it is taken as worth 6d. per ton less than the coal 
of the Barnsley bed, a reconsideration of prices was 
again necessary. It was unanimously agreed to tender 
at 10s. 6d. per ton, and this was done accordingly. The 
result is that intimation has been received at all the 
South Yorkshire collieries which supply coal to the Mid- 
land Company that their tenders at 10s. 6d. per ton have 
been enamel The Manchester, Sheffield, and Lincoln- 
shire Company is, it seems, willing to contract at 10s. 6d. 
per ton, though for six months only, and not for the 
whole year, but this will doubtless be arranged in a short 
time. The Hull and Barnsley Company have not yet 
placed any contracts—probably they are waiting to see 
what terms are made by the other companies. 


Leeds Engineers’ Apprentices on Strike. —It is reported 
that a number of engineers’ apprentices in s have 
come out on strike for an advance of 1s. per week on the 
present scale of wages. The agitation so far, it is said 
extends only to the apprentices of two large firms. 


Threat from the Miners.—A demonstration of South 
and West Yorkshire miners was held at Barnsley on 
Monday, under the auspices of the Yorkshire Miners’ 
Association. Nearly all the pits were set down. Mr. 
Pickard, M.P., in the course of his speech, said if the 
Eight Hours Bill was thrown out by a strong majority it 
was intended to lay the pits idle and stagnate trade on 
January 1. 
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THE RECENT PROGRESS OF 
ATLANTIC NAVIGATION. 

It is difficult to write history in the midst of a 
revolution. For that reason it has hitherto been 
difficult to record the actual facts of the progress of 
the carrying trade of the Atlantic. For the last 
fifty years or so that trade has been undergoing the 
most remarkable mutations, alike as regards its 
extent, the proportions carried by different coun- 
tries, its commercial importance, its social influence, 
and its scientific and engineering developments. 
The railway system has not done more for the 
development of the internal resources of different 
countries, than Transatlantic navigation has done 
for their external circumstances. The multiplied 
facilities of transport have caused a hundred people 
to cross the Atlantic now where probably only one 
did so withim living memory. Less than half a cen- 
tury ago. an Atlantic voyage was regarded-as the 
most serious, hazardous, and costly of undertakings. 
Now-a-days it is looked upon as a comparatively 
ordinary holiday trip. Less than fifty years 
ago the emigrant business was absolutely un- 
known in its modern forms and phases. Now-a- 
days our steamship companies carry from 300,000 
to 400,000. emigrants to the United States every 
year. Itis not so long since only the boldest and 
most adventurous of voyagers dared to risk an 
Atlantic voyage. What with icebergs, fears of 
collision, apprehensions of fire, or of being suddenly 
and irrevocably engulfed in the stormy waters of 
that most dreaded of all oceans, the general feeling 
was that there was as much chance of failing as of 
succeeding in reaching the destination in view. It 
is now, however, made manifest by irreproachable 
statistics that Atlantic navigation, taking it as a 
whole, is almost as safe as travelling on land, anda 
good deal safer than travelling on some inland 
waters. In the early days of the Atlantic trade 
voyaging was attended with some real discomfort, 
alike in regard to cuisine, facilities for recreation, 
domiciliary accommodation, and otherwise. The At- 
lantic steamers of the present day are floating palaces 
capable of carrying from 500 to 1000 passengers, 
besides a considerable cargo. of goods, fitted up, as 
regards their principal apartments, in the most 
sumptuous style, providing every form of recreation 
and entertainment procurable at sea, and offering a 
choice of wines and viands that the most fastidious 
epicure could approve. 

Scarcely less remarkable, and from an economic 
point of view, infinitely more important has been 
the revolution that has been accomplished in the 
cheapening of the cost of transport of commodities. 
Less than thirty years ago, 7/. to 8l. per ton was 
paid for the conveyance of cargo across the Atlantic. 
The earliest Cunard steamers obtained this rate of 
freight, and even after the establishment of the 
Collins line in 1850, when there was a keen com- 


383| petition for the Atlantic trade of that time, the 
39 | Tate was over 4l. per ton. Within the last few 


years, many thousands of tons have been carried 
across the Atlantic both ways for 7s. 6d. to 10s. 
per ton. In other words, shillings have taken the 
place of pounds. Had it been otherwise, the rela- 


739! tion of English agriculture to American produce 


would have been very different to what it is to-day. 
Edmund Burke, about the middle of the last cen- 
tury, in speaking of the trade in food products 
between England and her colonies, mentioned it as 
a remarkable fact that ‘‘for some time past the 
old world has been fed from the new,” and added 
that the ‘‘ scarcity that you have felt would have 
been a desolating famine, if this child of your 
old age, with a true filial piety, with a Roman 
charity, had not put the full breast of its youth- 





ful exuberance to the mouth of its exhausted 
parent.” But in Burke’s time the whole foreign 
commerce of England, including that with her own 
colonies, was only valued at 12,000,000/. per annum, 
and the annual imports of corn into England was 
not more than 1,000,000 quarters. The price of 
wheat at that time in the English market was 70s. 
to 80s., and it is probable that more than one-half 
the cost of imported wheat supplies was made up 
of freight charges. What would Burke have said 
had he lived to see the external trade of England 
expand to upwards of 700,000,000/. a year? How 
would he have marvelled at being told that we have 
received more than 40,000,000 quarters of wheat 
and flour from the United States in a single year, 
and that we have a commerce with that country 
now valued at over 144,000,000/. annually, but 
which, at the prices of his day, would probably 
have been worth double that amount? But, more 
remarkable perhaps than all, what would have been 
thought of the floating palaces, in which Transat- 
lantic voyages are now made with certainty and 
safety within a week, at rates that would then have 
been deemed impossible ? 

We arenot greatly concerned here with the real 
authorship of ocean steam navigation. Whether 
the problem was really solved by the Marquis of 
Worcester, by James Rumsey of Virginia, by John 
Fitch of Pennsylvania, by Robert Fulton of New 
York, by William Symington and Patrick Miller of 
Dalswinton, or by the joint efforts and experience 
of these and other pioneers combined, we need not 
now inquire. Herodotus was content to attribute 
to the priests of Egypt and the priestesses of 
Dodona his knowledge of the great Pelasgic oracle, 
and declined to put that knowledge forward for his 
own. We may follow the example of the old Hali- 
carnassian by merely remarking that the Americans 
(vide vol. iv. of the Report on the Tenth Census of 
the United States) claim steam navigation for their 
own, while England has tenaciously clung to the 
claims of the Marquis of Worcester, Symington, 
Bell, and others. All that appears to be absolutely 
certain is that about the beginning of the present 
century steam navigation had become an accom- 
plished fact, though only in a kind of experimental 
way. 

One of the greatest difficulties that was antici- 
pated in the adaptation of steam navigation to long 
voyages, was the vast quantity of coal that was then 
required to accomplish a long voyage. Up to the 
year 1837 there had been very few cases in which a 
steamship had navigated any considerable distance 
with a less consumption of coal than 8 lb. per 
indicated horse-power per hour. In the case of the 
best vessels in the British Navy the average con- 
sumption previous to 1837 varied from 8.3 Ib. in 
the Medea to 12 lb. in the Dolphin. In the case of 
private steamers the consumption was generally 
greater still. At the same time the average rate of 
steaming seldom exceeded six miles an hour. In 
the case of Admiralty steamers an official record 
published in 1837 showed that they varied from 
5.1 miles per hour in the case of the African, to 
7.8 miles in the case of the Medea, while a private 
steamer with an average consumption of 12.5 Ib. 
of coal per indicated horse-power was able to accom- 
plish 7.7 miles per hour. The latter considera- 
tion, and others of a kindred character, led Lardner 
and others to conclude that a permanent and pro- 
fitable communication between Great Britain and 
New York by steamers, making the voyage in one 
trip, was improbable, unless the voyage was resolved 
into the shortest practicable stages ; that as the 
direct voyage would exceed the then known limits 
of steam power, the point of departure should be 
the most western shores of the British Isles, and 
the —_ of arrival the most eastern available parts 
of the western continent; and that by coaling at 
such intermediate port of call, a steamer could per- 
form the voyage successfully if she was not required 
to carry much cargo. Dr. Lardner’s views met 
with very considerable concurrence. Some writers 
even went further than he did in their unbelief. 
The Edinburgh Review, after a consideration of all 
the known circumstances, concluded that ‘‘In the 
present state of steam navigation, if this voyage 
shall be accomplished in one uninterrupted trip, 
the vessel that performs it, whatever may be 
her power and tonnage, must be capable of 
extracting from coals a greater mechanical vir- 
tue, in the proportion of three to two, than 
can be obtained from them by the combined 
nautical and mechanical skill of Mr. Lang, the 
builder of the Medea, and Messrs. Maudslay 
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and Field, who supplied her splendid machinery.” 
The view then generally entertained was that if 
Atlantic steam navigation was to succeed at all, it 
would be necessary to steam from the west coast of 
Ireland to Halifax, a distance of 2200 miles, and 
thence, after a day’s delay for coaling, to New 
York, a further distance of between 500 and 600 
miles. Thus arranged, it was assumed that an 
Atlantic voyage between London and New York 
could be accomplished in about twenty-one days. 
This appears to be sufficiently wide of the possi- 
bilities and attainments of steam as now known, 
but at that time the passenger traffic between the 
old world and the new was carried on almost 
entirely by two lines of packets--the one from 
London and the other from Liverpool — which 
averaged 354 days in their outward and 194 days in 
their homeward passages. It was therefore a deside- 
ratum to reduce the average length of the voyage 
from thirty-six days to less than three weeks. The 
latter indeed was deemed a doubtful interval, for at 
this time the only steamers that had crossed the 
Atlantic were the Savannah, 300 tons, which made 
the voyage between Savannah, Georgia, and Liver- 
pool, in thirty-one days, partly under steam and 
partly under sail; the Curacoa, of 350 tons and 
100 horse-power, which in 1829 made several pas- 
sages between Holland and the Dutch West Indies, 
and the Royal William, which made the voyage 
from Quebec to Gravesend in 1833 in twenty-four 
days. 

it was at this momentous juncture that an adver- 
tisement appeared in the public papers, announc- 
ing that the steamship Sirius would leave London 
for New York on March 28, 1838. The Sirius had 
been previously employed by the St. George Steam 
Navigation Company in their trade between London 
and Cork. She was a vessel of 700 tons register 
and had engines of 320 horse-power. She was 
acquired, at the instance of the late Mr. MacGregor 
Laird, by a company formed at this time to pro- 
mote Atlantic steam navigation, under the title of 
the British and American Steam Navigation Com- 
pany, and she left England on April 4, 1838, with 
ninety-four passengers, and reached New York in 
seventeen days afterwards. Almost simultaneously 
with the Sirius, the Great Western steamship left 
for New York on her first voyage, and accomplished 
the distance in fifteen days. These events are 
among the most memorable in the history of steam 
navigation. The fact was now demonstrated beyond 
all doubt that Transatlantic steam navigation was 
practicable, and one vessel after another was built 
for that trade, until the magnificent fleets that now 
carry on the business of Atlantic transport were 
established. Indeed, the Great Western, by her 
second homeward passage in 12 days 14 hours, 
proved that all the calculations that had been made 
only a year before as to the difliculties of Atlantic 
navigation were chimerical. 

In the early days of the Atlantic trade the busi- 
ness was almost monopolised by the famous Balti- 
more clippers which, originally of 350 to 400 tons 
each, increased in size until they assumed the 
respectable dimensions of 1500 to 2000 tons. It 
was this clipper trade that first gave New York her 
supremacy as a commercial port. Regular lines of 
packets sailed from New York Harbour on stated 
days for Liverpool, London, and Havre. The 
service was really admirably organised for that time 
of day. The —_— were remarkable for their 
exceptional speed, for their luxurious accommoda- 
tion, and for their regularity of arrival and depar- 
ture. Boston and Philadelphia sought to compete 
with New York on one side the Atlantic, and so 
did Liverpool and London on the other, but so 
long as the star of the clipper ships remained in the 
ascendant, New York almost monopolised the 
trade. The spell was broken when the Sirius and 
the Great Western demonstrated the superiority of 
steam to wind navigation. The New York packets 
were gradually driven from the ocean. The last of 
them, the Neptune, was built in 1855, and 
she did not long enjoy a share of the trade for 
which her builders intended her to compete. 
The Americans admitted the victory that had thus 
been achieved. The New York Herald in 1858 
stated that ‘‘England has at last succeeded in 
driving nearly all our steamships off the ocean, 
and now remains, as of old, the ruler of the seas. 
. . .. In accomplishing this work, England has 
gained a greater naval victory than she did at the 
Nile or Trafalgar, and Britannia may again wave 
her trident in triumph The niggardly 
policy of our Government gave the advantage to 





our rival, and one by one, nearly all our noble 
steamers have been sacrificed. Our Bremen 
steamers, our Collins steamers, and all but two of 
our Havre steamers have been compelled to with- 
draw, while new British lines have been established, 
and the always-successful Cunarders have been 
kept on their way rejoicing. The shipbuilding 
business of New York has been transferred to the 
Clyde and the Mersey.” All this is literally true. 
The United States have almost entirely lost their 
prestige on the ocean, and their own trade is done, 
to the extent of nearly 90 per cent. of the whole, 
in vessels belonging to other countries, notably and 
chiefly those of Great Britain. 

The story of the ‘‘Collins” line is at once 
interesting and instructive. It was intended by 
the establishment of that undertaking to secure for 
America the pre-eminence that she had previously 
enjoyed in the Atlantic trade, and especially to 
eclipse the aggressive and progressive movements 
of the Cunard line. The enterprise was a dead 
failure—why, it is not easy to say. The vessels 
that were built for it were of the highest class 
known at that time, the company had a splendid 
subsidy from the United States Government for 
the conveyance of the American mails, the line 
was so popular that for some years it carried more 
passengers than the Cunard Company, and it was 
actually carried on for some eight years in all, but, 
in the long run, the Cunard line was able to do 
unto the Collins as the Collins had threatened to 
do unto them—they virtually ran them off the 
ocean. 

It was originally intended that the Collins Com- 
pany should build five vessels, wherewith to under- 
take twenty voyages a year, for each of which the 
company was to receive 19,250 dols., or 38501. per 
voyage. This subsidy was, however, afterwards 
increased to 33,000 dols. (66001. per voyage), or 
about 178,7501. per annum, the subsidy received 
by the Cunard Company from the British Govern- 
ment being at that time only 81,000/. a year. The 
Cunard and the Collins lines were for several 
years engaged in a fierce competition for the 
Atlantic trade. The Collins Company, however, 
appears to have been most extravagantly managed. 
The gross earnings of the concern from freight and 
passengers amounted for the first two years to 
1,979,760 dols., or 396,0001., while for mail service 
they received from the Government 770,000 dols., 
or 150,000/. This was a remarkable income for the 
small fleet that the company owned. But in the 
fourth and fifth years of the career of the Collins 
line they were visited by disasters of appalling 
magnitude. In 1854 they lost their steamer the 
Arctic with 321 lives, and in January, 1856, they lost 
their steamer the Pacific, with 186 souls on board. 
The two steamers thus lost were soon afterwards 
replaced by others, and one of these, the Adriatic, 
was a larger, swifter, and more costly vessel than 
any of her predecessors. But the company’s 
prestige was undoubtedly affected disastrously by 
these calamities, and two years later, finding that 
they were working against the Cunard Com- 
pany at a serious loss, the Collins line gave up the 
contest. The fact that the Government subsidy 
was meanwhile withdrawn had no doubt something 
to do with this decision. The shipowners of Boston, 
Baltimore, Philadelphia, and other cities, protested 
against New York ner to what they called a vir- 
tual monopoly of the Transatlantic trade, as well 
as against the subsidies granted for ocean steam 
communication, so that the American Government 
both withdrew the subsidy from the Collins Com- 
pany, and refused to grant assistance of the same 

ind to any other line. 

For many years the only competitors in the field 
for the Atlantic trade were England and the 
United States. After the collapse of the Collins 
line in 1858, England had the trade pretty much to 
herself, so far as steam navigation was concerned. 
Attempts were made in several quarters to rival 
the Cunard Company’s success, or at any rate to 
obtain a share of what promised to be a large and 

rofitable business. In 1851 a steamer called the 

ity of Glasgow was started to run from that city to 
New York, and it was regarded as a great achieve- 
ment when she did the journey from the Clyde to 
Sandy Hook in eighteen days. It was intended 
that this vessel should be the pioneer of a regular 
line from the Clyde to the States, but the enter- 
prise did not receive adequate support, and the 
ship, after her second or third voyage, was sold to 
a Liverpool firm for 40,0007. The Inman line was 
started in the latter town a few years later, and 





proved most successful from the outset. In 1858 
the following lines were engaged in the Atlantic 
tratlic, and the times that they took in their several 
voyages were as stated : 

From From 
New York. Liverpool, &c. 
days. hours. days. hours. 
Cunard... = as BO 12 13 

Collins Sec, Wied 

Liverpool ... 

Croskey’s ... 

Vanderbilts 

Hamburg line 

Bremen _,, 

Glasgow ,, 

Galway ,, 

In this year 281 
Atlantic by the forty steamers belonging to these 
different lines. The total number of passengers car- 
ried was stated at 50,000, of whom nearly 500 lost 
their lives by the sinking of the New York and 
Austria, and minor disasters. The passage money 
for the same year was calculated to amount to not 
less than 800,000/., or 161. per passenger carried. 

It will be observed that the above list includes 
two Continental lines—one trading to Hamburg 
and another to Bremen. The latter has now 
developed into the North German Lloyd’s, the 
most formidable and successful competitor that 
England has ever had in her ocean-carrying trade, 
and the largest steam shipping concern in the world. 
This enterprise has eleven steamers of from 4500 
to 5000 tons, nine between 3000 and 4000 tons ; 
fifteen between 2000 and 8000 tons ; seven between 
1000 and 2000 tons, and six between 700 and 1000 
tons, with sixteen vessels under 700 tons. Alto- 
gether, therefore, it has sixty-four vessels, that 
aggregate nearly 200,000 tons. It has agents and 
correspondents in all the principal cities of Europe, 
America (North as well as South) Australasia, 
China, and Japan. It is the only line that has two 
vessels sailing twice a week to and from New York 
all the year round. These vessels are marvels of 
comfort. Each of them is over 5000 tons burthen, 
and some of them run up to 8000 horse-power. 
The terminal stations of the line are New York 
and Bremen, but the company’s vessels call at 
Southampton each way, and thereby secure a very 
considerable slice of the English passenger traffic. 


Line. 





THE ROYAL AGRICULTURAL 
SOCIETY’S TRIALS. 

THE announcement that the Royal Agricultural 
Society of England was to hold a series of engine 
trials at its Plymouth Show this year raised con- 
siderable expectation. The interest did not centre 
so much on the steam engines as on those which 
might be entered under the head of motors using 
liquid or gaseous fuel, for the competition was con- 
fined to portable motors up to five brake horse- 
power, and therefore the great bulk of the agricul- 
tural engine builders were not likely to come in, 
unless they produced new types specially for this 
contest. But seeing that several firms have been 
experimenting of late with different forms of petro- 
leum engines it was expected that there would be 
a very complete show of these, and that the engi- 
neering public would have the opportunity of form- 
ing an opinion of their merits and of their applica- 
bility to the needs of farmers, colonists, and others 
who were in want of a small motor that did not need 
a boiler. We are sorry to say that the reality falls 
very short of the expectations, for only two petroleum 
motors have been entered for competition, while the 
number of steam engines only exceeds them by one. 
Possibly with such a new subject makers are loth to 
expose themselves to the publicity of a trial before 
they have thoroughly mastered all their difficulties, 
and prefer to work quietly until they are sure of 
their ground. Absence is more easy to justify than 
failure. 

The two petroleum motors which have put in an 
appearance are those of Messrs. Priestman Brothers 
and of Messrs. Brown and May (Knight’s patent). 
The former we illustrated in connection with the 
Windsor Show last year.* Very little alteration 
has been made in the interval, but the motor now 
shown is of a smaller size. It is of five brake horse- 
power, and is mounted on wheels. Messrs. Brown 
and May’s engine is of one horse-power and has 
been considerably modified since it last appeared at 
a Royal Show. An engraving and description of it 
in its present form will be found on page 737. It 
also is mounted on wheels to render it portable. 





* See ENGINEERING, vol, xlvii., page 711. 
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The three steam engines are respectively by 
Messrs. E. R. and F. Turner, Ipswich ; Messrs. 
Simpson, Strickland, and Co., Dartmouth; and 
Messrs. Adams and Co., Northampton. The 
former show a ‘‘Gyppeswyk” engine and boiler, 
both vertical, mounted on an H iron frame, and 
fitted with a pair of axles. The cylinder is 
44 in. in diameter by 74in. stroke, the engine 
being of two nominal horse-power. The engine 
shown by Messrs. Simpson, Strickland, and Co. is 
compounded, and is according to Kingdon’s patent, 
an example of which was illustrated on page 495 of 
ourtwenty-ninthvolume. Thecylindersarearranged 
tandemwise, and are 3 in. and 6 in. in diameter 
respectively, with a stroke of 6in. Both engine 
and boiler are vertical, and are fixed on a wrought- 
iron bedplate, carried on a single axle. Messrs. 
Adams’ engine is much the largest of the three ; it 
has a 7-in. cylinder, with a 10-in. stroke, and both 
it and the boiler are fixed on a cast-iron bedplate, 
containing a water tank. The boiler is not lagged. 

The trials commenced last Tuesday, and at the 
time of writing are not yet complete. We, there- 
fore, reserve a detailed description of all the 
engines until we can give the results of the tests at 
the same time. These are being carried out with 
Mr. Daniel Pidgeon and Professor Unwin as judges 
—the points noted being the consumption of water 
and steam, the revolutions, the brake horse-power 
developed, and the indicated horse-power. The 
Appold brake is not being used, but in place of it 
arope brake is applied directly to the flywheel. 
Two ropes are wound round the flywheel, being 
kept apart by distance-blocks which have flanges 
embracing the sides of the wheel. These ropes are 
joined together at each end. One end hangs ver- 
tically downwards and has the weight attached to 
it, while the other end is led vertically upwards to 
a spring balance. The arrangement is well known, 
and when properly arranged works well. The water 
is weighed on a scale machine, and so is the coal. 

Although the determination of the duty of the 
engines occupies by far the greater part of the time, 
it is by no means the sole factor in the judges’ 
decision. They take into consideration the price 
of the engine, its simplicity or otherwise, its port- 
ability, as well as its economy. In these small 
engines the other characteristics become very im- 
portant from the point of view of the user. 

In addition to the engine trials there are to be 
trials of grist mills and disintegrators. There are 
twenty-six entries for the former and eight for 
the latter. All the machines are arranged in a 
row, in the front of which a railway line has been 
laid. On this line there run two strong wooden 
trollies, each carrying one of Messrs. Davey Pax- 
man’s portable engines. These will be moved 
along from machine to machine, and each will be 
driven in succession. One of the engines is fitted 
with a transmission dynamometer which will draw 
a diagram representing the power transmitted to a 
machine. These latter trials have not such interest 
to our readers as those relating to the engines, but 
possibly they will be of more service to the agri- 
cultural community. The estimates of makers as 
to the power required for their mills are apt to be 
ludicrously low. 








THE RAILWAY COURT AT THE 
EDINBURGH EXHIBITION. 

THE railway exhibits at the Edinburgh Exhibi- 
tion are, as was indicated in a previous article in 
our issue of April 11, accommodated in a separate 
building adjoining the Machinery Hall. This 
building is 300 ft. long by 574 ft. broad, and two 
lines of rails run through it from end to end. The 
collection of exhibits which it contains is certainly 
a most interesting one, four of the leading com- 
panies sending examples of the finest types of express 
locomotive engines, and as they can all be taken 
within the one view a comparison is instituted 
instinctively. The companies referred to are the 
Caledonian, North-Eastern, Great Northern, and 
London and North-Western, and it is noteworthy 
that the engines are all of distinct types. Thus the 
London and North-Western engine is one of Mr. 
Webb’s compounds of the latest pattern; the 
North-Eastern is a compound on the Worsdell and 
Von Borries system with a single pair of driving 
wheels ; while the Caledonian and Great Northern 
locomotives are each of the non-compound type, 
the former being a four-coupled engine and the 
latter being one of Mr. Stirling’s well-known 
bogie express engines with single drivers. 





Another comparison is forced on the spectator 
by the juxtaposition of the North-Eastern’s express 
engine and ‘‘ Locomotion No. 1,” the first engine 
that ran on a public railway. It was constructed 
by George Stephenson in 1825, commenced running 
in September, 1825, and ceased in 1846. The 
speed was eight miles, while the modern engine 
may reach ten times that velocity. The new loco- 
motive has run 105,000 miles with express trains. 
It is not necessary to continue the comparison 
further here, as in a previous volume* we gave 
illustrations and a complete description of both 
locomotives. The same company show working 
drawings and photographs of standard passenger 
and goods engines. There is also shown parts of 
engines, including a fine casting of a pair of cylinders 
20 in. and 28 in. in diameter, for a piston stroke of 
24 in., and another slightly smaller. 

There are two other famous old engines repre- 
sented. A high-pressure engine, by Richard H. 
Trevithick, takes the spectator back to the early 
years of the present century. The engine was 
found in a dismantled condition by Mr. F. W. 
Webb, of Crewe, in 1883, and purchased as scrap 
iron. He put it together, the parts broken being 
pieced and others missing supplied to suit illus- 
trations. The engine is shown on the London and 
North-Western stand, along with a full-sized model 
of the old ‘‘ Rocket.”” This model, made at Crewe, 
is exactly the same as the ‘‘ Rocket” originally 
designed, whereas that at South Kensington has 
the subsequent alterations. The engine weighed in 
working order 4 tons 3 cwt. The London and North- 
Western express exhibited weighs 46} tons. The 
‘* Rocket” differed from many of its predecessors, 
and proved the possibilities of great alterations. 
It had a tubular boiler 8 ft. by 3 ft. and a firebox 
similar to those in the present-day engines. There 
was a single pair of driving wheels 4 ft. 8} in. in 
diameter. The cylinders were 8 in. in diameter 
and the stroke 16} in. The speed was 124 miles 
per hour with a load three times its own weight, 
and when taking’ a carriage and passengers it 
steamed 24 miles an hour. Prior to the advent of 
this engine, ‘‘no one had ever before moved over 
the earth faster than a horse could carry him.” 
Consider these figures and facts in connection with 
the latest production from the establishment over 
which Mr. Webb presides. The London and North- 
Western engine is named ‘‘Jeanie Deans,” pre- 
sumably because she also found her way to London. 
As we have already indicated, the engine is of Mr. 
Webb’s compound type. The two high-pressure 
cylinders are 14 in. in diameter and the single low- 
pressure 30 in., and the stroke of all three is 24 in. 
he high-pressure cylinders have Joy’s valve gear, 
of which, by the way, there are large clearly-de- 
fined drawings on exhibit, and for the low-pressure 
cylinder Mr. Webb’s single eccentric motion is used. 
The driving wheels, of which there are two pairs, 
are 7 ft. 1 in. in diameter, and the leading wheels 
4 ft. 1} in. in diameter, the axle being fitted with Mr. 
Webb's radial axle-box. The leading wheels carry 
147 tons, and each pair of driving wheels 15? tons, 
making 46} tons, the weight of the engine in 
working order. The tender is fitted with the Rams- 
bottom ‘‘ pick-up” apparatus for taking in water 
when running, and the total weight is 25 tons. There 
is also shown several of Mr. Webb’s inventions, 
including the corrugated firebox, which has been 
illustrated and described by us in a previous 
volume. 

The other old engine is the ‘‘Wylam Dilly,” 
sister to ‘‘ Puffing Billy” in the Patents Museum 
at South Kensington. These engines were con- 
structed by William Hedley, at Wylam-on-Tyne, 
about 1813, and in the ‘‘Wylam Dilly” he overcame 
shortness of steam by using a return tube boiler. 

The period between 1812 and the present time 
is, as it were, bridged by the famous ‘‘ Lord of the 
Isles,” shown by the Great Western Railway Com- 
pany. The engine is of a good stock, as the 
saying goes. The first of the celebrated class was 
the ‘*Great Western,” designed in 1846 by Sir 
Daniel Gooch, and engines of the same type have 
been built from that date till now for working on 
the 7-ft. gauge between Paddington and Bristol. 
The ‘‘ Lord of the Isles” was at the great Exhibition 
in Hyde Park in 1851. Between 1851 and 1881 the 
‘‘Lord of the Isles ” steamed 789,300 miles, and to- 
day standing in the Edinburgh Exhibition, she looks 
almost as well as the newer engines. She has the 
wrinkles common to old age, but she certainly 


carries her 40 years well. Mr. Dean also sends 
photographs illustrative of the Great Western rolling 
stock, and in this connection it may be noted that 
Messrs. Nelson and Co., of the Hydepark Works, 
Glasgow, also exhibit a beautiful set of photo- 
graphs of various types of engines constructed by 
them, several of which have been illustrated in 
ENGINEERING. 

The modern type of express bogie passenger 
engine and tender is exemplified by a magnificent 
production of the Caledonian Company’s works at 
Glasgow, and designed by Mr. D. Drummond. As 
is now well known, Mr. Drummond adheres to the 
non-compound type of engine in preference to the 
compound, believing that more economical results 
can be attained by using steam at a very high pres- 
sure in a non-compounding locomotive than by com- 
pounding. To secure reliable data on this subject, 
he has been making a series of experiments in actual 
working to ascertain the results of steaming at 
varying pressures under precisely the same cir- 
cumstances.* The engine at the Edinburgh Ex- 
hibition, named ‘‘Carbrooke” after the estate of 
the chairman of the Caledonian Company, Mr. 
Bolton, M.P., is representative of the engines 
built for this purpose. She carries a steam pressure 
of 200 Ib. to the square inch, and the cylinders are 
18 in. in diameter, with a stroke of 26 in. The 
driving wheels are 6 ft. 6in. in diameter, while the 
double pair of bogies in front are 3 ft. 6 in. in 
diameter. The tender carries 3560 gallons of 
water, to suit long distance running. During the 
past winter the ‘‘ Carbrooke ” has worked express 
trains from Carlisle to Aberdeen without changing 
engines, and she has already covered 13,178 miles. 
The valuable data which Mr. Drummond has 
collected from this and other similar engines will, 
we understand, be laid before one of the technical 
institutes at an early date. 

Mr. P. Stirling, of the Great Northern Com- 
pany, sends the engine shown at the Newcastle 
Jubilee Exhibition, and which since that time has 
done good service, having traversed with express 
trains 105,000 miles. It is typical of Mr. Stirling’s 
design of engines, as he holds a strong opinion in 
favour of single driving wheels as being more eco- 


nomical than coupled, in running and in the matter - 


of repairs. Since 1869 considerably over forty 
engines of the type have leit the Great Northern 
Works at Doncaster. The engine, of which a two- 
page engraving and full particulars appeared in our 
issue of May 20, 1887, is of the outside cylinder 
type, the diameter of cylinders being 18 in. and the 
stroke 28in. There are eight wheels, the lead- 
ing end is on a four-wheeled bogie, the wheels 
being 3 ft. 11 in. in diameter. The driving wheels 
are 8 ft. 2 in. in diameter. The boiler has a total 
heating surface of 1045 square feet, 936 square feet 
in tubes and 109 square feet in firebox. The tender 
is on six wheels 4 ft. 14 in. in diameter, and the 
tank carries 2900 gallons of water, and the coal 
capacity is 4 tons. The total weight of engine is 
45 tons 3 cwt., and of engine and tender in work- 
ing order 77 tons 10 cwt. 3qrs. The train load is 
usually 140 tons, exclusive of passengers and 
luggage, taken at average speeds of from 50 to 52 
miles per hour. The steam pressure is 140 1b. per 
square inch. The engine is beautifully finished. 

The Westinghouse Brake Company, Limited, 
show a complete apparatus in working order for a 
train of thirty carriages extending to a length of 
1050 ft., so that the public have at intervals an 
opportunity of witnessing the arrangement in 
operation. An interesting set of drawings shows 
the design by Mr. David Jones of the locomotives 
for the Highland Railway, which has several stiff 
gradients. 

There are several carriages exhibited. The 
South-Eastern Railway Company send a carriage 
built in 1838 and used by the Duke of Wellington 
for his journeys during his term of office as Warden 
of the Cinque Ports, and in close proximity are 
modern carriages from the North-Eastern Works 
at York and the London and North-Western Works 
at Crewe. The North-Eastern carriage is a six- 
wheeled saloon, and has continuous brakes. The 
London and North-Western is a 42-ft. composite 
carriage, as used on the West Coast route to Scot- 
land. The width is 8 ft., and the height 7 ft. 8 in. 
at the centre. The wheel base is 32 ft. There are 
eight wheels, the four middle ones being fixed to 
the frames forming a base of 16 ft. centres, and the 
wheels at each end are provided with radial axle 








* See ENGINEERING, vol. xlvii., page 707. 





* See ENGINEERING, vol. xlviii., page 315, 
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boxes and have a lateral movement of 2} in. to each 
side. The North British Company show an ordinary 
carriage with their arrangement for automatically 
lighting the incandescent lamps when the car- 
riages are entering the tunnels in the underground 
railway in Glasgow. Between the rails is a con- 
ductor with a flat surface, and on the bottom of 
the carriage there are wheels having connection 
with the lamps. The wheels come in contact with 
the conductor, and establish a circuit through the 
lamps. The arrangement has worked satisfactorily 
and at night when the compartments of the car- 
riages are lighted with gas, the plant for gene- 
rating electricity is utilised for illuminating the 
station. 

These, with other exhibits of an interesting 
character, make the Railway Court a distinct feature 
of the Exhibition. 





NOTES. 

TestinG THE Links oF THE Krew BripcE. 

Mr. BELELUBSKY, professor at the Institute of 
Roads and Waterways at St. Petersburg, was some 
time ago instructed by the Minister of Public 
Works to make an examination of the suspension 
bridge over the Dnieper at Kiew, which was erected 
some forty years ago by the late Mr. Charles B. 
Vignoles, and to give an opinion as to the quality 
of the metal used in its construction. Luckily, 
from a scientific point of view, a number of 
extra links which had been provided at the time 
of the erection of the bridge, were still in store, 
and it was thus possible to determine by com- 
es tests what changes the material of the 
inks of the bridge had undergone in their 
forty years of service. The links in question 
were about 11 ft. 9 in. long by 11? in. broad, 
by lin. thick. Stated briefly, the results of the 
tests show that the iron has not at all deteriorated 
during its long service. The mean of four speci- 
mens of links taken from the bridge gave an ulti- 
mate strength of 20.7 tons per square inch, with 
an elongation of 14.5 per cent. on 8 in., whilst an 
equal number of tests of specimens from unused 
links gave a breaking stress of 22.2 tons per square 
inch, with an elongation of 13.4 per cent. in 8 in. 


INTERNATIONAL EXHIBITION IN LONDON. 

We are a little inclined to be sorry that the 
Prince of Wales has so definitely expressed the 
opinion that an International Exhibition should 
not be held in London before 1899 or 1900. The 
question is yet hardly ripe for decision, and until 
the views of those principally interested—the 
manufacturers of the country—had been ascer- 
tained, it was hardly worth while bringing the 
matter in an incomplete shape before the Prince’s 
notice. If, on mature consideration, the manufac- 
turing interests of the country think an Exhibition 
advantageous, and express their views to that effect, 
we are sure that the Prince of Wales, who is never 
sparing of his own labour for worthy objects, will 
be ready enough to take his share in the work. 
What seems to us now desirable is that the opinion 
of the country should be ascertained. If a poll 
could be taken of those who have taken part as 
exhibitors in recent Great Exhibitions, the matter 
would be settled at once, pro or con. Wecommend 
this idea to the Society of Arts, which did some- 
thing of the same sort for the 1862 Exhibition, the 
last genuine International Exhibition in this coun- 
try. As to the date 1900, it must be remembered 
that the French have a prescriptive right to that 
date, the eleventh year from 1889. 


A New Etectric CHronoGRAPH. 

Professor Smith, of Oxford, has recently described 
a novel form of electric chronograph, which seems to 
offer several advantages over the common types. 
To describe it briefly, we may state that it consists 
of two steel rails supported one above the other on 
suitable standards, which are fitted with levelling 
screws, so that the rails can readily be brought 
into a vertical plane. 
supported on three wheels, two of which ride on 
the lower rail and one on the upper. A plate of 
smoked glass is carried on this car, and when an 
observation is to be taken the carriage is drawn 
along the rails in front of the registering styles in 
the following way. At one end of the rails is a 
weight, supported by a string which is carried over 
a pulley and ed behind the carriage to the 
other end of the rails. A stop on the string bears 
against a stop on the carriage, and when the weight 
is released, this stop forces the carriage forward, 


On these raiis runs a carriage | F 





until the driving weight reaches a rest put to 
receive it, when the car moves forward with the 
velocity already acquired, which remains practi- 
cally uniform during the time required for an 
observation. As it moves forward, an accurately 
calibrated tuning-fork traces its vibrations on the 
smoked plate in the usual way, and thus times the 
motion of the car. The observations are recorded 
by points, which are released at the proper time 
by an electro-magnet, and being pressed against 
the smoked plate by a spring record on it the 
instant at which an observation was made. The 
time between two of these marks is then estimated 
by the number of vibrations marked by the tuning- 
fork. The instrument has the advantage that a 
number of observations can be recorded at the 
same time, as the quite considerable breadth of 
the glass plate allows this to be done without 
difficulty. 


Bete1an Metatcureicat Inpustry. 

The production of pig in Belgium last year 
amounted to 847,260l. tons, as compared with 
826,850 tons in 1889, 755,781 tons in 1887, 701,277 
tons in 1886, 712,876 tons in 1885, 750,812 tons 
in 1884, 783,433 tons in 1883, 726,946 tons in 1882, 
and 624,736 tons in 1881. It will be seen, on com- 
paring the output of 1889 with that of 1881, that 
the production increased during the nine years to 
the extent of 222,524 tons. The average price 
realised last year for the pig produced in Belgium 
was 2/. 3s. 6d. per ton. The highest average price 
obtained during the ten years ending with 1889 in- 
clusive was 2/. 8s. 2d. per ton in 1882, while the 
lowest average price, viz., 1l. 15s. 2d. per ton, was 
touched in 1886. Prices have been gradually im- 
proving since 1886, having risen in 1887 to an 
average of 1l. 16s. per ton in 1866, and last year to 
an average of 2/. 3s..6d. per ton as already indi- 
cated. The quantity of iron made in Belgium last 
year was 620,054 tons, as compared with 547,818 
tons in 1888, 534,056 tons in 1887, 470,255 tons in 
1886, 469,249 tons in 1885, 471,040 tons in 1884, 
478,226 tons in 1883, 503,113 tons in 1882, and 
479,807 tons in 1881. It will be seen, on com- 
paring the output of 1889 with that of 1881, that 
the production of iron increased during the last 
nine years to the extent of 140,247 tons. The 
average price obtained for the iron made in Bel- 
gium last year was 5]. 8s. per ton. The highest 
average price obtained during the last ten years 
was secured in 1882, when it amounted to 
6l. 13s. 5d. per ton, while the lowest average price 
was touched in 1887, when it stood at 4l. 15s. 3d. 

er ton. Prices have been improving since 1887, 

aving risen to an average of 51. 2s. 3d. per ton in 
1888, and an average of 5/. 8s. per ton in 1889. 
The production of steel in Belgium last year was 
236,186 tons, as compared with 185,417 tons in 
1888, 191,445 tons in 1887, 137,771 tons in 1886, 
125,461 tons in 1885, 153,999 tons in 1884, 156,301 
tons in 1883, 151,291 tons in 1882, and 119,237 
tons in 1881. It will be seen, on comparing the 
output of 1889 with that of 1881, that the produc- 
tion of steel increased during the last nine years to 
the extent of 116,949 tons. The price of steel in 
Belgium has followed the same course as that taken 
by iron, the highest average price having been 
attained in 1882, while the lowest was noted in 
1887. 





CANADIAN Pactric Rattway.—The first of some new 
vessels now being built by the Canadian Pacific Railway 
Company for the Vancouver-China route will be launched 
about the beginning of November. It is the intention of 
the company to send them to the Pacific coast via the 
Suez Canal. 


Tue Sanitary Institute. —The following arrange- 
ments have been made for the Congress and Exhibition 
at Brighton, which commences on August 25. President, 
Sir Thomas Crawford, B., ‘M: hon. treasurer, 
the Mayor of Brighton; hon. secretary, A. Newsholme, 
M.D., D.P.H.; president, Section I., Sanitary Science 
and Preventive ine. George Vivian Poore, M.D. 

-R.C.P.; president, Section II., Engineerin; and 
Architecture, Professor Roger Smith, F.R.1., B.A. ; 

resident, Section III., Chemistry, Meteorology, and 
Beol , William Topley. F.R.S., F.G.S. ; conference 
of medical officers of health, president, A. Newsholme, 
M.D., D.P.H., M.O.H.; conference of inspectors of 
nuisances, president, A. Carpenter, M.D. ~R.C.P., 
C.S.S. Camb. On bebe | there will be a conver- 
sazione in the Pavilion Building, Wednesday lecture to 
the Con; by W. H. Preece, F.R.S., and on Saturday 
there wt be excursions and an address to the workin 
classes by B. W. Richardson, M.D., LL.D., F.R.S. 
The meeti of the Congress and Exhibition will be 
held in the Pavilion Buildings. 


THE WATKIN TOWER COMPETITION. 
Tue following is the report of the Committee of Jurors 
appointed by the Tower Company, Limited, to investigate 
the competitive designs submitted in accordance with 
the request of the company : 


To the Directors of the Tower Company, Limited, 

St. Stephen’s Chambers, Westminster, S.W. 

Gentlemen,—Having completed our investigation of 
the competitive designs for the proposed tower, we now 
submit our report. 

Invitations to compete were advertised on the 23rd 
October, 1889, and 68 designs were sent in. 

We met to consider these designs for the first time on 
the 15th March last. Every drawing has been carefully 
examined by the majority of the committee repeatedly, 
and whilst on exhibition at the Drapers’ Hall (where the 
fullest opportunity was afforded of comparing the respec- 
tive designs), we devoted an entire day there to the work, 
and throughout have given the most detailed considera- 
tion to the question before coming to a final decision as to 
the award of prizes. 

The designs were of very varying merit, and although 
there were gone points about many of them, we must 
confess to a feeling of disappointment on the whole as to 
the result of the competition, there being no single 
design which we could recommend as it stands 
execution. 

In justice to the competitors it must be remembered, 
however, that the existence of the Hiffel Tower, and the 
desire to avoid imitations necessarily considerably en- 
hanced the difficulties of the problem, because in the 
Kitfel Tower the most natural and obvious way of com- 
bining economical construction and suitable architectural 
effect had already been appropriated. 

As a result, some of the designs submitted were wildly 
eccentric or extravagant, whilst others were marked by 
an entire absence of architectural merit. 

We found little difficulty in eliminating the larger 
proportion of the designs, but the final award was not 
arrived at without repeated and prolonged consideration. 

Confining ourselves to the designs properly worked out 
by competent men, we found that in some cases the chief 
consideration had been given to economical construction 
and in others to architectural effect. In other words, 
some designers approached the problem from the point of 
view that the main thing was to get 1200 ft. above the 
ground with a form of tower which, gi | a fairly good 
outline, was specially adapted to resist wind pressure and 
other stresses with the minimum weight of steel, while 
others adopted the opposite view, namely, that the 
primary object was to get the best architectural effect 
without special regard to economy in construction or 
general practicability. 

In comparing the designs, we endeavoured to do the 
competitors the justice of judging of the merit of their 
work from the point of view oe am de by themselves, and 
we also gave weight to the amount of time and care 
which had been devoted to the elaboration of the designs 
and calculation of stresses and estimates. 

After very careful consideration, we have decided to 
award the prizes as follow: First prize, 500 guineas, to 
Messrs. A. D. Stewart, J. M. MacLaren, W. Dunn, 21 
King William-street, Strand, W.C., joint authors of 
design No. 37; second prize, 250 guineas, to Messrs. 
J. J. Webster, T. W. Haigh, 67, Lord-street, Liverpool, 


or 


joint authors of —— No. 51. 
or 


It is unnecessary for us to set forth the reasons of our 
decision in detail or to classify in the order of merit 
designs for which no prizes are available, but the com- 
mittee desire to state that they consider the design No. 
50, by Mr. Max am Ende, deserves honourable mention. 

We are, Gentlemen, your obedient servants, 

E. H. Carsurtt (Chairman), 
FREDERICK BRAMWELL. 
B. BAKER. 
E. J. HARLAND. 

- Atex. B. W. KENNEDY. 
C. LippELt. 
J. F. Movurton. 
THOMAS VERITY. 

June 17, 1890. 





Roya AGRICULTURAL SocrETy’s SHow.—A steam fire 
engine, accompanied by other appliances, is being for- 
warded by Messrs. Shand, Mason, and Co. to Plymouth, 
for the protection of the Society’s showyard. A staff of 
firemen also takes duty there to-day. 


Tue TELEPHONE IN THE Mipitanns.—Increased tele- 

honic facilities are being provided in the Midlands. 
Nostlaghans, by means of numerous trunk wires, is now 
in communication with Sheffield, Manchester, Laverponl, 
Bradford, Leeds, Bolton, Blackburn, Huddersfield, Hull, 
Birmingham, and other towns en route. Nearer home 
Nottingham has telephonic communication with Derby, 
Leicester, Loughborough, Burton, Mansfield, Worksop, 
Ilkeston, Long Eaton, Langley Mill, Ripley, Clay Cross, 
and Chesterfield. It is further proposed to lay down 
trunk wires between Nottingham, Newark, and Lincoln. 


LEacvuE IsLanp.—A plan for the improvement of League 
Island at an expense of 2,900,000/. has been reported to 
the United States Congress by Secretary Tracy. If 
carried into execution, as approved by a board of naval 
officers, there will be room in League Island basins for 
all the armoured vessels the United States may possess, 
as well as for an indefinite number of cruisers, torpedo an 
other vessels of war. The largest item of pro @x- 
penditure is 600,000/. for the building of six docks. The 
pro rmanent improvements to be first undertaken 





posed 
will cost 1,054,831/. 
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KNIGHTS PETRO 
CONSTRUCTED 





THE annexed engravings represent Knight’s por- 
table petroleum engine which is now being exhibited 


by the makers, Messrs. Brown and May, of Devizes, | 


at the Royal Agricultural Show at Plymouth. It is 
of one nominal horse-power, and has a cylinder 4} in. 


in diameter by 9in. stroke. The fuel used is the | 


ordinary petroleum, or lamp oil, of commerce, this 
serving both for the motive fluid and also for heating | 


the igniter. The oilis contained in a tank from which | 


it is withdrawn by a pump which delivers it in visible 
drops into a pipe leading into the vaporiser. This 
is a vessel fixed to the back cylinder cover, 
and heated partly by heat transmitted through 
the plate, and partly by a petroleum lamp beneath it. 
The chamber is of copper, while the cylinder end is a 
thin steel plate, and thus the heat is readily trans- 
mitted to itsinterior. The oil is completely vaporised 
and is drawn through a valve in the cylinder cover, 
together with air admitted through a cock shown at 
the side of the engine. The motor works on the three- 
cycle plan, that is it (1) draws in a charge, (2} com- 
presses it, (3) explodes it, (4) exhausts it, (5) draws in 
a scavenger charge, and (6) exhausts it. Thus there is 
one birsesry | stroke in every six, the motors being 
maintained for the rest of the time by the momentum 
of the flywheel. 

The valves are driven by a countershaft geared 3 
to 1 from the crankshaft. On the side shown in the 
large engraving is the cam which works the pump and 
the air valves. The spindle of the valve is brought 
through the combustion chamber, there being a stuff- 
ing-box of peculiar construction in the rear wall. It 
consists of a ball valve pressed up to its seat by a 
spring, and through it the valve spindle runs, with a 
slight packing of asbestos between the two. This 
permits the cylinder to change form under the heat 
without displacing the valve from its seat. Both the 
pump and the valve are under the control of the 
governor which operates a hit-and-miss motion. 
The valve-rod ends in a slotted socket, in which 


the end of the cam spindle works loosely. Through | 


the slot there passes a ‘“‘hammer head” depend- 
ing from the governor arm. At and below the 
normal speed this hammer head stands in the 


path of the cam spindle, and transmits the motion | 


to the valve spindle. But above the normal speed the 
hammer head descends below the line of the cam| 
spindle, and the latter works idly. The return motion | 
is effected by a spring. 

A second cam operates the exhaust valve by one of | 
the cast-iron levers below the cylinder. A third cam | 
works the ignition slide. This is a plain flat plate | 
reciprocating vertically, and having three holes or| 
ports in it. Its cover is shown in the partial view. | 


LEUM ENGINE AT THE PLYMOUTH SHOW. 
BY MESSRS. BROWN AND MAY, ENGINEERS, DEVIZES. 


prevailed during January, 1889. The dis- 
tribution of barometric pressure was, how- 
ever, much the same in both months. The 
author has investigated the records at the 
hill stations, and has prepared charts show- 
ing the distribution of barometric pressure 
from both high and low level stations. From 
the roe charts it appears that the 
mean barometric gradient in 1889 was 
rather more than twice that in 1890, and 
considering what is known of air move- 
ments, even at moderate elevations above 
the earth’s surface, it may be assumed that 
these differences in pressure were accom- 
panied with large differences of air motion ; 
and if it is also assumed that the evapora- 
tion over the Southern Ocean is in all years 
fairly comparable in amount, the deficiency 
. is ? y 4 of rainfall over India in the winter of 
In one of the ports is a spiral of platinum wire, which | 1889-90 can be attributed to diminished lateral transla- 
is exposed to a lamp flame urged by a blast from a/ tion of vapour owing to sluggish movements in the upper 
bellows in the base of the engine. This bellows is | atmosphere. 

worked off the ignition lever, and can also be operated 3. ‘On the relative Prevalence of Different Winds at 


by hand when the engine is to be started, until the | the Royal Observatory, Greenwich, 1841 to 1889,” by Mr. 
The author gives the following as 





moment of ignition flame plays upon the spirit; the W- Ellis, F.R.A.S. 


latter is then suddenly moved opposite a port in 
the cylinder, and the charge is exploded, the lamp | 


the average number of days of prevalence of different 
winds for the forty-nine years 1841 to 1889, as derived 
from the records of the self-registering Osler anemo- 


flame meanwhile playing through one of the other jotor. 

| ports. The third port normally communicates at one; .- Wey. ww aw 7 = , 

| side with the ignition port in the cylinder, and at the | = “— a = z 4 = N.V N. oe. 

| other side with a pipe ending with a non-return valve, | - sate eR ange 
| and each time the cylinder takes a charge of air a small ‘. ~ a of Wind at Greenwich, 
ae “hye r. A. B. MacDowall. 

| quantity is drawn through this pipe to ae out the *s. “On the Action of Lightning during the Thunder- 
| ignition port. The main charge of air isdrawn through | .torms of June 6 and 7 1889, at Cranleigh,” by Captain 
| @ plain valve, which sucks through a cock, so that the | J, p, Maclear, R.N. The author examined a number of 
| quantity of air can be exactly regulated. trees which had been struck by lightning during these 
| To start the engine the lamp is lighted and the thunderstorms, and found that those which were struck 
| vaporiser allowed to warm up. When this is ready | before the rain fell were shattered, while those which 
|the ignition lamp is set in action and the bellows | were struck after the rain commenced were simply scored, 
| worked by hand for a moment. A little oil is pumped | With the bark blown off. It seems that during rain every 
|into the vaporiser, and the engine turned round by = 18 ——Ss Cre, =6 oe See 
| he 7 - 4 s | takes ace er e conauc 2CO) le 
| 7s =“ when it explodes its charge and makes its | This coun on the position of the cloud, the amount of 
8 aan | foliage on the tree, its condition of moisture, and its 
| connection with running water. 


ROYAL METEOROLOGICAL SOCIETY. 
THE usual monthly meeting of this Society was held on! LenicH VALLEY RAiLroAD.—The Lehigh Valley Rail- 
Wednesday evening, the 18th instant, at the Institution | road Company is preparing to develop coal land which it 
of Civil Engineers, 25, Great George-street, Westminster, | has purchased near Pottsville, and which will be reached 
Mr. Baldwin Latham, F.G.S., President, in the chair. | by its new extension, the Schuylkill and Lehigh Rail- 
Mr. C. C. Farr, B.Se., Mr. J. Hall, A.M. Inst. C.E., | road. Orders have been issued for the construction of 
| Mr. C. R. Rivington, and Dr. J. L. Whitehead were | two large breakers with all the latest - ments. The 
elected fellows of the Society. |annual productive capacity of the Yor f arm Colliery 

The following papers were read : alone is set down at 300,000 tons. 

1. ‘*On the Difference produced in the Mean Tempera- 
ture derived from Daily Maximum and Minimum ead- | VicrortAN Routine Stocx.—Some large contracts are 
ings, as depending on the Time at which the Thermo- | now in hand for the construction of rolling stock to meet 
meters are read,” by Mr. W. Ellis, F.R.A.S. In the publi- the increasing requirements of the Victorian Government. 
| cations issued by the Greenwich Observatory authorities |Tenders were accepted last year and in 1888 for the 
|the maximum and minimum temperatures are those | manufacture of 3085 vehicles, consisting of 95 engines, 
| referring to the civil day from midnight to midnight. At | 180 passenger cars, 145 vans, and 2665 trucks. The loco- 














| many stations the observers only read their instruments | motives are now being delivered at the rate of five per 
| once a day, viz., at 9 a.m., when the reading of the maxi- | month. 
| mum thermometer is entered to the preceding civil day, | —— 
and the reading of the minimum thermometer to the; Coat 1n New Sourn WALEs.—A seam of coal 6 ft. thick 
|same civil day. Such stations are called ‘‘ climatological | has been discovered at Liverpool, 22 miles south of Syd- 
stations.” The author has tabulated the Greenwich|ney. This seam is 2500 ft. down, and the discovery 
maximum and minimum temperatures according to both| proves beyond doubt that coal seams do not thin out 
methods for the years 1886-89, and finds that the climato- | towards Sydney. In fact it is a matter for consideration 
logical maximum and minimum means are in excess of the | whether coal will not some day be worked under Sydney. 
civil day means. Mr. T. W. E. David, a geological surveyor, and one of 
2. ‘On the Distribution of Barometric Pressure at the | the highest authorities on coal measures in New South 
Average Level of the Hill Stations in India, and its pro- | Wales, considers that the western and southern coal 
bable Effect on the Rainfall of the Cold Weather,” by Mir, seams of New South Wales, hitherto thought to be dis- 
W. L. Dallas. The weather over India during January, | tinct, areone and the same, and only interrupted by 
1890, was very dry and in marked contrast to that which | intrusive rocks. 
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PHOSPHORUS IN BASIC STEEL. 


The Estimation of Phosphorus in the ‘‘ Basic” Siemens 
Steel Bath.* 


By W. Gasraitu, Chesterfield. 


Onk of the many difficulties of the ‘‘ basic” process of 
manufacturing steel from Leone, a irons consists in the 
uncertainty of knowing exactly when the phosphorus is 
low enough without continuing the oxidation longer than 
is necessary. 

In order to ascertain this, it is customary to take a 
sample from the furnace or converter, and, while hot, 
hammer it down, quench in water, and then break it. 
When phosphorus is present in any quantity, the fracture 
is crystalline and bright, and has a very characteristic 
streaky appearance. This is, however, not altogether 
reliable, and cannot be so, as the appearance of the frac- 
ture is modified by many things, as, for instance, the size 
of sample and its thickness, the amount of ‘‘ work” on it, 
the temperature at which it is hammered and at which it 
is quenched, and also the manner in which it is broken. 
In order to meet this difficulty I have devised the follow- 
ing chemical test, which I have found to be thoroughly 
reliable and useful. 

Dissolve .20 gramme of the drillings in 3 c.c. aqua 
regia in a small flask, then add about 3 c.c. water ze 
sufficient ammonia to precipitate all the iron, and after- 
wards redissolve the precipitate in nitric acid, adding it 
drop by drop until the solution is distinctly clear. 

There is now added about 10 drops of molybdic acid 
solution, prepared according to Fresenius, and the solu- 
tion is transferred toa pose | bottle, about 2 in. high to 
the shoulder, by 4 in. in diameter, which, after being 
made up to a definite mark on the bottle, is shaken well. 

This is also done with a steel containing a known per- 
centage of phosphorus (say .05 per cent.) and the opacity 
is cealaaiede and if a number of similar bottles are kept 
varying from .01 per cent. to .10 per cent. phosphorus, the 
comparison becomes com saseitee simple. The molybdic 
acid solution is prepared by dissolving 50 grammes of 
molybdic acid in 100 c.c. ammonia with 100 c.c. water, 
this being afterwards plunged into 750 c.c. nitric acid (sp. 

r. 1.20). 

r I can scarcely recommend that a basic Bessemer blow 
be interrupted long enough for this test, but, as it is done 
very aa each blow as it is completed might be tested 
in this way, and any phosphoric heats can thus be detected 
at once, and before the succeeding blow comes on. There 
is also the advantage that it disposes of the necessity of 
the phosphorus being determined in the laboratory for 
every “blow,” as is usually done, 








MISCELLANEA. 
PropaBty the highest natural head of water used in the 
world is that at Brignond, near Grenoble, where there is a 
turbine working with a head of 1638 ft. 


A Bill has been introduced into the Victorian Legislature 
for the construction of 800 new miles of railway, the cost 
of which is put at 7,141,000. Some important suburban 
lines are included in the total. 


We are requested to state that the President of the 
Institution of Electrical Engineers, being desirous of 
rendering the annual Conversazione especially attractive, 
hoped to have been able to hold it in a new locale. Every 
preparation had been made in anticipation of that arrange- 
ment, which has however unfortunately fallen through, 
and it being now too late in the season to make any 
other, the soirée will be postponed until after the recess, 


The Trade and Navigation returns for May show exports 
amounting to 22,940,779/., an increase of 2,519,385/., or 
12.3 per cent., on the corresponding month last year; 
the imports amounting to 33,341,005/., a decrease of 
1,494,403/., or 43 per cent. The value of the iron and 
steel exports was 3,131,533/., against 2,579,585/., an in- 
crease of 21.4 per cent., and of the coal and coke exports 
1,771,447/., against 1,368,405/., an increase of 29.4 per 
cent. 

From a report by the Belgian Consul-General at Mel- 
bourne, it appears that though Australia is now able to 
supply all the coal she requires for her own use and also 
to export considerable quantities, it still imports large 
quantities of coke, all of which comes from England. 
New South Wales alone imports upwards of 22,000 tons, 
and a single mine, the famous Roahens Hill Mine, of 
South Australia, uses no less than 900 tons of this com- 
modity per month, all of which is imported. 


According to a work recently published by one of 
the State foresters of Prussia, the entire forest area of 
Germany now amounts to 14,000,000 hectares (34,596,000 
acres). Russia has 200,000,000 hectares (494,228,620 acres) 
of forests; Austria - Hungary, 19,000,000 hectares 
(46,952,000 acres) ; Sweden, 17,000,000 hectares (42,010,000 
acres); France, 9,000,000 hectares (22,241,000 acres) ; 
Spain, 8,000,000 hectares (19,769,000 acres); Italy, 
4,000,000 hectares (9,884,572 acres); and England, 
2,471,000 acres. 

Several important additions have just been made to the 
facilities for telephonic communication in Scotland. 
Direct communication has been established between Edin- 
burgh and Dundee over a line 100 miles long. A trunk 
line has been completed from Edinburgh to Selkirk, 
Hawick, and Galashiels. Two additional trunk lines 
have been constructed between Edinburgh and Glasgow, 
making four lines in all between these two cities. Other 
and minor extensions have also taken place between Cupar 
and St. Andrew’s and between Arbroath and Montrose. 





* Paper read before the Iron and Steel Institute. 





Messrs. Sidney Minns and Co. have sent us a copy of 
a small pamphlet issued by them treating of the preven- 
tion of scale in boilers. essrs. Minns do not profess to 
have one single compound which will prevent scaling with 
all waters, but by analysing samples of the water supply, 
they determine in each particular instance the main 
characteristics of the water, and from this diagnosis pre- 
pare an incrustation-preventing fluid suitable to the 
special conditions of the case. e understand that the 
results of this method of working have been found 
remarkably satisfactory. 


A trade report from Sir A. Nicolson to the Foreign 
Office states that in Austria-Hungary there are 35,000 
persons employed in mining, 29,000 of which are adult 
males, 700 women, and the rest boys. Most of the men 
are employed in the coal and iron mines, and their average 
daily wages in the former are only from 2s, to 2s. 6d. per 
day. Boys earn from 10d. to 1s. 2d.,and women but 84d. 
to 10d. For temporary hands the wages are even lower. 
In the iron mines men earn only 1s. 4d. to 2s., boys from 
4d. to 6d., and women 8d. In the coal mines the hours 
of work are from 6 to 6, there being two shifts per day of 
twenty-four hours, 


An official investigation of the traffic in London streets 
shows that on one day in February last 11,558 carriages and 
72,645 pedestrians passed through Cheapside. On April 1, 
11,877 carriages and 87,274 pedestrians passed Mercer’s 
Hall, and on the following day 13,590 carriages and 101,940 
pedestrians passed Saddlers’ Hall. On February 13, 
13,316 wagons and 96,228 pedestrians passed through 
Foster’s-lane, and on the previous day in Roman Bath- 
street the figures were 10,532 and 44,312 respectively. 
On April 1, 11,556 carriages and 47,070 pedestrians passed 
along Newgate-street, and on February 11, between 
8 a.m. and 8 p.m., 14,301 carriages and 59,455 pedestrians 
passed Holborn Bars, 


A correspondent sends us as a curiosity in scientific re- 
porting (which it undoubtedly is) the following amusin 
extract from the Manchester Evening Mail of the 17th 
inst, The italics are ours: ‘*The Board of Trade inquiry 
into the accident to the City of Paris was resumed to-day 
at Liverpool. Mr. J. R. Thomson, a member of the firm 
in Glasgow which built the vessel, said she was of cast 
steel of the highest class. Communication between 
the engine-room and boiler-rooms was by water-tight 
doors opening by hydraulic power ; and the self-closing 
engine-room columns, submitted to severe tests, some of them 
had developed cracks. He had not previously found cracks 
in columns that size.” 


On Monday last the Electrical Trades Section of the 
London Chamber of Commerce passed the following reso- 
lution dealing with the question of overhead wires: 
‘That this meeting of the Electrical Trades Section of 
the London Chamber of Commerce, feeling that if the 
Board of Trade insist upon their decision with regard to 
cables, as announced in their letter of the 30th ult. to 
Messrs. Crompton and Co., it will be detrimental to the 
interests of the electrical trade without providing addi- 
tional protection to the public, earnestly solicits the 
Board of Trade to give their favourable reconsideration 
to Articles 9 and 12 of the rules and regulations for over- 
head wires, with a view to their decision being modified.” 


In some researches on the heat of liquefied gases, M. 
FE. Mathias has made use of a very novel and ingenious 
calorimeter, in which the reservoir inclosing the liquefied 
gas is placed, and absorbs the heat necessary for the 
evaporation of its contents. In place of allowing the 
calorimeter to cool, however, its temperature is kept con- 
stant by dissolving sulphuric acid in it drop by drop, 
the heat disengaged by which is represented very accu- 
rately by a formula of the type 

g= Ss 
btw 
Where g=quantity of heat disengaged, and =weight of 
acid dissolved, and a and b constants. 


A Select Committe of the House of Lords passed, on 
Tuesday, the Bill, which has already been sanctioned by 
the House of Commons, authorising the City of London 
and Southwark Subway Company to extend their line, now 
in course of completion, from its present terminus at 
Stockwell to Goneae Common. The clause for the pro- 
tection of the National Telephone Company is retained. 
For the purpose of carrying out this extension of seven 
furlongs nine chains the company are empowered to raise 
200,000/. additional capital, and to borrow in respect of 
that capital the sum of 50,000/. The name of the company 
is changed by the Bill into the ‘“‘City and South of 
London Railway Company,” and an extension of time is 
granted within which to complete the construction of the 
original line, 


Speaking at a banquet given to members of the Inter- 
national Telegraph Conference on Tuesday last, Sir John 
Pender stated that there were at present existing 2,000,000 
miles of land lines valued at 62,000,000/, The cables 
belonging to different governments were 13,178 miles long 
and were valued at 14,000,000/. The cable companies 
own 107,000 miles of cable, ecsting 36,000,000/., and have 
a total capital of 40,000,000/. The total gross expendi- 
ture on land lines and cables has been over 100,000,000/. 
The cable ships number 36, with an aggregate tonnage of 
53,780. The whole of this has been accomplished within 
the last 50 years, and most of the cable work within the last 
25 years. The time occupied in sending a message from 
London to Egypt was 20 minutes, and from London to 
Bombay less ded an hour, London to China about two 
hours, and London to Australia less than three hours. 

The Board of Trade inquiry into the circumstances of 
the accident to the Inman and International liner City of 
Paris was opened in the Nisi Prius Court, St. George’s 





Hall, Liverpool, on Monday, and has since sat from day 
today. Mr. Raffles, stipendiary magistrate, assisted by 
Captain F. T. Bragg, W. Eames, and J. H. Hallett, as 
nautical assessors, constituted the Court. Mr. Mansell 
Jones and Mr. Howard Smith (instructed by Mr. Walter 
Merton, solicitor) appeared on behalf of the Board of 
Trade; Sir Walter Phillimore, Bart., and Mr. 
Baden Powell (instructed by Messrs. Hill. Dickinson 
and Co.) for the owners; and Mr. Pickford (instructed 
by Messrs. Bateson and Co.) for Messrs. J. and G. 

homson, the builders of the vessel. As the evidence 
has not been completed we prefer to delay any reference 
to the case, 


An electric tramcar under the charge of Mr. Edward 
Pritchard, M. Inst. C.E., was successfully tried at Bir- 
mingham last week on the Bristol-road route. Eight 
cars have been provided in all, each of which will con- 
tain seats for 52 passengers, and the conditions of the 
contract on which they have been built stipulate that 
the cars shall be run a month on trial before being finally 
accepted. The cars work on the storage-battery system, 
and carry 12 cells weighing 600 lb. each. A complete 
charging plant has been laid down for these at the ter- 
mini, and special hydraulic appliances have also been 

rovided here for c pe the cells. It is expected, 

owever, that this will only have to be done once in 
twenty-four hours. The work has been carried out by 
the Electric Construction Corporation, and Messrs. Prit- 
chard and Co. were, we understand, the engineers. 


The annual meeting of the Association of Municipal 
and Sanitary Engineers and Surveyors is to be held at 
Liverpool on the three concluding days of next week. 
On Thursday the annual meeting is to be held in the 
council chamber at the Town Hall, when the annual 
report will be submitted and the Association’s premiums 
awarded. The president’s address will be delivered and 
papers read by Mr. Crawford Barlow, M. Inst. C.E., on 
the ‘London Sewage Question ;” by Mr. W. Spinks, on 
**The Mersey ;” b r. E. P. Hooley, on ‘*The County 
Management and Maintenance of Main Roads ;” and by 
Mr. J. H. Burton, “On Traction Engines and_their 
Effect on Roads and Buildings.” On Friday and Satur- 
day many works of interest will be visited. The mayor 
is to entertain the members at luncheon on Thursday, 
oo evening of the same day the annual dinner is 
to eld, 


We understand that Messrs. R. and W. Hawthorn, 
Leslie, and Co., Limited, have obtained the order for the 
machinery for two cruisers now being constructed at 
Government dockyards, namely, the Atolus, building at 
Devonport, and the Brilliant, at Sheerness. The vessels 
are sister ships, and from designs by Mr. W. H. White. 
They are 300 ft. long by 43 ft. 8in. beam, and have a 
displacement of 3600 tons at the load draught of 17 ft. Gin. 
The engines for which Messrs. Hawthorn, Leslie, and 
Co. have now obtained the order are to develop 9000 
horse-power under forced draught, and 7000 under usual 
assisted natural draught. At the former power it is 
expected a speed of 19? knots will be obtained, and at 
the latter aspeed of 18} knots. The engines will be dupli- 
cates of those Messrs. Hawthorn, Leslie, and Co. are 
now building for H.M.S. Sybille, which are inverted 
direct-acting, and have cylinders 324 in., 49 in., and 
74 in. in diameter, by 39 in. stroke, with three double- 
— ? two single-ended boilers working at a pressure 
o! e 


The fourth international congress on inland navigation 
will be held in Manchester, Rnciend, on July 28 and 
following days. The objects of the congress are, to pro- 
mote the improvement of inland navigation and of 
estuaries ; to direct attention to the economical value of 
navigable waterways; to examine, generally, technical 
questions relating to the construction and working of 
canals; to receive the report of the International Statis- 
tical Commission appointed at the last congress; and to 
take further steps towards the collection of statistics 
bearing on inland navigation. The three previous con- 
— were held respectively in Brussels, Vienna, and 
‘rankfort-on-the-Main. It is intended to have an exhi- 
bition of plans, maps, and models relating to inland 
navigation. At the Frankfort congress a similar exhibi- 
tion was held, the most valuable contributions coming 
from the German Government, who spent 20,000 dols. on 
their preparation. It is hoped that these plans and 
models may be available for re-exhibition in Manchester. 
All communications relating to the congress should be 
addressed to the secretary, at Lombard-chambers, 46, 
Brown-street, Manchester, England. 


we 





THE Portucurese Navy.—Messrs. Cramp and Sons have 
forwarded to the Portuguese Government bids and plans 
for the construction of four steel cruisers for the Portu- 
guese Navy. This is the first attempt of an American 
shipbuilding firm to compete with Europeans in building 
vessels for Huropean navies. 





Tue Unitep States Navy.—The Concord will soon 
make a trial trip from the Quintard Iron Works. The Ben- 
nington has just been launched at Chester. The Maine 
is advancing rapidly at the Brooklyn yard, and will be 
launched in the autumn. The moulds have been made, 
material ordered, and tools received for gunboats Nos. 
4 and 5, the keels of which are laid at the Bath (Maine) 
Tron Works. The second Ue gooey has been made on 
cruisers No. 9 and 10, building at the Columbian Iron 
Works. The two stern-posts have been completed by 
the Standard Steel Casting Company, and there is no 
reason why these craft should not be speedily completed. 
In the case of the Texas, a delay has been caused by 
faults in the stern-posts. 
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THE FRENCH NAVY.—No. III. 
THE ‘‘ TURENNE.” 

LikE the Triomphante, of which we published an 
illustration a few weeks since, the Turenne is one of 
the nine ships forming that section of the French Navy 
classified as Cuirassés de Croisiére. As will be seen 
from the accompanying Table, these ships vary con- 
siderably in power and armament; their tonnage 
varies from 3621 in the Thetis to 6400in the Turenne, 
of which we give a general view on page 732. But 


though the Turenne is the largest, and, except two, the | 


fastest of these protected cruisers, she does not by any 


TABLE GIVING PARTICULARS OF FRENCH ARMOURED CRUISERS. 


COMPOUND HORIZONTAL ENGINE 
(FRIKART SYSTEM). 


| In the two-page plate which we publish this week, and 
| on the present page, we give engravings of a compound 
| horizontal engine constructed on the Frikart system by 
| the Société Alsacienne de Constructions Mécaniques, Bel- 
fort, France, and which formedone of the exhibits in the 
Machinery Hall of the Paris Exhibition last year. The 
cylinders are 15.75 in. and 23.62 in. in diameter respec- 
| tively, and the stroke of the pistons is 3 ft. 11.24 in. 
When making 75 revolutions per minute, the engine 


NOTES FROM THE UNITED STATES. 

PHILADELPHIA, June 12, 1890. 
Durine the past week contracts for between 50,000 
and 60,000 tons of steel rails have been booked at 
eastern and western mills at prices equal to 31 dols. in 
Pennsylvania mills. Prices have advanced slightly 
owing to the increased demand, and small lots are now 
aaling 2 32 dols. to 33 dols. A rush of orders is now 
probable, and before the close of the current month 
several railway systems will cover requirements to the 
end of the year, at least. Road bed on a great deal of 


| will develop 250 horse-power. 





new mileage is being prepared as fast as possible, 
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means represent the latest type, which is shown by 
the Vauban and the Duguesclin, both of them launched 
in 1883, four years after the Turenne. The nine 
vessels —— this class are divided into three 
types, as follows: 1. The Thetis type, comprising the 
Montcalm and the Thetis, which are central battery 
ships. 2. The La Galissoniére type, including the La 
Galissoniére, Triomphante, and Victorieuse, which 
are central battery and barbette ships. 3. ‘The 
Duguesclin type, of which the Bayard, Duguesclin, 
Turenne, and Vauban are the representatives, the 
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heavy guns in these latter being mounted en bar- 
bette. As will be seen from the Table, the heaviest 
side armour they carry is 9.84 in. thick, while 
five out of the nine have only 5.90 in. armour. 
The central batteries protection is alike in all those pro- 
vided with them—4.72 in.—while the barbette turrets 
are surrounded by 7.87-in. plates. All of the 
ships are in addition strengthened by a heavy deck 
1.97 in. thick. The armament corresponds to the rank 
of the vessels, and is not therefore of the highest class. 
The Turenne, which is one of the best armed, carries 
four 24 cent., two 19 cent., six 14 cent., and twelve 
machine guns, As, according to the latest hand-book, 
the 1884 and 1887 models of the steel 24 cent. and 19 
cent. gunsarein course of manufacture, it follows that at 
present the guns of these natures mounted in these 
ships are of cast iron and steel; the former throw a 
shell of 316.8 lb., with a powder charge of 62.7 lb., and 
an initial velocity of 1487 ft. The new guns now 
being made will be about the same weight, but will 


Fig. 1 is a sectional elevation of the low-pressure Interest in railway building is reviving and it would 
engine, and Fig. 2 an elevation showing the arrange- | not be surprising to see a number of new schemes well 
ment of the valve gearing of the high-pressure cy- backed with capital put under way before October. 
linder, this gear forming a special feature of the engine; Railway properties are earning more money than last 
Fig. 3 is a sectional plan. Fig. 4 is a cross-section year and the volume of traffic is increasing. The 
at the centre of the low-pressure cylinder; and Fig. 5 general condition of the country may be best shown by 
a section through the high-pressure cylinder on the} the fact that for the month of May bank clearings 
line of the valve chambers. The valves are of the, were 214 per cent. greater than for May last year. 
Corliss type and the valve chambers form a separate | Gross earnings of 31 railroads for May showed an 
casting at each end of each cylinder, the cylinder | increase of 11 per cent. over May of last year. Facts 
barrels and the steam jackets being separate castings. | like these are very encouraging and are leading to a 
disposition in some quarters to speculate ; still it is a 
hard matter to convince the American speculating 
— that this, or any other time, is a good time to 

uy railway stocks, and they are watching the improv- 
ing tendency with a suspicious eye. Railway manage- 
ment is improving; there is less dishonesty, and a 
more open-handed policy is being pursued than for 
years past. 

The iron trade is improving, owing to the fact that 
a great many buyers are now placing orders for the 
third quarter of the year. Crude iron is selling at 
| 16 dols. for forge, 17 dols. for No. 2 foundry, and 

18 dols. for No. 1 foundry, tidewater delivery. Steel 
billets have advanced 50 cents per ton during the 
| week, The wrought-iron pipe mills are all crowded 
| with orders, and are selling their product for future 
| delivery at full card rates. Muck bars are quoted 
| to-day at 28 dols. to 28.50 dols. delivered. The 
southern pig-iron makers are holding out for higher 
prices, most of them being sold from three to four 
months ahead. A large amount of material is bein 
bought by the railway companies, bridge, car, an 
shipbuilders. The larger consumers of iron are evi- 
dently satisfied that this is a good time to make exten- 
sive purchases for summer and autumn requirements. 
There are evidences of increasing activity in all of the 
industries, Syndicates are still operating with great 
activity, especially in mineral and timber properties ; 
the projection of new blast furnaces continues. Rail- 
The admission of steam is to the underside of the belt | roads ——— built through the newer States, and 
which surrounds the central part of the high-pressure opportunities for purchasing valuable mineral lands 
cylinder outside the jacket. From this central belt! at very low figures, are attracting a great deal of 
passages lead along the top of the cylinder to the inlet | capital. _ ae : ' i 

valve chambers as shown in Fig. 1. The exhaust! ‘The tariff agitation still continues in Congress, and 
valves are of course at the bottom of the cylinder, and | it is impossible to say what the outcome will be. The 
the steam from them passes into a pipe connecting the | reduction in duties proposed by the Senate Committee 
two engines, this pipe being jacketted with live steam | has disappointed the friends of high duties, and they 
for the greater part of its length as shown in Fig, 3. | are not as anxious now for the passage of the Bill as 
In the case of the low-pressure cylinder the course of | they were before these modifications were suggested. 
the steam is the same as in that of the high-pressure | Theproposedreductionin steel railduties wasa greatsur- 
cylinder already described. The steam jackets have prise to thesteel railmakers, and their powerful influence 
independent steam supply pipes. | will now be brought to bear against it. The tin-plate 

The air pump is horizontal and double-acting. It is | manufacturers are hopeful of the passage of the clause 
worked by a rocking lever from the low-pressure cross- | Which will favourably affect their projected enterprise. 
head, the arrangement being shown by Fig. 1. This Tariff Bill threatens to cause a split in the Repub- 

The valve gear, which is, as we have said, a special | lican party. Never before was there such a difference 
feature of the engine, is shown by Fig. 2, and is on | of opinion among protectionists as to the best policy to 
the system of Mr. J. R. Frikart, of 122, Rue Nationale, | pursue. 

Lille. As we gave a detailed description of this valve 





























fire a similar projectile with 149.6 lb. of powder, and 
thus obtain a velocity of over 2000 ft. The 19-cent. 
guns, also of cast iron and steel, are fired with 34.32 1b. 
of powder; the projectile weighing 165 1b. has a 
velocity of 1490 ft. The 14-cent. guns of the latest 
type (1884) are of steel, weigh 3.25 tons, and throw a 
66-lb. shell with 27 lb. of powder ; the initial velocity 
is about 1900 ft. 





Natat Rattways.—The Natal Government railways 
earned last year an interest of 7? per cent. upon the 


capital invested in them. | excellent. 


earing on page 275 of our last volume, when dealing re ™ 

eith a engine constructed by Messrs. Escher, Wyss, BURRELL S ROAD LOCOMOTIV E. 
and Co., and also exhibited at Paris, it is not necessary| We illustrate on the next page an eight horse- 
| to re-describe it here, and we need merely say that in| power road locomotive built by Messrs. Charles 
the engine we now illustrate the details have been well | Burrell and Sons, Limited, at their works at Thet- 
\earried out. Of the gear itself we have already| ford, Norfolk, and intended specially for heavy 
expressed a very favourable opinion on several occa- | haulage in the south of England, and to be exhibited 
sions. In conclusion we may add that the workman- | at the Royal Agricultural Society’s Show at Plymouth, 
ship of the engine with which we have been dealing, as | which opens to-morrow. It is a type of engine of which 
well as of the other engines shown by the Société the firm have built a large number, and is mounted on 
Alsacienne de Constructions Mécaniques at Paris, was | springs upon their patent system, introduced about two 
|and a half years ago. The fact that over forty engines 
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SPRING MOUNTED ROAD LOCOMOTIVE. 
CONSTRUCTED BY MESSRS. CHARLES BURRELL, AND SONS, LIMITED, ENGINEERS, THETFORD. 








have been built with this arrangement is proof of the | 
satisfaction given by it. Fig. 2 is a transverse section | 
and Fig. 3 a part longitudinal section of the locomotive | 
showing the arrangement of the springs. Fig. 4 is an 
end view of the gimbal or universal joint. In Fig. 2 | 
A is the crankshaft from which motion is communi- | 
cated to the countershaft B, by means of pinions gear- | 
ing into the spurwheel C. The spurwheel C revolves | 
upon the fixed steel tube D, and is connected to the | 
countershaft B by means of the universal joint EF. 
The other end of the countershaft is carried in the 
bearing F, free to move up and down in the box G. 
The bearing F is connected by the link H to the axle- 
box J, which is free to slide up and down in guides S 
secured to the hornplates X, so that they both rise 
and fall together as the engine rides up and down upon 
the springs L. On the countershaft B isa pinion M 
gearing into the spurwheel N, giving motion to the 
road wheels P in the usual manner. The pinion M 
and spurwheel N are prevented from altering the 
distance between their centres, and so getting out of 
gear by the link H, and have also sufficient clearance 
at the sides of the teeth to allow of any sideway 
motion caused by the action of the engine on the 
springs. The axle-box K is also free to slide up and 
down in the guides 8, its motion in no way altering 
the distance between the centres of the gearing. As 
shown in Fig. 2, the steel tube Dis carried quite across 
the engine and bolted to the box G, which is also of 
steel and fastened to the hornplate X, thus forming a 
solid bearing for the spurwheel C and a substantial 
stay to the hornplates X, and effectually preventing 
them being twisted or buckled by the strains thrown 
upon them. The volute springs UL can readily be | 
adjusted by tightening up the nuts under them, or can | 
be quickly changed if necessary without taking any | 
other parts of the engine to pieces. The front of the | 
engine is carried upon one spring which is fitted in 
the fore carriage casting, and can be easily adjusted 
by removing a cap in the smokebox. 

The boiler is fitted with a copper firebox and brass 
tubes, and is stayed for a working pressure of 150 lb. 
to the square inch. The heating surface is 155 square 
feet, and the grate area 5.3 square feet. The 
= which is of substantial proportions, has a steam- 
jacketted cylinder 9 in. in diameter adapted for a stroke 
of piston of 12in. The crankshaft is 33 in. in diameter, 
with extra wide bearings. A water lifter and Gres- 



























































ham’s injector are fitted to the engine. The total 
tank capacity is 180 gallons. The driving wheels are 
each 6 ft. 6 in. in diameter, and the width of tread is 
16in. The front wheels are each 4 ft. 14in. in diameter, 
and the width 9 in. There is a spring in the fore 
carriage to take the weight of the engine in front. The 















































general arrangement will be seen by a glance at the en- 
graving. Theawning is supported in front bya wrought- 
iron plate with glass windows and brass framing. 





CoAL IN JOHANNESBURG.—Coal is now being brought into 
Johannesburg from Boksburg at the rate of 6s. per ton. 
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STAMPED STEEL AXLE-BOXES. 


No portion of railway rolling stock fares worse than | goods. 
| train should start, it very often happens that the con- 
| tents of the wagon or § 

| wagon itself, and whatever loss may accrue to the 


_trader from loss of market and the like, must be made 


Fig.1. 


the axle-boxes. When wagons are being hurriedly 
shunted, and are bumped roughly against each other, 
it is the axle-boxes that usually suffer most. The 
blow that suddenly checks the vehicle jerks the 
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axle out of the brass, and brings the journal 
violently against the box, often pense, it right acsoss. 
It is believed that on most of our great lines the break- 


ages amount to 500 or 600 boxes a week, while the | 
limit of expense is by no means reached when the, 
values of material and labour have been calculated. | 


These alone total up to an annual sum of very con- 
siderable magnitude, but much less than the indirect 
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good by the railway company. It has been estimated, 
although we cannot vouch for the figures, that these 
causes alone cost the English railway companies 
170,000/. per annum. 

Of course many attempts have been made to super- 
sede the ordinary cast-iron axle-box, as the immediate 
| economy is evidently great. The most natural method 
| was to use cast steel, and this has been tried very per- 





severingly. But the form of an axle-box is not one 
which is suitable for production in cast steel, since it 
does not lend itself toeven cooling. The result is 
that honeycombs, and bad and unreliable castings, are 
frequent, and cast steel has been found in many cases 
less reliable than iron. Another method is to form the 
boxes of mild steel plate, pressed to the requisite form. 
After long experiment this method has been worked 
out to a very successful conclusion by the Patent 
Stamped Steel Railway Axle-Box Company, Limited, 
respecting whose method of manufacture we now pro- 
pose to have something to say. 

It does not need a second thought to show that no 
better material than mild steel could be found for an 
article that has to stand the fearfully rough usage to 
which an axle-box is subjected. The difficulty is to de- 
termine how it can be worked at a moderate cost into 
the complicated shape required to fit existing guides 
and hornplates, and to be perfectly interchangeable 
with the present boxes. How this has been done will 
be seen by reference to the engravings on the present 
page, in which Figs. 1 to 4 represent a stamped 
steel axle-box of the pattern chiefly in use on all bogie 
wagon stock, while es 5 to 7 show a box of the 
grease-box type in use on English wagons. For the 
manufacture of these stamped — works have been 
erected at Orchard-place, Blackwall, London, designed 
for a large output. They are fitted with the most 
modern arrangements of furnaces and welding 
, and with a large number of exceedingly well- 

esigned and powerful presses, so disposed that a 
plate may be bent into its final form at one heat, 
even if three or four consecutive sets of dies are re- 
quired to accomplish the end. Less than a minute 
suffices to draw a plate from the furnace, and stamp 
it to the final form ready for welding. 

Referring to Figs. 1 to 4, it will be seen that this is 
an oil box, fitted with a greasing pad and spring 
(Fig. 2)in the usual way. The box is made of plate 
1 in. thick ; its upper part is filled with a cast-iron 
slipper in which the brass fits, and since every box 
is made with the same dies there is the certainty that 
the slipper will fit exactly if it be also to pattern. It 
is such a simple casting that it can scarcely fail to be. 
The opening in the box is covered with a stamped 
door (Figs. 1 and 4), which turns on a stud. 

Figs. 5 to 7 show a grease-box, which is, per- 
haps, the more interesting example of the two. The 
inner grease container is made separately, and is 
afterwards welded in place. The metal for the 
outer box is first punched out of the flat sheet, the 
whole box, except the removable bottom, being in 
one piece; the process of stamping then follows, 
and gradually the recess for the spring, the grooves 
for the plates, and the other projections appear 
as the plate is passed from press to press. It is, how- 
ever, still in the flat. It is then put into a folding 
press, which bends down the two sides, and then folds 
the ends of them over to form the ends of the box. 
The shell is then complete, except that it has an 
open joint from top to bottom at each end. Each 
joint is closed by holding it in a powerful jet of 
mixed gas and air supplied in due proportions 
by a blower. When it is raised to welding heat it is 
pe under a pneumatic hammer, a few blows from 
which complete the job. The soundness of the weld 
is demonstrated by a most rigorous test, for a circular 
piece is — out of one end of the box, and 
the lips of the hole are turned outwards, as shown in 
Fig. 1. It is only a perfect weld that can pass this 
ordeal. 

The internal grease-box is made much in the same 
way, but isasimpler job. Itis placed inside the outer 
box, and the two are welded together round the hole 
through which the axle passes, and round the edges 
of the opening closed by the cover, that is wherever 
the puncture is visible. The bottom of the box (Fig. 5) 
is made separately and is bolted in its place. (In 
Figs. 1 to 4 the bottom is made in one with the box). 
The brass is dropped into its seat and the whole is 
complete. 

As a test a wagon was fitted with boxes of this 
description, and for several hours was violently 
shunted by an engine. No harm happened to the 
boxes, although other parts of the vehicle suffered. 
Indeed it is difficult to see what could befall a box of 
this description beyond, pemagt a bruise which could 
be easily taken out bya smith. It is very light and 
exceedingly elastic, while the thinness of the plate 
enables the heat to dissipate readily, and thus not to 
waste the grease by undue melting. 

The extreme lightness of the stamped boxes to which 
we have just briefly referred is a very important 
feature. It is computed that there are over 1,000,000 
wagons belonging to railway companies and traders in 
use on the lines of the United Kingdom, which means 
a total of 4,000,000 axle-boxes, some of which weigh 
120 lb. and others from 95lb. upwards, the average 
being about 1001b. The steel box weighs two-thirds 
less on an average than the cast iron. The saving, 
therefore, of dead weight on 4,000,000 boxes aan 
amount to over 100,000 tons. The mileage of a wagon 
is approximately from 15,000 to 20,000 miles per 
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annum. Taken as 10,000 miles per annum the total 
saving by the use of the steel box in haulage, wear 
and tear of permanent way and rolling stock, would 
be enormous. The cost of the steel box is, having 
regard to its superiority, much cheaper than the cost 
of a cast-iron box. 

The company also make stamped axle-box lids for 
the ordinary cast-iron boxes, and by an ingenious 
arrangement of dies they are able to reproduce the 
exact form of cast-iron lids as regards the projection 
for the spring and the hole for the spindle. Messrs. 
Adams and Co., of 35£, Queen Victoria-street, E.C., 
are the representatives of the company. 








INDUSTRIAL NOTES. 

Tue important item of news with respect to the pro- 
posed restriction of output in the iron trade may have 
a far-reaching effect upon speculation in this extensive 
branch of industry. It is no longer merely a proposal 
of the men, for the Cleveland ironstone mineowners 
have met the representatives of the men in conference 
to formulate a mode of restriction. The outcome of the 
conference is that the men will, for the present, work 
one day less per week. What the precise amount of 
benefit will accrue to the workmen is not apparent, 
but the result will be to ‘‘ steady prices,” and probably 
to advance prices, whether to a point which will give 
such a corresponding rise in wages or tonnage on the 
basis of the sliding scale to recoup the workers for the 
off day is quite another question. The meeting was 
private, and little beyond the bare fact of reeommend- 
ing one day’s less work per week has transpired as to 
what took place. It is, however, stated by some who 
were present that a very strong feeling was evinced 
with regard to the recent speculations in warrants as 
being the cause of the fall in prices and of the reduced 
demand for iron. The delegates determined to make 
an effort to obtain the effective co-operation of other 
iron districts, both in England, Wales, and Scotland, 
with the view of putting an end, or at least of mini- 
mising, the mischief alleged to be caused by the stocks 
of warrant stores and the manipulations of the market 
in consequence of the speculations in them. The ulti- 
mate results of this conference of employers and work- 
men can scarcely be foreseen, but if the policy is 
adhered to a great change may be effected in the iron 
trade, 





In the Cleveland district some improvement in pur- 
chases has taken place, mostly for export, but in 
some cases also for home consumption by manufac- 
turers whose stocks had become low. The shipments 
of iron were unusually heavy for the first half of the 
present month, and more iron has gone to Scotland. 
A dispute of some importance has been settled with 
the blast furnacemen as to what amount of output 
should be taken as the standard rate of production per 
day above which bonus money should paid. The 
standard rate for furnaces with eight men shifts had 
been 445 tons per week. The subject was referred to 
arbitration, when it was agreed to fix the amount at 
556 tons, in proportion with the extra hands em- 
ployed, but that the decision should not be taken as a 
precedent. The operation of the twelve o’clock rule 
on Saturdays has not been without its drawback on 
the Tees-side. Formerly the men were allowed a 
little grace in the morning; now they have to be 
inside the gates at six o’clock prompt, and those not 
in their places have to lose a quarter. The men com- 
plain of this, but it is part of the agreement, and they 
must abide by it. The rivetters and platers at Mid- 
dlesbrough came out on strike in consequence of the 
imposition of penalties for not returning to work after 
the Whitsun holidays according to the notices posted 
up at the shipyards. The men were given till Wed- 
nesday, but as a large proportion failed to put in an 
appearance on that morning, the penalties or fines 
were inflicted. The blast furnacemen’s conference, to 
be held at Penrith, will discuss the questions of the 
eight hours’ shift, limitation of output, and the specu- 
lations in warrant stores. The conference opens next 
month. The federation will be largely represented. 

In the Lancashire district there appears to be a 
decided improvement in the condition of the engi- 
neering and iron industries generally, in so far as 
future prospects are concerned ; although it is stated 
that in the engineering branches they are quieting 
down, and that little new work is being given out in 
the shipbuilding departments. As a set-off to the 
latter, boilermakers are getting a large amount of new 
work, there being no indication whatever of any 
slackening in this branch of the iron trade. A consi- 
derable weight of new railway work is also being 
given out, especially of bridge and girder work, but the 
complaint is that the new orders are competed for at 
low figures. Railway carriage builders are also 
exceedingly busy, the work on hand being sufficient to 
carry them far into the next year. In some branches 
of engineering plenty of new orders have been booked, 
the leading machine toolmakers having sufficient work 





for a long time to come. In the metal market there 
has been a general advance in prices, in all manufac- 
tured goods, but the advance has somewhat checked 
purchasers. For pig and finished iron there is a good 
deal of inquiry, and prices are firm, but some under- 
selling is alleged to have taken place in order to secure 
purchasers, This leads some to suppose that the 
lowest point has not been reached. The workmen are 
pretty fully employed in all departments, and little 
industrial disturbance is taking place. The settle- 
ment of the disputes at Bolton, at Leeds, and other 
places, has been followed by an absence of further 
demands either as to time, wages, or other conditions 
of work. The process of levelling up gives satisfaction 
to the men where the rates of wages are good 
the feeling being that a higher average level will help 
to maintain the higher rates in certain districts. 


The difficulty in connection with the Midland Wages 
Board has been arranged by a compromise, as was 
suggested would probably the case in previous 
Notes to ENGINEERING. The men consented to con- 
cede the 6d. per ton premium for two months, bring- 
ing it down to 1s. 3d. per ton instead of 1s. 9d. The 
chairman of the Board subsequently moved that the 
sliding scale continue in operation, but that the ques- 
tion of the premium be in abeyance until the next 
ascertainment in July. Inthe mean time the men are 
to be paid 9s. per ton for puddling, the mill and forge 
men to be paid in proportion. This arrangement dates 
from the 9th instant, and to continue in force until 
the last Saturday in July. The employers on the 
Board recognised the difficulties of the operatives’ re- 
presentatives, and also the spirit of consideration they 
had shown under the circumstances. In accepting 
the offer of the men the employers reiterated their 
opinion that their own proposal was the best, but they 
agreed to the compromise offered. The decision is 
worthy of the Board, and is creditable alike to the 
employers and employed. Had any disagreement 
taken place, and an open rupture followed, the sliding 
scale would have been discredited, and perhaps arbi- 
tration would have been discarded. In replying to the 
vote of thanks, the chairman of the Board, Mr. B. 
Hingley, M.P., said that the thanks of the employers’ 
section of the Board were due to the operatives for the 
fair-minded way in which they had met the question 
at issue. The representatives of the men had great 
difficulty in persuading their constituents to agree to 
the compromise, and possibly some hot-headed 
antagonist will create some trouble over it in the near 
future. 





The June report of the Amalgamated Society of 
Engineers records that the total membership is now 
63,976, showing an increase of 396 in the month. 
Of these only 1154 were on donation benefit, a de- 
crease of 297 compared with the previous month. 
There was also a decrease on the sick fund of 47, and 
on superannuation of 28. From nearly all the 
branches the assurance comes that trade still con- 
tinues good and moderate ; only in a few cases was it 
said to be declining and disputes pending, the latter 
being rare. The report refers to the advance in wages 
of 2s. per week in the engineering firms of Leeds. 
All the firms named having given the advance without 
the slightest evidence of ill-feeling, for which the 
Council express their thanks. The managers of the 
Great Northern Railway Company at Doncaster have 
also advanced the wages of the engineers from 1s. per 
week to 4s. per week, 600 men participating in the 
rise. The Cheshire Lines Committee also advanced the 
wages of their men 2s. per week from May 23; and 
Messrs. Robinson and Sons, of Rochdale, 2s. per week 
to their men. Messrs. Cowan, Shildon, and Co., 
engineers of Carlisle, have agreed to 53 hours per 
week, a reduction of one hour weekly. At Halifax 
the engineers have been conceded 2s. per week, and no 
overtime, after a strike lasting nearly two months. 
The strike committee at Erith and Crayford have 
decided to close the strike at the Maxim-Nordenfelt 
Works, but the shops are not opened to members of 
the Engineers’ Society. The strike at Messrs. 
Latimer, Clarke, Muirhead, and Co., Westminster, 
still continues, the society cautioning men against 
working for the firm. At Colchester, Chatham, and 
Garston there are also disputes, but none of great 
importance in any part of the country. 





The report of the Labour Correspondent to the Board 
of Trade for the past month confirms the items of news 
given from time to time in these Notes. At various 
times, when the various market reports sound dis- 
couraging, it was shown that the conditions of employ- 
ment did not show any material slackening off, except 
in cases where labour disputes were pending. The 
Labour Correspondent says: With few exceptions 
the reports by the leading societies indicate a highly 
ree eng condition of trade, and but for the labour 
disputes the percentage of unemployed labour in the 








leading industries would have been reduced. Despite 
the disturbed conditions between capital and labour 





the percentage is not increased. Twenty-one societies 
reported, having a membership of 222,078, of whom 
4352 were reported to be out of work, or an increase of 
55 only from all causes. Improvement in trade is 
shown in the several branches of engineering, except 
the pattern-making, which indicates fewer new orders. 
The cabinet-making trades are good and the building 
trades have improved, but strikes in Manchester and 
Leith have increased the percentage out of work. Ship- 
building shows a slight falling off, and also some of the 
iron and steelmaking industries, but the coal trades 
are well employed. The textile and clothing trades 
have been moderately well employed, but a slight fall- 
ing off is observed in the printing trades. Thirteen 
societies report trade as very good, but declining, 
three good, and three moderately good. There were 
106 strikes during the month, but most of them have 
been settled, and only few were of great importance. 
Altogether the reports from all parts of the country 
indicate a healthy condition of general prosperity, 
only broken here and there by partial stoppages 
through disputes, many of which were of a trifling de- 
scription. One strike alone, the Consett strike, largely 
increased the percentage of men out of work, for some 
10,000 or 12,000 were involved for a short time. 





The preliminary notices for the next Trades Union 
Congress, to be opened in Liverpool on Monday, Sep- 
tember 1, have just been issued. Attention is called 
to Standing Order No. 3, with respect to delegations, 
only those who are legal members of, and are duly 
elected by bond jide trade societies, trades councils, 
and similar bodies can attend as representatives, and 
such delegates must not, either directly or indirectly, 
be paid, or have their expenses or fees paid by private 
individuals, or outside associations of any kind. One 
of the most important subjects of debate will be the 
question of a federation of the trades. This matter was 
first brought before the Congress in January, 1875, at 
Liverpool, when a draft constitution and code of rules 
were prepared. These were sent to the trades to be 
discussed, and a conference took place upon them in 
October, 1875. The conference adopted the constitu- 
tion and rules, and then they were submitted to the 
trade unions of the country for approval. A special 
conference was then called of the trades to be held in 
Birmingham in May, 1876, for the purpose of starting 
the federation. Only four societies responded, and 
so the proposals fellthrough. The subject was revived 
at the Edinburgh Congress in 1879, and was remitted 
to the Parliamentary Committee, who reported to the 
Dublin Congress, in 1880, that ‘‘so poor was the 
response” that they could take no action. Other 
attempts were made to revive the scheme until last 
year, when the subject was again remitted to the Par- 
liamentary Committee by the Dundee Congress. The 
committee have therefore revived and re-issued the 
scheme ag prepared in 1875. It proposes a ‘‘ federa- 
tion of the organised trade societies” of the country, 
with a central fund and executive, officers, and 
council. Whether the scheme will be more favourably 
received now than heretofore remains to be seen. 





In the coal trade disputes keep cropping up, show- 
ing some uneasiness and friction in many places. In 
the Barnsley district there are disputes at Mrs. 
Clarke’s pits and at Mitchell Main. Efforts have been 
made to effect a settlement in both cases. Some local 
disputes also have taken place in Derbyshire ; in one 
instance the men demanded 6d. per day advance, the 
owners offered 4d., then 5d., to settle the dispute. 
At Monkwearmouth an offer of terms was made and 
refused, the men demanding seven hours per day from 
bank to bank. The dispute at Loves’ Collieries has 
been settled, the men discharged to be taken on again. 
The colliery enginemen are dissatisfied with the em- 
ployers’ offer as to working hours, and possibly there- 
fore a dispute might arise in the Durham district. In 
the mining districts of Scotland there is a movement 
for a reduction in wages—the men have taken alarm 
thereat. In Lancashire no dispute was reported at the 
last meeting of the Federation Board. One case was 
mentioned of a strike which took place against an 
arbitrator’s award, it being less by one-halfpenny per 
ton than the employers offered. The strike lasted ten 
weeks, but was settled amicably in the end, after cost- 
ing 6000/. In South Wales no dispute is reported. 
In many parts of the country the miners are preparing 
for their annual demonstrations, including Yorkshire, 
Lancashire, Somersetshire, Durham, Notts, and other 
districts. These demonstrations are usually monster 
assemblies ; at Southport it is expected that 100,000 
will be present. 





The bargebuilders’ strike is not yet settled. Themen 
on strike are being paid 12s. per week, and appeals 
have gone forth to the trades for assistance so as to 
increase the pay to 16s. per week. The appeal is 
signed by the officials of the London Trades Council. 

The strike of the ship carpenters is not settled, but 
the yards seem to go on with the hands they have got. 
The two firms holding out are the largest firms in 





London. 
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GBLECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883. 
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Specification is not illustrated. 

Where Inventions are communicated from abroad, the Names, 
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Any person may at any time within two ppc np the date of 
the advertisement of the acceptance of a comp specification, 
give notice at the Patent Ofice of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES. 


10,100. F. Daugy, Paris. Reversing Mechanism for 
Steam and other MotorEngines. (8d. 8 Figs.] June 20, 1889. 
—-According to this invention the eccentricsa, a are mounted on 
the shaft O in such a way that they have an amount of play on the 
shaft equal to half a revolution, and are capable of being displaced 
through this half revolution by means of gearing actuated by the 
engine itself when working, and by a device operated by manual 
power when the engine is in a state of rest. Motion is communi- 
cated to the eccentrics @ by a key ¢ which is fixed to the shaft 0, 
extends around one-fourth ofthe circumference, and engages ina 
circular groove d of the eccentrics, which groove is made full for 
a fourth of the circumference so as to provide an abutment for the 

ey. The relative shifting of the eccentrics on the shaft is effected 
the engine itself by means of a shaft A arranged below the shaft 


G 





O, and carrying at one end a toothed wheel D capable of gearing with 
a toothed wheel E fixed on the engine shaft O, and at the other 
end a friction wheel G capable of engaging with a friction disc g 
forming one piece with the eccentrice. The shaft A is normally in 
its lowest position, but is capable of being raised by means of the 
hand lever C so as to bring the toothed wheel D imto gear with the 
wheel E, whereby the wheel D and consequently the friction 
wheel G is caused to rotate in the opposite direction to that of the 
shaft O. As the wheelG is brought at the same time into contact 
with the disc g, the eccentrics a, a will be caused to rotate, and 
undergo a relative displacement of 180 deg. on the shaft, whereby 
the distribution of the slide valves, and consequently the direction 
of motion of the engines, is reversed asdesired. (Accepted April 
3, 1 
19,110. G. J. Clarkson, Stockton-on-Tees, Durham. 
(Rk. C. Fisher, Ontario, Canada.) Rotary Engines, [8d. 
2 Figs.) November 28, 1889.—Q is a hollow plunger designed to 
be forced down when steam is admitted by a sliding valve h, which 
is attached to a rod U operated by a cam W fixed on the engine 
shaft A. In the position shown the engine is at rest. To operate 
the engine, the shaft Ais caused to rotate slightly by suitable 
leverage. This causes the rod U to draw down the slide valve h 
and admit steam from the boiler through the inlet S through 
the opening g to c, into the hollowed portion a of the head of the 
lunger Q. The pressure of steam on the solid portion ¢ of the 
ead of the plunger, causes the plunger Q to descend, the 
rounded end of which pressing against the concavity on the inner 





casing F, causes the latter to rotate, as soon as the opening b 
descends sufficiently to clear the inner face of the outer cylinder 
G. Steam pressure is admitted through the opening J, in the 
inner casing F, to the head of the piston head K, which causes 
it to descend into its cylinder, compressing the helical spring N, 
and causing all the cylinders to rotate, carrying with them the 
bed piece B, which is rigidly attached to the central shaft A. 
Before the head of the cylinder C reaches the exhaust port I, the 
steam is cut off and works expansively on the head of the piston 
K. When the steam reaches the exhaust port I by the rotation 
of the cylinders, it escapes, and the spring N, in the cylinder C, 
springs back, throwing up the piston head to its normal! position 
asshown. (Accepted April 23, 1890). 


4244.9E. N. Galloway and J. H. Beckwith, Man- 





chester. Expansion Valves and Gear for Steam 
es. (6d. 3 Figs.) March 18, 1890.—This invention re- 
lates to a combined slide and expansion valve, and gear for work- 
ing the latter. The main slide valve A has in its body a steam 

@ with two ports from it on one side opening to its 
seat, and with a ber of ports opening through the back face. 
Against the latter there works the expansion slide B with corre- 
sponding ports through it. By thus subdividing the ports, a very 
small movement of the expansion slide B relatively to the main 
slide A suffices for the admission and the cut-off of steam to and 
from the passage a. The main slide is worked in the usual way by 
a rod K and an eccentric C fixed on the crankshaft. The rod of 





Fig.1 




















the expansion slide B is operated from an eccentric D which is 
fixed on the crankshaft and works a circularly slotted link 
E. A rod e adapted to be moved vertically in the slot in 
the link by hand or by the engine governor, when the cut- 
off is to be varied, serves, through a bell-crank F, to move 
up and down a vertical rod G having a horizontal slot g, 
in which is engaged one arm ofa bell-crank H. This bell-crank is 
pivotted on a bracket projecting from the main slide-rod K, and 
its vertical arm is jointed to the rod L of the expansion slide B. 
Owing to the movement of the link E and the consequent up-and- 
down motion of the slot g, the bell-crank H is caused to rock on its 
pivot, thereby imparting to the rod L a motion relatively to that 
of K, and thus moving the expansion slide B along the back of the 
main slide A. (Accepted April 23, 1890). 


RAILWAY PERMANENT WAY. 


9937. J. Cleminson, London. Sleepers for Rail- 
ways or Tramways. (6d. 5 Figs.) June 18, 1889.—The 
sleeper is stamped or pressed with four or more jaws or projec- 
tions A between which the rails are intended to be fixed by means 
of asuitable key. These jaws or projections are forced out of the 
sleeper without fracturing or shearing the metal. The form of 
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the sleeper is approximately that of a channel bar, but the ends 
are splayed or flattened out as at C, and corrugations B are formed 
in it lengthwise. The sleepers may be first rolled and then 
stamped or pressed to the required shape, or they may be cast. 
(Accepted April 23, 1890). 

1901. I. Brown, Swatara, Pa., U.S.A. Permanent 
Way of Railways. (8d. 9 Figs.) February 4, 1890.—The 
rails 15a are held in the chairs 11 which are formed in one with 
the sleeper 10 by means of special key clamps 18 and 19 (Fig. 3). 








Each chair 11 comprises a pair of raised parts 15 which are suit- 
ably slotted for the insertion of the key clamps 18, 19 from either 
side. The key clamps are then drawn firmly together by means of 
a nut and a screw-threaded pin 25 forming part of the clamp 19. 
(Accepted April 23, 1890). 

3944. S. B. Jerome and G. E. Stevens, New York, 
U.S.A. Railway Sleeper. (6d. 3 Figs.) March 13, 1890. 
—The improved railway sleeper is elastic and comprises a metal 
shell A with locked or rivetted seam, and packed with sawdust B. 








The open ends of the shell are closed by blocks of wood E, and a 
strip of wood D arranged underneath the top surface serves to 
receive and retain the nails or bolts b for holding down the rails 
C. (Accepted April 23, 1890). 


ELECTRICAL APPARATUS. 


3840. S. C. C. Currie, Philadelphia, Pa., U.S.A. 
Regulation of Alterna 0-Electric Gene- 
rators. (8d. 2 Figs.) March 11, 1890.—A G represents an 
alternating electric generator, and D a direct current exciter 
therefor, mounted upon the same shaft. The field-magnets F of 
the alternating g tor are excited by the direct current from 
the exciter D. Wires W run to a distributing circuit from the 
coils M of the revolving armature of the alternating generator. 
Transformers are shown connected in multiple between the leads 








of the generator. The exciter D is of greater power than would 
be required merely for the usual excitation of the field-magnets 
F. A is a storage battery. The exciting coils f of the field- 
magnets F of the alternating generator are connected in a circuit 
between the terminals C!, C? of the exciter D, and are of compara- 
tively fine wire. The field-magnets B of the exciter are shunt- 
wound with relatively fine wire, and also compound-wound. 
Thick wires a], a2, are leads from the terminals of the storage 
battery A, the circuit being completed in the following manner. 
The wire a! passes around each of the field poles F of the alter- 
nating generator, being wound successively upon the said poles 
in alternating directions, the same as the exciting coils f, and then 
passes around one field-magnet of the exciter D to the brush C2, 
thence through the brush C! around the other field-magnet of the 
exciter, whence the wire a2 leads to the other terminal of the storage 
battery. Assuming the mean load on thedynamo to be one-half its 
total capacity or that half the total number of lamps are lighted, 
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then the number of cells in the storage battery should be so regu- 
lated that the electromotive force of the exciter shall balance that of 
the battery and no current shall flow in the circuit a1, a2. If now 
the lamp load falls below the mean, then the load on the engine 
being lighter, the electromotive force of the exciter D will rise, 
and a current will pass from the exciter to the battery A, which 
will be charged thereby. The speed of the engine being now 
slightly increased the effect of the thick wire coils around the 
field magnets F will tend to neutralise the effect of the smaller 
coils and thus lower the magnetic intensity. If, however, the 
lamp load is greater than usual, the tendency of the engine will be 
to slow down, and the battery A will discharge through the circuit 
al, a2, and increase the magnetic intensity of the field magnets F, 
as well as the magnetic intensity of the exciter D, which will now 
run as a motor, and assist in driving the shaft of the alternating 
generator. (Accepted April 23, 1890). 


MANUFACTURE AND TREATMENT OF IRON 
AND STEEL. 


7985. C. E. Taunton, Balsal Heath, Worcester. 
Manufacture of Shells for Ordnance or for Machiae 
Guns. [8d. 18 Figs.) May 14, 1889.—A cylindrical block a of 
steel a little larger in diameter than the finished shell (Fig. 5) and 
of a proper length to form the same, is made perfectly circular 
outside by being forced in a heated state into a slightly taper 
cylindrical die (Fig. 1). When cold, the block a is drilled centrally 
with a small bell-mouth hole d (Fig. 2) for a certain distance down 
as to leave the base rather thicker than the base of the finished 
shell. The block a is then heated and placed with the open end 
of the hole upwards in a cylindrical die of corresponding diameter 
which extends above the top of the block. A mandrel c having a 
pointed end cl and suitably guided so as to move in a straight line, 





is now by hydraulic pressure forced into the central hole b in the 
block a (Fig. 3), thereby enlarging the hole and causing the metal 
to rise upwards, so that the block will now have the form illus- 
trated by Fig. 4. By drilling the central hole b in the block a 
before it is operated upon by the mandrel—and this is one of the 
chief features of this invention—the point cl of the mandrel is 
compelled to follow the hole b and descend in a perfectly straight 
line, and the enlarged hole formed by the mandrel will be per- 
fectly concentric with the outside of the block a. The partly 
formed shell is now finished on mandrels by the usual drawing- 
down processes, so that it ultimately assumes the form illustrated 
by Fig. 5. Thetop of the shell is then pointed in the usual way. 
(Accepted April 30, 1890). 

20,223. Taussig, eld, rmany. ast- 
ing. (6d. 2 Figs.) December 16, 1889.—The object of this in- 
vention is to provide for the casting of articles with a smooth 
non-oxidised surface, and to avoid the disadvantages arising from 
the admission of air during the melting and conveyance of the 
molten metal to the casting apparatus and moulds. To this end 
the melting of the material, and the casting, are performed in a 








rarefied atmosphere. This is effected by melting the material in 
an electric furnace which is placed in the same chamber with the 
mould, the air in the chamber being rarefied by means of an air 
pump. The chamber A within which the melting and casting is to 
take place is brought into connection with the air pump by means 
of the pipe m. Bis the crucible of an electric melting apparatus of 
Siemens’ system, C are the moulding boxes into which the molten 
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metal is cast. The chamber A is provided with openings, which 
ay be tightly closed, for introducing or removing the crucible 
and the moulding boxes. It is also provided with windows 7 
through which the melting and ge | Age may be watched. 
eis a metal plug covered with clay, which, as soon as the casting 
has to commence, may be withdrawn from the crucible from with- 
out by means of the rod p passing —— a stuffing-hox. The 
negative carbon-rod K, which with the Siemens’ furnace is sus- 
nded on a balance lever w and is movable, may be inserted 
ikewise with its suspension wire or band z, through a stuffing-box 
in the wall of the chamber. i and 7} are the negative and positive 
wires leading tothe dynamo. (Accepted April 23, 1890). 


SAWING MACHINERY. 


7525. S.Deardenand W. Baerten, Seinen, Lanc. 
Stone-Cutting or Stone-Sawing chinery. (6d. 
1 Fig.) May 6, 1889.—The improvements consist essentially in 
mounting the crankshaft on a movable frame, to which a slow 
descending motion is imparted to maintain the crankshaft and saw 
frame in a horizontal plane during the sawing process. A is an 
upright upon which slides the frame B carrying the crankshaft C 
that isconnected by the arm D to the saw frame E. In order to 
keep and maintain the crankshaft at the same level as the saw 
frame, it is gradually lowered in unison with the descent of the saw 
frame during the sawing process. For this purpose the screw 
spindle G isemployed, working in a chased bush H fixed to the 





movable frame B, and so actuated through the medium of bevel 
gear I, catch lever J, and ratchet wheel K, as to cause a gradual 
descent of the movable frame B and crankshaft C. To drive the 
said shaft and at the same time admit of the rising and falling 
action of the movable frame B, the endless rope N is provided and 
stretched between the groove pulleys O and P, and made to 
embrace a considerable portion of the pulley E (fixed to crank- 
shaft C) by means of guide pulleys R and S, so as toinsure a proper 
drive without slip. To relieve the screw spindle as much as pos- 
sible of the weight of the movable frame B and other parts, a 
balance weight is employed attached at one end of a chain T pass- 
ing over an elevated roller not shown. (Accepted April 30, 1890). 


9851. S. Bastow, Leeds. Self-Acting Feed for Saw- 
ing Machinery. [8d. 3 Figs.) June 15, 1889.—A horizontal 
shaft A, upon which is pivotted a bed B, carries a worm or cross- 
geared wheel D gearing into a wormwheel or cross-geared wheel 
D1, Upon the bed B at each end are bearings E carrying a shaft 
F parallel with the bed B. Two vertical frames G carry four 
geared feed rollers H! and have adjustable liners or set screws H. 
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The geared feed rollers H! are driven by bevel-wheels H? and H® 
sliding on the parallel shaft F. The parallel shaft H! passes 
through the vertical frames G, which have each a boss J. A nut 
L overlaps each boss J and is secured thereto by a pin or set screw 
M. The parallel shaft F is provided with right and left-hand 
threads N corresponding to the threads in the nuts L for moving 
the vertical frames G nearer to or further from each other accord- 








ing to the size of the wood being fed to the saw. For regulating 
the pressure upon the rollers spiral springs O are employed to act 
upon the bearings P of the rollers. Motion is given to the parallel 
shaft by means of a worm D gearing with the wormwheel D1, or 
cross-geared wheels D and D! are poten used upon the hori- 
zontal and parallel] shafts, which may be driven by sprocket 
wheels and chain Z. The bearings of the shaft A are carried by 
two quadrant slots X bolted to pedestals W. At right angles to 
the geared rollers are adjustable guide rollers 8S, which act, when 
required, either as a table or fence. (Accepted April 23, 1890). 


TREATMENT OF COAL. 


7917. M. Nicholson, Middleton, Yorks. Delivering 
Coal into Wagons, Ships’ Holds, &c, [8d. 2 Figs.] May 
13, 1889.—The improved apparatus comprises a spiral shoot ¢, in 
part surrounded by a casing f and mounted on a spirally twisted 
supporting rod g, suspended by means of arope 7. The operation 
of the apparatus is as follows: When the empty wagon e has been 
brought under the casing /, the pawl s is moved out of gear with 
the wheel q, which is then rotated by means of the handwheel p. 
This motion uncoils the rope m from the barrel n, and allows the 
spiral shoot c to descend, until the lower edge of the spiral shoot 
is slightly above the bottom of thecoal wagon. The pawl s is then 
thrown into gear and holds the spiral shoot in its new position. 
The coals are then allowed to slide down the inclined spout b on to 
the upper end of the spiral shoot c, down which they slide to the 
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bottom of the wagon. The coalis moved sideways from the bottom 
of the shoot by the attendant in the wagon. When this end of the 
wagon has been filled up to the level of the bottom edge of the 
spiral shoot, the pawl s is again released and the shoot ¢ raised a 
suitable height by means of the handwheel p. The pawl s is then 
again placed in gear with the wheel q to retain the spiral shoot in 
this new position. Since the supporting rod g has the same pitch 
as the spiral shoot ¢, and passes through a fixed nut h, the raising 
of the spiral shoot ¢ and rod g imparts a corresponding rotation to 
the shoot c. In consequence of this rotation the outer edge of the 
spiral shoot retains throughout the same relative position to the 
edge of the spout b, so that the drop of the coal from the edge of 
the inclined spout on the spiral shoot always remains the same. 
(Accepted April 16, 1890). 


9783. A. Neilson, Inkerman, Renfrew, and W. 
Black, Airdrie, Lanark. Distilling Shale, Coal, or 
other Oil and Tar-Yielding Minerals, and Retorts 
therefor. (Sd. 6 Figs.] June 14, 1889.—The retorts are each 
composed of a cylindrical vessel A, built of firebrick throughout 
its entire length and bound with an iron shell. At the bottom 
part a cone B of cast iron is placed so that the point of the cone 
projects upwards into the retort. There are also four outlets C, 
provided with door-pieces and doors, through the brickwork and 
shell of the retort, for drawing off the exhausted material from 
the retort ; the cone being set in the centre to split up and divide 
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the mass of descending material so that the drawing may be 
regular and even. On the top of the cylinder is fitted a hopper D 
for charging the material. e outlets E for vapours are taken 
off the shell A at a part where the outlet pipes are covered by 
an inside cone F, so that no material can get into them. In the 
operation of the retort, steam with a regulated supply of air is 
admitted by pipes G immediately above the outlet doors C at 
bottom and also by pipes G1 inside the cone B. A platform H 
and spyholes A are provided for ascertaining the condition of the 
material within the retort. (Accepted April 23, 1890). 


3306. H. Ekelung, Jonkoping, Sweden. A Furnace 
for Continuous Carbonising or Co . (6d. 2 Figs.) 
March 1, 1890.—The improved furnace for a continuous process of 
carbonising or coking consists of three superposed compartments 
A, B, C, the middle one having two lateral compartments D, E ; 
the upper compartment A and middle compartment B are 
separated by raised or arched hollow floors or floor parts forming 
double flues. One flue in each floor communicates with the one 
lateral compartment D and with the middle compartment B, and 











the other flue in each floor communicates with the other lateral 
compartment E and with the upper compartment A. The middle 
compartment B and the lower one C are separated by arched floors- 
or floor parts containing each a flue communicating with the 
middle compartment B, and, by means of pipes, either directly or 
through a condenser provided with g rctating fan, communicating 
with the other lateral compartment E. The arched floors are pro- 
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vided with sliding doors for charging the top compartment A with 
fresh material and for charging the middle compartment B with 
material from the top compartment A, and emptying it into the 
bottom compartment C. The heated air led into one lateral com- 
partment can pass through the middle compartment, and, together 
with gases produced, there rise to the top compartment A either 
directly or through a condenser. (Accepted April 22, 1890). 


MISCELLANEOUS. 


9772. N. Ya St. Petersburg. Apparatus for 
Facilitating Walking, Running, and Jumping. [1ld. 
20 Figs. June 13, 1889.—The principal part of the apparatus. 
consists of two elastic bow-shaped springs B of steel, the lower 
ends of which are connected to metal stirrups on the front part of 
the shoes C, while the = ge ends are connected to two leather 
rings A, through which the arms of the person are inserted. 
These rings A are connected together across the chest and the 
back by means of bands E and El, and also to the belt F by means. 
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of straps /. In order to prevent the springs B from moving too 
much apart laterally, the band E! has sewn to it two straps or light 
wood bars G, having at their ends leather loops g embracing the 
springs B. The upper part of the body after each leap, in con- 
tinuing to descend by virtue of its momentum, will as the 
springs B to an extent dependent on their elasticity ; imme- 
diately afterwards, however, the springs B in endeavouring to 
straighten out again, will draw up the upper part of the body by 
means of the rings A, and will thereby almost force the person to 
make a second leap and so on. (Accepted April 23, 1890). 


9986. J. Stewart, T. Charlton, and J. Casey, 
London. Stora; e of Petroleum, &c, (6d. 1 Fig.) June 
18, 1889.—Tanks and other vessels used for storing and transport- 
ing volatile or inflammable liquids have been constructed in such 
a manner that the increase or reduction in bulk of such liquids is. 
compensated for by means of water contained in chambers com- 
municating therewith.. Some of the volatile liquid becomes 
absorbed by the water which is afterwards discharged from the 
vessels, and the absorbed liquid is thereby wasted. Now the 
object of this invention is to recover the volatile liquid from the 















water, thus effecting an important saving, and at the same time 
deodorising and purifying the water. An additional or subsidiary 
receiver h is connected with the water-jacketted tanks a contain- 
ing the oil or liquid stored within the same in contact with water. 
This receives the waste water as it is drawn off from the tank. 
The water is caused to pass through a series of filtering trays 7, 
whereby the oil or other liquid is separated from the water, and 
such oil is recovered for further use, the surplus filtered water 
being allowed torun away to waste. (Accepted April 23, 1890). 





UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to the present time, and 
reports of trials of patent law cases in the United States, may be 
consulted, gratis, at the cffices of ENGINEERING, 35 and 36, Bedford- 
street, Strand. ; 
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GRIST MILL AT THE PLYMOUTH SHOW. 
CONSTRUCTED BY MESSRS. 


AEE, 


HOOZIA 


THE ROYAL AGRIOULTURAL 
SOCIETY’S SHOW AT PLYMOUTH. 


Every one knows that Devonshire is a capital 
place to spend a holiday, but the agricultural 
implement makers appear to think that it is a bad 

’ district for business. Many that appear regularly 


at the annual shows of the Royal Agricultural | 
Society of England are this year absent, and those | 
who follow their regular custom of attending have | 


greatly curtailed their display. The distance from 
the Midlands and eastern counties to Plymouth has 
a great deal to do with this, while still more is the 
abstention due to the wave of good trade, which has 
only just begun to ebb, and to the petty character 
of the farming interests in the west. A county 
of small dairy farmers cannot become large pur. 
chasers of implements ; holdings of 80 to 100 acres 
offer no scope for high or scientific farming, and were 
the occupiers ever so advanced in their ideas they 
could not afford to put them in practice, except on a 
very small scale. The makers of dairy implements 
ought tofind a market in Plymouth, but themakers of 
steam ploughing tackle certainly will not. Even the 
breeders have restricted the number of their animals, 
except as regards poultry, which are exceedingly 
numerous. According to our usual custom we annex 
a Table showing the numbers of stands and exhibits 
at the various shows for many years past. Several 
of the stands at Plymouth, however, are empty. 
The trials to which we alluded last week fortu- 
nately afforded some little interest to this otherwise 
colourless show, in which one may wander round and 
round in a fruitless search for novelties. There 
were nine competitions, three only of which are 
likely to interest our readers. These were: 
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Year. | Place of Meeting. | oes _—_ ¥ 
1869 | Manchester ..| 395 | 7,724 
1870 | Oxford ee il 406 } 7,851 
1871 | Wolverhampton ...| 363 | 7,650 
1872 | Cardiff agi axel 308 5,843 
1873 | Hull.. aa 329 | 5,634 
1874 | Bedford a 361 5,931 
1875 | Taunton ra 284 4,214 
1876 | Birmingham 420 6,414 
1877 | Liverpool 428 6,930 
1878 | Bristol 435 6,837 
1879 | London 704 11,878 
1880 | Carlisle 288 4,196 
1881 | Derby 293 5,960 
1882 | Reading 391 6,102 
1883 | York... re 401 6,058 
1884 | Shrewsbury 367 5,241 
1885 | Preston... 360 5,313 
1886 | Norwich 322 4,656 
1887 | Newcastle ... 283 3,616 
1888 | Nottingham 368 4,717 
1889 | Windsor... ha 553 7,446 
1890 | Plymouth* ... dee 7 | 4,141 





* 9078 ft. of shedding. 


ENGINE TRIALS. 


The steam engine trials were the first to be made, 
and only attracted three competitors; Messrs. 





Adams and Co., Northampton ; Messrs. Simpson, 
| Strickland, and Co., Dartmouth ; and Messrs. E. 
|R. and F. Turner and Co., Ipswich. The first- 
/named commenced their test on Tuesday afternoon, 
| June 17th. 
| brake, stoking was stopped until the pressure com- 
menced to fall; the height of the water was then 
marked on the gauge, and the state of the fire 


E. R. AND F. TURNER, ENGINEERS, 





After a preliminary run with the) 


IPSWICH. 





was five. 
brake horse-power, the water consumption 78.1 lb. 
per brake horse-power, and the evaporation 6.1 Ib. 


The coal consumption was 12.12 Ib. pe 





| of water per pound of coal. This performance was 
‘certainly very unsatisfactory, even when the small 
|size of the engine is taken into account. It had a 
7-in. cylinder with a 10-in. stroke ; the pressure 
was 75 Ib. 

Messrs. Simpson, Strickland, and Co.’s engine 
was compounded, the tandem cylinders being 3 in. 
and 6 in. in diameter respectively with a stroke of 
6in. It ran at a speed of 289 revolutions per 
minute. The trial lasted four hours, with an average 
brake horse-power of 4.8 during that time. The 
coal used was 90.5 lb. and the water 807 lb., giving 
per brake horse-power per hour 4.82 1b. of coal and 
42.03 lb. of water ; the evaporation was 8.72 lb. of 
water per pound of coal. The steam pressure was 
110 Ib. 

Messrs. Turner concluded the series with an 
engine having a cylinder of 44 in. diameter and 
74 in. stroke, running at 210 revolutions per 
minute. The engine was fitted with a feed-water 
heater, consisting of a tank which received a part of 
the condensed steam ; this was disconnected during 
the trial, and the feed was with cold water, as in 
the other two cases. The results of a run of 
3$ hours, with an average load of 3.72 horse-power, 
were 11.77 lb. of coal and 89.9 1b. of water per 
brake horse-power per hour, the evaporation being 
7.64 lb. of water per pound of coal. 

Messrs. Simpson, Strickland, and Co. naturally 
‘received the first prize of 30l., and certainly de- 
iserved not only it, but all the credit which is 
lattached to it. Their engine exhibited a com- 





1.| noted. Ata given moment the counter was put in| mendable economy, partly due to good construction 


Light portable motors, steam or other, up to five | gear with the engine, and from that time to the end and partly to the high pressure employed. It ran 


brake horse-power. 
farm, to be worked by an engine not exceeding ten 


| tities. 


The record of the counter was noted every 


2. Grist mills for use on a| coal and water were supplied in measured quan- | exceedingly well. It was fitted with an injector and 


|a hand pump, but as the injector drew out of a tank 


brake horse-power. 3. Disintegrators suitable for | quarter of an hour and indicator diagramstaken until | heated with exhaust steam it could not be permitted 
working witha portable or traction engine not ex-| the end of the test, which occupied 2 hours 52 min. | to be used, and the boiler was fed by hand during 


ceeding twenty brake horse-power, 


During that time the average brake horse-power 


\the trial. At their stand Messrs, Simpson have a 
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similar engine which they made ten years ago. 
During the interval it has done the odd work of a 
farm, being sent hither and thither, and the owner 
testifies that it has not cost him 101. in repairs the 
whole time. Probably he will feel still better 
pleased with it now that he learns how economical 
itis, The second prize of 201. was awarded to 
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Messrs. Turner, whose engine was very well made, 
and of exceedingly neat design. We give sections 
of their boiler in this column, and particulars of 
all the engines and boilers in the annexed Table. 
Only two motors, other than steam engines, were 
offered for trial. These were both driven by the 
combustion of ordinary paraftin or kerosine, such as 
is used in lamps. The first was according to Priest- 
man and Hume’s patent, and was constructed by 
Messrs. Priestman Brothers, Limited, Hull. The 
second was according to Knight’s patent, and was 
manufactured by Messrs. Brown and May, of 
Devizes. The trial of the Priestman engine was in 
the highest degree satisfactory. It started with 
ease, and ran with regularity, not requiring the 
least nursing or attention. For two and a half 
hours the engine developed 4.6 brake horse- 
ower, on a consumption of 1.2 lb. of petro- 
eum per horse-power per hour, an exceedingly 
meritorious performance, which will be difficult 
to beat. In a half-power trial, of two hours’ dura- 
tion, 2.36 brake horse-power were developed on an 
expenditure of 1.98 lb. of oil per horse-power hour. 
To these figures are to be added the cost of the 
battery for igniting the mixture, but we are in- 
formed that a storage cell suffices for this work for 
three months without recharging, so that expense is 
not serious. The engine had an 8hin. cylinder 
with a 12 in. stroke, and ran at 180 revolutions per 
minute ; its weight complete was 47} cwt. Two 
other engines of different sizes were on the ground, 
and we are informed that a very large trade in them 
is springing up; non f are being placed in such 
unlikely places as coal mines and hopper barges. 
Messrs. Brown and May’s engine had got out of 
adjustment during transit, and consequently there 
was a difficulty in getting the charge to explode 
with regularity. During the whole of the trial it 
constantly missed its explosions, and consequently a 
considerable proportion of the charges was wasted. 
The cylinder was 4}in. in diameter by 9 in. stroke, 
and the rate of revolution 300 per minute. The 
trial lasted 1 hour 40 min. ; the power developed 
was .98 brake horse-power; the expenditure of 
oil per brake horse-power per hour was 2.9 lb., 
in addition to 2.7 oz. for the igniting lamp. There 
is a further deduction to be made for 14 oz. of oil 
withdrawn from the vaporiser at the end of the trial, 





Principal DIMENSIONS OF COMPETING ENGINES AT THE PLYMOUTH TRIALS. 
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1 Adams and Co. .. --| 5| simple | 7 | 10 | 752 6| 48/40] 2] 2 61.. 65 | 
2Simpson,Strickland&Co,| 3 compound 3 6} 6} 6/110 1 8] 20 | 40 1156] 2 3 Bi 84, 5 60.3 | 65.3 | 32.6 
3 E. R, and F. Turner 2) simple | 43) 7... | : 75.110; 26 33) 36] 1 2 | 1h} .. | 15.7 | 16.5 | 32.2 | 12.3 
| PETROLEUM. | | | 
4 Priestman Brothers 5 8} | 12 | | 
5 Brown and May .. 1 44; 9 | | | 

| | ow | 
































but it was not clear if some considerable part of this 
was not there at the commencement. We pub- 
lished engravings of this engine last week. 


DISINTEGRATORS. 

A disintegrator is a machine which always excites 
a feeling of wonder, almost of awe. There is some- 
thing uncanny about an apparatus into which one 
may shovel coal, quartz, stone, bones, old ropes, 
earths, and various other materials, and which will 
take any of them, as a matter of course, and reduce 
them to fine powder. There is a fearful noise and 
one can imagine the wild confusion inside, but it is 
the material and not the machine that suffers, so 
long as no metal gets inside. If a fair sized piece 
of iron is fed in, it very often manages to hold its 
own in the contest. A quick-eared attendant will 
be aware of its presence by the sound it makes, 
and will prudently avoid the contest by stopping 
the mill, but if he does not the machine will pro- 
bably get the worst of the conflict, unless the piece 
of iron is free from projecting angles, so that it 
cannot jam between the fixed and moving parts. 

The competition in this class produced five entries, 
only two of which were in any way alike. At 
the head of the list came the ‘‘ devil” disintegrator 
of the Hardy Patent Pick Company, Limited, Shef- 
field. We illustrated the machine on page 132 of our 
forty-sixth volume, in connection with the Notting- 
ham Show, and the favourable estimate we then 
formed of it is borne out by the fact that it has 
now been awarded the first prize. In the interval 
there have been made some important alterations 
in the particular shape of the teeth, and in the 
closeness at which they are pitched for different 
classes of material. But in other respects the 
machine is unchanged. It consists of a mild steel 
case built up of thick plates and angles. Through 
the centre of it there runs a horizontal spindle, 
carried in long bearings at each end, and fitted at 
one end with thrust washers. On this spindle, 
within the case, is a boss to which is bolted an 
annulus on the face of which arerings. The inner 
ring is large, the next finer, and so on, until 
the outermost ring is the finest of all. Parts of 
these rings are cut away, so that the parts left form 
teeth or spurs. Fixed to the side of the case isa 
similar annulus, except that it is the negative of 
the moving one, the rings of the one fitting into 
the spaces of the other. The material is fed through 
a shoot in the side of the case into the central space 
of the two annuli. It immediately gets caught 
between the inside fixed and revolving teeth, and 
partly broken. The fragments are thrown between 
the teeth again and again, becoming smaller each 
time, and penetrating between additional rings of 
teeth mn they are able to run the gauntlet of 
them alland emerge at the periphery. Of course 
different sized rings are used for different materials. 
The ‘‘devil” is in use for breaking cement clinker, 
basic slag, coal, bones, chemicals, cork, dyes, 
manures, and many other materials ; it will even 
grind flesh and vegetable refuse. It runs at 
sat revolutions per minute, and is driven by a 6-in. 

t. 

The ‘‘devil” disintegrator was submitted to three 
tests with (1) green bones, (2) dry bones, and 
(3) cotton cake. It had not been running many 
minutes before the exhibitor noticed a piece of iron 
enter with the bones. He immediately called for 
the engine to be stopped and screwed back the 
moving disc until the iron could fall out. There 
were 5 cwt. 3qrs. 10 1b. of green bones delivered to 
him, and he ground them into very fine meal in 253 


minutes, including the time lost in the stoppage. 
Of the dry bones 6 cwt. 0 qrs. 32 lb. were ground 
in 18 minutes, 35 lb., however, being rejected as 
being too large to enter the mill without previous 
breaking. Thecotton cake weighed 5ewt. 1qr.171b., 
and was was put through the millin 7 minutes, the 
result being exceedingly fine. The disintegrator 
was of the size known as 3}, as it is stated to be 
capable of grinding 150 tons of coal a day for 
briquettes, the driving power being supplied by an 
engine with a 14-in. cylinder with 60 1b, pressure of 
steam. 

The second prize fell to Messrs. W. N. Nicholson 
and Sons, Limited, of Newark. Their machine did 
not conform to the popular conception of a dis- 
integrator, since it effected the result by means of 
toothed rollers. It is, however, specially designed 
for dealing with bones and cake, and as these are 
just the materials which a farmer requires to break 
it was fitting that it should enter the contest. The 
mill consists of two sets of toothed rollers, through 
which the material passes successively. The upper 
rollers are formed of toothed and plain steel discs 
threaded alternately on a square spindle, fourteen 
of each kind. One set of discs has rings on the 
faces, and the other set has grooves, and when 
they are fixed together by through bolts, they are 
thoroughly interlocked, so that if one should break 
the piece cannot get adrift. The teeth are so 
hard that they cannot be cut with a file, while the 
centres are comparatively soft. To each roll is 
fitted a set of scrapers which clears the material 
out from between the teeth. Screws enable the 
distance between the rolls to be adjusted, while 
springs permit the easy passage of pieces of metal. 
The lower rolls are 10} in. in diameter, and have 
finer teeth than the upper ones; they run against 
concaves which are held up by weighted levers. 
There is thus a grinding action. 

The trial commenced with 5 cwt. 0 qr. 14 lb. of 
mixed green and dry bones, which were reduced in 
16 minutes. Then followed about 5 cwt. of cotton 
cake, which occupied 164 minutes. Both trials 
were run without the slightest hitch, and with a 
small amount of power. The material was not 
ground so fine as in the case of the devil disinte- 
grator. 

The disintegrator of Mr. J. Harrison Carter, of 
82, Mark-lane, London, is of the well-known type 
in which several radial arms rotate inside a cylin- 
drical grating, within an outer case. The speed of 
revolution is 3500 revolutions per minute. The 
material is fed in through an opening in the side, 
and falls at once into the path of the beaters. By 
these it is flung again and again against the grating 
until the fragments become so small that they pass 
through, and escape by the deliveringspout. Various 
sized gratings are used for different materials, the 
spaces varying from ; in. The bars of the 
grating are triangular in cross-section, at least 
in the finer sizes, and are fixed in side cheeks. 
These are made in segments, for convenience in 
putting in and out of place. In the coarse 
gratings the holes are punched for the hardened 
steel bars, which are then driven into place. 
In the fine gratings the edges of the cheeks are 
notched and the bars secured by cover plates. The 
case is of thick cast iron, and the covers are put on 
by pivotted bolts, so that they can be removed 
without delay. The mill shows evidence of very 
careful design. 

Mixed green and dry bones of a weight of 5 cwt. 
1 qr. 12 1b. were given out, and the trial began. 





After fiteen minutes the mill stopped suddenly, 
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and on opening it a j-in. bolt, not belonging to 
the machine, was found inside, very badly battered. 
One of the beaters was cracked and the spindle 
bent, so that the trial was stopped until a fresh 
spindle could be inserted. Rather less than half 
the material weighed out was ground in the time. 
Later in the day 4 cwt. 1 qr. 12 lb. of cotton cake 
was broken in eleven minutes. 

This practically ended the disintegrator trials, 
although there were two more entries. In the case 
of Messrs. C. E. Hall, Robinson, and Co., of 
Sheffield, repeated difficulties with the transmission 
wasted the available time and wore out the patience 
of the judges. The last machine, that of Mr. W. 
H. Coward, of Bath, was so entirely different in 
its character from the others that comparison was 
scarcely possible. It was designed primarily for 
crushing ore, and its price and weight place it 
beyond the farmer’sreach. In its essential features 
it is an edge runner with the pan turned on its side. 
Overhung at the end of a large hollow horizontal 
cast-iron shaft is a short cylinder of large diameter. 
The wall of this cylinder forms a path, on which 
runs a heavy cast-iron edge runner capable of rising 
and falling to accommodate itself to the amount of 
material in the mill. At the opposite end of the 
hollow shaft is an exhaust fan delivering into a 
cyclone separator. A pinion on a countershaft 
gears into teeth surrounding the cylinder, and 
rotates it. The material to be broken is fed into 
the cylinder through an opening in its outer face, 
and falls down to the lower part, where it is passed 
under the edge runner. It then enters pockets or 
elevated buckets formed in the ends of the cy- 
linders, and is carried up to the top, where it is 
tipped out. The heavy particles fall again to 
the bottom, while the light ones are caught by the 
draught and swept up the hollow axis and into the 
separator. Both the runner and the grinding path 
are renewable, and the latter can be heavily 
weighted by a lever to increase the pressure. The 
weight of the machine is about 14 tons. 


Grist MItt1s. 


Grist mills occupy a prominent position in 
modern farming. By their use the labour of 
reducing food to a digestible condition is trans- 
ferred from the animals to a steam engine, and the 
nervous energy which would be used for the 
purpose can be directed to the organs which 
assimilate the nourishment and transform it into 
flesh and bone. In the case of horses which are 
kept busy in the day, it is almost imperative that a 
part of the mechanical work of crushing or cutting 
their food should be done for them, or else they 
have not sufficient time left for rest. One has only 
to examine a sample of beans or maize to realise 
what an expenditure of power is needed to grind 
them up in an animal’s mouth. 

There are two general types of grist mills, those 
with flat surfaces like grindstones, and those with 
conical surfaces, like the well-known coffee mill. 
Usually the working parts are of cast iron, covered 
with small serrations, and either cast in a chill or from 
a specially hard mixture. Some mills, however, are 
fitted with stones, and then they are very similar 
to the old-fashioned flour mill, except that the 
spindle is horizontal instead of vertical. One stone 
is fixed to the side of the case, and the other is 
mounted on the spindle, and runs face to face with 
it. The fixed stone has a hole or eye in its centre, 
and through this the grain is fed from a hopper. The 
mouth of the hopper is adjustable by a slide, and 
the grain is kept moving by a shaking shoe. The 
fineness of the product depends on the distance 
between the stones, and this is determined by 
setting the spindle endwise by a screw. There is, 
however, always the chance that a piece of iron may 
enter between the stones and ruin them, and pro- 
vision must be made for its easy evacuation. This 
is usually done by means of springs, which allow 
the spindle to retire endways when the pressure 
on its grows very great, and to let the iron work its 
way to the periphery of the stones. The meal 
drops out at a spout. 

Where the discs are cast iron the arrangement is 
practically the same. They are constructed so as 
to be readily renewable, and are quite inexpensive. 
The running disc is fixed by countersunk bolts to 
a disc ontheshaft, and the stationary disc is similarly 
secured tothe frame. Inthe cone mills there is a 
great extent of grinding surface, and the serrations 
become finer as they near the delivery end. In 
some cases the concave entirely surrounds the cone, 
as in a coffee mill, but usually it only embraces 





one-half the circumference. The adjustment is 
effected by moving the concave radially or length- 
wise, while springs or weighted levers allow it to 
retire if iron enters the mill. Occasionally the 
cone becomes a cylinder, and then the feed takes 
place over its entire length, and the meal escapes at 
the opposite edge of the concave. 

It will thus be seen that a grist mill is a very 
simple machine, and also that it cannot be tested 
fully at a competitive trial. The initial sharpness 
of the cutting surfaces soon wears off, and the 
greater part of the work is done with them in this 
condition. At a trial everything is new and the 
discs are keen, and therefore the fineness of the 
grinding is greater and the amount of power re- 
quired is less than it will be under average condi- 
tions. As a rule very fine grinding is not required ; 
it is generally sufficient to kibble grain for 


one on an iron frame, and one with wooden legs, 
and without the elevating arrangement. 

The mill of Messrs. Woods and Co., of Stow- 
market, serves two purposes, and is practically a 
combination of two machines. At one part it will 
crush such material as oats and linseed, while in 
another it will grind to any degree of fineness. 
The crushing is done between two cast-iron rollers. 
In the mill entered for competition the large roller 
was 42in. in diameter, and the smaller about half 
that size ; they are fixed to run in contact, the larger 
driving the smaller by friction. The grain is 
simply fed between them and is crushed in its 
passage, scrapers clearing off any that may adhere 
to the metal. The grinding is effected by flat iron 
discs with grooved surfaces. One belt serves to 
drive both parts of the mill, so that the dual 
arrangement does not add to the complexity of the 


animals, and we imagine that few farmers in| belts 


this country care to eat flour of their own grind- 
ing and bolting. When the miller who uses 
stones can scarcely sell his product, it is not 
likely that the man who grows the corn will 
care to eat bread made from flour rubbed down 
between two iron plates. There are, however, we 
believe, many places on the Continent where these 
mills are extensively used for preparing flour for 
human consumption. After a course of black bread 
aman is not particular about his loaf being abso- 
lutely white. 

In this competition each mill entered was tried 
on maize, beans, and oats. The time occupied was 
noted, the fineness of the product, and the power 
expended. The following is a list of the machines 
entered, with a brief description of each. The 
first and second prizes were awarded respectively to 
Messrs. S. Corbett and Son, Wellington, and 
Messrs. Woodroffe and Co., Rugeley. 

Messrs. R. A. Lister and Co., of Dursley, 
Gloucestershire, entered a stone mill for competi- 
tion. Itis of their H size, and is fitted with the best 
French burr stones 18 in. in diameter. The stones 
stand in vertical planes, one being stationary and 
the other fixed on a horizontal spindle, on which 
are the driving pulleys. The feed goes through 
the eye of the fixed stone, and is effected by a 
worm and a shaking shoe. In this is a sieve to 
take out nails and stones. The end thrust on the 
— is taken on a loose gun-metal block, and 
this block can be set up with a screw to adjust the 
distance between the stones. The mill has pro- 
fessedly an output of ten to twelve bushels of fine 
meal per hour. The meal is delivered from a spout 
at the bottom of the casing. 

It was to be expected that Messrs. Barford and 
Perkins, of Peterborough, would be well repre- 
sented at a competition of grist mills, seeing that 
they have been engaged in their manufacture for 
so many years. They entered three mills. The 
essential features of these mills are a long solid 
cone working in a suitable concave which surrounds 
half its circumference. The grain is placed ina 
hopper above and fed through a shaking shoe into 
the small end of the case covering the cone. At 
this end of the cone are some partial worms which 
force the feed forward into the narrow space 
between the grinding surfaces. As these surfaces 
are serrated hardened cast iron they quickly reduce 
the grain, which travels towards the large end, 
emerging of any desired size. The fineness of the 
particles is regulated by raising and lowering the 
concave. Some of these mills, which cover a long 
range of sizes, are fitted with separators, which 
divide the flour from the bran, and give two or three 
different products. In addition to grain they will 
grind beans, coal, glass, and other materials. 

The mill of Messrs. John Williams and Co., of 
Rhuddlan, North Wales, is one of those in which 
the grinding surfaces are formed on the faces of 
discs, one of which is fixed to the frame, and the 
other mounted on a horizontal spindle. The spindle 
can be adjusted lengthwise to give fine or coarse 
results, and springs permit one disc to return if a 
-_ of iron is accidentally permitted to enter the 


Specially prepared ‘‘ Adamas”’ stoves are fitted 
in the mill entered for competition by Messrs. 
Blackstone and Co., Limited, of Stamford, Lin- 
colnshire. The running stone is on a horizontal 
spindle, fitted with the usual adjustments. The 
product after it leaves the stones is delivered by a 
rotating brush fixed radially to the stone to an ele- 
vated spout at the side, and can be received ina 
sack or into a separator according to its nature. 
Two of these mills were entered for competition, 





The grinding discs in the mill of Messrs. C. Bur- 
rell and Sons, Limited, of Thetford, are set hori- 
zontally, and the hopper feeds directly into the eye 
of the upper or fixed disc. The feeding channel 
can be adjusted separately at two parts to enable 
mixed material, such as beans and barley, to be 
ground together evenly. With a silent feed this is 
an important point. The running disc is carried at 
the top of a vertical spindle driven by bevel gear 
from a cross-shaft below. It is not keyed to the 
spindle, but is connected to it by a simple form of 
universal joint, which allows the plate to take up a 
position exactly parallel to its fellow, even if it 
should wear unsymmetrically. The spindle can be 
adjusted vertically by a lever and screwed rod. It 

, not, however, a solid abutment, the pressure 
being taken against a second weighted lever which 
gives way and allows the discs to separate if any 
hard substance gets into the mill. 

Messrs. Nicholson and Sons, Limited, Newark, 
have a very large display of grist mills of several 
varieties. In the first, marked No. 2, the grinding 
surfaces are flat plates arranged horizontally, the 
lower being mounted on a vertical spindle driven 
by bevel gear. This spindle will slide through its 
wheel to vary the distance between the plates. The 
second mill has its surfaces arranged as a cone work- 
ing within a concave, which entirely surrounds it. 
This concave is geared to the cone in the proportion 
of twenty to one, revolving in the same direction, 
and thus the wear is evenly distributed all round it, 
rendering every portion available for use. No. 8 
mill has a very flat cone and concave ; it would be 
almost better to describe them as discs, arranged 
vertically, one being fitted to a horizontal spindle, 
which can be set up endways. All these mills are 
noticeable for the beauty of the castings. 

Among the makers who enter several different 
types of mills are Messrs. H. Bamford and Sons, 
Uttoxeter. The simplest of these has two discs 
arranged vertically. These discs have grinding sur- 
faces on both sides, and when worn can be reversed, 
thus giving them a double life before they need to be 
renewed. With this mill is a separator, consisting of 
an inclined shaking sieve mounted in acase. The 
product falls into this sieve and is divided into meal 
and tailings. In a larger mill there are two 
grinders so arranged that the product from one falls 
into the second, and is reduced to a finer condition. 
It is stated that by this disposition ‘‘a gradual 
reduction of the grain is made without extra power, 
and a very fine and even sample of meal is pro- 
duced.” A third mill has a pair of crushing rolls, 


as well as grinding discs, and the material in the 
hopper can be directed to either. 
Andrew’s patent mills are shown by the Agri- 


cultural Mill Company, of Suffolk House, Lawrence 
Pountney-hill, London. They are of the cone and 
concave type, the special feature being that the 
concave is set endwise to make the adjustment. 
The effect of this is that the two surfaces are kept 
concentric in all positions, and, therefore, wear 
evenly. 

The “‘ British” grist mill of Messrs. Woodroffe 
and Co., Rugeley, has a cylindrical roller 12 in. in 
diameter by 16 in. long, working in a concave. 
The latter is held in position by a weighted lever 
which gives way if a piece of iron gets into the 
mill. The speed is low, 300 revolutions per minute, 
and the driving is direct, there being fast and loose 
pulleys at one end of the cone and a flywheel at 
the other. They also show a grist mill and roller 
mill combined, the latter being designed for flatten- 
ing or bruising, and not for grinding. 

The well-known mills of Messrs. 8. Corbett and 
Son, Wellington, are of very simple construction. 
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The discs are of chilled iron, the running disc being | but at none of their stands did we see a single 
ona horizontal spindle. Mr. Robert Graham’s mill} novelty in steam engine construction. Messrs. 
(Carlisle) is fitted with Cumberland stones 2 ft. 6in. | John Fowler and Co. and Messrs. Aveling and 
in diameter, the spindle being horizontal. | Porter occupy their usual positions facing the 

Messrs. E. F. Turner, of Ipswich, bring their entrance gates, but neither of them show any 
experience as milling engineers to bear on the sub-| novelty in the way of steam ploughing engines 


ject of farmers’ mills, and consequently their appa-|or traction engines. In fact, the only unusual | 


ratus does not conform to any of the usual types. | object at Messrs. Fowler’s stand is unusual not for 
It is illustrated on page 745. Instead of follow-| its novelty but for a contrary reason, it being a 
ing the old idea of grinding between a fixed | steam ploughing engine of the double-drum type, 
and revolving surface, a plan which had its rise|a class of engine which has not been represented 
before the dawn of history, they supply a cheap | at a Royal Agricultural Show for many years past. 


roller mill consisting of two finely serrated re-| Messrs. Charles Burrell and Sons, Limited, show a) 
volving rolls, running at differential speeds of | couple of traction engines of which one is a com- | 


about 7 to 2. Before reaching these, the grain| pound, having the two cylinders placed one above 
passes through a pair of nearly plain rolls in| the other (the two piston-rods being attached toa 
which it is cracked or bruised. If this is all it| single crosshead), a type which they introduced last 
requires it can be diverted into the delivery spout} year. This engine, which has cylinders respec- 
et once. Both sets of rolls can be accurately ad-| tively 64 in. and 10? in. in diameter with 12 in. 
justed for distance, and both are provided with! stroke, is spring mounted on the system which we 
springs to allow them to move back to pass hard | illustrated on page 740 of our last issue, and it is 
objects. The capacity of the mill is 60 bushels of | noticeable for its very moderate width, its measure- 
maize, ground into flour, per hour. Both sets of| ment over all being only 7 ft. 2 in., although its 
rolls are driven from the same pulley through spur | wheels have 18-in. tyres. 
gearing. It is gratifying to notice that although at present 
Mr. W. H. Coward, of Bath, entered a grist mill| our leading agricultural engineers are too busy 
on the same principle as his disintegrator, which is| to trouble themselves with the introduction of new 
described on page 747. types, they are certainly not neglecting the per- 
fection of their modes of manufacture, and every 
ENGINEs. year brings evidence of improvements in machine 
Apart from the engines submitted for trial, there | work and in the design and construction of those 
is really nothing whatever amongst the motors ex-/|minor details which have so large an influence on 
hibited at Plymouth which calls for detailed notice. | the production of really good engines at a moderate 
All the leading makers of agricultural engines, such | cost. 
as Messrs. Clayton and Shuttleworth, Messrs. Mar-| Among the gas engines we noticed that the 
shall, Sons, and Co., Messrs. Ransomes, Sims, and | ‘‘ Forward” engine of Messrs. T. B. Barker and 


Jefferies, Messrs. Ruston, Proctor, andCo., Messrs. |Co., of Birmingham, has been greatly modified. | 


Robey and Co., Messrs. R. Hornsby and Sons, | It follows the regular Otto cycle, and is very neatly 
Messrs, Garrett and Sons, &c., are represented, | designed. The ignition is effected by a hot tube, 








the three valves—gas, air, and exhaust—are all 
worked from one lay shaft. A pendulum governor 
is used in combination with a hit-and-miss arrange- 
ment. In one of the engines the governor is put 
back every stroke by a projection on the exhaust 
valve arm, and in this way all chance of its sticking 
and giving too much gas is avoided. The engine 
| presents a very neat appearance. Messrs. Crossley 
' Brothers, Limited, Manchester, show a new design 
| of a 2 horse-power engine, in which all the valves 
are on one side, allowing the engine to be placed 
| close to a wall, 


| IMPLEMENTS. 


For the use of small farmers Messrs. Davey, 
|Sleep, Harris, and Co., of the Excelsior Plough 
| Works, Plymouth, show a combined charlock 
‘cleaner and horserake. The cleaner consists of the 
usual serrated knife with a rotating brush above it. 
The knife cuts off and drags out the weeds, while 
the brush clears them off the blade and prevents it 
choking. The whole is mounted on a horserake, 
and can be easily removed when not required. On 
‘the same stand is a horserake which has no spring 
in the locking motion ; in place of this the levers 
/are so arranged that when the rake is at work they 
‘stand in the same straight line, and offer a firm 
|abutment to the pressure tending to lift the rake. 
| A novel kind of cart is also exhibited. It has aleg 
/or support at the forward end just behind the 
|shafts ; this support ends in a slipper foot, and is 
/mounted on a screw coupled by a chain to a hand- 
wheel. When the cart is about to descend a hill 
the screw is turned until the foot rests on the road ; 
this acts as a brake, and also takes the weight off 
the horse’s back. 
A very promising improvement in harvesters and 
reapers is shown by Mr. J. N. Davies, of Gweleath, 
Cury, Cornwall. It consists of a rotating conical 
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roller, corrugated lengthwise, and mounted on the 
off side of the machine. Its use is to disentangle 
laid or twisted crops. Ordinarily a part of the crop 
which is cut is entangled with the standing corn and 
accumulates on the side of the machine in a way 
which is inconvenient and dangerous. But with 
this appliance the cut stalks are drawn out of the 
rest of the crop and are passed on to the platform 
while the remainder then slides off, ready to be cut 
on the next journey. 

Amongst the implements at the stand of Messrs. 
R. Hornsby and Co., Limited, is a new pattern of 
light reaper, named by the makers ‘‘ Hornsby 
No. 20.” One of the chief features in this reaper 
is that the slow motion required for the rakes is 
obtained direct from a chain-wheel on the main 
axle instead of being derived from the high-speed 
motion required for the knives, as is the usual 
arrangement. The arrangements for controlling 
the gathering motion of the rakes and other adjust- 
ments are also exceedingly well worked out. Close 
by, also, Messrs. Hornsby show one of their new 
‘* Hornsby-Hoosier” drills, this being a very light 
drill of the American Hoosier type. The details 
of this drill are very ingeniously designed. No 
change-wheels are employed to vary the speed of 
the spindle carrying the feed rolls, but the amount 
of feed is regulated by varying the length of the 
rolls utilised. The coulters can be used either in 
line or zig-zagged, and their points are made so that 
they tend to draw down into the ground and so do 
not require to be weighted. Each coulter also is so 
made that it can yield if it strikes a large stone or 
other obstacle, at once resuming its position when 
the obstacle is passed. The whole machine is 
exceedingly light and yet very stiff and strong. 
Another new implement at Messrs. Hornsby’s 
stand is a combined pulper and slicer. In this 
machine the spindle carries a single disc fitted on 
one side with slicing cutters, and on the other with 
teeth for pulping. This disc is situated between 
two hoppers, and the spindle carrying it is capable 
of being moved endwise through a space of sume 
3 in. so as to give a free space on either side of the 
disc. When moved into one position the slicing 
side of the disc is brought near one of the hoppers, 
and clearance for the cut roots to fall away is left 
on the other side, while when shifted into its other 
other extreme position the pulping side of the disc 
is brought against the hopper which is used for 
pulping, and a free space for the pulped material to 
get away is provided on the other side. Two 
‘**strawsonisers” are also shown at Messrs. 
Hornsby’s stand. The makers have completely 
metamorphised the construction of this apparatus 
since it made its appearance at Windsor last year, 
and have reduced it to a very simple and practical 
form. As our readers are aware, this apparatus dis- 
tributes solid materials in the form of powder or 
fine grains, or liquid manure, &c., by the action of 
air jets. The supply of air for working the jets is 
given by a small Sturtevant fan driven by gearing 
from the axle of the machine, and the details of the 
arrangement for adjusting the amount of materials 
delivered, &c., are exceedingly well worked out. 

To load hay from a field into a wagon, Messrs. 
Lankester and Co., of 110, Southwark-street, Lon- 
don, show the Keystone hay loader, which is of 
American origin. It runs on a pair of wheels and 
can be attached to the rear of a wagon which then 
runs down the windrow and automatically transfers 
the hay or loose grain to the wagon. The apparatus 
consists of a cylinder carrying forks, like a tedder, 
and driven froin the axle. These forks are mounted 
on rods which have levers at the end running over 
acam path. By the action of the cam the forks 
clear their load as they come to the top of the circle 
in which they revolve, and drop it on to a long 
travelling apron of light construction, which carries 
the hay upwards, and finally drops it into the 
wagon. 

A number of distributors for various purposes 
are shown by Mr. G. Greenfield, Eakring, Newark, 
One of these is fixed to the back of a cart and 
driven by a chain from a wheel fixed to the nave of 
the travelling wheel. The others are self-contained. 
Messrs. W. H. Nicholson and Sons, Limited, of 
Newark, show a new form of horserake with a very 
simple locking motion, consisting of a catch which 
locks the lever for a second when it is dropped, and 
then rebounds and leaves it free for the next opera- 
tion. The details of this rake are exceedingly well 
worked out. 

Messrs. Adams and Co., of Northampton, show 
a steerage drill worked by a handwheel behind. 


By means of shafts and bevel wheels this wheel is 
connected to the fore carriage. It is also coupled 
to a long drum which lifts all the coulters at the 
end of a row. 


MISCELLANEOUS. 


To provide a cheap platform weighing machine 
for farmers, the Western Counties Agricultural 
Co-operative Association, Plymouth, have taken the 
agency for the Osgood United States standard scales. 
The platform and pit are built of timber, and the 
main beams are of the same material. To allow 
for the variation cf the timber the knife-edges bear 
upon discs which rest on other discs with convex 
surfaces, and these again repose upon rubber 
cushions, so that the parts may always easily adjust 
themselves to one another. It is claimed that 
perfect accuracy can be obtained with these 
weighing machines, while their cost is exceedingly 
moderate. Of weighing machines of the ordinary 
type Messrs. W. and ‘I. Avery, of Birmingham, 
have a large collection. They show one combined 
with a cart, and another with a wagon, so arranged 
that the exact load can be measured without dis- 
turbing the goods. By means of a lever the weight 
is transferred from the axle to the machine, there 
being no load on the knife-edges at other times. 
They also show a weighing machine combined with 
a jib crane. The pulley at the end of the jib is 
mounted on a lever which is connected at its other 
end by a rod to a steelyard on the framing. When 
the load is lifted it can be held suspended for a 
moment and then weighed. 

A machine for washing hops is shown by Mr. 
William Lambert, Staplehurst, Kent. It consists 
of a tank mounted on wheels and fitted with shafts 
for horses, The pumps are geared to the wheels, 
and five nozzles are provided at each side for the 
jets. An automatic arrangement is provided by 
which the liquor is discharged up the poles, and is 
immediately shut off between the hills, the pumps 
continuing working all the time. The machine 
can be changed in two or three minutes to act as 
a fire engine. 

Messrs. Eddy and Sons, Kennford Iron Works, 
near Exeter, show a very convenient earth scoop 
for contractors’ use. The scoop is drawn along by 
the horse until it is full ; the man who is guiding 
it at the handles then tilts it forward on its cutting 
edge and puts his foot on a lever. This draws out 
two catches and allows two square rods to fall, each 
carrying a wheel at the lower end. The scoop is then 
run away on its wheels to the place where it is to be 
tipped. The man then raises the handles till the 
cutting edge catches the ground, when the scoop 
turns completely over, discharging its load. 

The trials of the disintegrators showed very 
clearly the necessity for the magnetic separator of 
Mr. Harrison Carter. This consists of an inclined 
shaking shoot down which the material, such as 
bones, slides to a rotating drum. This drum con- 
tains a large number of electro-magnets energised 
by a current from a smalldynamo. The poles pro- 
ject above the surface of the drum, and catch any 
pieces of iron that may pass over them. By means 
of a commutator the current is cut off from the 
magnets when they are at the under side of the 
drum, and they drop their load into a hopper 
separate from the bones, which fall forward into a 
heap. If this machine had been used in the trials 
it would have averted an accident which occurred. 

The principle of the self-acting flushing tank is 
applied by Mr. J. Best, of 23, Old Town-street, 
Plymouth, to the hydraulic ram, in situations where 
the stream is so small, or at times becomes so small, 
that it will not close the valve and set the ram in 
action. At any convenient height above the ram 
there is fixed a tank, and the stream is delivered 
into it. It here accumulates until the tank is nearly 
full, when it lifts a float ; this float is connected to a 
hollow tipping lever partly filled with mercury. As 
soon as this lever is raised past the centre the mer- 
cury rushes to the other end, lifting the lever and 
opening a valve, which allows the contents of the 
tank to rush down a pipe to the hydraulic ram, and 
work it until the supply isexhausted. The valve is 
then closed, and the water commences to accumulate 
afresh. The same exhibitor has some handy little 
water wheels and pumps for supplying water to 
country houses. 

Dolberg’s narrow gauge railway for farm purposes 
is shown by Mr. W. A. Stone, of Prague, Austria. 
In connection with it is a portable log crane, for 
getting timber on to the trucks. This consists of 








two bars, which, when put together, form a kind 








of arch. They are joined by a pin at the top, and 
there are several holes in each to allow of adjust- 
ment. The lifting chains are worked by levers and 
pawls. At each stroke of the lever the chain is 
drawn forward over a pulley the length of a link, 
and isthen held by asecond pawl. The foot of the 
bar is of sufficient length to prevent it sinking into 
the ground, and will adjust itself to any inclina- 
tion. 
Datry. 

As usual, Messrs. T. Bradford and Co., of High 
Holborn, London, have a large supply of dairy 
machinery. In addition to their many well-known 
churns they show a new design called the ‘‘ post 
diaphragm.” It consists of a vessel, nearly hexa- 
gonal in vertical cross-section, rotating on a hori- 
zontal spindle. Dividing it into two parts longitu- 
dinally is a grating of wooden bars set at various 
angles. The cream is deflected, as the churn is 
rotated, at each angle of the hexagon, and then is 
driven through the ‘‘ post diaphragm,” the result 
being a great agitation and rapid production of the 
butter. For people who like to indulge in the 
luxury of freshly - made butter for breakfast 
the ‘‘morning” churn is provided. It is in- 
tended for the production of small quantities 
of butter, and consists of a barrel-shaped glass 
vessel, graduated in pints. It is fixed in a frame 
by which it can be turned end over end. The 
churn is specially suitable for a lady who takes an 
interest in her dairy, and likes occasionally to 
churn for herself. To separate the butter from the 
butter-milk, Messrs, Bradford show a new worker, 
consisting of a corrugated roller working over a 
table. The novelty of the arrangement consists in 
the corrugations running spirally, instead of longi- 
tudinally, and the table being rounded. By these 
alterations the butter-milk is able torun away more 
freely, and thus the end is gained without working 
the butter toomuch. Two sizes of this machine are 
shown, one for hand and one for power. When the 
butter is cleansed it is made up into half-pounds by 
means of a dairy table fitted with a die. The top 
of the die is closed by a lid worked by hand, and the 
bottom is forced up by a foot lever, thus render- 
ing the butter very solid. The arrangement is very 
similar to a brick press. 

A very convenient weighing machine for milk- 
sellers is shown by Messrs. Freeth and Pocock, of 
Wandsworth-road, Vauxhall, London. There is a 
loose platform on the machine, and this is con- 
nected to a tipping hoist by which the railway 
churn can be raised and its contents discharged 
into the refrigerator. The machine is one of Avery’s 
self-registering type. The can is placed on it and 
the weight stamped on the ticket ; the milk is then 
emptied and the can returned for the tare to be 
taken and impressed on the ticket. There is thus 
no chance of mistakes occurring, while the opera- 
tion is very expeditious. 

Visitors to the Royal Show always find an attrac- 
tion in the capital display of the Dairy Supply 
Company, Limited, of Museum-street, London. 
This year there is shown a delaiteuse of very large 
size. This is merely a centrifugal machine for re- 
moving the milk from newly churned butter. It 
consists of a perforated cage standing on a vertical 
spindle running at 550 revolutions per minute. The 
butter is inclosed in a bag and placed in this 
machine, until all the butter-milk is expelled. 
After this is done it needs very little work- 
ing to mass the grains together, and conse- 
quently they are not rendered greasy. The quality 
of butter is rapidly deteriorated by friction. In 
the working dairy the same firm show De Laval’s 
instantaneous butter-maker. The object aimed at 
in this apparatus is to conduct the two operations 
of separating the cream from the milk and of churn- 
ing the cream each at the appropriate temperature. 
The former is done at 75 deg. to 80 deg. Fahr., and 
the latter at 50 deg. to 55 deg. The fresh milk 
runs over a heater into a Laval separator of the 
usual type ; the skim milk flows away, while the 
cream trickles over a small refrigerator, supplied 
with cold water, into a tiny churn fixed to the 
frame of the apparatus, and driven at 3000 revolu- 
tions per minute. This is a small horizontal cylin- 
der in which revolves a beater or whisk, and in its 

ge through it the cream becomes converted 
into butter and butter-milk, or, as the Scandina- 
vians aptly call it, ‘‘ churn milk.” 

In the interval since the Windsor Show, the 
direct butter extractor shown by the Aylesbury 
Dairy Company, of Bayswater, London, has been 
very considerably modified, and it is now offered 
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as a practicable machine for dividing new milk 
into skim milk and butter at one operation. It 
consists of a separator revolving at 6000 revolu-| 
tions per minute in the usual way. The skim milk | 
accumulates at the periphery and the cream masses 
itself in a vertical annular layer inside it. In, 
the centre of the vessel is an inner open-. 
topped compartment, slightly conical, the mouth | 
being the smallest part. The cream gradually | 
accumulates in this inner vessel, in which is/| 
a light paddle-wheel or cage. This wheel runs 
loose on its spindle and by an eccentric ar- 
rangement can be pressed into the wall of cream | 
around the inside of the compartment, when | 
it revolves at the same peripheral speed. The. 
following is a summary of the explanation of its 
action given by the exhibitors. Cream consists of 
butter globules mixed with a small quantity of skim 
milk. If the last traces of milk be removed the 
globules will coalesce and form perfectly pure | 
butter. The bars of the wheel keep parting the 
cream, and thus enable the skim milk that was in 
the cream to escape therefrom, leaving only pure 
butter globules, which coalesce somewhat together, | 
and escape from the drum by a spout provided for | 
them. 

The same firm show two new small hand separa- | 
tors this year. They are of simpler construction | 
than their larger machines, the sharp spouts which | 
were used for skimming out the liquids being) 
abandoned, and the outflow taking place through | 
appropriately placed passages. They also show a_| 
whirling apparatus capable of being fixed in a sepa- | 
rator and designed to receive 140 test tubes for | 
testing the quality of milk. This size is, of course, | 
only suited for very large dealers who obtain milk 
from many sources, and wish to guard themselves 
against receiving fluid which has already undergone 
a partial extraction. 





MODERN FRENCH ARTILLERY. 
No. XXV. 
Forages Et CHANTIERS DE LA MEDITERRANEE— 
SIEGE AND GARRISON GuNs. 
THE siege and garrison guns made on the Canet 
system at the works of the Forges et Chantiers de 
la Mediterranée, are classified into a series of the | 
following eight calibres : 





muzzle a wrought-iron plate of 2.5 in., and has a also claimed that the gun is free to fall back through 
range of 7400 metres, up to the long 10.63-in. gun a larger angle than is possible with an oscillating 
that can pierce 17 in. of wrought iron at the muzzle, brake cylinder, the rod of which is attached to the 
and has a range of more than seven miles. A large balanced frame. 

number of experiments have been carried out with} The Canet 12-centimetre (4.72 in.) siege gun, 
the Canet guns of these types, and they have been | which is a very convenient calibre, throws a pro- 
found to give initial velocities much higher than jectile weighing 39.7 lb. with an initial velocity of 
those of the French regulation pattern ; indeed, as | 1700 ft., and is a very formidable type of artillery. 
will be seen from the particulars contained in Table It is provided with a simple form of breech 
XXIV., M. Canet has attained with them velocities mechanism (Figs. 281 and 282) with the ordinary 
of nearly 2000 ft. per second, while the material em- | plastic obturator and a safety apparatus, consisting 
ployed has not suffered from the heaviest strain to of a bolt on which is mounted a shield covering 











BREECHLOADING MECHANISM ; SIEGE GUNS. 
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15-CENTIMETRE SIEGE GUN. 


which they have been subjected—25,600 Ib. per| the vent. This opening remains protected during 
square inch. | the whole time that the breech is being opened or 

These guns are mounted either on wheeled car-| closed, and it is only at the moment when the 
riages or on disappearing mountings, or for the | breech-block lever is thrown down and the block 
heavier natures, on the various patterns of garrison | is fully closed that the shield rises and the fuze can 


9 centimetres = 3.54in. carriages. The eclipse or disappearing mountings | be inserted. The arrangement is in fact similar 
0 ‘3 = 3.94 ,, | have many advantages to recommend them; they |to that for field and mountain artillery, already 
= ” = pe ” jare easily worked and offer a great degree of | described and illustrated in Figs. 277 to 280 on 
19 ss = 7.47" |security to the men engaged in working, either | page 725 aute. The end of the breech is so made 
22 = 866. | behind a parapet or in a well. The special arrange-| that there are no hollows in which sand or dirt 
24 - = 9.45,, |ment of brake adopted by M. Canet for this class of | can accumulate, and which would serve to interfere 
27 9 = 10.63 ,, mounting, to which special reference will be made | with the working of the breech mechanism. 


Each of the foregoing calibres is divided into two 
types, short and long ; the former is intended to give 
an initial velocity of at least 1312 ft., and the latter 


later, possess, it is claimed, great compactness, while This gun is mounted on a wheeled carriage, the 
|the brake cylinders being placed horizontally, the frame consisting of two steel plates solidly braced 
|strains set up can be more easily controlled, and together (see Figs. 283 to 285); between the 


TABLE XXV.—PRINCIPAL PARTICULARS OF FIELD AND GARRISON GUNS (CANET SYSTEM); FORGES ET CHANTIERS 


DE LA MEDITERRANEE. 












































| | Is ol | | | | 
| | i So x aoe = rar 
Type ot Gun. | Calibre. | , Total | Meng ot | of Chas ied Por 23lek Weight of Gun.) Were ot | MGtaiwe: | Velocity, Muszle Energy. | werforation in Maximum 

| | Res Adsl | 

Field and garrison| in. \mm! in. [mm] _ in. {mm | in. ‘mm| in. |mm | Ib. | kilos, | Ib. _ | kiles, lb. | kilos.| ft. | m. ft.-tons |m. tons in. | cm. | yards | m. 
gun, short type | 3.52 90 63,7 1620) 54.57 1386 3.70 94) 39.4 1000 28 793.7 pa 16.75 | 7.6 | 2.66 | 1.2 | 1312) 400 as | 61.99 252) 64 7,395 

Ditto, long type ..| 3.54 90 92.1 2340, 82,92 2106 3.70 94) 68.4 [1740 23 | | 1322.8 609) 16.75 7.6 441 | 2.0 |1706 | 520 333.2 | 104.76 3.66 | 93 9,963| 9,110 
Ditto, short ,, ... 3.94 100 70,8 1800) 60.63 |1540 4,09 104) 43.6 [1110 30 | 1080.2, 490 23.15 10.5 | 3.53 | 1.6 |1312/ 400 276.4 85.62) 287 7.3 8,476) 7,750 
Ditto, long ,, .. 3.94 100 102.8 2600, 92.14 2340 4.09 104/ 75.9 /1930 30 | % 1807.8 820/ 23.15 10.5 | 5.95 | 2.7 |1706 520 467.3 | 144.74 4.28 | 10.9 10,562 9,660 
Ditto, short ,, ..| 472 120, 85.0 2160 73.47 |1866, 4.87 124) 52.3 |1330 36 § 1873.9) 850, 39.68 180 5.95 | 2.7 |1312 400 473.85, same 3.78 | 9.6 8,767} 8,015 
Ditto, long ,, ..| 472 120 122.8 3120) 111,27 (2826, 4.87 124) 92.34 /2345 36 © | 3086.4 1,400 39.68 18.0 10,36 | 4.7 |1706 | 520 801.0 | 243.12/ 5.51 | 14.0 11,056 | 10,110 
Ditto, short ,, .. 5.90 150 106.3 2700] 92.61 |2352, 6.10 155) 65.3 [1660 46 t» | 3687.6 | 1,650, 77.16 35.0 | 11.68 | 5.3 |1312 400 921.5 | 235.42 5.15 13.1 9,044) 8,270 
Ditto, long ,, ../ 5.90 | 150 153.5 3900| 139.85 3552] 6.10 155 113.7 |2890 46 5 | 6062.7 | 2,750 77.16 35.0 19.84 9.0 |1706 520 1557.6 | 482.46 7.55 | 19.2 11,536 10,550 
Ditto, short ,, ..| 7.47 190 184,6 3420) 115.20 |2926| 7.67 | 195} 83.0 |2110 58 © | 7385.4| 3,350 1543 7 23.15 | 10.5 [1312 400 1843.2 | 570.96, 7.20 183  9,329| 8,590 
Ditto, long ,, ..| 747 190 194.5 4040] 175.0 4446 7.67 | 195, 144.5 |s670 58 £ | 12,195! 5,500 154.3 | 70 | 39.68 18.0 |1706 | 520 3115.1 | 964.94 10.47 26.6 12,040| 11,010 
Ditto, short ,, ..! 866 220 155.9 3960 133.4 (3388) 8.89 | 226) 96.0 (244¢ 66 11,464) 5,200 242.5 110 | 36,38 16.5 |1312 400 2896.7 | 897.23 8.93 | 22.7  9,842| 9,000 
Ditto, long ,, ..| 8.66 220 225.2 5720 202.7 iss 8.89 | 226| 167.3 |4250 66 | ~ | 18,739 | 8,500 242.5 110 | 63.93 | 29.0 |1706 520 4895.0 | 1516.3 13.03 | 33.1 12,839) 11,740 
Ditto, short ,, ../ 9.45  240170.1 4320) 145.5 (3696) 9.72 | 247) 105.1 (2670 72 | 14,925 | 8,760 308.6 140 | 46.30 | 21.0 |1312 400 3686.4 1141.9 10.0 25.4 10,029| 9,170 
Ditto, long ,, ..| 9.45 | 240 206.3 6240) 221.1 |5616| 9.72 | 247, 182.3 |4630 72 | 24,912 |11,300 308.6 140 | 79.37 | 36.0 | 1706 520 6230.0 /1929.8 | 14.57 | 37.0 | 13,155 | 12,030 
Ditto, short ,, ../ 10.63 270 191.4 |4860) 163.7 4158 10,94 | 278) 118.1 jasee 82 | 21,164 | 9,620 440.9 200 66.14 | 30.0 |1312 400 5266.5 1631.3 11.85 | 30.1 10,382] 9,495 
Ditto, long ,, ..| 10.63 | 270 191.4 7020, 248.8 ne 10.94 m8 205.2 (5210 82 | / 35,581 paneey 440.9 i200 114.64 52.0 1706 520 8921.6 | 2703.3 | 17.64 | 43.8 13,948 | 12,755 








a velocity of 1700 ft. per second to the projectiles. | there is an absence of the shock which accompanies axle and the connecting pieces mounted on the 


The complete series thus comprises sixteen types | 
of guns, the larger ones of very considerable power | 
and range, and among them may be selected 
weapons adapted for almost any class of land service. | 
Thus these guns viry in efficiency from the short 


the arrangement, in which the brake piston is frame, a heavy rubber sheathing is placed, intended 
attached to the balanced frame of the mounting. |to reduce the shock of recoil. The frame is also 
No central well is required for the reception of the | provided with shoe brakes, a, Fig. 283, to limit 
brake cylinder, and the dimensions of the base-/|the recoil, and in such cases where it is desired to 
plate are reduced, so that the pit in which the gun | reduce it to a minimum a hydraulic brake is intro- 


nature of 3.54in. which can penetrate at the is placed can be made of smaller dimensions. It is jduced. In front the carriage rests upon a bedplate 
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COMBINED TRACTION ENGINE AND ROAD ROLLER. 
CONSTRUCTED BY MESSRS. WALLIS AND STEEVENS, ENGINEERS, BASINGSTOKE. 





b, Fig. 283, to the forward part of which is con- 
nected a brake cylinder whose piston-rod is coupled 
with the end of the frame; after firing, the carriage 
mounts two inclined steel guides and afterwards 
falls back again into firing position by gravity. The 
discharge orifice of the brake is variable and main- 
tains a very regular action during the recoil. This 
is the arrangement proposed by M. Canet some years 
since as the French standard type for the 6,10-in. 
French siege guns. Training the gun for elevation 
is effected by means of a differential gear to be 


described presently, and which is used largely in | 


the Canet carriages. Training for direction is 
effected by means of levers, the carriage being 
free to revolve on inclined planes around a pivot 
provided for the purpose ; a platform is provided 
at the rear of the carriage for the man training the 
gun. This weapon is of a light and simple type, 
while the form of mounting adopted gives it great 
stability. The rapidity of fire is much increased 
by the fact of the gun coming back automatically 
into firing position, thus saving all the more or less 
serious manipulations necessary when mountings 
for this purpose are not provided. This great ease 
in handling is one of the special advantages of the 
arrangement illustrated, and which cannot fail to 
be appreciated by every one who has had to train 
a siege gun mounted on the older types of carriage. 

The construction of these guns is illustrated 
in Fig. 286, where it will be seen to comprise 
one long tube extending from end to end, the 
breech being enlarged for the powder chamber 
and the breech seating ; over this is shrunk a jacket 
extending to the trunnion ring, and in front 
are twothinner taper rings. The arrangement for 
training for elevation is shown in Fig. 283; it 
consists of a straight rack A attached to a ring that 
passes round the gun and gears into a pinion that 


is turned through the handwheel C, which is fast 


on the same shaft ; two guide rollers of gun-metal 
press against the back of the rack and keep it in 
position. The handwheel does not act direct on 
the pinion, but through the medium of a differen- 
tial gearing, which is arranged in the following 
manner: Upon the spindle of the handwheel is 





(For Description, see Page 754.) 





separated from it by means of small friction wheels 
arranged around its periphery. Around the outer 
side of the disc are cut nineteen teeth ; this disc is 
placed within a second disc, but eccentrically to it ; 
on the periphery of this disc are cut twenty teeth, 
and upon its spindle the pinion gearing into the 
rack is attached. The outer disc, which is held in 
its place by studs, does not turn, but has simply 
sufficient movement to give one-twentieth of a 
revolution to the inner disc for each complete 


| revolution of the handwheel. 


The hydraulic brake which is attached to this 
gun is illustrated in the various figures ; it consists 
of the cylinder A!, in which moves a piston B. 
The rod of this piston is hollow, and within it 
passes a rod secured to the bottom of the cylinder ; 
this rod is made of a variable cross section. The 
head of the piston is made with four inclined 
openings, which are in communication with a 
central opening made in the opposite side of the 
piston. Between the two faces is interposed an 
annular valve formed with four lateral openings 
and with four inclined grooves ; this valve is held 
down on its seat by a coiled spring. Inclined 
grooves made in the head of the fixed rod of 
variable section effect communication between the 
inner space of the piston and the body of the 
pump. When recoil takes place the valve is lifted 
and allows the liquid to flow freely through the 
openings in the head of the piston. The varia- 
tions in the area of the central opening are assured 
by the variations in the section of the fixed rod, 
which are so calculated as to produce a constant 
pressure through the cylinder throughout the recoil. 
As soon as the recoil is terminated, the valve in the 
piston closes, and the fluid can only pass through 
the other side by the narrow openings in the piston 





and the grooves ; this gradual flow brings the gun 


back into firing position as slowly as may be desired, | 


the rate of return being regulated by altering the | 
size of the openings. The air inclosed in the| 
cylinderexpands, and is compressed according to the | 
position of the fixed rod of varying section, and in | 
this way an air cushion is provided to absorb shocks. | 
The illustrations show that the cylinder is attached 


fixed an excentric that turns inside a disc, and is| to a pivot in the bedplate placed between the 


wheels, while the piston rod is secured to the 
under side of the carriage. To insure the return 
of the gun to firing position, two shoe wedges a, 
Fig. 283, are placed at the rear in contact with the 
wheels ; they are connected by two crosspieces to 
which they are jointed, the forward one F is 
mounted on the pivot of a platform b, around 
which it can turn ; in the other one G is a recess 
in which the brake cylinder can rest. By this 
arrangement the wedges are made independent of 
the movement of the carriage when the gun is 
elevated, and they are always parallel to its axis. 
We annex particulars of the projectiles for the 12- 
centimetre gun; those used with the 15-centimetre 
TABLE XXIV.—Experiments with 12 cm. (4.75 in.) Siege 

and Garrison Guns, Canet System, Model 1889, made in 

January and March, 1890. 


Weight of | Muzzle 








Weight of Kind of | 
Shell. Powder. Charge. | Velocity. Pressure, 
Ib. | kilos. Ib. | kilos.| ft. m. |tons per kilos. 
| | sq. in. | per 
| |sq. cm 
41.88 | 19. C2 brown {6.614 | 3. 1296 395] 4.73 | 745 
41,88 | 19. * 7.716 3.500 | 1418 432) 7.56 | 1190 
41.23 | 18.700 . 8.818 4. |1542/ 470] 10.09 | 1590 
| | 
39.68 | 18. ‘5 10.14 4.600 | 1679 | 511} 13.84 | 2180 


40.78 |18.500, C2black 8.818 | 4. | 1411 | 430/ 13.97 | 2200 
40.34 18.300, C2 brown [8.818 4. 1529 40 10.63 | 1675 
40.34 |18.300 ,, 10.14 | 4.600 | 1670 | 509] 13.59 | 140 
40.56 18.400) ge 3.307 | 1.500 | 1037 | 316} 1.492) 235 
40.34 | 18.300 ” 4.409 | 2. | seep 399] 3.016; 475 
40.34 18,300) is 5.512 | 2.500 | 1598 | 487) 6.35 | 1000 
40.34/18.300  ,, —‘|5.512/ 2.500/1581/ 482] 6.159) 970 
40.34/18.300 —,, (6.063 | 2.750 1699/5183] 7.43 | 1170 
£0.34 | 18.300 i, 6.063 | 2.750 | 1706 | 520) 7.43 | 1170 
40.56|18.100 ,, |16.614|3. | 1828 557] 9.59 | 1510 
40.34/18.300 ,,  (@614/3. 1818 /554]10.35 | 1630 
40.56 18.100 ,, (7.165 | 3.250 1945 593] 11.94 | 170 
40.34 | 18.300 ", 7.165 | 3.250 | 1913 | 583] 10.35 | 1630 


40.12 |18.200 » (2.165 8.250 | 1948 | 592 11.75 | 1850 
| i 




















bore weigh 77 lb., and, with a maximum powder 
charge of 19.8 lb., have an initia velocity exceeding 
1700 ft. The length of the shell varies from 2 to 2,8 
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TRIPLE-EXPANSION ENGINES OF THE SS. “MARIPOSA.” 
CONSTRUCTED BY MESSRS. BLACKWOOD AND GORDON, ENGINEERS, PORT.GLASGOW, 
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at Havre during the present year ; Table XXV. 
contains general particulars of all the different 
7 types of Canet siege and garrison guns, 
| 
eT) Taal ENGINES OF THE S.S. ‘‘ MARIPOSA.” 
EL sis WE give this week a two-page engraving with other 
‘5 es | views on the present page, of the triple-expansion 
es ppen | engines of the screw steamers Mariposa and Langosta, 
x n these engines, together with the vessels to which they 
i J tre% belong, having been constructed by Messrs. Blackwood 
pe ‘ and Gordon, of Port-Glasgow, to the order of Messrs. 
: tS ' i = ; J.and A. Allan, of Glasgow, and under the snperinten- t 
hi £ ! | dence of their engineer, Mr. David Johnston, of Glasgow. 





' . The vessels are of the following dimensions; viz. : 
) | Exar eee Length, 153 ft.; breadth, 28 ft.; depth, 9 ft. 6 in. 
} They are constructed to Class 100 Al at Lloyd’s (coast- 
ing) and are capable of carrying 150 tons cargo on 8 ft. 
draught of water. The hatches are specially large 
7 and each steamer is fitted with two 24 tons steam 
cranes manufactured by Messrs. Napier Brothers, of 
calibres. The ballistical data of the various types | Fig. 288 is a similar view of the 15-centimetre gun. a Sues Cae. eee ae 


f : : ; * | rapid handling of cargo, as Messrs. Allan intend using 
of siege and garrison guns made by the Forges et The trunnion bearings on the frames for supporting | these steamers as feeders for their large vessels on the 
Chantiers at Havre, will be given in our next the gun during transport are shown in these views. | River Plate, which latter vessels, owing to their depth 


article. Fig. 287 (page 749) conveys a good idea of Table XXIV. is the record of a series of experi-| of draught, cannot come alongside the wharf. 
a 12-centimetre siege gun mounted for firing, and ments made with a 12-centimetre Canet siege gun| It was essential to the purpose for which these small 
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vessels were designed that as much cargo space as pos- 
sible should be available, and it became the aim of the 
builders to economise space in the engine compartment; 
and hence with a view to shortening the engines they 
decided to adopt the Morton system of non-eccentric 
reversing valve gear. 

Our illustration shows the arrangement of the 
engines and their valve gear very clearly. They are of 
the triple-expansion type with three cranks and have 
cylinders 11 in., 18 in., and 25 in. in diameter respec- 
tively with a stroke of 18 in. The high-pressure and 
intermediate pressure cylinders are fitted with piston 
valves of improved design, the low-pressure cylinder 
having an ordinary double-ported slide valve, the 
total travel of each valve in full gear being 28 in. 
Each valve chest is placed on the cross-centre line of 


5.S."MARIPOSA” & S.S.“LANGOSTA” 
Gylin$ 94-15-25 '* | 6 Stroke « 160 Ibs, W.P. 
T } 5 




















—" MR 
LWP «86-1 
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Steam == 1/63 Vac” = 27% LHP = 
1.P. Rec.” = 62 Rev’ = (74 244 


its ee and at equal distance out from the fore- 
and-aft centre line of the engines, so that the corre- 
sponding parts of each set of valve gear are inter- 
changeable. 

The crankshaft is built with steel pins and shafts, 
while the crank cheeks are of wrought iron. The main 
bearing bushes are of cast iron, lined with Kingston’s 
white metal, the connecting-rods are of steel, their 
ends being also lined with white metal. 

The cylinders at the front are supported by two 
wrought-iron columns, and at the back by cast-icon 
columns, upon which are fitted the working guides for 
the piston-rod crosshead, The reversing shaft is 
carried in brackets bolted to the front columns, and 
the reversal of the engines is effected by the hand- 
wheel and pinion carried on the after bracket. The 
whole arrangement makes a very substantial and 
accessible engine within the least possible space. 

At the official trial on the Clyde the engines de- 
veloped 244 indicated horse-power, making 174 revolu- 
tions per minute without the slightest tendency to 
heating, and on the voyage fiom the Clyde to the 
River Plate the engines were running at 150 revolu- 
tions per minute, and on the passage out gave, and 
continue to give, the utmost satisfaction. 

The special feature of interest in connection with 

the engines we illustrate is the reversing valve gear 
with which they are fitted, and which gear is steadily 
finding increased favour with marine engineers ; this 
valve gear was fully described in a paper read recently 
at the Institute of Marine Engineers, London, by Mr. 
Robert Bruce, of 70, Bishopsgate-strset, London, the 
engineer for the owners of the Morton valve gear 
lene: and by whom this gear is being introduced, 
out by way of explaining our engravings we may men- 
tion that the new features of the gear are the means 
whereby the port opening in either forward or back- 
ward gear is equal and regular for equal movements of 
the main piston from either end of its stroke, and this 
with a constant lead at any grade of expansion. 

The mechanical elements employed, which are new, 
so far as the purposes for which they are adopted in 
the Morton system of reversing valve gear is concerned, 
are the radiating crank P, the sliding expansion quad- 
rant I, and the adjustable link H. The functions of 
the various members of the new system will be under- 
stood from the following description, referring to the 
views on the preceding page, 





The radiating crank P is carried in a projection 
(which may be a block) fitted on the connecting-rod ; 
the crank P is so proportioned that its pin A radiates 
equally across the centre line of the connecting-rod, 
and remains practically stationary in relation to the 
centre line of the connecting-rod during a revolution 
of the engine. 

Movement is imparted to the radiating crank-pin A 
in double-cranked engines, such as those under con- 
sideration, from the piston through the link B, 
attached to the crosshead slide at D, which actuates 
the prolonged end of the ‘‘lead” or valve lever F. 
Thus it will be seen that the travel or movement im- 
parted to the radiating crank-pin A B, isin a relatively 
contrary direction to that in which the piston may be 
oe and of the required amount to correct the 
error Jue to the angularity of the connecting-rod, but 
also to compensate and correct the angularity of the 
‘**lead” or valve lever F by one and the same move- 
ment, so that the fulcrum centre G of the lever F, 
which moves on an arc described by the link C, vibrat- 
ing from the fixed centre K, has a motion imparted to 
it in time with that of the piston. 

The overhung end GN of the valve lever F is so 
proportioned as to travel the amount of the ‘‘ lap” + 
‘* lead,” and when the crank of the main engine is on 
either the top or bottom centre, and the engine in 
‘*mid-gear,” the centre line of the adjustable link H 
lies through the centre of the valve spindle, and 
parallel to the centre line of link C and that of the con- 
necting-rod. 

The expansion quadrant I is made in the form of the 
letter T inverted, the slotted head is curved to the 
radius of the adjustable link H, and fitted with a steel 
die block J, to which the link H is- connected, and 
these two pieces are again connected to the levers on 
the reversing shaft by the usual form of drag link ; it 
will be understood that the position of the die block J 
in the quadrant regulates the degree of expansion, or 
the direction of the engine’s rotation, and when the 
engine is ‘‘on the centre” the die block J may be 
moved from right to left without moving the valve. 

The stem of the quadrant I is made of square section, 
and into its end is fitted the valve spindle, secured 
in place by a cotter, the spindle guide being formed 
in the bracket on which is cast the arms for carry- 
ing the fixed centre K. 

"ig. 4 represents the design of lever F and radiating 
crank P. Messrs. Blackwood and Gordon prefer the 
form here shown; the crank-pin A works in brass 
bushes driven into the valve lever, this arrangement 
affords an increase of wearing surface, and an easy 
means of renewal, when such may be necessary, as 
well as the further advantage that it prevents any 
inequality of strain on the radiating crank-pin which 
might arise from carelessness in adjustment of top and 
bottom brasses; both the longer ends of the lever F 
are connected at the crosshead as shown at D. 

The annexed engravings of the indicator diagrams 
and Table of valve settings show the uniformity of 
steam distribution. 


S.S. “‘ Mariposa ” and S.S. ‘‘ Langosta.” 
Valve Settings. 


Ahead. | 


Astern. 


H.P. I.P.andL.P.! H.P. \L-P.and L.P. 





| in. 





| in. | in. 

Total travel of valve..| 23 23 | 2§ 28 
Lap top steam side ..| ii th | 3 tk 
» bottom ,, ost 1s v's 1s 1s 
» top exhaust side..; - , - i | — x4 — xr 
»» bottom ,, oe] ows + ox + xs + x5 

Cut-off, top ..  ..| 10) | 11 10 =| «(103 

» bottom .. oof OB 12 1233 | #18 

Compression top | 1 1} 1} 

me bottom..; 3} 3} | = | 3} 
Eduction top .. -| 143 14} | 144 | 14} 
» bottom ..| 163 16} | 165 | 168 
Port opening, top ..| 44 | th | ae | it 
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Messrs. Blackwood and Gordon have found it ad- 
vantageous to fit very generally Morton’s system of 
valve gear, and the gear is in fact one which is 
steadily making its way in marine practice. 





COMBINED TRACTION ENGINE AND ROAD 
ROLLER. 


WE give on page 752 a perspective view of a steam road 
roller constructed by Messrs. Wallis and Steevens, of 
Basingstoke, and entered by them for exhibition at the 
Plymouth Show of the Royal Agricultural Society. 
As Messrs. Wallis and Steevens’ stand at that Show, 
however, was empty, we presume that their exhibits 
could not be delivered in time. As far as its general 
construction is concerned, the engine illustrated is 
one of Mess:s. Wallis and Steevens’ standard six-horse 
traction engines capable of hauling loads of from 15 to 
20 tons on ordinary roads. To convert it into a road 
roller the front ae is removed, and a casting fitted 





with the front rollers is attached to the smokebox, 
the hind wheels being at the same time fitted with 
smooth segments as shown in our engraving. 





COUPLED REVERSING ROLLING MILL 
ENGINES. 

WE illustrate on page 756 a pair of coupled reversing 
~—- of massive design for driving a steel cogging 
mill, built for the Steel Company of Scotland, Limited, 
Glasgow, by Messrs. Lamberton and Co., Sunnyside 
Engine Works, Coatbridge. The general features of 
the design are clearly indicated in our illustration. 
The cylinders are each 48 in. in diameter and the struke 
of piston is 54 in. The details have been arranged for a 
working pressure of steam of 100 lb. to the square 
inch. The power developed by the engines is 4500 
indicated horse-power. The valve gear is of Allen’s 
straight-link type actuating balanced piston valves. 
The whole of the valve gearing is of forged steel finished 
bright, and fitted with adjustable bearings throughout. 
The reversing of the main engines is effected by means 
of an auxiliary cataract engine with 12in. cylinder, 
the whole working being under the control of one man 
stationed on the starting platform, from which are led 
rods with bevel gearing, to all the working mechanism. 
The spur gearing driving the second motion shaft, it 
may be mentioned parenthetically, is not shown in the 
illustration, not having been in position when the 
engines were photographed. The wheels have double 
helical teeth 74 in. pitch by 18 in. broad on face, and 
are of Siemens cast steel. Both crank and second 
motion shaftsare of forged Siemens steel, and altogether 
the machine has been carefully built. The total weight 
is 230 tons. The bedplates are about 40 ft. long and 
weigh 40 tons each. They are of cast iron. essrs. 
Lamberton and Co., we may add, have now a reputa- 
tion for this class of engine. They have turned out 
some ten sets within four years for the leading steel 
works throughout the country, but the engines now 
illustrated are the largest built by the firm. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
numerous attendance on Change and a fair amount of 
business was transacted. The market opened very firm, 
business being recorded at 42s. 6d. for prompt f.o.b. deli- 
very of No. 3 g.m.b. Cleveland pig iron, but buyers as a 
rule were not inclined to give more than 42s, 3d. Later 
in the day affairs slackened a good deal, and prices be- 
came easier, the closing quotation for No. 3 being 42s. 
Middlesbrough warrants opened at 42s. 3d., but ually 
fell to 41s. 104d. cash buyers, which was the closing quo- 
tation. Only asmall business was done here in warrants. 
To-day the market opened very quiet, with prices rather 
easier, but they stiffened again, and No. 3 was not obtain- 
able under 42s. Middlesbrough warrants were flat at 
41s. 74d. They improved, however, later in the day, 
closing at 41s. 11d. cash buyers. Altogether trade is 
healthier than it has been for some time past, and pro- 
ducers are by no means so anxious to do business as they 
were a little while ago. They state that inquiries concern- 
ing fresh work are numerous, and that new small orders 
were coming to hand. Makers report having sold mixed 
numbers of east coast hematite pig iron at 55s. 


Manufactured Iron and Steel.—There is a better out- 
look for these two industries. Inquiries are much more 
numerous than they have'recently been, and prosyects for 
the future are more encouraging. Common iron bars are 
51. 15s. ; ship plates, 5/. 7s. 6d. ; and —_ ..* 2/, 2s, 6d. 
—all less the usual discount for cash. The steel rail 
department is brisker, and heavy sections of rails are 
quoted 5/. per ton at works. Steel ship plates are still 
rather quiet at 6/. 7s. 6d , and angles are only in mode- 
rate request at 6. 2s. 6d., both at works. Prospects, 
however, are said to be brighter, and producers speak 
hopefully of the early future. 


Cleveland Blast Furnacemen and the Sliding Scale.—It 
may be remembered that some time ago notice was 
given by the Cleveland blast furnacemen’s representa- 
tives to terminate the sliding scale arrangement 
which regulates their wages at the end of the present 
month. In spuunauanes of this a meeting was held at 
Middlesbrough on Monday between the Cleveland iron- 
masters and the representatives of the men. The pro- 
ceedings were, as is usual on such occasions, private. We 
understand that Mr. Iltyd Williams occupied the chair 
and that it was agreed to allow the wages to be regulated 
by the scale until the end of August, that is to say extend- 
ing the operation of the scale for a period of two months. 
The employers had intimated to the men’s representatives 
that notices would be given terminating all wages agree- 
ments, but by the present temporary arrangement such 
notices will not be given for the present at any rate. 
Possibly about the middle of July the employers and the 
men may enter upon fresh negotiations for the regulation 
of wages. 

Cleveland Miners’ Wages.—The executive of the Cleve- 
land Miners’ Association, represented by Mr. Toyn and 
Mr. Hobbs, met the masters at Middlesbrough a day or 
two ago in reference to the demand for a 20 per cent. 
reduction made by the latter. Mr. David Dale presided. 
A vote of the various miners’ lodges has been taken, and 
this empowered their representatives to make certain 
arrangements. After a conference it was to 
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accept a temporary reduction of 10 per cent. on miners’, 
and 1d. per ton on all other classes of labour, the arrange- 
ment to stand to the end of August. The employers, 
whilst agreeing to this, stated their belief that they were 
entitled to a larger reduction. The whole question will 
be discussed again when the wages of blast furnacemen, 
who have also made a temporary arrangement, comes for- 
ward, the miners’ agreement having been largely founded 
on that of the blast furnacemen. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a continuance 
of the firmness in the iron market last Thursday, and a 
further advance in price took place during the forenoon, 
but just before the close some heavy ‘‘ bearing” came on, 
and values lost the early improvement. Scotch iron, after 
gaining 5d. per ton, lost that sum, and hematite iron lost 
an pn advance of 6d. per ton. No business in Cleve- 
land iron was done at either meeting of the “ring,” but 
an advance in prices amounting to 5d. per ton was main- 
tained up till the close of the market, thus bringing the 
price up to within 2s. 84d. per ton of that of Scotch war- 
rant iron, while the difference between the prices of the 
two classes of iron a fortnight previous was 4s. per ton. 
The settlement prices at the close were—Scotch iron, 45s, 
r ton ; Cleveland, 42s. 3d. ; hematite iron, 51s. per ton. 
he check that took place on Thursday to the upward 
movement in the value of iron seemed as if it was to be 
followed by a downward movement when the market 
opened on Friday morning. In the afternoon, how- 
ever, there was a recovery. Some buying set in, and the 
prices sharply rose. Scotch iron advanced in price from 
44s. 10d. to 45s. 4d. ; Cleveland, from 42s. 4d. to 42s, 7d. ; 
and the price of hematite iron from 51s. 14d. to 51s. 44d. 
per ton. Some fairly large orders from the Continent 
were reported, and it was intimated that in one case, at 
least, special brands of makers’ iron had been raised in 
price ls. per ton. At the close thesettlement prices were 
—Scotch iron, 45s 3d. per ton; Cleveland, 42s. 6d.; 
hematite iron, 51s. 44d. per ton. When business was re- 
resumed on Monday the market was still firm, and there 
was an apparent disposition to do some legitimate pur- 
chasing for future wants. Scotch iron was run up in 
price 6d. per ton, but at the close it was 45s. 6d., or only 
24d. per ton better than at the close of last week. At one 
time the price of Cleveland iron was 44d. per ton higher, 
but the close was 42s. 7d. per ton, or only 1d. up; and 
hematite iron was run up in price 74d. per ton, but it closed 
54d. upon theday. There was aquieter feelingin themarket 
yesterday forenoon, and warrant iron suffered a smart 
drop in price over rumours that the miners in the Cleve- 
land district had resolved to accept of the masters’ intima- 
tion of a reduction of 10 per cent. on the current rate of 
wages. Scotch iron fell in ? pon 8d. per ton, Cleveland 
84d., and hematite iron 9d. per ton—the closing settle- 
ment prices bene, respectively, 44s. 104d., 41s. 104d., and 
51s. per ton. The market was again quiet at to-day’s 
forenoon meeting of the “‘ ring,” the price of Scotch iron 
falling to 44s. 74d. per ton cash, to recover to 44s. 9d. at 
the close, being 1d. per ton under yesterday’s closing 
quotation. Cleveland lost 3d. at 41s. 74d., and hematite 
iron 23d. at 50s. 1ld. Warrants were stronger at the 
afternoon meeting, the closing quotation for Scotch iron, 
45s. 2d. cash, being 64d. over the lowest point touched in 
the forenoon. Cleveland finished at 41s. 11d. per ton, 
and hematite iron at 51s. 2d.—respectively, 3d., 4d., 
and 14d. per ton dearer on the day. A correspondent, 
writing on the prospects of the iron trade, says it 
can hardly be imagined that the raising of prices at 
this time will bring out more orders of any con- 
sequence. ad shipowners been less full-handed, a 
stiffening tendency in prices might have had that effect ; 
but, unfortunately, there is too much tonn afloat 
already, as is fully proved by the laying up of so many 
steamers. hose persons who are most intimately 
uainted with the iron trade know only too well that 
so long as trade remains so quiet at the iron works—and 
that ironmasters are very quiet is only too true—with 
continual storing going on in makers’ yards, there is no 
hope of any recovery worth reckoning with. If there was 
any real and healthy-looking demand to back up the 
slight advance in prices that has just been showing 
itself, it might hold. The following are the prices 
of several brands of makers’ No. :1 iron this week : 
Gartsherrie and Glengarnock, 60s. per ton; Clyde, 
60s. 6d.; Summerlee, 61s.; Langloan and Coltness, 
61s. 6d.; Calder, 63s.; Shotts (at Leith), 62s. 6d.; Carron 
(at Grangemouth), 65s. per ton. The number of blast 
furnaces in actual operation is still 83, which is the num- 
ber that were blowing at this time last year. One of the 
Eglinton furnaces has been put on hematite ore during 
the past week. Last week’s shipments of pig iron from 
all Scotch ports amounted to 16,740 tons, as compared 
with 6381 tons in the corresponding week of last year. 
They included 580 tons for the United States, 1905 tons 
for Canada, 266 tons for India, 549 tons for Australia, 
2360 tons for Italy, 1085 tons for Germany, 435 tons for 
Holland, 321 tons for Belgium, smaller quantities for 
other countries, and 2958 tons coastwise. The stock of 
pig iron in Messrs. Connal and Co.’s public warrant 

stores yesterday afternoon stood at 720,146 tons. 


Shipments of Machinery, &c., from the Clyde.—The 
foreign and colonial shipments of machinery, &c., from 
the Clyde, reported last week, included the following : 
Locomotive engines for Bombay and Mauritius, valued 
at 3485/.; sugar-crushing, and, other machinery, of the 
value of 10,750/., chiefly for Calcutta, Bombay, Demerara, 
Singapore and Penang, Bilbao, New York, Passages, 
France, and Canada; sewing machine parts, valued at 
11,207/., chiefly for Passages, Nantes, Bordeaux, Lisbon, 





India, Gothenburg, and Rouen ; blooms, billets, plates, 
bars, and other steel goods, of the value of 8180., chiefly 
for. New York, Canada, Calcutta, Bombay, Singapore, 
China, Spain, and Sydney; pipes and other castings, 
plates, sheets, bars, tubes, sleepers, and miscellaneous 
iron manufactures, valued at 34,010/. 


Coal Trade.—Except in the case of splint coal, which is 
easy, the coal market remains very firm. The lowest 
price for main coal is now 8s, 9d. Elland steam coals are 
unchanged in price. There has been a large business 
doing for export, and it is reported that most of the coal- 
masters are full of orders up to the Glasgow Fair holidays. 
The decline in the consumption at the steel and finished 
iron works has been balanced by the improvement in the 
demand for shipment. The following are to-day’s prices 
at Glasgow Harbour: 

F.o.b. per Ton. 


e@ «¢€ 

Splint... a Sate. dea 9 Oto 9 3 
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Ayrshire coal, 8s. 9d. to 9s. f.o.b. at Ayrshire ports, 


The Steel Trade.—This branch of trade is decidedly 
quiet, and prices are tending downwards ina very marked 
manner. tt was stated a few days ago that a G Ww 


merchant had placed an order for 1000 tons of ship-| C; 


plates at 6/. 5s. per ton, less 5 per cent. discount ; but 
that at the time was the market quotation for angle bars, 
while ship-plates in the open market were quoted at 
61. 15s. to 7/. 10s. per ton, and boiler plates at 7/. 10s. to 
8l. Orders for shipbuilding steel are certainly very 
scarce. Some interruption to the progress of work has 
lately taken place at the Newton Works of the Steel 
Company of Scotland. 


Finished Iron T'rade.—A somewhat better feeling has 
been experienced in the malleable iron trade within the 
past few days, but the improvement has arisen chiefly 
from the active demand that has set in for unbranded 
iron for India, the quotation for which has lately ranged 
from 5l. 5s. to5/. 7s. 6d. per ton net, Generally speaking, 
the prices that were ruling a week or ten days ago for 
ja sheets, and nail rods are not being main- 
tained, 


Dundee Gas Commissiun.—The annual meeting of the 
Dundee Gas Commissioners was held last week, when it 
was stated that the sale of gas during the past financial 
year amounted to 387,500,000 cubic feet, or 9,000,000 ft. 
more than the estimate. For the year 1890-91 it has been 
estimated that there will be a further increase in the sales 
to the extent of 10,000,000 ft. The coal is to cost 
more than last year’s cost, and chiefly on that account it 
has been found necessary to advance the price of the gas 
2d. per 1000 ft. As compared with the leakage of gas 
twenty years ago, the loss from that cause has now been 
reduced to such an extent as to be equal to a saving of 
13,0001. per annam. 


Foreign Orders for Structural Ironwork. — Messrs: 
George Smith and Co., of the Sun Foundry, Glasgow, 
have just received three important contracts for structural 
ironwork from India, South America, and the Straits 
Settlements. These contracts will help to improve 
business in the local foundry trade, which had begun to 
fall off to some extent. 


The Gliding Railway.—At a meeting of the Royal 
Scottish Society of Arts held on Monday evening a com- 
munication was made on the subject of the Girard-Barre 
Hydraulic Railway (the Chemin de Fer Glissant) by Dr. 
A. C. Elliot. The chair was occupied by the Right Hon. 
Lord Kingsburg, president of the society. Dr. Elliot 
having described the garage of the railway, then 
entered with some detail into the dynamical and econo- 
mical problems connected with it. The conclusion to 
which he came was that in the matter of cost of working 
there was not much to choose between the present system 
and a railway worked on the hydraulic system. At the 
same time, while making allowance for the advantages 
which such a system would have in greater amenity in 
travelling and possible — in initial cost, he pointed 
to certain disadvantages which the system had, owing to 
the fact that at the commencement one had to provide 
for the maximum working of the railway. If there was 
a field for the water railway, he thought it was in such 
work as that of a suburban railway, where a constant 
traffic was maintained. A long and interesting discus- 
sion was raised by the paper, the speakers being Mr. A. 
R. Bennett, Mem. Inst. C.E., Bailie Russell Mr. West- 
land, C.E., Mr. Allan Carter, C.E., and the chairman. 


Waverley Station, Edinburgh.—The directors of the 
North British Railway Company have resolved upon pro- 
viding upwards of 2000 ft. of additional platform accommo- 
dation at the Waverley Station, Edinburgh, in order to 
meet the passenger traffic which has so wg increased 
since the opening of the Forth Bridge. The work will be 
commenced forthwith. 


Wages in the Clyde Shipbuilding Trade.—It is expected 
that after the close of the beer, Fair holidays next 
month there will be a very general reduction of wages at 
the Clyde shipbuilding yards and marine engine works. 
Alr Ane reduction has been intimated to the employés 
of the Fairfield Shipbuilding and Engineering Company. 
At Greenock a number of workmen have recently been 

id off in consequence of the limited amount of work in 
| ne or contracted for. 

The Edinburgh Caledonian Ra‘lway Bill.—So far as it 
is proposed to tunnel under Princes-street, Edinburgh, 
this Bill has not been allowed to pass the House of Com: 
mons Committee. It has thus been shorn of the most 
important feature embraced in the scheme. Even in its 





crippled form, the Leith Town Council, by 13 votes to 1, 
have resolved to support the Bill in the House of Lords, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Meeting of Rolling Mill Proprietors.—A meeting of 
rolling mill proprietors has been held, when the condition 
of the coal market was discussed. It was reported that 
owing to the prices of fuel it was impossible to do any- 
thing in the direction of lowering prices, the more so as 
those ruling at present are barely remunerative. As an 
evidence of this it was mentioned that of two limited 
companies, the reports of which had been issued, one had 
only been able to pay a dividend of 5 per cent., and*the 
other a dividend of 74, a large part of which had come 
from profits made the previous year. 


The Colliery Disputes.—The council of the Yorkshire 
Miners’ Association met on Monday at the offices, 
Barnsley. The men of the Mitchell Main Colliery, in 
accordance with a resolution of the last council meeting, 
have taken a ballot on the question of giving notice to 
leave work unless their grievances are remedied, and by a 
practically unanimous vote have decided in favour of 
giving notice. The decision of the council upon it was 
not made known, the whole question being treated as 
sub judice. The questions waiting for settlement at 
arlton Main and Denaby Main have reference to the 
tonnage rates, and the restoration of terms forfeited 
during the bad times. 


Coal Trade.—This still continues slack and prices show 
no alteration. South Yorkshire steam slack cannot be 
obtained for less than 7s. or 7s. 6d. per ton at the pits, 
and the railway rates and other charges bring the price 
2 to 9s. or 9s. 6d. to the agents in Sheffield. South 

orkshire house coal can be purchased at from 9s. to 10s. 
per ton at the pits. 


Iron, Steel, and Engineering Branches.—The heavy fall 
in prices during the week of Staffordshire manufactured 
iron has had a depressing influence in this district, and 
there has been a total cessation in the placing of new 
orders for bars, sheets, and hoops. Some of the figures 
quoted as accepted for bar are below cost price. The 
mills are fairly well off for orders, but the outlook is not 
very bright at present. In the steel trade a very different 
aspect prevails, The demand is out of proportion to the 
supply, and in spite of extensions it is with difficulty that 
the inpouring orders can be dealt with. Enormous 
extensions for the production of Siemens steel have 
been made, notably at Parkgate, but the whole of the 
plant is fully engaged at remunerative rates. Steel 
of every description, principally for ship and _ rail- 
way material, is that which is principally called 
for, and on this the leading makers are principally 
engaged. There is also a fair trade doing in Bessemer, 
mainly in guaranteed and special tempers. Prices are, 
however, down as compared with six months ago. All 
the engineering houses are full of work, principally 
machinery and engines, both for home and export. At 
Leeds the engineering hands have now settled down to 
work and there is full employment for them. Taken all 
round business is very healthy and prospects are encou- 
raging. 





Tron AND Street Raits.—We learn from the report 
of the directors of the Great Central Belgian Railway for 
1889, that the average price of the steel rails laid down 
upon the system last year was 5/. 3s. 8d. per ton, as com- 
pared with 5/. 5s. 11d. per ton in 1888, showing a reduction 
In price of 2s. 3d. per ton last year. The average price 
of the iron rails laid down did not vary during each of 
the two years, having remained at 5/. Os. 8d. per ton. 
The average value of the rails withdrawn from the 
system last year as past service, was 2/. 18s. 11d., as 
compared with 2/. 17s. 5d. per ton in 1888, showing 
an improvement of 1s. 6d. per ton last year. As regards 
the comparative durability of the rails in use upon the 
system, it may be observed that since 1869, 75.85 per 
cent. of the iron rails laid down have been replaced, while 
the corresponding replacements of steel rails have been 
only at the rate of 1.07 percent. It shouid be added, 
further, that the steel rails laid down were placed upon 
sections which had to sustain the greatest wear and tear, 
such as the incline from Lodelinsart to Marcinelle. At 
least thirty heavily laden trains pass over this incline 
every day, brakes being freely applied. 





Tue InstiTuTION oF ELxcrricaL Encinerrs. — An 
extraordinary general meeting of the above Institution 
is to be held in Edinburgh on the 15th, 17th, and 18th of 
July next. This a has been arranged for in com- 
— with a request from the executive council of the 

dinburgh International Exhibition of Electrical Engi- 
neering, who have placed the lecture hall of the Exhiti- 
tion at the disposition of the Institution. Among the 

pers to be read are the following: ‘‘On some of the 
Chief Features of the Exhibition, and mainly of the 
Electrical Section,” by Professor Robert M. almsley, 

.Sc., F.C.S., associate. ‘“‘The Working Efficiency of 
Secondary Cells,” by Professor W. E. Ayrton, F.R.S., 
vice-president, C. G. Lamb, B.Sc., E. W. Smith, and 
M. W. Woods, associates. The executive council of the 
Exhibition have kindly arranged (for members) excursions 
to the Forth Bridge, and (in electric launches) up the 
Union Canal. The Great Northern Railway Company 
will grant to members, return tickets available for eight 
days, at a single fare and a quarter, and negotiations for 
similar facilities are also in progress with the London and 
North-Western Railway mpany. Members of the 
Institution wishing to attend are requested to notify the 
secretary, Mr. F. H. Webb, 4, The Sanctuary, London, 
8.W., on or before the 30th instant, 
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NOTICES OF MEETINGS. 

GroLoaists’ AssociaTION, LonDON.—Friday, July 4th, in the 
Mathematical Theatre, at University College, Gower-street, W.C., 
when the following paper will be read: ‘‘ Notes on the Geology 
of the Long Excursion to the yg Hills,” by Rev. H. H. Win- 
wood, M.A., F.G.S., and Mr. H. B. Woodward, F,G.S. The chair 
wi!l be taken at 8 p,m. 
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THE RECENT PROGRESS OF 
ATLANTIC NAVIGATION. 


FRaNcE came into the Atlantic trade as a regular 
business much later than Hamburg and Bremen. 
The idea of starting a French Transatlantic line is 
attributed to M. Thiers, who urged the importance 
of such a scheme between 1848 and 1850. At that 
time, however, the French ports, intensely jealous 
of each other, disagreed so much as to which should 
have the trade, that nothing was done until 1852, 
when the Government choice fell on Cherbourg, 
and a tender was accepted from the Messageries 
Nationales, a ~ohenabiiied land transportation 
company, to undertake the entire control of the 
fleet. The original programme of the new line pro- 
vided for the construction of twenty-one vessels, 
with a total of 14,500 horse-power. It was also 
arranged that Government should subsidise the new 
company to the extent of 40/. per horse-power for 
the New York line, and 48/. per horse-power for an 
auxiliary line to the West Indiesand Mexico. For 
the New York line, five ships, each of 1000 horse- 
power, were ordered, and the departures were fixed 


to take place twice a month. These conditions 


were afterwards somewhat modified, and their ulti- | ar 


mate outcome is the now splendid fleet of the 
Messageries Maritimes. 

The number of vessels engaged in the regular 
passenger service between the old world and the 
new, necessarily varies from year to year, and 
almost from day to day. But it is probably known 
to very few how vast the passenger traffic is 
between the two continents. At the present time 
there are upwards of thirty distinct lines, each with 
a larger or smaller fleet of steamers, that are regu- 
larly engaged in Atlantic transport. Six of these, 
the Cunard, the White Star, the Anchor, the Guion, 
the National, and the Inman, sail between Liver- 

l and New York. Four others, the North 
erman Lloyd, the Hamburg-American Packet 


Company, the Carr Line, and the Stettin Lloyd 
| aig , trade direct between German ports 
and New Yor Two lines, the National and the 


Anchor, start from London ; two others, the State 
and the Anchor, from Glasgow ; three French lines, 
the General Transatlantic, the Bordeaux Steam 
Navigation, and the French Commercial Steamship 
Company, start from Marseilles, Bordeaux, and 
Havre ; two communicate between Dutch ports 
and New York, the Netherlands-American Steam 
Navigation Company, and the Royal Netherlands 
Steamship Company ; two more, the Red Star, and 
the White Cross lines, start from Antwerp; one 
line, the Thingvalla, sails from Copenhagen ; and 
finally, the I. and V. Florio Steamship Company, 
starts from Palermo. We have, therefore, compe- 
tition in the Transatlantic trade with Germany, 
France, Italy, Denmark, Holland, and Belgium. 
These lines, however, do not all carry the same 


65 | description of passengers, nor engage in the same 


class of trade. The North German Lloyd steamers 
carry the largest number of steerage passengers, 


7|and, next to the Cunard, the largest number of 


cabin passengers. They have also established the 
distinction of making a larger number of trips in 
the year than any other Transatlantic service. The 
next most active line is the well-known Cunard 
service ; but it will probably excite some surprise 
in the minds of those who have been accustomed 
to hail the Cunard as the prince among ocean lines 
to learn that on an average of four consecutive 
recent years the Cunard Company only averaged 
13,300 steerage passengers per annum, while the 
North German Lloyd line went as high as 89,113 ; 
and that the German Company carried 6742 
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cabin engers annually as against 8832 
carried by the Cunard Company. All the other 


lines fell far below these two, except the Ham- 
urg-American Steam Packet Company, which, 
next to the North German Lloyd, carried a larger 
aggregate number of steerage passengers than any 
other. The fact is that Continental nations have 
been much more successful in securing a large slice 
of the Atlantic trade than is generally believed or 
supposed. They carry passengers usually at 
cheaper rates, the cuisine is unexceptionable, the 
ships are uncommonly well officered and found, 
and the lines give special facilities in many little 
ways that do not appear to be equally common to 
the English lines. The result is that the welfare 
of the Continental services, so far as statistics can 
show, is on the increase, while the English lines, 
no doubt as a consequence of this severe competi- 
tion, are generally less prosperous. The two lines 
that leave Bremen and Hamburg, made 794 trips 
across the Atlantic during four recent years, while 
the five lines that sail from Liverpool made 1043 
trips. Each German line thus averaged 397 trips, 
while each Liverpool line only averaged 208. If 
we add to the German service the very important 
and excellent services of the Red Star and White 
Cross lines from Antwerp, we shall find that the 
four leading German and Belgian lines have 
actually done a considerably larger business than 
the five leading English companies put together. 
This applies, of course, to steerage rather than to 
cabin passengers. The tide of emigration has set 
in strongly from the Continent, and especially from 
the ports of Hamburg, Bremen, and Antwerp ; but 
even in regard to cabin passengers the competition 
is becoming very keen and increasingly successful. 
The average has risen year by year for some years 
past, and many people prefer to take the North 
German Lloyd steamers at Southampton, rather 
than sail by either the Monarch or the National 
lines from the Thames, or undertake a much longer 
train journey from London to Liverpool, in order 
to embark on the boats of the Inman, the White 
Star, or the Cunard lines, excellent as these vessels 


e. 
The Atlantic passenger trade is a curious, and in 
many respects unique one. There are some lines 
that lay out their vessels almost exclusively for 
steerage passengers, while others again adapt them- 
selves mainly to the transport of cabin passengers. 
But it seldom happens that the number of steerage 
ngers brought back from America is anything 
ike equal to the number carried thither, since the 
main object of nine-tenths of the passengers who 
travel thus is emigration ; while that of probably 
an equally large number of cabin passengers is 
simply a holiday. The manifest effect of this is 
that the cabin-carrying vessels have generally a 
considerable, if not always equal, number to carry 
both ways, and with anything like a respectable 
list, the cabin trade should be much more remu- 
nerative. At the same time, the various steamship 
companies have now to compete so closely in rates 
and fares, and have to throw out so many, and such 
expensive inducements, to passengers to make use 
of their ships, that the profit is far from equal to 
what it should be, or might be supposed to be. 
The average cabin passenger is an American, bound 
either for a European tour, or is returning home 
after he has visited the older continent. The 
great majority no doubt prefer to be landed on 
English soil ; but Americans are, at the same time, 
very catholic and cosmopolitan, and if one line or 
steamer suits them better than others, it matters 
little whether they are landed at Liverpool, Ant- 
werp, Havre, or Hamburg. 

We may now fittingly bestow consideration on 
two questions that are naturally suggested by the 
necessarily brief and imperfect recital of the leading 
facts of the Transatlantic trade to which we have 
called attention. The first question is: How has 
Great Britain been able to wrest their former 
supremacy on the ocean from the United States ? 
The second, Will the United States be satisfied to 
remain in the comparatively obscure position that 
they now hold in relation to this business, or will 
they not ultimately succeed in regaining a part at 
least of their lost ocean prestige ? 

The main source of the maritime misfortunes of 
America is identical with that to which she attri- 
butes her agricultural and manufacturing prosperity, 
the Customs tariff, which has for more than a 
century been the backbone of all fiscal and business 
operations in the United States, has rendered the 
cost of both materials and labour more expensive 
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than they would otherwise have been. So long as 
England was herself protectionist the tariff did not 
so much interfere with America’s ocean supremacy. 
But when England discarded Customs duties on 
all raw materials and articles of necessity, she 
adopted a course which gave her a distinct advan- 
tage over her rival. Following upon, and even to 
some extent concurrent with, this economic change 
came the substitution of iron for timber, and of 
steam for wind, in ocean-going ships, whereby the 
change was accentuated and confirmed. -Hitherto, 
America had been able to defy the competition of 
the world, for she had boundless forests of timber, 
which cost next to nothing, while England had to 
import her timber supplies from foreign lands, 
When iron became the dominating factor in the 
situation, the relative circumstances of the two 
countries were reversed. Great Britain could pro- 
duce iron much more cheaply than America, both 
because at that time we had cheaper labour and 
were further advanced in the knowledge of, and the 
resources required for, its production. The same 
influence affected the introduction of steam as a 
propelling power. In wind-propelled vessels, there 
is comparatively little labour required. In steam- 
ships there is a great deal. There is not only the 
labour required to produce the iron and steel that 
compose the hull, but there is also the enormous 
amount of labour involved in the costruction and 
fitting up of the vessel’s machinery. There is no 
more artistic, no more complicated, machine than a 
modern marine engine, which is usually composed 
of many thousands of different pieces, cranks, pins, 
bolts, bars, levers, &c. In merchant steamers of 
recent build, the average weight of the machinery 
employed is about 480 lb. per indicated horse-power, 
and many steamers indicate a power of 8000 horses, 
while a few run up to 14,000 and over. It is 
obvious that this condition of things must at once 
revolutionise the old process of ship construction, 
in which practically no machinery, and hardly any 
iron and steel, were used. America found it impos- 
sible to provide labour as economically as that at 
the disposal of English shipbuilders, although in 
the Collins and Vanderbilt, and one or two other 
lines, she made a gallant struggle to keep her place 
in the race for atime. But the result was certain, 
and perhaps the most remarkable feature in the 
story is that America should have been able to keep 
her clippers on the ocean so long as she did, in 
competition with the steamers of the English lines. 

There is still another fact that had much to do 
with English success in the struggle for the Atlantic 
trade. The British shipbuilders and shipping firms 
had a start in the steamship trade. That not only 
enabled them to occupy the field, but it also secured 
for English shipbuilders and engineers almost a 
monopoly of early experience. The ultimate effect 
has been that nearly all the important improve- 
ments in the technique of ocean navigation have 
been originated in Britain and have been first of 
all at the disposal of British shippers. This has 
been no slight gain. When the consumption of 
coalon an Atlantic voyage was 4 lb. to 5 lb. per 
indicated horse-power per hour, American clippers 
could compete with the new order of things much 
more successfully than they were able to do when 
the average consumption of coal was brought under 
21b. Similarly, when a steamer took 15 to 20 days 
to cross the Atlantic, a clipper had more chance 
than it has now that the average voyage is only 
seven days. But it would be unfair to the pro- 
moters of the early steamship lines to omit mention 
of the great ability and energy of administration, 
which had likewise its due effect. 

There are not a few circumstances that tend, 
individually and collectively, to invest the sub- 
ject of Atlantic navigation at the present time 
with special and immediate importance. The 
year 1889 witnessed the largest development 
of passenger traftic that has ever occurred 
in the Atlantic trade in any one year. The 
problem that is thereby presented for the solu- 
tion of the steamship companies is, How far is the 
exceptionable business of 1889 to be maintained 
or extended in future years? The competition that 
has sprung up among the various companies for 
Atlantic traftic has been as keen and as energetic as in 
any trade that can be named. This competition 
is always to the advantage of the public. It has 
hitherto taken the forms of constructing larger and 
more sumptuous steamers, of obtaining the greatest 
speed compatible with working safely and profitably, 
and of offering the highest possible inducements in 
the provision made for the protection of life and 





property. The question of the future is, How much 
further can the desiderata be carried? Shall we ulti- 
mately reach, as anaverage size for Atlantic steamers, 
the dimensions of the Great Eastern, or have the 
shipbuilders attained finality in the dimensions of 
the vessels recently built for the Inman and White 
Star lines? Is the Atlantic voyage of the future to 
be an average of six days, or is it on the cards that 
we may ultimately cross the Atlantic in four ? Have 
the so-called ‘‘ greyhounds of the Atlantic ” already 
preterm their utmost achievements, or may we 
ook for still more phenomenal results ? Is America 
likely to continue to permit Great Britain to retain 
her supremacy in the Atlantic trade, or is she not 
rather likely to repeat with the greater prospects of 
success that are derived from experience of past 
blunders and misfortunes, the experiment of the 
ill-fated rival Collins line? Is the Government of 
the United States likely to comply with the requisi- 
tion recently adopted by a conference of shipowners, 
held at Boston, and vote subsidies and bounties, in 
order to enable American shipping once more to 
get upon its legs? Or, as is quite possible, may not 
the United States throw away the crutches of pro- 
tection, and challenge us to mortal combat in the 
ocean-carrying trade of the world, and of the 
Atlantic in particular. The future is necessarily a 
riddle, which the wisest cannot read. But there 
are no necessary drawbacks to the United States 
again taking a prominent place in the carrying trade 
of the ocean. Certain conditions must, however, 
first be complied with. To America, those condi- 
tions are extremely hard. Protection must not 
only be modified, but the vast internal trade of 
the United States, the trade of the lakes and of the 
rivers, which is of far more importance to America 
than her foreign trade has ever been, must to a 
large extent be revolutionised. This must give her 
pause, and must operate in favour of England’s 
continuance at the head of the Atlantic trade. 
From Germany, and to a less extent from France, 
we appear likely to have increased competition, but 
not to such an extent as to dislodge us from the 
firm grasp that we now have of the ocean-carrying 
business, 

In considering the possible future of steam navi- 
gation, it is important to remember that some of 
the highest authorities have predicted that with a 
more perfect type of engine, there is no necessary 
finality, in the present limit of time occupied in 
a Transatlantic voyage. On this question specula- 
tion is hazardous, since there are but few materials 
already at command that would justify the con- 
clusion that such a voyage could be made in any- 
thing much under six days. But the thing is not 
regarded in any responsible quarter as impossible, 
or even very difficult. Our express trains now 
habitually travel at the rate of fifty miles an hour, 
and by some advanced engineers, a constant 
average of sixty miles is looked to as a tolerably 
proximate probability. If we assume that an 
average of only half this speed is attained at sea, 
we should find that with thirty miles an hour 
throughout the voyage, the voyage from Liverpool to 
Sandy Hook should not occupymore than four days. 
It isto this end that engineers and shipowners should 
apply their energies and resources. Do what they 
may, the steamship companies can never expect to 
make an Atlantic passage a desideratum, for its 
own sake, except to the very few. To men engaged 
in business it is a serious matter to be for at least 
six or seven days outside the reach of a telegram. 
The further that the time occupied in crossing the 
Atlantic is shortened, the larger will be the number 
that wil travel between the two continents. The 
Atlantic steamship companies know this, and some 
of them look forward to making the trip in much 
less time than it now takes to accomplish it. 
Indeed, it need excite no surprise if, before many 
years are past, the first-class Atlantic ships 
maintain an average speed of 30 to 35 miles an 
hour, and a four-days’ journey between land and 
land, between Queenstown and Sandy Hook, is 
probably not at all an impossible thing in the 
future. 








ELECTRIC TRAMCAR PROPULSION. 

Untix the question of electric traction on street 
tramways called attention to the subject, very little 
was known as to the power required to propel the 
cars. It was evident to all that it required a very 
heavy pull to start a vehicle, but once it had at- 
tained the required speed, the two horses appeared 
to exercise very little effort on the level, and it was 





only on gradients that they were called upon to use 
their strength. It was not altogether to be won- 
dered at that some of the early attempts to apply 
power to the propulsion of tramcars should have 
failed through an underestimate of the force re- 
quired, particularly as experiments on railways 
showed that the friction on clean rails was very 
small. It was very quickly demonstrated, how- 
ever, that the attempt to argue from a railway 
carriage to a tramcar was liable to lead to error, 
and that the subject needed to be investigated ex- 
perimentally. Several experimenters have dealt 
with the subject, and the result of their trials was 
recently laid by Mr. A. Reckenzaun before the Old 
Students’ Association of the City and Guilds of 
London Institute. From his paper we learn that 
Mr. Henry Hughes deduced from experiments on 
tramways a tractive resistance of about 26 lb. a 
ton ; often more, occasionally less. At a rate of 
six miles per hour this represents .42 horse-power 
per ton of weight moved. Experiments directed 
towards the same end were made by M. Tresca, on 
the Paris- Versailles lines, and it was found that the 
average traction was 1 per cent. of the weight, or 
22.4 1b. per ton. When the flanges were taken 
off the wheels at one side of the car, the other 
wheels being unaltered, the resistance amounted 
to only tath of the load, or 15} 1b. per ton of the 
gross load of 5.67 tons. This was on a straight 
track. On curves of 50 ft. radius, in dry weather, 
the resistance is doubled, and on those of 36 ft. 
radius it is trebled. 

These results were obtained by coupling a dyna- 
mometer to the drawbar, and noting its indications, 
When the electric car came into existence it became 
very easy to read off on the ammeter the amount 
of current being expended at any given moment, 
and from this to deduce the average amount of power 
required over a longrun. In conjunction with the 
Electric Car Company of America, Mr. Reckenzaun 
laid out an experimental track of 1005 ft. in length, 
with two curves of 50 ft. radius, one of 33 ft., 
and one of 100 ft. There was a rising gradient of 
4.98 per cent., and a falling gradient of 5.8 per cent. 
The car weighed complete 5.3 tons, and had one 
axle driven by an electric motor, fed from an accu- 
mulator. A run of 43,8 miles with only fourteen 
stops was made in 6} hours, ata speed of seven 
miles an hour. A mean of 4.75 electrical horse- 
power was expended, or about three horse-power 
at the axle. This result was much better than 
might have been expected, and was greatly due to 
the fact that the car ran down this incline without 
current, and the momentum carried it a good way 
on the level. 

More recently tests have been made on the 
Frankfurt-Offenbach Electric Tramway, which has 
been in constant operation for six years, with the 
following results. Two cars were taken over the 
line ; the first, the motor car, weighed 4 tons, and 
the second, an ordinary car, weighed 2 tons, while 
20 passengers raised it to 34 tons. Thus there 
were 7$ tons in all. The electromotive force 
varied between 240 and 300 volts ; at starting the 
current used was 80 to 100 ampéres, which fell to 
40 in 10 seconds, and the mean current on the level 
road at eight miles an hour fluctuated between 
15 and 25 amptres. On a gradient of 2.8 per cent. 
55 to 60 ampéres were recorded, and the mean cur- 
rentovera distance of one mile, occupying 7 minutes, 
was found to be 21.48 ampéres ; this included four 
stoppages. The highest amount of energy recorded 
at any one moment was, at starting, 21,700 watts, 
or 29 horse-power. 

From the electric roads of America worked from 
overhead conductors several interesting Tables of 
data have been published. Dr. Louis Bell gives 
the following results from the La Fayette (Ind.) 
road. The runs were made on the level, witha 
loaded car weighing 8200 lb. 

















Miles per Electrical 
Hour. Volts. Ampéres. Horse-Power. 
7.5 404 9.5 5.15 
9.3 416 10.4 5.79 
9.1 393 | 10.7 5.40 
10.9 434 | 16.1 9.35 


12.4 433 | 15.4 8.93 





Another test on a gradient of 6.58 per cent., one- 
tenth of a mile in length, gave the results shown 
in the Tables on the next page. 

The maximum gradients were stated to be at 
Richmond 9 per cent.; at Cleveland, ‘‘ very 
slight ;”’ and at Scranton 7 per cent. ; involving 
maximum expenditures of 25.6 horse-power, 15 
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horse-power, and 19.2 horse-power (electrical mea- 
surements on car) respectively. 











Miles per 7 Electrical 

Hour. Volta. Amptres. | Horse-Power. 
2.73 347 27.2 12.65 
4.20 403 27.4 13.47 
9.30 409 31.3 17.14 
6.20 365 32.4 15.85 





The following Table gives the expenditure of 
energy of one car on three other overhead conductor 
lines : 























| | 
Electrical | | Average 
| Watts. Horse-Power. | Load. spank 
| | | miles 
Richmond ..| 4883 6.5 | 8500 | 
Cleveland | 4986 6.6 , 9500 | 9 
Scranton | 5587 7.4 | 


9500 | 5.7 


These figures show that when a large number of 
cars are worked from one central station they will 
not take less than an average of about six horse- 
power each. This may be enormously increased at 
any moment if a considerable proportion of them 
happen to be starting at once. The actual pro- 
pelling power then required is increased four to 
five times, while the efficiency of the motor falls off 
woefully. 

It is quite certain that before electric tramways 
can oust horseflesh in this country they will have to 
find a much cheaper method of working than the 
electric lighting companies have done. These pro- 
pose to charge 8d. per Board of Trade unit, 
that is, 1.3 horse-power hours, or about 64d. 
per horse-power hour. Of course the lighting 
companies are hampered with the necessity of 
meeting great variations of load for a short time, 
and with the expense of a large amount of 
mains for a comparatively small output, yet it is a 
long step from 6d. to less than jd. per horse-power. 
We are not suggesting that it cannot be made, but 
at the same time the problem is not easy. At the 
Bessbrook and Newry tramway the cost of haulage 
per train-mile was 3.3d. when the goods traffic was 
light and 4.2d. when it was heavy. The trains were 
of considerable weight, as compared with a tramcar, 
but on the other hand the motors were driven by 
water power, and the traction probably did not 
exceed 10 lb. per ton. 


WIND PRESSURES. 

Some three months ago (vide page 333 ante) we 
drew attention to the high wind pressures which 
had from time to time been registered at the Bid- 
ston Observatory, Liverpool. Even greater pres- 
sures of wind have been recorded at that Observa- 
tory, however, than those which we then mentioned. 
For instance, on February 1, 1868, 70 lb.; on 
December 27, 1868, 80 lb.; on March 9, 1871, 
90 lb.; stand on record. The last mentioned was 
brought forward by Mr. R. H. Scott, at the 
inquiry into the Tay Bridge disaster, as ‘the 
actual instrumental record of the pencil of one 
of Osler’s anemographs ;” though he virtually 
contradicted this assertion by adding ‘the instru- 
ment was graduated up to 401b., and the pencil was 
driven on beyond to a distance that was estimated at 
about 90 lb. ;” which information indicates that the 
observation is not worthy of reliance. A well-known 
engineer, over the initials ‘‘ B. B.,” wrote to the 
Times that ‘‘an 80-lb. or 90-lb. wind at Liverpool is 
something” too ludicrous for a practical engineer 
to conceive; and he stated that ‘‘A flank wind 
blowing with an effective pressure of 25 lb. per 
square foot would not merely upset every cab and 
omnibus in our streets, but would even render it 
necessary to stop the traffic on our railways ; for, 
having reference to the natural oscillatory move- 
ments on irregular portions of the road and on 
curves, the 25 lb. would inevitably lay a train flat 
on its side, or hurl it over the first exposed embank- 
ment.” To the like purport commented Mr. John 
Dixon, anent the Obelisk; ‘‘ Eighty pounds of 
wind pressure! What does it mean? The struc- 
ture supporting an instrument that fairly registered 
such must have been strong enough to withstand 
itself such a strain, and as a practical engineer I 
unhesitatingly say no modern building exists in 
England that will bear anything like it, certainly 
not the Bidston Observatory. Twenty-eight pounds 
pressure per square foot of surface would send a 
man flying through the air; it would sweep from 
the rails any passenger train.” 

The Committee on Wind Pressure reported that 











‘*the pressures at Bidston seem very abnormal, 
being much beyond what has been noticed at any 
ef the other stations. The conformation of the 
ground on which the Bidston Observatory stands is 
such that the velocity of the wind might be greatly 
intensified.” It is on the top of a range of 
hills on the south side of the Mersey, which rise 
abruptly on both sides, especially on the west. The 
anemographs are 56 ft. above the ground and 251 ft. 
above the mean sea level. 

At Greenwich Observatory the highest pressure 
recorded appears to be 53 lb. on October 14th, 
1881; but the Astronomer-Royal has repudiated 
such high pressures in his report for 1883, where 
he says: ‘‘A flexible brass chain has been substi- 
tuted for the stiff copper wire connecting the pres- 
sure plate of Osler’s anemograph with the recording 
pencil. The smaller pressures of 4 Ib. and less 
are now very satisfactorily registered, and as 
regards the larger pressures, the records hitherto 
obtained throw some doubt on the results with 
the copper wire. On the occasion of the gale of 
October 24, 1882, a velocity of 64 miles an hour 
was registered with Robinson’s anemograph for two 
successive hours, being greater than any velocity pre- 
viously recorded here, but the greatest pressure re- 
gistered with the chain was only 29 1b. on the square 
foot, whilst on April 29, 1882, a pressure of 494 1b. 
was recorded with the copper wire at a time when 
the velocity was only 50 miles an hour. The sitiff- 
ness of the copper wire appears to have exaggerated 
some of the largest pressures, and to have pre- 
vented the record of any of the very small pres- 
sures, The pressure scale on the paper was rede- 
termined after the application of the brass chain, 
and was found to be almost precisely the same as 
before for large pressures. There were, however, 
some little differences in the portion of the scale 
applying to small pressures.” A similar instru- 
mental defect may require rectification in the Bids- 
ton pressure anemograph. 

If the high wind pressures recorded in the Bri- 
tish Islands are perplexing, those recorded in other 
countries are astounding. At Sydney, Australia, 
the astronomer reported on September 27, 1876, 
that ‘‘the wind in some of the gusts lasting several 
minutes attained the extraordinary velocity of 153 
miles per hour, equal to a pressure of 117 lb. to the 
square foot.” In tornadoes, or whirlwinds, says 
the Shipping Gazette of April 2nd, ‘‘the wind 
revolves with such violence as to uproot the largest 
trees, demolish the strongest buildings, and trans- 
port heavy bodies to a considerable distance. The 
United States Signal Service has published a report 
on the character of 600 tornadoes, and from this it 
is seen that there is no season of the year which is 
exempt from their occurrence, but the greatest 
frequency is in the spring and summer seasons, 
whilst in winter they are rarely experienced. The 
width of the path of destruction with these storms 
is said to vary from 40 ft. to 10,000 ft., the average 
width being rather over 1000 ft. The velocity of 
progression of the storm cloud, as determined from 
the reports in 130 cases, varied from 12 to 60 miles 
an hour, the average rate being 30 miles. The 
velocity of the wind within the cloud vortex was 
variously estimated at from 70 to 800 miles an hour, 
the average being 390 miles.” Mr. Hawksley told 
the British Association, in 1881, that the powerful 
forces concerned in the erratic movements of tor- 
nadoes and whirlwinds ‘‘could not be introduced 
with propriety into calculations of the strength 
of structures intended to have a commercial value, 
because of the extreme improbability of any par- 
ticular structure falling within the range of their 
destructive effects; they fall, in fact, within the 
legal category of Actus Dei.” Engineers should 
make a clear distinction between ordinary cyclonic 
storms sweeping over a large area, whole counties, 
indeel whole countries, which every structure 
ought to be able to resist ; and whirlwinds or 
tornadoes, varying in diameter from a few yards toa 
mile or so, rare in their occurrence in any par- 
ticular locality, quite impossible to resist, and which 
would certainly blow away any anemometer that 
might be in their path. 

Weather maps have made everybody familiar 
with isobars. Their distance apart is an index to 
the strength of the current of air between them. 
Thus, for a cyclone the velocity of the wind may 
be inferred for any part of it. But there are 
secondary cyclones, within the primary, and these 
barometers barely indicate. These in certain sec- 
tions intensify the wind of the cyclone. Were 
barometers planted in every square mile, and all 





read at definite instants, it might be possible to 
localise and define tertiary cyclones, and it cannot 
be doubted that even smaller cyclones may exist, 
down to the smallest and most destructive whirl- 
winds. Their causes might thereby be ascertained, 
but there would still be wanting a remedy for their 
effects. Probably their immediate cause is insta- 
bility of atmospheric temperature, and condensa 
tion of vapour. However this may be, such a com 
bination of storm within storm, each more intense 
in its violence, as its area is less, is apparently 
sufficient to account for the unsteadiness of violent 
winds, and the powerful gusts which accompany 
them, for the smallness of the area in which they 
operate, and for the shortness of their duration, 
though they may be numerous throughout a pri- 
mary cyclone or in any particular region of it. 
Some consideration is also due to exceptional 
rushes of air, constituting gusts, caused by obstacles 
on the earth’s surface. The pressure anemograph 
is the only instrument which gives a record of 
gusts of wind ; hence it is desirable to make it as 
perfect as possible. 





THE “CITY OF PARIS” INQUIRY. 

THE result of the Board of Trade inquiry into 
the mishap to the Inman and International liner 
City of Paris is satisfactory to all the parties inter- 
ested, although little that is new has been elicited 
as to the cause of the disaster. Valuable sug- 
gestions, however, are made as to the measures 
to be taken in future to obviate a similar series of 
unfortunate circumstances. The Court had every 
facility for obtaining information on all points. 
The case lasted for five days, and the owners 
and builders showed a willingness to submit 
evidence, which demonstrated a thorough confidence 
in their case, as well as a desire to help towards a 
satisfactory solution of those practical and scientific 
problems which the Court had to solve. 

We do not propose to enter at any length into 
the evidence produced. In it there was much re- 
iteration but little of consequence that is new. 
There was a unanimity on the part of all witnesses 
that the City of Paris was a carefully designed and 
particularly well constructed vessel—from the repu- 
tation of the builders and the desire of the owners 
to satisfy the public this was to be expected—and 
with this opinion the Court completely agreed. 
Indeed, Mr. Raffles, as President of the Court, 
stated that ‘‘ having regard to the trying ordeal 
through which she passed, she has proved her- 
self to be one of the finest and safest vessels 
in the mercantile marine.” -The Board of Trade 
and Lloyd’s had superintended her construc- 
tion. Mr. Benjamin Martell, chief surveyor at 
Lloyd’s, said the City of Paris was the finest ship 
he ever saw. He did not think anything had been 
sacrificed to speed. Indeed, in consideration of the 
great speed at which she was intended to steam, 
the vessel was specially strengthened, a whole series 
of web frames being placed at 12 ft. centres 
throughout the ship to counteract the additional 
vibration which would be caused by the working of 
the engines. Sir Edward J. Reed spoke to the 
bulkheads. After examining the ship very care- 
fully, he found in the design a great deal of evidence 
of special consideration and special adaptation in 
the construction for the service she was to per- 
form, and the way she had been stiffened would 
give her strength and security. There were a great 
many indications of skill being brought to bear, as 
for instance in the engine-room bulkhead. 

The history of the disaster is well known, so that 
it is not necessary to refer to the evidence on this 
point. All the engineers and the captain and prin- 
cipal officers were examined, and the Court in their 
decision refer to the admirable manner in which 
Captain Watkins, the deck officers, Chief Engineer 
Walls and his assistants, and the crew generally, 
performed their duties and conducted themselves 
in the trying position in which they were placed 
after the accident. In our issue of April 18, we 
gave the results of a careful examination of the 
vessel, with illustrations, publishing full details of 
the accident, our views as to the cause, and an 
account of the wreck of the machinery. That the 
shaft broke first as a result of the wearing down 
of the bracket supporting the extreme end of the 
propeller shaft, as we hinted, has been clearly 
proved, and following it came the smash of the 
engine, the cover of the low-pressure cylinder being 
broken off by the piston. The answer as to the 
cause, given to query 14 is clear. The engines, 
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according to the engineer in charge at the time, were 
running at about 82 revolutions, the steam pressure 
being 140]b. Mr. Walls, the chief engineer, who 
was in his room at the time, was attracted by great 
vibration and noise in the engine-room. Mr. John 
Gill, third engineer, had previously felt the crank 
pin brasses and they were all right. He went into 
the port engine-room, and then heard the starboard 
engine make a sudden race, followed by a crashing 
grinding noise. Before he returned to the room 
the collapse had commenced, and the demolition 
was the work of a few minutes, 

To the Court, the Board of Trade addressed 
eighteen questions, several of them suggested by 
the evidence. The first queries had reference to the 
construction of the vessel. In giving the questions 
and answers, it may be interesting to note the evi- 
dence dealing with the specific points. The first 
two queries call for no special comment. 

Question 1. Whether in the construction of the vessel, 
her engines and machinery, full provision was made to 
insure her safety as an ocean-going steamer, and whether 
in any, and if so, in what respects the safety of the vessel 
was sacrificed to speed ?—Answer: We are of opinion 
that full provision was made to insure every safety as an 
ocean-going steamer, and that the safety of the vessel was 
not sacrificed to speed. 

2. Is cast steel a proper and suitable material to be em- 
ployed in the columns, bedplate, and boxes of the bearings 
of the shaft, or either of the portions of the machi- 
nery ?—We consider cast steel to be a a and suitable 
material to be employed generally in the construction of 
various parts of engines that have hitherto been made 
usually of cast iron. 

3. Was the shaft of the starboard engine properly and 
sufficiently supported throughout by bearings ; was the 
after bracket properly constructed ; and was it of sufficient 
strength, having regard to the length of the shafting and 
the propeller it had to support?—The in-board por- 
tions of the propeller shaft of the starboard engine are 
amply supported ; and, judging from the present con- 
dition of the out-board portions of the propeller shaft of 
the port engine, the supports to the out-board portions of 
the propeller shaft of the starboard engine, which are of 
aule construction to those of the port one, would 
appear to have been sufficient. The after bracket in each 
case is properly constructed, and is of sufficient strength 
for the shafting and propeller it had to support. 

In his evidence, Mr. James R. Thomson, of the 
builders’ firm, stated that the crankshaft was made 
in three interchangeable pieces, each piece being 
11 ft. 6 in. long and the diameter 20} in., witha 
34 in. hole through the crankpin. The thrust 
shaft was 16 ft. 9 in. long, and the diameter 19} in. 
and 204 in. between the columns. There were 
three tunnel shafts 22 ft. 9 in. long and 19} in. in 
diameter. The tube shaft was 44 ft. 6 in. The 
shafts were made of Vickers’ steel, and at the joints 
had coupling flanges. The fracture occurred just 
outside the stern tube. Sir Frederick Bramwell 
said that the shaft bearing in the after bracket was 
6 ft. 3in. in length. It was, he considered, most 
undesirable to multiply bearings which were sub- 
merged, and could not be got at and attended to. 
An intermediate bearing, as had been suggested, 
would have gone to pieces at once. Nor did Mr. 
J. H. Biles consider that another bearing would 
have been efficient. 

4. Were the bushes in the stern tube and after bracket 
of suitable materials and of proper construction?—The 
bushes in the stern tubes and Bm brackets are of suitable 
materials. The construction, that isthe method of secur- 
ing the lignum vite, is somewhat recent, and is said to be 
much used by Clyde and other engineers with satisfactory 
results. It is, however, to be observed that in the older 
and more generally adopted system of fitting, that is by 
placing each strip of ro. ype vite in a suitably formed 
recess having gun-metal partitions between them, each 
strip is thus preserved in position and the waterways 
between them are larger and less liable to choke. 

A point not adverted to in the decision is the 
evidence of Mr. Peter Sampson, principal assist- 
ant to the engineer-in-chief of the Board of Trade, 
who stated that he had soaked a piece of lignum 
vitee in water and found that it underwent a very 
considerable expansion, amounting in six weeks 
very nearly to in. He considered that in the 
case of the City of Paris the result might be consider- 
able, and the accident might have been caused by 
this. It might have forced off the guard ring and 
so have worked its way out, or might have thickened 
and lessened the clearance. It has to be borne in 
mind, however, that the port bearing would be under 
similar conditions, and nothing was found wrong 
there. Sir Edward J. Reed did not lay much 
weight on the idea put forward by Mr. Sampson. 

5. Were the shaft liners properly constructed ; were 
they of suitable material, and were they properly fitted 
to the shaft ?—The linings or casings were of suitable 
material, and the evidence we have heard proves that 
they were properly constructed and fitted to the ship. 








6. Were the cylinders, piston-rods, connecting-rods 
and all other parts of the machinery of the starboard 
engine of suitable material; was the material properly 
examined and tested, and were the starboard engines 
properly constructed ?—The cylinders, piston-rods, con- 
necting-rods, and other parts of the machinery of the 
starboard engines were generally of suitable materials, 
and the engines were properly constructed. The materials 
were tested in the usual manner to the satisfaction of the 
surveyors of the Board of Trade and of Lloyd’s. 

7. hether suitable governors were provided ?— 
Governors were provided for controlling the engines in a 
seaway. 'They were not connected when the accident of 
March 23rd occurred, and if they had been they could not 
have affected the results of it. 

8. Were the bulkheads properly constructed, and were 
they of sufficient strength, independently of support from 
either shoring or cargo, for the purpose of insuring the 
safety of the vessel, assuming any two of the cargo com- 
partments flooded at the same time in any state of weather ; 
whether the longitudinal bulkhead between the engine- 
rooms was of sufficient strength and carried to a sufticient 
height, and was it desirable that there should be a door in 
it below the water line?—The bulkheads were properly 
constructed, and from our personal inspection of the ship, 
and from the evidence that has been given respecting 
them, we are of opinion that they were sufficiently strong 
without shoring or cargo to stand the pressure that they 
may have been subjected to, assuming any two of the 
large compartments to be flooded at the same time, inany 
state of the weather. The longitudinal bulkhead between 
the engine-rooms is of sufficient strength, and carried 
sufficiently high. It is desirable that there should be a 
door in it below the water-line, but it is also desirable 
that this door should be placed as high in the bulkhead 
as is consistent with the purposes for which it is required, 
as was the case in this instance. 

The bulkhead question is of an interesting 
character, and one cannot but regret that more 
evidence was not given on the point, more par- 
ticularly regarding the maximum pressure which 
the bulkheads of the City of Paris were capable 
of resisting, but probably the Board of Trade 
Committee specially appointed to consider the 
question will take up this matter and afford 
constructors more adequate information on the 
possibilities and on the required strengthening 
of bulkheads. That, however, was scarcely within 
the scope of the present inquiry. The Com- 
missioners are satisfied that the bulkheads were 
sufficiently strong to stand the pressure in any 
state of the weather, a point which the travelling 
public will appreciate. Mr. Thomson, in his 
evidence, which, by the way, was very explicit, 
stated that there were fourteen transverse bulk- 
heads, extending to the upper deck, and the thick- 
ness was 35 in. below and sin. above the lower 
deck. The plates were worked vertically and there 
were stiffeners 30 in. apart. The bulkheads were 
further stiffened by horizontal Z bars 7 in. by 3$ in. 
The door in the bulkhead between the engine- 
rooms was closed by hydraulic power. Mr. B. 
Martell considered the longitudinal bulkhead un- 
usually strong, and he calculated that it would 
withstand two and a quarter times the water pres- 
sure put against it with 22 ft. water in the com- 
partment. Mr. J. H. Biles said the bulkheads in 
petroleum steamers were not stronger than those in 
the City of Paris. 


9. Having regard to the fact that this vessel had two 
engines entirely independent of each other, was the sail 
power sufficient ?—We consider that the sail power was 
sufticient. 

10. What was the cause of the cracks which develo 
in the columns, and were they efficiently repaired ?—The 
cracks developed in the cast steel columns of the engines 
were, in our opinion, caused by the contraction in cooling, 
which is greater in steel castings than in many other 
metals, and which in consequence of the necessary struc- 
tural arrangements of these castings, sets up considerable 
tension in some parts, The cracks in five of the columns 
of the engines were repaired by steel plates secured in a 
very efficient and workmanlike manner. 


In January the vessel underwent an annual over- 
haul. Mr. Walls stated that the vessel went into 
dock on January 6 and came out on the 18th, and 
was not required to sail till February 5. The 
lignum vite, which bushed up the shaft, was then 
found to be worn down about ,'; in., and the shaft 
was bushed up by new lignum vite. It had been 
worn away entirely. Some of the engine columns, 
all of which were of cast steel, had ee cracks 
which Mr. James R. Thomson, in his evidence, said 
he had never seen before in columns of that size. 
He had seen steel plates put over the cracks. The 
cracks were due to the contraction of the metal in 
cooling—a statement which Sir F. Bramwell subse- 
quently repeated. The columns had been tested 
in the usual way. Mr. Thomson had not pre- 
viously cast in steel such large columns. One 
of the columns was repaired in New York. Sir 
Edward Reed considers cast steel a very proper 








material for engine columns. It was widely used in 
the Navy, but Mr. Mollison, of the Board of Trade, 
stated that these were the first he had seen, except 
in Admiralty ships. The breakage of the columns 
of the low-pressure engine was not where the 
cracks were. 


11. What was the cause of the lignum vite in the bush 
in the starboard bracket wearing down about 5-16ths of 
an inch, and was it properly and sufficiently re-lined and 
made good in January last ?—We have no evidence that 
would enable us to express an opinion as to the cause of 
the lignum vite in the bush of the starboard bracket 
wearing down about 5-16ths of an inch, as it appeared 
when examined in dock in January last ; we have evidence 
as to the manner in which it was re-lined, and we have no 
reason to suppose that it was not properly effected, but, 
looking to the fact that the lignum vite in the bush of the 
port bracket had shown an inappreciable amount of wear 
at that time, it would have been more satisfactory to have 
withdrawn the tail shaft, so as to have re-lined the bush 
either in its place or in the workshop. The condition of 
the gun-metal casing or liner on the tail shaft would then 
have been exposed to a thorough inspection, and if a 
defect existed it would in all probability have been dis- 
covered, 

12. Having regard to the wearing down of the lignum 
vite in the bush, was it sufficiently examined thereafter? 
—Having regard to the statement that this ship was to 
be docked within two months in accordance with the re- 

uirements of the Board of Trade, we are of opinion that 
the opportunity that would have thus been afforded for 
further examination would have been sufficient. 

13. Was it possible, either by observation or sound, to 
have discovered when the engines were working that the 
after bearing of the propeller shaft was worn down ?—It 
was not possible to discover by observation, when the 
engines were running at sea, that the after bearing of the 
propeller shaft had worn down; but we would observe 
that when a propeller becomes loose on its shaft or the 
propeller shaft becomes loose in its bearings, it generally 
gives unmistakable notice of its condition (by sound) to 
those who may happen to be in any near proximity to that 
portion of the ship to which it is attached. 


The next two queries refer more particularly to 
the exact cause of the accident, and these generally 
agree with the views given in our previous article 
(pages 481 to 483 ante). 


14. What was the cause of the casualty ?—We are of 
opinion that the primary cause of the casualty was theextra- 
ordinary wearing down of the bearing of the bracket which 
supported the extreme end of the propeller shaft, by which 
that end had dropped from its original and proper position 
about 7 in. ; that this bearing down of the after end, its 
distance (about 50 ft.) from its nearest support in the stern 
tube, coupled with the weight of the propeller and of the 
shaft itself, produced a bending effect on the shaft at its 
forward support, co-existent with each revolution of the 
engine ; that this had probably produced rupture of the 
external surface, which gradually extended inwardly, and 
finally to total fracture of the shaft; that the engine, 
being thus relieved from all resistance beyond the friction 
of its own moving parts, would almost instantaneous] 
have eo ger a greatly accelerated velocity, the result 
of which was probably sufficient, by the additional 
strains on the various connections, to diminish the clear- 
ance allowed between the _— and cylinder cover of 
the low-pressure engine at the top end of its stroke ; that 
the cover was struck by the piston and moved off, the 
piston probably broken up in the act, the cylinder torn 
asunder, the condenser seriously broken, and the destruc- 
tion of the various other parts rapidly accomplished. As 
to the cause of the wearing down of the after bearing of 
the —— shaft, considerable difference of opinion 
ee to exist. This wearing was of an abnormal 
character and of infrequent occurrence ; generally it may 
be said to have been attributed to two distinct causes, 
one being that the gun-metal casing or liner of the shaft 
had burst through, being in a state of excessive tension. 
The other cause suggested was that ashes, which had been 
more frequently thrown overboard on the starboard side 
than on the port, had got into the bearing and set up the 
action that led to this wear, but there is scarcely a steam- 
ship a whose outer shaft bearings are not subject 
to the conditions that may be sup to arise through 
ashes or other débris from the ship. What seems to have 
occurred is that from some cause or other the waterways 
in the lignum vite strips became choked or were insuffi- 
cient for the passage of water; that the friction which 
generated soon destroyed the lignum vite ; that the metal 
casing of the shaft and the bush being brought in con- 
tact, heat was further developed sufficient to break u 
the metal casing of the shaft—the fragments of which 
found in the outer protecting case of the shaft, presented 
the appearance of metal that had been broken while hot 
—and that the high temperature of the rubbing surfaces 
of the shaft and its bearing caused the extraordinary 
wear that followed. 

15. What was the cause of the water finding its way into 
the engine-room and other compartments ?—The cause of 
the water finding its way into the engine-rooms and other 
compartments wasthat inthe break-up of theengine a large 
portion of the low-pressure cylinder fell or was driven 

inst the condenser, tearing away a considerable por- 
tion of its body, tubeplates, and tubes, and thereby open- 
ing a large communication with the sea; through this 
opening the water rushed in in such volume that before 
any of the inlets to circulating pumps could be closed 
they became covered by the water and out of reach. 
Water also passed in through the sea connections of the 
auxiliary condenser, and as previously described the 
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water passed into the port engine-room through the 
dynamo room, bulkhead doors, the injured bulkhead of 
this compartment, and through the apertures broken 
through the middle line bulkhead by the ruptured ma- 
chinery, and at No. 10 by theinjury to the forward bulk- 
head of that compartment, into Nos. 11 and 12 by serious 
injury to the valve-box of the pumps in the engine-room, 
which were in connection with these compartments. 

16. Was the bulkhead forward of the engine-room 
weakened by cutting away the lower portions of two of 
the stiffeners ; did it leak or bulge after the casualty ; 
and was the shoring necessary in pon ol to insure its safety ? 
—We do not consider that the cutting away of a lower 
portion of a stiffener on each side of the forward bulkhead 
of the engine-room materially weakened it, as the aper- 
tures cut were made good by substantial plate doors bolted 
thereto. The bulkhead, it was stated, did not leak ; some 
— bulging was said to have shown, but we do not con- 
si ra that shoring would have been necessary to insure its 
safety. 


The concluding questions were most important, 
having reference to the requisite steps to obviate 
such accidents or mitigate the results attendant 
upon them. We.do not see why every one of the 
suggestions made should not be carried out to the 
letter. A governor such as is suggested for stop- 
ping the engines would, of course, require to be a 
good one to counteract the racing of engines with 
sufficient promptness, but that such a governor 
can be found we doubt not. Every one will appre- 
ciate the value of having an arrangement on the 
main deck whereby the sea connections and steam 
stop valves can be closed when desired, and of 
there being facility for pumping out the ship even 
when the engine-room is flooded. The advantage 
of testing the water-tight bulkheads is self-evident, 
and the measure of public confidence which such 
a demonstration would secure, is of itself a sufti- 
cient inducement to the shipowner to have this 
carried out. The City of Paris has undergone the 
severest of tests, and we believe the public will 
fully appreciate those qualities, the possession of 
which has been so clearly proved. The exhortation 
of the Court to marine constructors to consider the 
construction of outboard bearings for shafts should 
not go unheeded. Indeed, we hope that all the sug- 
gestions made will be carried out, and then the 
accident to the City of Paris will have been of in- 
calculable benefit to marine science. We give the 
remaining part of the decision : 


17. Would it be desirable in future that the large sea 
connections should be capable of being closed from the 
main or upper deck ?—We certainly consider it desirable 
that suitable means should be provided by which the 
main sea connections, such as inlets and discharges for the 
circulating water of the condensers, and the main steam 
stop valves of the engines could be cl from some con- 
venient position on the main deck exterior to the engine- 
rooms. 

18. Have the Court any suggestions or observations to 
offer which in their opinion might tend so obviate 
casualties of a similar nature in the future ?—It will be 
readily understood that after the practically unanimous 
testimony of eminent authorities of the Board of Trade and 
of Lloyd’s surveyors and various experts who have been 
called during this inquiry as to the strength, completeness, 
and efficiency in all respects of this ship for the service for 
which she was specially designed and constructed, the 
Court does not consider itself in a position to offer many 
suggestions or observations thereon. We may observe 
that during the course of this inquiry, we had evidence 
that even if some of the forward compartments of this 
ship had been filled with water in addition to those 
already filled aft, she would still have had a fair amount 
of freeboard, and have been able to float under the cir- 
cumstances, her mean draught of water on arrival at 
Queenstown being only 8 in. or 9 in. more than when she 
left New York. We are of opinion, having regard to the 
trying ordeal through which she passed, that she has 
proved herself to be one of the finest and safest vessels in 
the mercantile marine. The Court would suggest that 
it is very desirable that a really efficient and trust- 
worthy governor of the most approved form, should be 
fitted to each engine and driven by the main shaft. It 
should be connected by suitable means to the main steam 
valve, and such other valves as may be directly affected 
in controlling the speed of the engines, and it should 
never be disconnected from the engines or thrown out of 
action while they were running. Such a fitting would 
obviate, if not entirely prevent, a serious casualty in case 
of shaft fracture or engines racing from any other cause. 
The Court has been informed that only the bulkheads of 
the extreme forward and extreme after compartments of 
this ship had been tested with water pressure, and that 
this is the usual practice. The Court would, however, 
suggest the desirability of all so-called water-tight bulk- 
heads being tested with water up to a certain height (sa 
orlop deck), not by filling the compartments with 
water as appeared to be in the minds of some of the 
witnesses, nor even to test the strength of the bulk- 
heads, but to test their water-tightness, and we are of 
opinion that this could be effected without much incon- 
venience or additional expense by the use of a hose-jet, 
and by running water up to the height mentioned. With 
reference to the supports for the outboard lengths of pro- 
peller shafting in large and fast ships generally ; it is not 





intended to make any observations of an adverse character 
on that provided in the City of Paris, which was no doubt 
sufficient so long as the after bearing continued in a 
normal condition ; but in view of the considerably in- 
creased length of these shafts in recently constructed fast 
ships, and the ibility, happily very unusual, of a 
similar wearing down of theend of the bearing, and from 
which there is no immunity, fracture of the shaft, with 
corresponding destruction of the engine and its conse- 
serge would in all probability take place. The 
Jourt would, therefore, suggest that this is a ques- 
tion of sufficient importance to deserve the careful 
consideration of naval architects and engineers. The 
Court would suggest the desirability of isolating each 
water-tight compartment from others as far as possible, 
but having regard to the convenience and advan of 
steam paaping power as compared with manual, the Court 
is of opinion that where it is applied to the various com- 
partments in a by connections with pumps in the 
engine-rooms, suitable means should be provided for clos- 
ing and opening these connections from the main deck. 
fore closing our remarks on this case, the Court desires 
to refer to the admirable manner in which the captain 
and deck officers, the chief engineer and his assistants, 
and the crew generally, performed their duties, and con- 
ducted themselves in the trying position they were placed 
in after this casualty. The Court is of opinion that this 
was in a great measure the cause of the calmness and con- 
fidence exhibited by the passengers, and of their general 
praiseworthy conduct under circumstances not devoid of 
peril. And further the Court wishes to say that durin 
this inquiry they have received every assistance from all 
parties concerned to arrive at the conclusions embodied in 
this report. 





NOTES. 
DeaTH oF Str WarRINGTON SMYTH. 

Srr Warrineton W. Smytu, M.A., F.R.S., who 
for many years past has been one of our leading 
authorities in mineralogy and mining, died sud- 
denly at his residence, 5, Inverness-terrace, Lon- 
don, on Thursday, the 19th inst. Mr. Smyth was 
born at Naples in 1817, and was educated at West- 
minster and Bedford schools and Trinity College, 
Cambridge, where he took his B.A. degree in 1839. 
On leaving Cambridge he travelled over a great 
part of Europe and Asia Minor for upwards 
of four years, during which his time was mainly 
devoted to a study of the mining industries of 
the countries passed through. Returning to Eng- 
land in 1844, he accepted a post on the Geolo- 

ical Survey, and when the Royal School of 

ines was founded at Jermyn-street in 1851 he 
became lecturer in mineralogy and mining there, 
retaining the former chair till 1881 and the 
latter till his death. About the same time he was 
appointed inspector of the mineral property of the 
Duchy of Cornwall and chief mineral inspector to 
the Commissions of Woods, Forests, and Land 
Revenues. In 1879 he was appointed chairman of 
the Royal Commission on Accidents in Coal Mines, 
which post he held for seven years and was then 
knighted for his services. His principal literary 
work was entitled ‘‘ A Rudimentary Treatise on 
Coal and Coal Mining,” and was published in 1867. 
It is now in its sixth edition, and has been trans- 
lated into the principal European languages and into 
Chinese. 

THE GILBERT CLUB. 

Our readers will doubtless remember that in our 
issues of December 20 and December 27 of last 
year (see ENGINEERING, vol. xlviii., pp. 717 and 
729), we gave a very interesting and carefully- 
prepared notice of the life and work of William 
Gilbert, of Colchester, the author of the celebrated 
treatise on magnetism published in 1600, ‘‘ De 
Magnete,” and the Father of the Science of Elec- 
tricity, to whom the very word is due. In that 
notice we referred to the formation of the Gilbert 
Club, which held its inaugural meeting in the 
rooms of the Society of Arts, under the presidency 
of Sir William Thomson, F.R.S., the principal 
object of the club being to produce and issue an 
English translation of ‘‘ De Magnete” in the style 
of the folio edition of 1600, and to promote in- 
quiries into the personal history, life, works, and 
writings of Dr. Gilbert. Up to the present time 
the only practical result of this movement appears 
to have been the biographical study above referred 
to, and which was from the able pen of Mr. 
Conrad Cooke, but the club now seems desirous 
to indicate that it is still in existence, by means 
of a pilgrimage to the shrine of its first cause. 
This excursion is intended to take place (by the 
10 a.m. train from Liverpool-street) on Saturday, 
July 5th, the goal being of course Colchester, and 
the programme is more or less the usual one for 
latter-day pilgrimages. The mayor and the museum, 
the birthplace and tomb of Doctor Gilbert, the 
“Red Lion,” and the eloquence of Professor 





Silvanus P. Thompson, will no doubt fill a very 
pleasant day for the pilgrims, and may inspire 
them with renewed energy for carrying out the 
more serious part of their work. 


Tue Linerr Exectric TRaMway. 

The latest plan for connecting a moving tramcar 
to an underground conductor without a slot in the 
roadway is that of the Lineff Electric Traction and 
Lighting Syndicate, of 11, Queen Victoria-street, 
London. The track consists of the usual grooved 
rails, and a third or contact rail between the others. 
This is flat-topped, and the surface lies flush with 
the roadway. It is formed in short lengths, about 
3 ft., separated from each other by about $in. of 
asphalte. These short rails are electrically insulated 
from each other, and the current is directed into 
each of them in succession as the car passes over 
them. This, as is well understood, is to prevent 
the excessive leakage that would take place if a long 
length of rail were in connection with a wet road- 
way, and also to prevent other vehicles making a 
short circuit between the contact rail and the return 
current rail. The connection of the short rails with 
the copper conductor is made by a magnet on the car 
acting on a contact-maker under the rail, one end 
of this contact-maker being joined to the conductor. 
On the underside of thecar is a very powerful electro- 
magnet about 14 times the length of a rail. At 
each end it has a pole-piece, consisting of a roller 
running on the rail, and two blocks just clearing 
the rail. This magnet is energised by the main 
current and consumes 120 to 150 watts, although 
60 are said to be sufficient for the purpose under 
favourable circumstances. The rail, which is 5 in. 
or 6in. deep, stands on a longitudinal earthen- 
ware sleeper, and the whole is solidly embedded in 
a mass of asphalte, which extends below the sleeper. 
In a groove in the sleeper runs the conductor, and 
in a second groove is laid a strip of galvanised hoop 
iron. This strip is connected at one end to the 
conductor, and the other end is free. When the 
magnet passes over it, the rail attracts the iron, 
which rises, and makes contact with it. The cur- 
rent then flows from the conductor through the 
strip to the rail, and thence by a bush to the 
motor on the cam. Neither the strip nor 
the rail have any special contact surfaces ; 
they are both galvanised, and there is no other 
means provided to insure good connection. As 
soon as the magnet has passed, the rail ceases to be 
magnetic, the strip falls back and that particular rail 
is again insulated, its office being taken by the one 
in front of it, and soon. The principal feature of 
novelty lies in the use of a second, or so-called 
‘*hidden rail,” placed alongside the contact rail 
underground, cok like it embedded in the asphalte. 
This is also in short lengths, but it is disposed so 
as to break joint with the first rail, and thus reduce 
the resistance of the magnetic circuit. It is stated 
that by the use of this second rail a very much less 

owerful magnet is able to move the contents. 
The inventor seems to have aimed at cheapness of 
construction, and we fear that difficulties would 
arise in practice from the crudeness of some of his 
arrangements, although a short experimental line 
in the yard of the West Metropolitan Tramway 
Company, Chiswick High-road, works very well. 


Dry Ark REFRIGERATING APPARATUS WITHOUT 
MAcuInery. 

The increasing importation of foreign meat to 
this country has resulted in the invention of a 
number of refrigerating appliances, and on Wed- 
nesday, on the invitation of the proprietors, a 
number of gentlemen inspected Hill’s patent 
system of dry air refrigerating apparatus, which 
is on view at the working dairy at the Royal 
Military Exhibition, Chelsea, and at the offices of the 
company, 114, Cannon-street, London. The dis- 
tinctive feature is that no machinery is in use, the 
cold air being produced from the distillation of 
ammonia gas, 4 principle which is not by any means 
new. The apparatus consists of steam generator, 
ammonia bediee, separator, and condenser for eg 
ducing cold, and a refrigerator or cold chamber. 
This chamber is constructed in most cases of a 
double casing of wood, lined with charcoal as a non- 
conductor, and the roof is formed by a tank 
containing a bath of chloride of calcium liquor 
in sufficient quantity to store up the cold as pro- 
duced. Inthe case of the apparatus exhibited at 
Cannon-street on Wednesday the chamber was 7 ft. 
by 9ft. by 7 ft. high, and the ammonia boiler 2 ft. 
diameter by 10 ft. long. The solution of ammonia 
in the boiler is heated by steam from any boiler, or 
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from a specially constructed slow combustion stove, 
with a spiral coil giving large heating surface. 
Alongside it is placed a water separator for drying 
the steam which passes to a boiler three-fourths 
filled with a solution of ammonia. To this the steam 
entering by several pipes imparts heat, driving 
the ammonia into the form of gas. Above the 
boiler is placed a separator for taking off water 
carried forward in the distillation of the ammoniacal 
gas. The water thus separated passes by gravitation 
to the boiler. Alongside it is a corresponding 
cylindrical vessel into which the dried ammoniacal 
gas passes, and there it is condensed by its own 
accumulation of pressure and the latent heat 
carried off by the circulation of cooling water. 
This liquid anhydrous ammonia flows into the re- 
frigerators suspended in the tank forming the roof of 
the cooling chamber. The pressure is then rapidly 
reduced by opening a communication with a separate 
chamber, and the sudden evaporation of the liquid 
anhydrous ammonia takes place at the expense of 
the sensible heat in the cold storage bath in the tank, 
which therefore becomes very cold and draws 
heat from the chamber in which the meat is stored. 
The bottom of the tank is corrugated, which gives 
a large increase in the cooling area, and to the lower 
angles of the corrugation gutters are suspended 
carrying off the water, so that the atmosphere is 
dried as well as cooled. On Wednesday the teim- 
perature, after the doors of the chamber were 
closed, was reduced in a comparatively short time 
by about 40 deg. to 39 deg. Recently it was tested 
from the evening of June 14 to the morning of the 
20th, and it is said that the temperature of the 
liquid in the tank rose in that time, from 16} deg. 
to 31 deg. ; the fall of temperature in the chamber 
being from 52 deg. to 36} deg., while in the office 
in which the chamber was placed, the fall was from 
65 deg. to 61 deg. 


Prizes FOR Rattbway IMPROVEMENTS. 


Once every four years the Society of German 
Railway Directions offer prizes, of the total value 
of 15001., for important inventions and — 
ments, effected in matters relating to railways, 
this sum is to be distributed as follows: (A) A 
first prize of 375/., a second of 150/., and a third of 
751. are offered for improvements in the structural 
and mechanical department. (B) A second set of 
prizes of the same values as those above mentioned 
are offered for improvements in locomotives and 
rolling stock and their maintenance. (C) One first 
prize of 1501. and two second prizes of 751. each 
are offered for improvements relating to railway 
management and working and to railway statistics ; 
also for essays and other literary work of exceptional 
merit in reference to railway matters. Without in 
any way curtailing the scope of the inventor or 
laying down any lines for the jurors, the follow- 
ing subjects are suggested as suitable for the 
competition: a. Design and construction of a 
locomotive boiler, which without material increase 
in weight is safe against explosions, and the main- 
tenance of which costs less than that of the present 
type. b. Improvements in the design of locomo- 
tives, especially with regard to the valve gear, so 
as to effect a more economical use of steam. c. 
Proposal fora simpler method of calculating rent 
for railway wagons. d. Production of a durable 
and useful coupling hose for steam heating or con- 
tinuous brakes on rolling stock, without the use of 
india-rubber. ¢. Construction of a suitable and 
inexpensive shunting brake for goods wagons. 
Should no inventions be received under groups 
A, B, C worthy of the first prize, the jurors may 
so divide the prize money as to award several prizes 
of second and third degree. The conditions of the 
competition are as follows : 1. Only the inventions, 
improvements, and literary productions, the pro- 
duction or publication of which fall within the time 
specified for the competition an be entered. 
2. Every invention or improvement, before it can be 
admitted to the competition, must Lave been practi- 
cally executed on one of the railways belonging to 
the Society of German Railway Directions, previous 
to its being entered, and the railway in question 
must support the claim for the prize. 3. The 
application must be accompanied by descriptive 
drawings, models, &c., to enable the jurors to fully 
judge the merits of the invention or improvement. 
4. The award of a prize does not prevent the com- 
petitor from patenting his invention, 5. The 
Society has the right to publish particulars of the 
inventions which have received prizes. 6. Of 
literary works sent for competition three printed 








copies must be supplied. A jury composed of 
twelve members of the Society shall judge the 
competitions and award prizes or not. Prizes in 
accordance with the above particulars are now 
offered for the period of eight years from July 16, 
1883, to July 16, 1891, and applications are to be 
forwarded between the dates of January 1 and 
July 15, 1891, to the directors of the Society, 3, 
Bahnhofstrasse, Berlin, S.W. 





AMENDMENT OF THE BOILER 
EXPLOSIONS ACT, 1882. 

WE have on several occasions called attention to the 
fact that although the Boiler Explosions Act, 1882, was 
doing good service in permitting investigations of the 
various explosions that occur from time to time, and 
in circulating, for the benefit of the public, information 
with regard thereto, yet that in one important parti- 
cular it was defective. Boiler explosions which occur 
at coal and other mines are excluded from the opera- 
tions of the Act, and do not receive the same searching 
investigation and exposure as is the case with explo- 
sions occurring at other descriptions of works. Explo- 
sions at collieries, tin, and lead mines are often far 
more important, and attended with more serious con- 
sequences than those which come under the surveillance 
of the Board of Trade, so that there appears to be no 
adequate reason why they should not receive equal 
prominence. The reason of their having hitherto been 
excluded from the sphere of the Act is that they come 
under the operations of the Coal and Metalliferous 
Mines Regulation Act, and are supposed to be investi- 
gated by the mines inspectors. Though this may be 
the case all information regarding these explosions is 
practically lost to the public. It is inserted, often in 
the compass of a few lines, and without details or illus- 
trations, in the heart of a voluminous ‘‘ Blue Book,” 
and very few people are the wiser for what is recorded. 
Thus a practical means of preventing similar disasters 
is not taken advantage of. 

A short Bill, entitled ‘‘ The Boiler Explosions Act, 
1882, Amendment Bill” has just been introduced into 
Parliament by Sir William Houldsworth, Bart., M.P., 
which, if carried into law, will have the effect of cor- 
recting the invidious distinction to which we have 
referred, so that all explosions, with the exception of 
those occurring from boilers used in Her Majesty’s 
service, or from boilers used exclusively for domestic 
purposes, will come within the jurisdiction of the Act, 
and receive due prominence. One incidental advan- 
tage of this alteration will be that the annual report 
issued by the Board of Trade will thereby be rendered 
more complete, as it will be more comrrehensive. 

The Bill, which was introduced on Wednesday, 
June 12, was brought on for second reading on Wed- 
nesday, June 19, but owing to some technical objection 
raised by Dr. Tanner, MB, and Mr. Healey, M.P., 
it was postponed to a future date. It is backed by 
Sir William Houldsworth, Sir Henry Roscoe, and Mr. 
James Maclean, and is as follows: 


‘© A Bill to amend the Boiler Explosions Act, 1882. 

‘1, This Act may be cited as the Boiler Explosions 
Act, 1890, and this Act, and the Boiler Explosions Act, 
1882, may be cited together as the Boiler Explosions 
Act, 1882 and 1890. 

‘*2. So much of Section 4 of the Boiler Explosions 
Act, 1882, as relates to any boiler, other than a boiler 
used in the service of Her Majesty, or used exclusively 
for domestic purposes, is hereby repealed, 

‘*3. In the case of an explosion occurring at sea; 
the notice required by Section 5 of the Boiler Explo- 
sions Act, 1882, shall be sent by the owner or master 
of the ship, and shall be sent within twenty-four hours 
after the occurrence of the explosion, or as soon there- 
after as possible ; but this provision shall not apply 
where a report of the explosion has been duly sent, in 
pursuance of Section 226 of the Merchant Shipping 
Act, 1854.” 

As neither the Home Office nor the Board of Trade 
object to the alteration proposed, it is anticipated that 
there will be no difficulty in carrying the Bill through 
the House, should the pressure of Parliamentary busi- 
ness allow of its being again brought forward during 
the present session. 





NOTES FROM THE UNITED STATES. 

PHILADELPHIA, June 19, 1890. 
AMERICAN structural ironmakers have been much 
surprised at the offer of a Belgian firm to supply the 
structural iron required for a new court house to be 
erected at Minneapolis, Minnesota, 25 r cent. 
cheaper than it can be furnished by them. The court 
house is to cost 300,000 dols., and the contract for the 
iron is a large one. Ruling prices for beams and 
channels to-day are 3.10 dols. per 100 lb.; and angles 
are 2.15 dols. at the mills nearest to point of delivery. 
American ironmakers do not know what to make of 
this. It is not so much this one offer that troubles 
them, but it is the evidence that Belgian ironmakers 
can undersell them at a point 1300 miles from the 





coast. If the Belgian people had desired to secure the 
contract they could have done so by bidding 5 or 10 
er cent. under American makers; but the extremely 
ow offer reported is looked upon with doubt. 
This offer, coming at a time when the McKinley 
Tariff Bill is about being passed, causes uneasiness, 
as that Bill proposes a further reduction in duties on 
structural iron. American structural mills have their 

roduct sold two to three months ahead and have 

usiness enough in sight, to keep them busy three to 
four months. The requirements for structural iron 
are growing very rapidly, and a great deal of new 
capacity is being provided. In a score of cities, pro- 
jects for the erection of elevated roads, belt lines, and 
additional terminal facilities for railroad companies, 
are now under consideration, all of which will call for 
large quantities of structural material. If these re- 
quirements are to be quickly covered, it will open a 
wide field for foreign makers. The Secretary of the 
Navy has just awarded a contract to the Cramps, of 
this city, for a cruiser of 8000 tons burden ; the vessel 
will be 350 ft. long, 64 ft. 24 in. wide, and 41 ft. 3in. 
deep ; the engines will be of 16,000 horse-power, and 
speed 20 knots per hour. The contract price is 
2,985,000 dols. ; for every quarter-knot above the pre- 
scribed speed, a premium of 50,009 dols. is to be paid. 
The armament will consist of six 8-in. breechloaders and 
twelve 4-in. rapid-firing guns. The 8-in. guns will be 
20 ft. above the water, and will be mounted two in a 
barbette turret forward, two in a turret aft, and one 
on each side. The military masts will be fully 
equipped with revolving cannon. The turrets will 
have three thicknesses of armour, the top being 7 in., 
and the vertical slope 10in., while below that the 
thickness willbe 5in. For 140 ft. amidships, the side 
armour will be of steel 5 in. thick and 8 ft. broad. 
It will take a large force of men three years to build 
this vessel. 

The iron markets are active in all sections of the 
country. Last week 6000 tons of Bessemer pig sold 
in Eastern Ohio at 18.50 dols. on cars at furnace. It 
is intimated that Bessemer will advance, as inquiries 
for it are beginning to pour in. There is a talk of an 
advance of 25 to 50 cents per ton on pig iron in Ala- 
bama and Tennessee, and some makers propose bank- 
ing up their furnaces in order to create an artificial 
scarcity, and thus help along the advance. Western 
pig-iron brokersare preparing for speculative operations, 
and are offering to take large blocks of iron for future de- 
livery ; but southern makers do not care to sell iron for 
speculative purposes. Last week, sales of 40,000 tons 
of pig iron were made in Cincinnati, at an advance of 
50 cents per ton over the lowest prices realised during 
ee 6 Car wheel iron is in active demand. The car 
builders are all well supplied with work for the rest 
of the year. Charcoal iron has also advanced, but the 

eneral run of foundry and forge irons continues at old 
gures. Large blocks of steel rails have been sold at 
eastern mills for 31.50 dols., and at western mills at 
34.50 dols, An advance of 50 cents to 1 dol. per ton 
in rails is now regarded probable. All kinds of 
material entering into the manufacture of agricultural 
implements, tools, and general machinery, are in 
excellent demand. Large contracts have just been 
placed for wrought-iron pipes for natural gas and oil 
purposes, 








THE GAS INSTITUTE. 

Tuer twenty-seventh annual general meeting of the 
members of the Gas Institute was held on Tuesday, 
Wednesday, Thursday, and Friday of last week in the 
town hall, Ryde, Isle of Wight. 

In his presidential address, Mr. George Garnett, 
M. Inst. C.E., returned thanks for the honour con- 
ferred upon him in being elected for a second time, 
and proceeded to refer to several topics of general 
interest to the profession. Adverting to the increased 
cost of coal and labour, he remarked that the con- 
tinual advances in the — of fuel were likely to 
prove injurious to the industry. Events in this respect 
pointed decisively to the want of another string to 
their bow. Whether this would eventually be forth- 
coming in one or more of the numerous oil, gas, and 
water-gas schemes at present under trial in this coun- 
try, was yet a matter of uncertainty. Circumstances 
in many parts of the United States had rendered it 
advisable for the manager of the gas works to be pre- 
pared with more than one set of gas manufacturing 
plant, so that if the ey of gas coal fell short, or the 
price advanced, he could fall back on water gas, or if his 
stock of petroleum or anthracite was affected, he could 
turn to his storeof gas coal. It was difficult, however, to 
see how the adoption of the practice of resorting to water 
gas as a reserve for extraordinary demands, as carried 
out in America, would fit in with the demand for 
of a uniform quality which was usual in this country. 
Gas engines, regenerator burners, and atmospheric 
burners, were remarkably sensitive to variations in the 

uality and specific gravity of gas. Complaints from 
the users of this class of apparatus were as numerous 
as from the users of ordinary batswing or fishtail jets. 
And when they were told that the gas consumers in a 
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certain town were willing to accept pure coal gas at 
one time and a mixture of 30 to 50 per cent. of water 
gas at another, it was impossible to avoid the con- 
clusion that the American gas consumers were not so 
particular as English ones, or else that the use of 
numerous kinds of appliances for utilising gas as a fuel 
or as a source of motive power was not so extensive in 
America asin England. He concluded his address with 
a reference to iin difficulties, advising moderation 
and conciliation on both sides. 

Mr. Thomas Newbigging, M. Inst. C.E., read a 
paper on “‘ Difficulties in Tank Construction.” He was 
asked to advise regarding a tank to be built on 
low ground, with 18 in. of soil, and a layer of peaty 
vegetable deposit 10 ft. thick underneath, while below 
this again was blue silt, locally called ‘‘ white ore,” 
18 ft. thick, which when laid bare to atmospheric influ- 
ence ‘‘ran like melted butter.” On another part of 
the site was a cast-iron tank which had the objection- 
able habit of tilting over from one side to the other. 
Having found solid clay at a depth of 28 ft. he recom- 
mended that the new tank should be of concrete, 
28 ft. Gin. finished depth. In the first instance a 
trench 12 ft. wide was made round the circumference 
and close-timbered on both sides, the joints being 
caulked with hay to prevent the blue silt oozing 
through. The trench was made to about half the 
depth only, as, from the nature of the ground, it was 
considered unsafe to go to the full depth at once. It 
was decided to build the wallin sections. A sixth part 
of the circumference was opened up to the full depth 
and built up to a height of 12 ft., and then carefully 
shored from the ground left in the centre. The wall 
was backed with sharp sand, which ‘“‘settled down 
like a wedge.” The layers of concrete were thoroughly 
punned to obviate cracks or fissures from unequal 
settlements. Each succeeding section was started 
after the adjoining one was finished, and when the 
circumference was completed to the 12-ft. height con- 
tinuous layers were added all round. In some cases 
the shoring timbers behind the wall were left in posi- 
tion. After the material inside had been excavated 
the bottom was concreted. ‘‘ The r contractor,” 
Mr. Newbigging added, ‘‘ lost several hundred pounds 
in carrying out the work.” 

‘©The Manufacture of Sulphate of Ammonia” 
formed the subject of a paper read on the 18th inst. 
by Mr. Harrison Veevers, Dukenfield. After a short 
historical sketch the author of the paper described the 
various processes for converting ammonia of gas liquor 
into sulphate of ammonia. The most modern plan, he 
said, had no doubt derived its origin from apparatus 
used in distilling alcohol, and Aineas Coffey, of Dublin, 
who patented his celebrated still in 1832, might be 
considered the forerunner of all the inventors of the 

resent continuous plan of distilling ammoniacal 
iquor. To this still, to the scientific use of lime, and 
to the regenerative use of the heat, might be ascribed 
the success of the present method. if the judicious 
use of lime, magnesia, or alkali was of economical 
importance, it had to be so applied as not to cause an 
incrustation in the vessels employed, nor in such quan- 
tities as to be wasteful of lime, or on the other hand 
of fixed ammonia. After the introduction of the 
Coffey still, and the economical use of lime, the great 
merit of the present system was the adoption of the 
regenerative principle so useful in many ways in the 
as industry. Its application was simple and 
ingenious. The first point to be remarked was that 
the heat was applied in the form of steam of low pres- 
sure; the heated vapours leaving the saturator were 
utilised to warm the incoming crude liquor to such an 
extent that the bulk of the free ammonia was driven 
off without any expense in fuel. It was difficult to 
imagine how further improvements could be made in 
the distillation of ammonia, though in the after treat- 
ment of the salt mechanical assistance had been re- 
quired. In the pan system, the salt was fished out 
direct ; in the still plan the saturator was of necessity 
introduced, and at first the contents were run into 
vats or wooden cisterns, the mother liquor, after the 
removal of the salt, being ladled or pumped back into 
the saturator. This was, in fact, the patent of 
Messrs. Midgley and Kyan in 1837—-who state that 
after the free ammonia and that liberated by lime were 
united to dilute sulphuric acid in a saturator, ‘‘ the 
salts produced were to be crystallised by evaporation 
in suitable open vessels. By this plan the sulphur 
gases generated by the distillation would be conveyed 
to the furnace, but the expense of fuel for the still, 
and afterwards for the evaporating vessel, would be 
considerable. Cubsequently, however, the saturator 
was improved by being made with a sloping bottom, 
so that the salts when formed, being of greater specific 
— than the liquor, passed under an apron to the 
ronf, and from there were “‘ fished ” or lifted out (by 
means of copper or wooden ladles pierced with holés), 
laced on a drainer, and then conveyed to the store. 

p to this point of “fishing,” further improvements, 
except in minor parts, seemed impossible; but any 
visitor to a sulphate manufactory must have noticed 
the slow, laborious work of fishing out the salt. But 
the steam ejector has been adapted to this use, and 





Mr. Wilton, engineer of the chemical department of 
the Beckton Gas Works, had, after many trials, been 
so fortunate as to solve the problem. The plan, which 
Mr. Wilton had covered by a patent, was as follows : 
The salts, when formed and gravitated to the front of 
the saturator, are lifted by the action of a steam jet 
on to the drainer, from which the surplus moisture is 
conveyed back to the saturator. 

Mr. Robert Mitchell, Edinburgh, gave his experience 
of eight-hour and twelve-hour shifts, remarking that 
his directors had adopted the fermer, with results 
which were considered satisfactory. 

paper was read on ‘‘ Recent Improvements in 
Stoking Machinery,” by Mr. John West, M. Inst. C.E., 
Manchester; and one on ‘‘ Wire Rope in Place of 
—— Framing for Gasholders,” by Mr. E. Lloyd Pease, 
of Darlington. We hope to publish these papers in 
full, with diagrams, on an pe date. 

A — of interest, particularly to consumers, was 
read by Mr. Thomas Travers, Cork, on ‘‘ The Exten- 
sion of Gas Companies’ Responsibilities to Fittings 
beyond the Meter.” This he considered very neces- 
sary in view of the opposition threatened by their 
formidable rivals. Their position would be secure 
only as long as they could prove to their customers 
that gas was the cheapest, as well as the most con- 
venient, form of artificial light, and in order to secure 
the best results they must follow the gas even to the 

int of consumption. Water companies and electric 

ighting companies showed them the way, and on the 

Continent even oil lamp a attended to the 
consumption. He suggested that they should control 
the fittings to the following extent: 1. Thatno meter 
be fixed unless the pipes are 30 per cent. larger than 
the present maximum requirements. 2. That the pipes 
be properly tested and inspected, so that there will be 
no chance of condensation collecting in them, 3. That 
the placing of lights and the supply of burners should 
be in the hands of the gas company. 

A paper ‘‘ Onan Automatic Process for Charging and 
Discharging Gas Retorts by Gravitation” was submitted 
by Messrs. Coze and Van Vestrant, London. In this 
process of M. André Coze, the retorts are placed at 
an angle of about 30 deg. and the inlet is at the back 
of the retort. The setting is different from the usual 

lan. It is higher at the back and the arch is stepped. 

he mouthpiece is flattened from theQ shape toasquare, 
with soe corners, with a projecting lip or boss at 
the bottom to hold the mouthpiece bolts. Above that 
itis Q shaped for the whole distance where exposed 
to the heat of the setting. Where it rises and enters 
the back wall of the setting the size it reduced and is 
fitted into a cast-iron socket of an elbow shoot. In 
this is placed a vertical oval shaped cast-iron shoot, 
rising to the top of the —— and having a mouth- 
piece which closes horizontally. The retorts are 
placed closely together, and in such a manner as just 
to allow room for the cast-iron charging end, 
which is of special shape to allow the next piece 
to fit into it. The vertical shoots are built into 
about 18 in. of brickwork retained at a certain 
temperature, by preventing radiation. The erection is 
so arranged as not to prevent easy movement under 
expansion, and for this purpose a flat duckfoot rests on 
a pier at the back of the work. The tops of the ver- 
tical shoots are on a level with rails, on which runs a 
truck with three tilting scoops, the contents of which, 
4 cwt., can be tipped into the vertical shoot. The 
bottom end of the retort being closed, and a stop put 
in the same to keep the coal out of the mouthpiece, 
the scoop is tilted over, and the whole charge runs 
into the retort. 

When the charges are burned off the lower lids or 
mouthpieces are opened and the stop removed. The 
whole of the coke is caused to fall out on the stage 
without any punching or breaking or arduous labour. 
The cost is about 45/, per mouthpiece. There is also 
an arrangement in which English retorts and mouth- 
pieces are available, and the fixed cast-iron shoots, 
which are built in at the back, and which run to about 
half a ton in weight on the average, are replaced by a 
light, movable, and telescopic shoot, running on rails 
in front of the highest end of the retorts. 

Mr. William Gadd, Manchester, described the 
principles involved in the construction of a - 
holder at Northwich of somewhat original design. 
Speaking of the stability of gasholders, he said his 
investigations had been carried on and inventions 
made, under the most profound conviction that no 
inherent or other stability existed in such a structure, 
however large or however small it might be. On the 
contrary, he found the conditions were undoubiedl 
those of constant instability, at whatever size the be 
was constructed. This, he thought, would readily be 
conceded by any one who had a scientific conception of 
the forces generated in such a mechanical contrivance 
as a floating gasholder. It was, nevertheless, perfectly 
true that there were degrees of instability in gas- 
holders of the ordinary type when afloat, chiefly due 
to the ——— of their height to their base, to- 
gether with the positions of their centres of gravity ; 
that was to say, some gasholders had a ter amount 
of instability than others, This presented itself so 





forcibly to competent engineers that it was at once 
conceded that: ‘‘If some practical means could be 
devised whereby all the bottom rollers might be made 
to rise and fall equally, the holder would then, to all 
intents and purposes, have a solid foundation, and no 
columns or guide framing of any kind would be 
necessary.” Then followed the statement— which was 
perfectly true at the time—that there were no known 
means for keeping the bottom rollers in the same 
plane; and thus guide framing, to a considerable 
extent, was requisite, and it was doubted whether any 
one would attempt to go beyond this. As they all now 
knew, he attempted to go beyond this, and he was sure 
they were pleased to have learnt that the success of 
this attempt had been completely demonstrated in the 
holder now working so successfully at Northwich. 
In his plan, the upper framing was dispensed with. 
The arrangement, briefly stated, consisted in placin 
the channel or other guides within the gasholder tan 
at an angle like the threads of ascrew. The guide rollers 
work in these, so that as the vessel descends it rotates 
about a vertical axis. Should the holder attempt to 
tip, through the action of the wind, or from other 
causes, one set of rollers will tend to be raised, and 
the other depressed, but as the rollers can only move 
vertically when the holder rotates about a vertical 
axis, it follows that the first set of rollers tend to 
make the gasholder rotate in one direction, whilst 
the other set tend to make it rotate in a direction 
the reverse of this, hence no motion takes place. 
In considering the tank in which the holder rose and 
fell, he desired them to realise that here was the hase 
or final circle of resistance to all the strains which 
were generated in the structure. It was clear that a 
well-built tank wall was a far more rigid circle than 
any bottom or other curb of a gasholder which had 
ever been constructed, or dreamed of by gas engi- 
neers. Hence they had a base of extraordinary 
rigidity. Referring to the details of the holder, he 
pointed out that the rollers were tangentially 
mounted and grooved. The result was that the 
rollers could not be either pushed or drawn away 
from the rails on which they ran beyond the 
slight amount of lateral play or freedom allowed. 
Hence, as the rails were firmly secured to the tank 
wall, this latter really formed a final rigid bottom 
curb, reducing the bottom curb of the holder to a 
means of secure attachment for the roller carriages, 
and reserve of resistance. Thus in practice, a very 
flexibly-constructed bottom curb for the holder could 
be held exceedingly rigid in the guide rails, when 
grooved tangential rollers were employed to guide the 
same in their working positions. Around the inside 
face of the outer lift were fixed the spiral rails for thé 
inner lift rollers to travel upon. These spiral rails 
formed diagonal struts or bracings for the framework of 
the outer lift, and connected the top and bottom curbs 
very securely together; thus giving an enormous in- 
crease to the strength of the ribs and rings of the outer 
lift over that of the ordinary kind. The form of these 
rail bracings, being also arched or bow-shaped, added 
a degree of strength in excess of the mere sectional 
measurement of the same. It would likewise be seen 
that these diagonal arches formed a tremendous re- 
sistance to local distortion of the sheeting of the outer 
cylinder, which no holder constructed upon the old 
lines of guidance was likely to possess. Mr. Gadd 
discussed the relative merits of the gasholder, as com- 
pared with the ordinarily guided holder, particularly 
regarding rigidity. 

nteresting discussions took place on the various 
papers, and with excursions and social gatherings the 
meetings were enjoyable and successful. 

Some interesting business of a general character was 
transacted. A resolution was passed authorising the 
council to make application to the Board of Trade for 
a license to enable the Institute to be incorporated as 
a company, with limited liability, and to take all 
necessary steps consequent upon the granting of such 
license, to procure the incorporation of the Tnstitute 
accordingly. A draft memorandum and articles of 
association was approved. It was intimated that the 
council had secured the services, as secretary, of Mr. 
W. H. Harvey, B.A., who is associated with the 
Institution of Mechanical Engineers, and that offices 
and rooms had been opened at 3, Victoria-street, 
Westminster. The membership numbers 649. The 
‘‘ Birmingham Medal” was awarded to Mr. Thos. 
Newbigging, Manchester, in recognition of works 
carried out by him in this country, on the Continent, 
in South America, and other parts of the world, and 
in appreciation of his work, ‘‘The Gas Manager’s 
Handbook.” Premiums for papers were awarded to 
Mr. Valon, Ramsgate, Mr. — Anderson, London, 
and Mr. N. H. Humphrys, Salisbury. 





STERN TUBES. 
To THE Epitor OF ENGINEERING. 

Str,—In relation to the stern tubes of fast screw steam 
vessels, the following points occur which you may think 
worth notice. 

A vessel of the size of the City of Paris, and moving at 
a speed of 18 knots per hour, will have her stern tubes 
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moving through the water at 30 ft. a second. Assumin; 
the depth of submergence of these to be 16 ft., which wi 
not be very wide of the mark, this will only allow water to 
enter at some velocity leas than 32 ft. per second. If in 
addition to the vessel’s velocity is considered the accele- 
ration of the column sent aft by the propeller, the centri- 
fugal action of the blades, and the drag of the boss, cases 
may arise where the water may tend to leave the stern 
tubes rather than enter them ; especially if air can leak 
in from inboard, as through stuffing-box of stern tube, or 
elsewhere. é 
Although not a very probable contingency it seems 
quite a ible one for the water to be gradually sucked 
out of the stern tube under the circumstances of a fine- 
weather passage with engines running continuously for 
days at their best speed, and poms constantly sub- 
merged at a fairly uniform depth. 
tan Sir, yours faithfully, 
London, June 24, 1890. Henry T. Davis. 





THE ‘‘ CITY OF PARIS.” 
To THE Eprtor oF ENGINEERING. 

Sir,—I should like to draw the attention of your 
readers to a few of the many interesting features of the 
inquiry into the City of Paris accident held at Live’ 1 
last week. It will be noted that the evidence was led by 
representatives of the Board of Trade, the builders, and 
the owners, all of whom were responsible for the con- 


struction of the vessel, and therefore not the most likely | 7 


to make a thoroughly searching investigation into its 
possible defects. As an instance of this it is only neces- 
sary to refer to the evidence of the experts regarding the 
outboard shafting. All seem a that the trouble 
commenced here, yet all were of opinion that there was 
no fault in the design or construction. This practically 
means that the accident was not preventable. Navy 
practice was referred to, but no other instance was cited 
of a vessel having 50 ft. of shafting unsupported ; and it 
will be interesting to observe, in the face of the opinions 
of the eminent authorities examined, whether the en 
of the shafting of future Atlantic liners will be similar 
in this respect. It is worthy of notice that this deplor- 
able breakdown did not occur altogether without warn- 
ing—the wearing of the aft bush, which was the initial 
cause of the damage, having happened before, but the 
matter does not appear to have had the attention that its 
importance deserved. , ; 
he next point I would like to touch upon is the intro- 
duction of cast steel columns into this class of vessel, 
having regard to the want of confidence which many 
leading engineers entertain to this material. Jt may 
well be doubted whether the practice in the Navy is a 
safe precedent to follow in a ship subjected to the severe 
demands of the North Atlantic service. We have never 
heard of a modern warship crossing the Atlantic at full 
power (and without accident), month after month, and 
year after year, with unfailing rae yor as the famous 
‘ greyhounds” do. There are several other minor points 
I should like to refer to, but as they receive adequate 
attention at the hands of the Court in their judgment 
delivered to-day, I will not trespass further on your 
valuable space. 
June 25, 1890. x. YY. &: 








MISCELLANEA. 

THE arrangements for the fire protection of the volunteer 
camp at Bisley, have again been entrusted to Messrs. 
Merryweather and Sons by the National Rifle Associa- 
tion, and ‘Fire Stations,” fully equipped with steam and 
manual fire engines, will be fitted up similar to those 
provided to Wimbledon camp for many years past. 


Lieutenant Isaac Peral, the inventor of a submarine 
boat, has been presented with a sum of 20,000/. by the 
Spanish Government, as a reward for his invention, and 
has also had a title of nobility conferred upon him. If 
this action is to establish a precedent, it is fortunate for 
Spain that few inventors are born on her soil, or the 
national treasury would soon be bankrupt. 


The gross receipts of the twenty-three principal rail- 
ways in the United Kingdom for the week ending June 15, 
amounted, on 16,186} miles, to 1,361,933/., and for 
the corresponding period of 1889, on 16,057} miles, to 
1,391,524/., an increase of 12 miles, or 0.8 per cent., 
and a decrease of 29,591/., or 2.1 per cent., the re 
for the corresponding period having including the Whit 
week traffic. 

The largest public electric lighting installation in 
England, was opened at Bath last Tuesday evening, the 
current being switched on by the mayor in the presence 
of the corporation at 9 p.m. on that a The area lighted 
comprises 59 streets, in which 40 miles of underground 
wires have been laid. The work has been carried out by 
Mr. H. G. Massingham, of the Bath Electric Light 
Works. 

A Board of Trade inquiry into the accident to the 
City of Rome was tpenel at Liverpool on Tuesday last 
before Mr. T. S. Raffles, stipendiary magistrate. The 
questions involved in this case are not of the same interest 
from an engineering point of view as in that of the City 
of Paris, but are nevertheless important, as being an 
additional proof of the great safety of the modern ocean 
liner under very trying circumstances. 

The United States consul at Colon states that there 
has been an entire prostration of business there since the 
collapse of the Panama Canal. Whilst the work was in 

rogress 40 vill: sprang up along the route, which to- 
ne are almost deserted. The Panama Railway, which 
in 1888 paid 234 per cent., will this year pay but 9 per 
cent., which, however, would be considered by most people 
a very satisfactory rate. 





The committee appointed by the British Iron Trade 
Association to consider the question of the prevention of 
gambling with pig-iron warrants, of which we dealt fully 
in an article in our issue of 23, have, after an inter- 
view with the Attorney-General, decided to report that 
they are advised to deal with the matter by means of 
legislation. The committee consists of Mr. Ainslie, M.P., 

r. Hingley, M.P., and Mr. Isaac Wilson, M.P 


The new public baths at Newport, which have been 
designed by Mr. Conyers Kirby, the borough engineer, 
and fitted up by Messrs. Thomas Bradford and Co., of 
140 to 143, High Holborn, London, were formally opened 
by the mayor on Thursday, June 19th. The baths com- 
prise two plunge baths, eighteen slipper baths, and a 
complete suite of Turkish baths, together with a laundry 
plant for towel washing, &c. The total cost has, we 
understand, been about 10,000/. 


The French Government are taking steps with a view 
to insuring to the different factories in that country a suffi- 
cient number of men to carry on the works in time of 
war. With this object the posts held by each of the men 
who have to join the army in case of mobilisation are 
being tabulated, and arrangements are to be made by 
which those whose presence at the factory is absolutely 
indispensable for its working will be placed in a special 
class which will not be called out till the last moment. 


The annual —- meeting of the Hull and District 
Institution of Naval Architects was held on Monday, 
une 16, when the officers of the society for the ensuing 
year were elected. The ballot resulted in Mr. C. F. 
Amos being elected president, Messrs. W. H. Smith, and 
J. Spear, as vice-presidents, and Mr. G. H. Strong was 
chosen to fill the important post of honorary secretary to 
the society, the former secretary, Mr. F. H. Pearson, 
being compelled to resign by the pressure of other en- 
gagements. 

The completeness of the collapse and the importance 
of the work on the Panama Canal, has to some extent 
distracted attention from another failure at canal 


making on the Isthmus of Corinth. In spite of the very | q 


large sums spent on this work, it had to be abandoned by 
its promoters some time ago, for lack of funds to complete 
it. A new company is, however, being formed in France 
to provide fresh funds, and should sufficient new capital 
be raised, there is no reason why the work should not be 
successfully completed, as the engineering difficulties are 
not great. 


In order to familiarise the representatives of different 
trades with the prospects opened up by the Manchester 
Ship Canal, the directors are organising a series of excur- 
sions over the canal works. Parties composed of owners 
of coasting vessels and of timber traders have already 
been taken over the works, and on Wednesday last 
another party, consisting of about fifty coalowners from 
the Lancashire and Cheshire coalfield had their turn. 
The directors of the canal hope that a fair export trade 
> —_ from the district in question may finally be estab- 

ished. 


The detailed report of the survey for the proposed rail- 
way from Mente to the Salwen River, in Burmah, 
shows that the engineering difficulties are more serious 
than had been anticipated. It is suggested that the 
Gokteck Gorge, one of the most serious obstacles, may 
be crossed by a bridge with a span of 300 ft. to 500 ft., thus 
avoiding some costly cuttings and embankments. There 
is no immediate prospect of this line being commenced. 
The Government of India have limited the outlay on 
railways in Burmah to 50 lakhs yearly. The entireamount 
available is required for the construction of the Mu 
Valley line to Mogoung, and thence eventually to Bhamo. 
A line to the Salwen would give a new lease of life to 
Mandalay by making it a depét of Chinese trade. 


A series of observations made by M. H. Fol in the 
waters of the Mediterranean during the past three years 
have an important bearing on the question of submarine 
navigations. Ata depth of 100 ft. it is impossible if the 
sky is clouded to see further in a horizontal direction 
than about 25 ft. Under exceptionally favourable cir- 
cumstances this distance may increased to perhaps 
80 ft. He also remarks that fish when frightened make 
one furious rush of a few yards in length and then stop, 
knowing well from experience that they are then out of 
sight of their pursuer. These facts were of course pretty 
well known before, but M. Fol has probably had a larger 
experience of a subaqueous existence than any one else, 
and his statements are therefore important. He holds 
that a submarine boat going at even a moderate = 
would be totally unable to see an obstacle in front till too 
late to avoid it. 

A Parliamentary paper was issued on Wednesday 
under the the h ‘statements showing approximately 
the total estimated cost of the naval services as_provid 
in the Navy Estimates for the year 1890-91.” The totals 
are: Vote 1, net cost of personnel of the fleet, 6,407,408/. 
Vote 2, victualling and clothing, 1,213,051/. Vote 3, 
medi establishments and service, 410,503. Vote 4, 
martial law, 16,9107. Vote 5, educational services, 
112,234. Vote 6, scientific services, 142,973/. Vote 7, 
Royal Naval Reserves, 193,778/. Vote 8, shipbuild- 
ing repairs, maintenance, &c., 5,988,232/. Vote 9, 
naval armaments, 1,504,108/. Vote 10, works, buildings, 
and repairs, 465,299/. Vote 11, miscellaneous effective 
services, 134,255. Vote 12, Admiralty office, 327,956. 
Last year’s votes were as follows: Vote 1, 6,354,020/. 
Vote 2, 1,193,531/. Vote 3, 406,1227. Vote 4, 17,712I. 
Vote 5, 110,8947. Vote 6, 140,227/. Vote 7, 291,260/. 
Vote 8, 5,306,169. Vote 9, 1,500,9907. Vote 10, 468,963/. 
Vote 11, 133,415/. Vote 12, 309,3520. 


A committee on Steam Hosting 
appointed by the Master Car Build 


for Railway Cars, 
ers’ Association of 





America, report that the general opinion of users of the 


different systems seems to as follows: 1. Direct 
steam heats the cars in a shorter time than the indirect 
system, a by the latter term, the system in 
which steam is used for heating water which louie the 
car, 2, Direct steam requires a lower pressure in the 
main pi 3. Indirect steam gives a milder heat and is 
less liable to fluctuations; it requires, however, more 
careful attention when the cars are out of service to pre- 
vent the water in the pipes from freezing. As to the 
consumption of steam, tests in the Chicago, Milwaukee, 
and St. Paul gave the following figures. 

Water of Condensa- 


Outside Inside : 
Temperature. Temperature. nos eng aed 
deg. deg. lb. 
40 70 70 
30 70 85 
10 70 100 
Some important experiments on the best material for 


brake shoes ate now being carried out by a committee of 
the Master Carbuilders’ Association of America. So far 
as their experiments have 7 gone the committee state 
that there is practically no difference between the different 
metals so far as their braking power is concerned, but 
there is a very great difference in the wearing qualities of 
the different materials. The experiments are, however, 

be carried further, and the final report will not be 
issued till next year. Other committees of the same 
association have issued reports on the use of pressed steel, 
and malleable cast iron in car construction. The most 
important plant for the first mentioned product is, they 
state, the Fox Pressed Steel Works at Joliet, where car 
and locomotive frames are produced by hydraulic machi- 
nery. Thesteel used has a tensilestrength of from 50,0001b. 
to 55,000 Ib. per square inch, with an elongation of 25 per 
cent. on 4 in. he plates are heated to a bright 
yellow colour, and formed under hydraulic presses working 
at a pressure of 850 Ib. per square inch. The committee 
speak very highly of the material, but as the formation of 
ies is expensive, they recommend the adoption of 
standard forms by the Carbuilders’ Association. With 
regard to malleable castings the committee hold that the 
can be used with advantage, but state that their emg 
depends very much on their being properly proportioned ; 
they, therefore, make the foliowing suggestions to 
draughtsmen: 1. Never run abruptly from a heavy to a 
light section. 2. As the strength of malleable cast iron 
lies in the ‘skin, expose as much surface as possible. A 
star-shaped section is the strongest possible form in which 
a casting can be made. For brackets use a number of 
thin ribs instead of one thick one. 3. Avoid all round 
sections ; practice has demonstrated this to be the weakest 
form. Avoid sharp angles. 4. Shrinkage generally on 
castings will be ;'; in. per foot. 








Gas at MELBoURNE.—The purchase of the business of the 
Metropolitan Gas Company of Melbourne by the munici- 
palities is being advocated. Four years since the works 
might have been bought for 1,870,000/. At the present 
time the statutory price amounts to 3,300,000/. 





CaNnapDIAN Paciric Raitway.—Canadians claim that the 
financial success of the Canadian Pacific Railway has been 
fully demonstrated. The system has been in operation 
from Montreal to Vancouver, 2906 miles, for four years, 
and has branched out and extended its lines till it covers 
almost every important traffic point in the Canadian pro- 
vinces. Its lines, owned, leased, and worked, have now 
a length of 5186 miles. The earnings for the past four 
years, year by year, show a steady increase. From 
poy gaa in 1885-6, they have risen to 3,000,000. in 

889-90. 





Matin Drarnace or Surron, SurrEY.—The subject of 
drainage at this rising suburban town, which has been 
under the consideration of the Urban Sanitary Authority 
for some years, has now been taken in hand in earnest. 
After a very deliberate and careful examination of the 
various systems of sewage disposal by a special committee 
of the board, involving visits to some of the most success- 
ful works, the board finally determined in March last 
to carry out the drainage works in accordance with 
mane which had been prepared at their request by Mr. 

ohn <Anstie, of Victoria-street, Westminster. In the 
month of April these plans were duly submitted to the 

1 Government Board, and the usual public inquiry 
was held in Sutton shortly afterwards. The project 
embraces a complete system of new sewers for the whole 
district on the ‘‘ separate” system and outfall works for 
the disposal of the sewage. The whole of the district at 
present built upon (with the exception of a small low-lying 
area) will be drained by gravitation, the sharp inclina- 
tions of most of the roads affording excellent gradients for 
the sewers. The outfall works will be situated on lands 
forming part of an estate of about 40 or 50 acres, purchased 
some time ago by the town, a portion of which has since 
been formed into a cemetery. The process of sewage 
treatment will consist of pecipitation of suspended matters 
in tanks by the chemicals of the International Company, 
followed by filtration through Polarite filters. In the case 
of Sutton, however, Mr. Anstie does not propose to use 
simply a chemical treatment. The effluent from the 
filters is further to be discharged over some 15 to 20 acres 
of land cropped in the usual way, afterwards flowing off 
to the Pyl brook. The solids are to be dealt with by 
means of filter presses, as in other works. The future 
population which will have to be provided for is estimated 
at 20,000 to25,000, and the cost of the works now proposed, 
including the private road sewering, is estimated at about 
30,0007. 
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STRAIGHTWAY 


STEAM VALVE. 


CONSTRUCTED BY THE LUNKENHEIMER BRASS MANUFACTURING CO., CINCINNATI, U.S.A, 





Fie. 3. 


WE illustrate above a straightway valve, intended | 
to be used for steam, water, gas, oils, &c., which is 
now being manufactured by the Lunkenheimer Brass 
Manufacturing Company, of Cincinnati, Ohio, who 
have recently made extensive preparations for its pro- 
duction. Fig. 1 shows full-size a ? in. valve, and from 
this it will be seen that it is smaller than an ordinary 
globe valve of equal area of passage, while it is of 
very simple construction. Its details will be readily 
understood on reference to Figs. 2, 3, and 4. 
The two discs C C are independently and loosely 
secured to the operating stem D, and are adapted to 
close against tapering seats in the valve shell, and 
being provided with ball-and-socket bearing at their 
backs are evenly wedged against their corresponding 
seats when the valve is closed by the lever. The stem 
D is operated by a lever and turns in besedeer, esc 9 
joint bearings, while it is held in place by a nut E, which 
is guarded against displacement by a PD or square 
washer G on the same principle as used in the ordi- 
nary steam stop-cock. It is apparent that any desired 
friction can be brought to bear on this stem by means 
of the nut, thus securing a steam-tight joint and dis- 

nsing with the usual stuffing-box. This frictional 
sere also prevents displacement of the valve discs 
and lever, so that the valve will remain at any desired 
opening ; thus it must not be confounded with quick- 
opening valves. The lever fits a square on the end of 
the stem and is detachable. The valve is easily taken 
apart when necessary by unscrewing the nut E, and 





|as fairly good. 





of the vastness of the interests and numbers involved, 
and by reason of the importance of the arrangemement 
effected. For along time the weavers of Lancashire 
have been agitating for a uniform list of prices or 
rates of wages in the weaving trade. The employers 
at first did not regard the movement favourably, but 
latterly conferences have been held between repre- 
sentatives of the Employers’ Association and of the 
Weavers’ Associations, to discuss the proposed 
uniform list. It is now reported that the revision 
of the list is complete, and that the two bodies 
have agreed upon all the essential points, only a few 
details being left to the secretaries of the two associa- 
tions for final arrangement. The final acceptance of 
the list will quickly follow. By the adoption of this 
uniform list, which is pronounced to be satisfactory on 
both sides, it is anticipated that a large number of 
irritating disputes, and of frequent strikes, will in 
future be averted in the cotton trade, especially in the 
weaving branches. Many thousands of operatives are 
affected by the revised list. The basis of competition 
is changed to some extent by this agreement, as all 
employers will pay uniformly for the same class of 
goods. It is most creditable to all parties that it 
has been effected without much friction on either side. 





The Boiler Makers and Iron Shipbuilders’ report for 
June [Aba an intimation of the slackening off in the 
iron shipbuilding trades, but the future is regarded 
The report says: ‘‘ Our prospects 


upon removal of washer G, stem D, and cap B, the discs | “ed the future are not quite so bright as they have 


can be withdrawn from the valve shell. 


een, but we do not anticipate such a sudden collapse 


These valves are at present being made in sizes in| @8 We experienced at the close of the year 1883, as 
brass from 4in. to 3in., and in iron from 2 in. to| there is a large amount of Government work on hand 
6 in. inclusive, with screwed ends. They are perfectly | in several yards that will keep them well employed for 


steam tight and can be used in place of gate valves, 
stop-cocks, or globe valves ; but sizes larger than 4 in. 
are not so well suited for steam above 80 lb. pressure. 
When placed near the ceiling they can be operated 
by a rod or rope. This valve has been named the 
‘* Handy” valve, an appropriate name. 





INDUSTRIAL NOTES. 

No very noteworthy feature has developed in con- 
nection with the engineering, iron, or coal trades 
during the past week, but one movement in connection 
with another great industry has been successfully 
carried out which deserves mention, both on account 


another twelve months.” It is stated that in Scotland 
shipbuilding prospects are unfavourable, the prices 
quoted to secure orders being but little over those 
|of two or three years ago, when prices were low. 
| At the north-east ports s ipbuilding operations still 
|continue pretty active, though they are not so brisk 
|as they were. Some new orders have been obtained, 
but the competition for them was keen, and the 
| prices are low. On the west coast shipbuilding is 
| still very busy, but there is very little inquiry for 
new tonnage. The report addresses the members 
seriously upon the prospects before them, urging them 
| to keep up their contributions, so that they may be in 
| benefit when trade slackens, and they are thrown out 








of employment. It also refers to want of thrift, to 
waste of money and time in public-houses, and to an 
inclination to pay contributions under sheer compul- 
sion, and after immense trouble to the well-disposed 
and to the officers of the union. The executive are 
outspoken on these points. 

The total number of members on donation benefit 
was 349, an increase of 68 over last month. There 
was also an increase of cards granted, and in 
the number signing the vacant, or out-of-work book, 
on superannuation, and sick benefit, the total increase 
being 210. There was a net increase of members of 
271, after allowing for deaths, expulsions, and members 
running out of benefit. As regards expulsions, two 
were expelled for entering under false pretences, and 
ten for leaving when in debt the towns where they were 
employed. Two members were fined 20s. each for 
drinking and neglecting work at Milford. The reserve 
fund has now attained to 16,000/., but the society intend 
making it 40,0007. The council find that investment 
in corporate property only gives a small return ; they 
therefore propose to invest in railway stock, if the 
members agree. For the present, 5000/. is to be in- 
vested in London and North-Western Railway shares, 
§000/. in North-Eastern Railway shares, and 5000/. each 
in three corporations’ stock. Energeticsteps are bein 
taken to insure the payment of arrears due at the en 
of the current half-year. The society’s jubilee is to be 
celebrated by the opening of the new premises and 
offices in a few weeks, when the general council will be 
called together. 





The rivetters employed at the Grangemouth Dock- 
yard Company’s yard, have struck work in con- 
sequence of an intimation from the company that the 
6d. advance granted a few weeks since is to be with- 
drawn. It isto be feared that with the serious decline 
in trade, there will be contests in various branches 
of industry, unless moderate counsels prevail. 





The engineering branches of trade in the North of 
England are still fairly busy in most departments, the 
marine branches especially being, for the present, 
pretty brisk. Bridge building is also active, but there 
are complaints that no new orders are coming forward 
to replace the work when done. Wagon, railway, and 
other general works are mostly well employed. The 
engineering trades of Yorkshire are reported to be 
fairly well off for work, some of them being exceedingly 
busy. In Scotland the ne and iron-moulding 
branches of trade are slackening off. In the north-west 
of England the engineering departments are well em- 
pet and the outlook is said to be improving. Gene- 
rally there are indications that the high pressure is 
over, unless some heavy new orders should be speedily 
forthcoming. 

Throughout Lancashire the engineering trades 
remain without material change ; most of the works 
are fairly well supplied with orders sufficient to keep 
them well employed, but new orders are coming 
forward in some departments to brighten up the 
prospects somewhat. There has been also some im- 
provement in the tone of the markets ; more inquiries 
are reported and an increased weight of business is 
coming forward. The improvement is not marked 
but a firmer tone prevails. The recent advance in 
prices has checked purchases to some extent, but this 
seems only to show that manufacturers are prepared 
to purchase at remunerative prices for manufacturing 


purposes, 





The Ironfounders’ report, dated June 9th, states 
that the engineering and ironfounding industries 
throughout the country remain in much the same con- 
dition. All classes of workmen are fully employed 
with orders on hand, and in some branches the activit: 
is improved by the accession of new work. Wit 
respect to ironfounding the report continues : ‘‘ There 
is plenty of work in hand to keep our trade good for 
some little time to come; but it will be clear to all 
that as soon as orders cease to flow in, a slackening off 
will show itself at no distant date.” ‘‘The marine 
departments of the North are very busy, and every de- 

artment of the Sheffield trades is so brisk that the 
iitidane were circumscribed owing to the great pres- 
sure of work.” American and Continental trade is 
stated to be improving, the works in Belgium, France, 
and Germany being fully employed. The state of trade 
is shown by a tabulated statement from which it 
appears that there is a slackening off, though not felt 
to any great extent as yet. Work was ‘‘ very good,” 
‘* good,” ‘‘ moderate,” and ‘‘ improving” in fifty-three 
places, where 13,100 were employed. Last month 12,332 
members were in this condition, showing an improve- 
ment. On the other hand, ‘‘ bad” and ‘‘ very bad” are 
shown in four places employing 447 members, against 
four employing 114 last month. ‘‘ Declining,” ‘‘ slack,” 
and “dull” are shown in eight places, employing 886, 
against ten last month, employing 806 last month. The 
conditions on the whole are therefore more favourable. 
The total number of members was 14,233; of these 
401 were on the out-of-work fund in one way and 
another ; 338 on sick benefit, and 526 on superannua- 
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tion allowance. There was a decrease in all cases on 
the funds, except in dispute, in which three only are 
on the funds, The total balance in hand is now 
24,579/. The executive are proposing to add another 
assistant secretary as the work of the office has grown 
enormously of late. 


The Associated Blacksmiths have now 2238 members. 
Of these 24 were on idle benefit, and two only on 
strike. The total number on the funds was 122, of 
whom 78 were on sick benefit. The state of trade is 
not reported to be bad in any one case, and only dull 
in two cases. An advance of 2s, per week has been 
obtained by the horse-shoers at Paisley. The Smiths’ 
Society have resolved to join the Federation of the 
Engineering and Shipbuilding Trades. 


In the Sheffield and Rotherham district trade is 
brisk in the manufacturing branches of industry gene- 
rally, but in the iron and steelmaking industries ve 
little is at present being done. The iron and steel- 
workers express dissatisfaction at the action of the 
Midland Wages Board, and some men are agitating 
for a revolt against the Board and sliding scales gene- 
rally. The dissatisfaction was rather increased by a 
very curious incident, which was soon blazed abroad. 
One firm understood that instead of a 24 per cent. 
decrease there was to be a 24 per cent. advance ; and 
they actually paid the advance two weeks before the 
time specified for the decrease. On the following week 
this 24 per cent. was taken off and the 24 reduction 
made, this being one week before the specified date. 
The men think that the rise was rather natural and 
that the decrease is uncalled for. The stovegrate 
workers are extending their agitation for the 10 per 
cent. advance to other places, Kcclesfield being selected 
for the first attempt. It is thought that the demand 
will be conceded. The brassworkers of Rotherham 
have demanded 15 per cent. advance, and have re- 
quested the employers to at once concede it. So far 
the demand is resisted, but no definite time has been 
fixed for a strike in the event of a refusal on the part 
of the employers. 





In the Staffordshire district the iron and steel 
workers are not in so satisfactory a condition, and 
some discontent is being evoked in consequence of the 
egpunes reduction by the Midland Wages Board. 

he opposition is mostly provoked by men outside 
the unions, and not even connected with the trade. 





In the Cleveland district the blast furnacemen are 
notified by the Cleveland Ironmasters’ Association 
that they will be prepared to meet the representatives 
of the union with reference to the sliding scale at an 
early date. The men are considering whether the 
interview shall take place before or after the national 
conference soon to be held. The desire evidently is to 
avoid any open rupture or dispute over the sliding 
scale. The conference of the National Association is 
fixed for July 15 and following days. 





The Northumberland miners have formally applied 
for a further advance in wages. 

In the mining districts _— the men are enjoy- 
ing their usual annual demonstrations and picnics, 
Yorkshire, Durham, Northumberland, and Lancashire 
are, or have been, turning out in enormous numbers at 
these gala days. At Southport on Saturday last it is 
said that 70,000 miners attended. At Barnsley about 
60,000 men marched in procession, accompanied by 
seventy bands of music. The Durham miners have 
secured the Right Hon. John Morley as one of the 
speakers. 

In Scotland the feuds between the officials of the 
Ayrshire and Stirlingshire unions have been settled. 
At the recent conference the men resolved to work 
only five days a week of eight hours per day, so as to 
restrict the output. 





It is reported that a federal council has been formed 
of Government employés in order to obtain increased 
pay, shorter hours of labour, better conditions of 
employment, and to promote combination amongst the 
workers, Whether it is to include the artisans or only 
labourers, is not stated. 





The gas stokers at the Bromley (‘as Works resented 
the discharge of some of the men by the new engineer. 
The company have also notified that the men are to 
return to the twelve hours’ shift, instead of eight 
hours, recently conceded, Is. per or advance being 
given under the new arrangement. The union has de- 
cided to resist the change, and it is expected that a 
strike and lock-out will result, 





The shipowners have, it appears, resolved to under- 
take the edenran of their own cargoes, independently 
of the dock authorities. From July 1st several shipping 
companies will employ their own labour at the ‘Albert 
Docks. It is also proposed to dispense as far as pos- 
sible with all casual labour. The dockers are refusing 
to work overtime in a number of instances. 





The Firemen’s Union have resolved that from July Ist 
they will not sign articles to work with non-union fire- 
men and seamen. The shipowners have replied refus- 
ing to be restricted to union men, and also refusing to 
allow unionist officials to visit ships to ascertain if the 
crews belong to the union. 

The paid officials of the Dockers’ Union are very 
irate at Mr. Shipton, the secretary of the London 
Trades Council, for asserting that trade unions ‘‘are 
based on the voluntary principle, and that any viola- 
tion of it was contrary to law and morals.” Force is 
therefore to be the basis of the new trades unionism. 
If that be so why complain of =e for using 
such force as may be at their command to break up the 
unions ? 





BOILER FURNACES.* 
By W. Kitvineron and Arex. TAYLOR. 

RecENTLY the thickness of the plates forming the fur- 
naces of marine boilers has been increasing, but they have 
now got to a thickness beyond which a good many engi- 
neers hesitate to go, and therefore at this time a discus- 
sion of the question whether to go farther or to stop will 
be both opportune and valuable. Not very many years 
ago a plate of § in. was considered to be the thickest that 
could, or at any rate should be used for a furnace, and 
the supplement to Spon’s ‘‘ Dictionary of Engineering ” 
says that plates of as great a thickness as 4 in. have been 
used ; but this information is accompanied by a warning 
that serious results may be expected to follow. It is 
some time since any hesitation was felt in using 3 in. 

lates, and at present very few engineers, the writers 
lieve, object to plates _ thick, but they think that 
even this thickness may be greatly incre: , and one of 
their chief objects in writing these short notes is to elicit 
the opinion and experience of the members of this Insti- 
tution regarding the employment for high-pressure marine 
boilers of what would be usually designated thick cylin- 
drical furnaces. 

The writers have advocated and employed from the 
very commencement of the introduction of high-pressure 
triple-expansion engines for marine purposes plain cylin- 
drical furnaces, that is, furnaces without corrugations 
rings, or change of form and section of any kind ; and 
they are able to assert, after years of experience of their 
use, that such furnaces have given no trouble, and have 
been in every respect satisfactor: up to a thickness of 
# in. ; and their confidence is such after this experience 
that they would not hesitate to still further increase the 
thickness if the cirumstances of the case required it, and 
they now ask (and this is the essence of the whole ques- 
tion) if there is any proof and example of a case where a 
furnace has failed in any way merely on account of its 
thickness being too great ? 

This question is very important at this time and to this 
district, because here a large number—we believe the 
larger proportion of furnaces for boilers built on the Tyne 
—are now made of the “‘ plain” description, and because 
the Board of Trade demur to pass furnaces if they are 
made of a greater thickness than 8 in. The reason given 
by the Board of Trade for this is that they have no proof 
that the temperature in the thicker plates is not so much 
raised as to reduce the factor of safety. We think that 
this is not the case, because of the deductions to be drawn 
from experiments and formule to be presently referred 
to, but especially from the fact that we have had thicker 
furnaces in use for the last eight years at sea which have 
not changed in form, and are in every way effective to-day. 
The writers have knowledge and complete reports con- 
cerning furnaces in boilers of 160 lb. pressure, made of 
about #in. plate, which have now been worked con- 
tinuously at sea from three or four years. 

These furnaces are steel. If they had been iron, which 
is more subject to lamination, some of them probably 
would have failed from this cause. The reason for the 
failure of a laminated plate will be referred to fur- 
ther on. 

The important points to investigate in connection with 
furnace ah would appear to be (1) the influence of the 
thickness on the transmission of heat through them, and 
(2) the effect of this thickness in raising the temperature 
of the interior of the plate. With regard to transmission 
of heat, it can be shown that the sum of the resistances at 
the two surfaces is so much more than the resistance to 
conduction through the body of the plate itself, that any 
thickness likely to be required to furnish ye pe due to 
compression or length can have little effect, and certainly 
would not be prohibitive or dangerous. The writers’ ex- 
perience of hundreds of what would be called by some 
engineers very thick furnaces, confirms this statement. 

ankine, in his work on the steam engine, gives the 
total thermal resistance of a plate 
=(c'+o)+82, 
when (c!+<) is the resistance of the two surfaces, and s x 
the internal resistance of the plate to conduction of heat. 
We have given 
(o!+¢)=——_ 1 


A {1+B(T!-T)} 


s =.0043 for iron, 
a =thickness in inches of plate, 
A=1.58 for dull metallic surfaces, 


when 


B=.0037 ” ” orien 
and T!' and T=the temperatures of the fluids in con- 
tact with the two surfaces. 
The writers propose to take (T’ —T) =3000 deg., which 





* Paper read before the North-East Coast Institution 
of Engineers and Shipbuilders, 





is a much larger value than is likely to obtain in most 
marine boilers. But this will be referred to again. 

If we compare, according to the above formule, the 
resistance of §-in. and }-in. plate, we find that the total 
resistances are as 550:555. That is to say, that by adding 
4 in. to the thickness of a §-in. plate the resistance it 
offers to the transmission of heat is only increased about 
1 per cent. This shows how little mere thickness can . 
have to do with this part of the question. But this was 
well known long ago, for Rankine says : : 

‘The external thermal resistance of the metal plates of 
boiler flues and tubes, and other apparatus used for heat- 
ing and cooling fluids, is so much greater than the internal 
thermal resistance, that the latter is inappreciable in com- 
parison ; and consequently the nature and thickness of 
those plates has no appreciable effect on the rate of con- 
duction through them.” 

And he also states that the results of experiments on 
ee results of actual boilers justify the disregard 
of the effect of thickness on the rate of transfer of heat. 

Mr. Isherwood made some experiments in 1867 on the 
transmission of heat through plates varying from 3 in. to 
Zin. in thickness where one side of the plate was exposed 
to steam and the other to water, and he states that the 
thickness did not measurably influence the result. It is 
true that those plates are not very thick ; but the varia- 
tion in thickness is very considerable, and as far as the 
experiments go they afford a remarkable confirmation of 
what has just been stated. In the instance here given of 
course the plates were clean, that is, they had no ‘‘scale” 
on them, but it is probable that scale would affect the 
action of a thin plate in the same way as a thicker one, 
and apparently they are on a par in this respect. But 
heating and distortion due to scale and many other causes 
is often only local, that is over a small surface; and in 
case of any distortion of this kind a thick furnace would 
per much safer than a thin one, as the plate would 

stiff enough to resist any dangerous change of form 
adjacent to the over-heated portion ; besides the stiffness 
would check the distortion of the over-heated portion 
itself, owing to the support it would afford. 

There can be little doubt that so far as the quantity of 
heat transmitted through the plate is concerned, the 
thickness can be still further increased, but the increased 
temperature of the plate itself due to this increase has 
yet to be conside The writers at once admit that 
this part of the subject, although much more important 
than the first, is not so clear, and the investigation of it 
much more difficult. Considerable thought has been 
bestowed, therefore, on this point, and the writers hope 
that at least an approximate determination of the tem- 
perature in the plate has been arrived at by the method 
now to be explained. 

Above is a calculation of the total increase of resistance 
to transmission of heat for a #-in. as compared with a §-in. 
plate ; but the writers think that the employment of a 
l-in. plate would be quite safe for a boiler furnace, and 
the figures which follow refer therefore to a plate of this 
thickness. Taking the same formule as referred to in that 
calculation for 1-in. plate and 3000 deg. as the difference 
of temperature between the fire in the furnaces and the 
water in the boiler—which we may call the head of tem- 
perature which is available to cause the flow cf heat from 
the gases to the water—it is found that : 


o:8:0':: 506 : 43 : 17=2682 deg. : 228 deg. : 90 deg. 
(sum =3000 deg. )* 


That is that the head of temperature between the furnace 
gases and the inside surface of the furnace plate (that is 
the side exposed to the fire) is 2682 deg.; and the differ- 
ence of temperature between the inside and outside sur- 
face of the plate itself is 228 deg.; and the head of tem- 

rature between the outside of the plate and the water 
in the boiler is 90 deg. This calculation—as will be seen 
at once—entirely depends upon the assumption that the 
head of temperature will be mpcotener seg to the resist- 
ance, which seems a reasonable nr ane and which it 
is believed cannot be far from the truth. 

Taking this, it follows that the mean temperature of 
the plate, if we take the p> peg of water due to 
steam of 160 deg. pressure, will be 370+90+4 (228)=574 
deg., which fhe. | the temperature somewhere about 
the middle of the thickness of the plate; but even if, as 
might be urged, the extreme inside temperature should be 
taken, then it is still only 688 deg.; and since, we believe, 
iron up to 600 deg. is not deteriorated in strength, it may 
be said that a plate of this thickness is within the limit 
of safety, as any decrease of pon a at 688 deg., if it 
takes place at all, must be very small. 

If this calculation is true, then the temperature of a 
furnace plate is much nearer the temperature of the water 
in the boiler than that of the heated gases in the furnace, 
due to the very great resistance at the surface in contact 
with the light heated air and gases. The relative resist- 
ances here given are quite yeonag saowl f observations on 
the reverse process of cooling heated metals in gases 
and in liquids. , Can 

The failure of a plate having a laminated portion in it 
is now readily explained, for that portion of the plate 
which is on the fireside being bounded on two surfaces by 
air or gas offers so much resistance to the escape of heat 
on the side furthest from the fire that the plate is heated 
to such an extent as to expand into an arched shape, 
forming what is called a ‘‘blister.” This was an occur- 
rence, unfortunately, only too frequent when iron plates 
were employed. va 

It may be surmised here, that itis probable steel plates 





* In some experiments the writers made they found 
that the resistance to transfer of heat from a metal sur- 
face into air to be 30 to 35 times the resistance into 
water. Taking the least of these ¢ xo’ are proportioned 
30:1. 
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will offer less internal resistance to the transmission 
of heat and will therefore be less raised in temperature, 
on account of their ent yey nature, than was the 
case with iron plates, which had to some extent a fibre 
running across the direction of transmission of heat, and 
therefore most likely unfavourable to it. 

In conclusion the writers wish to point out that they 
have in their calculations taken the temperature of the 
fire as high, or even higher than is likely to be got in a 
marine boiler furnace as at present worked. If we calcu- 
late the transmission of heat to the water in a boiler 
working at 160 lb. pressure, and if the difference of the 
temperature at the furnace was 3000 deg., and the tem- 
perature of the chimney gases 670 deg., we find that each 
square foot of heating surface transmits 16,650 units of 
heat per hour, and as each pound of coal burnt, supposin, 
a total value of 14,500 gives under these conditions o' 
working 12,000 to the boiler, then for each foot of heat- 


16,650 
f vi we B: . of 
ing surface we should have to burn 1.38 Ib. o 


coal, and as a common pupatiee of heating surface is 
30 square feet per foot of grate, we should have to burn 
nearly 42 lb. of fuel per foot of firegrate to maintain these 
temperatures. This is more than double the quantity 
almost ever burnt, therefore the case that has been taken 
is an extreme one.* 

Of course whatever reasons can be adduced for thicken- 
ing up furnace plates applies equally to the plates of the 
combustion chambers, and the importance of the whole 
subject, especially in view of the probable further in- 
crease of working pressure in marine practice, must be 
very great to an Institution like this, and therefore 
merits its earnest consideration. 








ALUMINIUM IN CARBURETTED IRON.+ 
By W. J. Krep, Detroit, Mich., U.S.A. 

Havine been invited to prepare a paper on this sub- 
ject for presentation at this meeting, we will say at the 
outset that nearly all results obtained by ‘‘ Keep’s tests ” 
are relative, 

We use at all times a test bar, 4 in. square and 12 in. 
long, and we record the actual results of the tests of these 


rs. 

We have shown in other papers that it is not practical 
to reduce results, to conform to other dimensions than 
those of the bar tested. 

These tests show strength to resist both weight and 
impact, deflection, set, and elasticity, for every stress 
= They show where proportionality ceases, give 
shrinkage of cast metals, hardness (by a Turner machine), 
and rigidity. 

The tests have been objected to by some because we 
apply stress transversely, but we desire that such persons 
shall more fully examine our results. 

To make ourselves unders we present two dia- 
grams, made by our special machines. Fig. 1 (see page 
768) is from our weight.machine, and Fig. 2 is made by 
our impact testing machine. 

Stress is marked on the ordinate ab, and strain on the 
abscissa ac. 

This test is one of our regular run of iron, and we give 
the record in full. 

Size of bar tested by weight, depth, .505 in. ; breadth, 
-508 in. ; a 12 in. 
Shrinkage of this bar, .126 in. 
as a bar cast with it, 4 in. by 1 in. by 
12 in., .154 in. 
Depth of chill, .05. 
Fluidity, 750 
Ultimate strength (weight machine), 424 lb. 
me deflection, .22 
a set, .04. 
»  @lasticity, .18. 
Proportionality ceases at 95 1b. 
Rigidity, 78 deg. ; hardness, 35 deg. 
Size of bar for impact test, .502 in. by .507 in. by 
12 in., broke with fall of 25 lb. weight 24 in. 
Total deflection, .22. 
», set, .025. 
» elasticity, .19. 

The fact of deflection being 22 for both weight and 
impact is merely accidental, and will seldom occur. Itis 
usually much — for impact than for weight. De- 
ten should have been measured at the 2} blow as 
-21} in, 





* Rankine gives an approximate formula for quantity | 8 


in units of heat per hour transmitted to water in boiler. 
ce. Let T’- T=D difference of temperature, then 
mean value of 
Des f= PY 
» a—b a—b 
(which may be written for ease of calculation 
3 { a+ab+b? \ ) 
when D is taken between the values a and b; and this 
divided by 200 gives units of heat transmitted=16,650 
(about) in the case above. 
And if E and e be the elevations of temperature of the 


fire and the funnel gases above atmospheric temperature, 
then each pound of coal will give to the water 14,500 


ia units=in case under consideration 12,000 (about). 


It follows from this that ee = the efficiency of a boiler. 
The similarity of this equation in form to that for a heat 
engine is perhaps worth notice. 

Paper read before the Iron and Steel Institute. 





With a weight of 200 Ib. 

Deflection was... se ass ee, 
Elasticity ... a Pee eae os §«=6 00 
With a fall of 1} in. 

Deflection was... eae pis 135 
Set... ae -O1 
Elasticity 125 


We tested six bars and record the average. 

As a result of our experiments, we have found it neces- 
sary to modify some definitions which have previously 
been considered as meeting all conditions. 

We shall not at this time endeavour to prove the cor- 
rectness of these definitions, but will refer for such proof 
to papers read by the writer at the February meeting of 
the American Institute of Mining Engineers. 

Rigidity, or stiffness, is the ability of a material to 
withstand stress and retain its original form. It is per- 
fect when any stress which can be applied will not cause 
the material to change form. 

The record of perfect rigidity would be the base line or 
ordinate ab. 

No rigidity would cause the form of a material to 
change without limit on the least application of stress, 
and the record would be the abscissa a c, perpendicular 
to ab at the zero point a. With any material the diagram 
of rigidity would bea line af, starting at the zero point, 
and lying between ab andac. The angle that this makes 
with ac, when all scales of the diagram are the same as 
we have employed, indicates the relative rigidity. With 
some materials this line is a straight line, and with others 
it is a curve; but in every case, however many times we 
may repeat the test, the pencil always traces the same 
rigidity line for a given bar, and we may therefore say 
that the deflections are proportional to the stresses, 

en the begins to take set, the diagram leaves 
the rigidity line, and the point where the lines separate 
marks the limit of proportionality, and indicates the 
stress at which proportionality ceases. After this point 
has been passed, the diagram records elasticity and set. 

Elasticity is the Lp baa possessed by matter of regain- 
ing its volume or shape after it has been distorted. 

tter is perfectly elastic if it wholly regains its original 
volume or shape, and is imperfectly elastic if its recovery 
is only partial. The diagram records total deflection, 
which is made up of elastic deflection and set deflection. 
If at g, before the ultimate stress has been applied, we 
remove all stress, and then apply the same stress again, a 
new diagram hg will be made, which will meet the first 
atg, the point where the former stress was recorded. 
The last line hg is the diagram of rigidity, and the angle 
which it makes with ac is a record of the rigidity of the 
material. (We always make a rigidity or spring line at 
300 lb.) By moving this rigidity line, until it starts from 
zero, it will divide the elastic from the set deflections. 
The relative elasticity of the material for any stress is 
the length of the portion of the abscissa starting from 
~ — such stress, and lying between the lines 
abandaf. 

We have endeavoured to give a definition that separates 
elasticity from the stress exerted to produce a change of 
shape, and from the work that a distorted body can per- 
form while recovering its former shape. The elasticity 
of a body may be inc or diminished along with an 
increase or decrease of strength. 

Fig. 2, the impact diagram of another test bar of the 
same metal, gives us elasticity, vibration, and set for each 
blow from a 25lb. hammer, swinging on a 6 ft. radius, 
each blow being from a fall of 4 in., }in., &c. 

Having in previous papers treated of ultimate strength, 
deflection, &c., we propose in this paper to consider the 
influence of aluminium on iron, as shown by a stress of 
200 lb., which is generally within the limit of propor- 
tionality, and for impacts of a fall of 1} in., ten blows 
having been struckfrom 3 in. fall up to the blow we are to 
examine. 

We will present in tabulated form the results of a large 
number of measurements taken from diagrams of tes’: 
reported in the papers previously referred to. The 
chemical determinations weremade under the direction of 
Professor C, F. Mabery. 


Remelted Wrought Iron(J B) and Aluminium. 





] 


{ | | 
Percentage of carbon .. .. {0.29 0.32 0.33 (0.37 (0.30 
a » aluminium 10. -- 0.58 (1.61 (2.45 
Weight. 
Deflection at 2001b._... «-| -11. 0.8} | .07 | .044 | .04 
ae i a see a | 01} | .01 0 |. 
Elasticity ,, ,,  ..  ..| 07% | 063 | .053 | .04§ | .0¢4 
Impact. | 
Deflection at if in. fall.. | 103 | .19 | .14} | .1 12} 
Set eo a --| .043 | 053 | 08) | . 02 
Elasticity ,, 2 15 | .13% | .10 12; 11} 
Hardness .. a es «-| 44 44 42 41 30 
Rigidity .. oA “e e-| 75 78 | 82 83 84 








Steel containing 1.50 Cent. of Carbon, which is about as 
High as will be Found in Workable Steel. 


| | 














Percentage of carbon .. e-| 1.52 | 1.27 | 1.19 | 1.35 | 1.39 
* aluminium --| 0 -- | 0.87 | 2.11 | 2.652 

Weight. 

Deflection in inches «-| 05 | .053; .05 | .05 | .053 

Set s és ‘a -| 0; Oo 0 0 0 

Elasticity ,, ue --| 05 | .054|) .05 05 05} 
Impact. | | 

Deflection in 1} in. fall.. -12 | .11_| 113] 103] .12 

Set pa ae oT = .00 0 0 

Elasticity ,, Sipe 4 11 | -104| 1 -103| .12 

Hardness... .. .. ..| 40 | 44 | 52 | 50 | 52 

Rigidity .. ‘e oe --| 83 | 83 | 








83 83 83 








White Cast Iron containing about 3 per Cent. of Carbon. 























Percentage of carbon .. -.| 2.98 -. | 2.84 |3.10 | 2.90 
a aluminium... | 0 0.25 | 0.54 | 0.89 | 1.28 
Weight. 
Deflection in inches at 2001b...} .074| .06 | .063} .08 | . 
Set “ a ast 6 = : = .00 
Elasticity ,, pes «-| .07}| .0 d -074| .07 
Deflect + fall 2 1 5h 
lection in 1} in. ee sae ad 13} . e ae 
Set 2 2” ee ee 0 0 | ori 01 
Elasticity ,, ee.) nc DB Re eb 
Hardness .. as * --| 98 94 96 55 56 
Rigilliy .. .. se “oof ME) @ 1 Ol wT se 
Grey Cast Iron saturated with Carbon. 
gee ty . Vana im ars | ae yr 
Percentage of carbon 3.41 le.oo 3.55 3.53 |3.45 las ‘3.34 3.10 
» aluminium. (0.10 {0.14 0.32 \0.75 1.50 |2.23 3.84 


Weight. 
Deflection at 200 Ib. ../ .11 | .11 | .11 | .11 | .09 


Set ys se| 02 | 01}! .01| .013} (003) ; 
Elasticity ;) 3) | .09 ‘oat “oad ‘oot .08 


| 

| | 

Impact. } | 
Deflection at 1} in. fall r -16 | .15}) .15}) .15 | -17 | .16 | .153 


























Set a a oh a a oy: ‘01 
Elasticity 7 9) 5} “agg! 115 | i143 [15 | ‘14g! 1168] 115 
Hardness .. ..| 58| 60| 50| 43/30 | 32| 95/ 41 
Rigidity -: i] 76] 76| 76) 76 | 76y| 76| 76| 76 











Various Tests with the same White Cast Iron as before, 

363. White iron Si 0.08. 

471. ad with Si and C made the same as 473, 

472. ’ ” 
with 1 per cent. Al. 

473. White iron with Si .60, carbon 2.90, Al 1 per cent. 
(all estimated). 

356. White iron with j, of 1 per cent. of aluminium, 


” ” ” ” 


357. ” ” ” ” ” 
468, ” ” ” ae 
469. He » Ilper cent. of aluminium. 


The last two tests are with Robert-Bessemer ingot iron, 
the iron for each having been caught at the same time ; 
into one ladle was placed a 3-0z. piece of aluminium. 











Number ot| | | | 
test..  ..| 363/ 471) 472 | 473 | 356 | 357 | 468 | 469 | | 

Estimated 
aluminium | 0 | 0 (1.00 /1.00 [0.10 /0.25 |0.75 {1.00 | 0 /0,25 
Weight. 

Deflection at} 

200 Ib. .. |.07}|.05 | .07 | .07}] .06 | .06 | .06}) .07 |-06 | .04 

Set at 2001b.| 0 | O | .00}| .00}| © | .00}} .00}) .00}'.00}! 003 





Elasticity at 
200 Ib... |.07§/.05 | .063) .07 | .06 | .053| .06}) .063'.05} .033 





























Impact, 

Deflection at | 

1} in. fall ..|.12 |.11 | .12 | .12 | .12}) .13 | .12 | .22$!.153! .193 
Set at 1} in.) | | 

fall .. | © |.00}} .003| .003) .003] .01 | .01 | .01 |.034) .013 
Elasticity at} | | 

1} in. fall ..|.12 [108 113} .11}} .10$) .12 | 222 | .12$!.019) 11 

| 

Hardness ..| 98 |115| 70 | 69 | .. | .. | 104| 66 45| 45 
Rigidity -.| 19h 83| 793} 79 | Si | 82 | 81| go 81 | 84 





These results exhibit the influence of varying percen- 
-— of aluminium upon iron alone, and of the modifying 
influence of various percentages of carbon, from one- 
quarter of 1 per cent. up to saturation. 

We are only considering records at 200 1b. ; ultimate 
records may show a results. 

The tests with Robert-Bessemer ingot iron show what 
can be done with one-quarter of 1 per cent. of aluminium 
when the conditions are such as to produce the best results. 
This and the first set of tests exhibit the influence of 
aluminium upon commercially pure iron. Such iron is 
soft, easily bent, and flows readily. Aluminium dimi- 
nishes deflection by decreasing the set and elasticity. 
Rigidity is also increased, the grain is closer and more 
uniform, and the metal is improved in every way when 
considered as a structural material. 

Aluminium softens iron whether it contains carbon or 
not. The last cast of remelted wrought iron, containing 
2.45 per cent. of aluminium, made a good weld, and after 
being forged bent cold nearly double, and its in was 
like that of the finest steel. While it is nearly impos- 
sible to melt and make castings of comparatively pure 
iron, yet with 2.45 per cent. Al the metal melted nearly 
as easily as cast iron, and made good castings in an ordi- 
nary greensand mould. When carbon is in , as in 
the steel series, we find a modification of the results 
already referred to. The carbon is decreased, the grain 
is made very uniform and fine, and while the ultimate 
strength, colin, and elasticity are immensely in- 
creased, yet at 200 lb. they remain unaffected. d 

The rigidity is also alike in all. The hardness is 
slightly increased owing to a portion of the graphite being 
expelled, and to an increase of the combined carbon from 
1.18 in the first to 1.31 per cent. in the last cast. The 
indication is, that where carbon is low, aluminium does 
not change it into graphite, but drives some of the exist- 
ing prams Fi out. 0 e increased results in the last cast 
of steel are due to the corners of the test bar being round, 
and not to any change in the constitution. is test 
should therefore be set aside.) 

White cast iron will not f gncovemg make sound castings ; 
it is brittle, very hard, and takes no set. The action of 
aluminium is to decrease the total carbon and to change a 
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portion of what remains into graphite. This latter eo 
reduces brittleness, and therefore increases strength. It 
allows the metal to bend more with a given weight, and 
the increase of graphite allows it to take some set. Its 


hardness is lessened, while its rigidity and elasticity are: 


increased. As a structural material the metal is improved. 
In the series of grey iron castings, where the metal con- 
tained all the carbon that it could hold, the natural state 
of the metal, with 200 Ib. of stress, produced large de- 
flection and set, and low elasticity. Aluminium dimi- 
nished total carbon by throwing out graphite, and also 
decreased combined carbon. The latter caused a softening 
of the iron, while the former increased the strength and 
elasticity, and diminished set and deflection. Rigidity 
is not affected. Thus as a structural material the metal 
is improved. 

The remaining tests substantiate those which we have 
more fully considered. 

It is very essential that a structiral material shall not 
be too brittle, and the higher the rigidity the better. 
Rigidity is not brittleness. A material should not take 


set, because any change of form may imperil the struc- | 


ture. That a material may not change form, its rigidity 
must be high, and to entirely recover its original form 


Stove Plate Cast Iron. Mar. 28, 1890. 
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after distortion, it must be perfectly elastic. In such a 


material proportionality will be high. Soon after the 
first publication of the writer’s discoveries regarding the 
influence of aluminium upon iron, including the fact that 
it changed combined carbon into graphite, and thereby 
decreased total carbon, ironfounders experimented more 
or less with this metal, and in almost every case cor- 
roborated his statements. It was, however, overlooked 
that the results produced might not invariably be desir- 
able. For example, the superintendent of one of the 
largest works for making malleable iron castings in the 
United States reasoned that if it was good for others it 
must be good for him, and thereupon turned the white 
contents of one of his furnaces into grey iron, and became 
convinced that he did not need it. 

We have never advocated the use of aluminium in cast 
iron under existing conditions. We have simply pointed 
out the results produ by it upon iron, either directly 
or indirectly, or through its influence on carbon, and have 
ventured the opinion that if grey cast iron could be made 
in such a manner that its graphite should be produced 
by aluminium instead of by silicon, with comparatively 
no increase in cost, such iron would be better for most 
uses, 

Our papers on aluminium in iron and in steel show, 
however, that with cheap alum‘nium, or even at its pre- 
sent price (2 dols. per pound, 94 per cent. pure), it can 
be used with great advantage, especially wit i 
caught directly from the converter. 

For more full information regarding this subject the 
writer refers to his former papers on aluminium in iron, 
which we herewith present to this Institute. 





ingot iron | 


ing out the 


syndicate of local gentlemen, who intend ca: 
“ 4 e undertak- 


works as originally proposed. The cost of t 
| ing is, however, to be materially lessened. 
da and Swansea Bay Railway.—The work of 
lining the tunnel between Abergwynfi and Treherbert is 
| being proceeded with satisfactorily. Messrs, Lucas and 
| Aird are the contractors. 


| Barry Dock.—A tender of Messrs. Lovatt and Shaw 
|has been accepted for the construction of a subway 
| between the Barry Dock and Railway Company’s general 
offices and the dock. The work will cost between 3000/. 
and 40007. The Barry and Cadoxton Local Board is en- 
deavouring to induce the company to make the subway 
40 ft. or 50 ft. in width, and is prepared, if necessary, to 
defray a portion of the cost. 
| The Electric Light at Cardiff.—Last week a meeting of 
| the lighting and electrical committee of the Cardiff Town 
Council it was decided to apply in the ensuing session of 
Parliament for a soovkienal aoe —- the council 
to manufacture and supply electric light in the borough. 


| Cardiff Corporation Water Works. — Last week an 


official inspection was made of a reservoir in course of 


Remelted Wrought Iron & 1.617% Al. 
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Fig.4. Impact Machine. 


| construction at Taff Fawr. Since the last visit a great 
change has taken place in the undertaking, water is now 
expected to be let into the reservoir in the summer of 
1302, The bywash is approaching completion, and thirty- 
| six granite steps are already in position, in addition to 
| the side walls ahd been constructed. Great progress 
|has also been made in the embankment, which is the 
| heaviest and most serious part of the undertaking. 
uddle trench, extending into the hillside east and west 
for 350 ft. and 120 ft. respectively, and which is 45 ft. 
below the bed of the river, has been filled in up to the 
ground level. The concrete shoes at the foot of the hills 
are also on a level with the bed of the river, and as the 
—, trench is erected the embankment will be gra- 
ually formed. Mr. J. Mackay is proceeding with the 
work as fast as possible, and he has now more than 500 
men on the ground. Mr. Mackay’s contract for the 
reservoir alone is 83,000/.; but the series of reservoirs 
which the Town Council has power to construct are ex- 
pected to cost nearly 500,000/. It is probable that when 
the present work is completed the council will consider 
the advisability of constructing another reservoir about a 
mile above the present one. Each of the two reservoirs 
will be capable of — 320,000,000 gallons of water. A 
third reservoir — ated is several miles lower down 
the valley, but this will not be required for many years. 


| Sewage at Crewkerne.—Certain sewage difficulties at 
Crewkerne are within measurable distance of bein 

settled. In February Mr. Justice Chitty, in the case o 
the Trustees of the late Mr. Hole, of Moorlands, Crew- 
kerne, v. the Chard Sanitary Authority, made an injunc- 
tion restraining the defendants from luting the stream 
| Parrett, which flows past the late Mr. Hole’s property, 
| and contains the town’s sewage and the refuse of certain 
the injunction not to take effect till 





NOTES FROM THE SOUTH-WEST. | manufactories, 

Cardif.—The amount of business passing in steam coal | August. The Sanitary Authority instructed Mr. Hawkes- 
has been comparatively limited ; prices have, however, ley to lay before them a scheme for dealing with the 
been well maintained ; the best qualities have made 15s. | sewage in accordance with the terms of the injunction. 
to 15s. 6d. per ton, and good dry coal 14s, per ton. | Dr. Tidy estimated the cost at upwards of 4000/., or about 
Household coal has been steady; No. 3 Rhondda has | 6d. per head of the population. The Sanitary Authority 
made 14s. per ton, Coke has been fairly active ; foundry | has now, however, accepted an offer by Mr. Martin, 
qualities have been firm at 21s. 6d. to 22s., and furnace | C.E., of Exeter, to dispose of the sewage at a much lower 
coke at 19s, 6d. per ton. cost. The works are about to be commenced. 

Vale of Glamorgan Railway.—It has been reported that} The Severn.—It is stated that the Severn Navigation 
the Vale of Glamorgan Railwa —Parliamentary powers | Bill is likely to smoothly through its remaining 
for which were obtained in 1889—was about to be aban-| stages. Certain Gloucester opposition will, in all proba- 
doned. So far, however, from this being the case, the bility, be withdrawn. 


railway is to be p ed with almost immediatel , | Wi . : 
: : : ages in Wales.—On Monday at a meeting of the 
Messrs. Lucas and Aird having taken a contract for the | Joint Sliding Scale Committee for governing colliers’ 


execution of the works. wages in South Wales and Monmouthshire, the masters 


Penarth Pier,—The undertaking of the Penarth Prome- | gave the men notice of their intention to terminate the 
nade and Landing Pier Company has been taken over by a | existing agreement in six months dating from July 1, 1890. 





The South Wales Coalfield.—The output of coal in South 
Wales last year is returned by Mr. J. T. Robson, inspec- 
tor of mines for the district, at 20,458,399 tons, as com- 
pared with 19,755,268 tons in 1888, showing an increase 
of 703,131 tons last year. The number of persons em- 

loyed underground last year was 62,459, while the num- 

r wr above ground was 10,992, making an aggre- 
gate of 73,451. The corresponding number employed 
below ground in 1888 was 57,155, while the number em- 
plo ed above ground was 10,059, giving an aggregate of 

7,254. The number of lives lost last year was 153, or 
two less than in 1888, The quantity of coal raised per 
life lost last year was 135,062 tons. 





LAUNCHES AND TRIAL TRIPS. 

Tur Grangemouth Dockyard Company launched from 
their yard at Alloa on the 18th inst. a screw steamer 
named Voltaire, built to the order of Messrs. Rogers and 
Bright, Liverpool, for the coasting trade. The vessel is 
150 ft. by 24 ft. and 11 ft. 3in. depth, moulded, and the 
engines are by Messrs. Ross and Duncan, Govan. 





The s.s, Duckenfield, recently launched by Messrs. 
Fleming and Ferguson, shipbuilders and engineers, 
Paisley, went down the river on 19th inst. for speed trial, 
and on the measured mile attained a mean speed of 
11} knots. The Duckenfield isa steel twin-screw steamer 

ft. by 31 ft. by 15 ft. 6 in., and is fitted with over- 
lapping Laer ise The engines, which are Messrs. 
Fleming and Ferguson’s patent quadruple, to indicate 1200 
horse-power, with 200 lb. pressure, gave every satisfaction. 
This vessel has been built to the order of Messrs. J. and 
A. Brown, of Sydney, for their colonial trade. 

The s.s. Prodano, built by the Blyth Shipbuilding Com- 

ny, Limited, for the ht cory | and Sons Steamshi 

ompany, Limited, Sunderland, had a satisfactory tria. 
trip on Thursday, 19th inst. The vessel is 330 ft. in 
length. On trial an average of 11} knots was maintained. 
The engines were constructed by the North-Eastern 
Engineering Company, Limited, of Sunderland. 


The s.s. Dolores, built of steel by Sir Raylton Dixon 
and Co., Middlesbrough, for Messrs. Arthur Holland and 
Co., London, went on her trial trip from the Tees on 
Friday. This is the fourth of the vessels on order deli- 
vered to the same owners this year. She is built on the 
web frame erg. we rer og, Bags , raised quarter deck, 
and top-gallant forecastle, her chief dimensions being : 
Length over all, 287 ft, ; breadth, 39 ft. ; depth, moulded, 
21 ft. 3 in. ; deadweight capacity, about 3300 tons. Her 
engines have been fitted by the North-Eastern Marine 
Engineering Company, Limited, Sunderland. The 
cylinders are 21 in., 35 in., and 57 in. in diameter, by 
39 in. stroke, 








Messrs. Russell and Co. launched from their Kingston 
Yard, Port-Glasgow, on Saturday afternoon, a three- 
masted steel sailing me named Templemore, for Messrs. 
Thomson, Dickie, and Co., Glasgow. Dimensions :— 
Length, 260 ft.; breadth, 38 ft.; depth, 23 ft. ; of 1700 
— a register ; to carry 2800 tons with Lloyd’s free- 

rd. 





On Friday last the official trial trip took place of Mr. 
David Macbrayne’s twin-screw steamer Flowerdale, 
intended for the West Highland trade between Strome 
Ferry, Portree, Stornoway, &c., for which her ay al 
accommodation has been specially adapted. She has 
large saloon aft on main deck, and is otherwise equipped 
ee as a passenger steamer to meet all the recent 
Board of Trade requirements. The result of several runs 
over the measured distance, in spite of a strong breeze, 
showed a mean speed of nearly fourteen miles per hour, 
being considerably in excess of what was a ag 8 
She was fitted with Wrench’s patent propellets, which 
added considerably to the speed obtained with ordinary 
propellers at a recent trial. 





On June 21 the trial trip of the s.s. Norna took place in 
Hartlepool Bay. She has been constructed by Messrs. 
Edward Withy and Co., Hartlepool, for Messrs. Hers- 
kind and Woods, of West Hartlepool. Her engines, 
which are of the triple-expansion type of 200 nominal 
horse-power, having cylinders 214 in., 35 in., and 58 in. 
by 39 in. stroke, 150 1b. working pressure, were built at 
the Central Marine Engine Works, West Hartlepool. 
During two hours consecutive steaming a mean speed of 
11 knots was obtained. 





The s.s._ Malvern, built by Messrs. William Gray 
and Co., Limited, a sister vessel to the Harrow and 
Eton, previously launched for the same owners, Messrs. 
Galbraith, Pembroke, and Co., Limited, London, went 
on her trial trip on Saturday morning. The vessel is 
310 ft. long ; breadth, 38 ft. 6 in. ; depth, 23 ft. 3 in., and 
she carries over 3800 tons deadweight. The engines are 
of the by ate gree te type, manufactured at the Central 
Engine Works, and are of 1100 indicated horse-power, 
the boiler pressure being 160 lb. per square inch. She 
made an excellent run off Hartlepool for a few hours, the 
engines running 85 revolutions a minute. 





STAPLEFORD AND SANDIACRE WATER Works.—These 
works are now commenced, and a good supply of water 
has been found in the Bunter sandstone at a considerable 
depth. A steam pump has been used to test the quantity 
of water, and 240,000 gallons a day have been pumped with- 
out any 67 diminution. The engineer to the 
works is Mr. W. H. Radford, C.E., of Nottingham, and 
the contractor is Mr, W. Cooke, 
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CompPIteD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACT OF 1883, 

The number of views given in the ification Drawings is stated 

papa oth te mad oye none are mentioned, the 


Specification is not illustrated. 
Where Inventions are communicated from abroad, the Names, 
é&e., of the Communicators are given in italics. 
eS ae ions may be obtained at 38, Cursitor-street, 
hancery-Lane, E.C., either personally, or by letter, enclosi 
amount A / po and postage, add: to H. ER LACK, Esq. 
The date of the advertisement of the acceptance of a complete spe- 
 cesnarg hy in each case, given after the abstract, unless 
fatent has been sealed, when the date of sealing is given. 
ay seme may at any time within two months from the of 
the advertisement of the acceptance of a com specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Act. 


STEAM ENGINES, &c. 


8584. J. Drury, Rastrick, Yorks. Metallic Pack- 
ings for Steam Engine Pistons, and Ap atus for 
Insuring the Lubrication of ton and Cylinder. 
(8d. 7 Figs.) May 23, 1889.—The improved metallic piston k- 
ing consists of split and bevelled packing rings 7 and 18, which are 
expanded by circular spiral spring 19, the ends of which are 
connected together by a short metal piece 22 with a collar 23. 
The lubrication of the piston 1 and of the interior of the cylinder 
10, is effected by means of a tube 3 passing through a stuffing-box 
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11 in the cover of the cylinder, and connected with the piston 1. 
At the end of the tubular vessel 14 attached to the stuffing-box, is 
an oil box 15 whereby the tube 14 is kept nearly full of lubricant. 
At each forward stroke of the piston 1, the lubricant is forced 
down the tube 3, and through a short passage 5 into circumferen- 
tial grooves 6, 6a, connected by a e 7a in the circumference 
of the packing ring 7. A circumferential oil groove 17 is also pro- 
vided in the packing ring 18. (Accepted April 30, 1890). 

9954. J. Le South Evanstown, Ill. Locomo- 
tives and other Prime Movers. [8d. 20 Figs.) June 18, 
1889.—This invention relates mainly to the arrangement of an 
ny form of rotary valve b in the steam chest B in lieu of the 
ordinary slide valve. The valve b is rotated by means of along 
spiral wheel D driven by a wormwheel E fixed on the crankshaft. 
The reversal of the distribution of steam is effected by sliding the 
wheel D along the shaft d by means of the usual reversing lever f? 
and the links f. As the wheels D and E are always in gear, the 
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wheel D cannot be shifted along its shaft without revolving owing 
to the spiral formation of its teeth, so that this rotation of the 
wheel causes a rotation of the valve 6 in its casing, thereby alter- 
ing the position of the valve with relation to the cranks. The lon 
wheel d is formed of sections for the sake of cheapness, fix 
together on a sleeve adapted to revolve in a crosshead d5, which is 
oy with trunnions upon which are mounted the ends of the 

inks. A are the cylinders, c is the blast pipe, and cl the steam 
pipe. (Accepted April 23, 1890). 


ELECTRICAL APPARATUS. 


8453. W. M. Mordey, London. Regulating Elec- 
tric Currents. (8d. 2 Figs.) May 21, 1889.—The apparatus 
consists of three Lrg my parts, a relay, a regulator, and the 
resistance required to controlled. e relay is constructed 
with vertical and parallel bobbins B, B, each having two windings 
W, W, and a laminated or iron wire core C of U-shape freely sus: 
——. and entering the bobbins B, B from below. The open- 

ngs at the top of the bobbins are fitted with another core-piece 
C! for increasing the sensitiveness of the apparatus. The winding 
w is placed as a shunt on the main circuit to be controlled, and 
the other winding W is in series with the said circuit. The regu- 
lator comprises a magnetic core or float F carried by liquid con- 
tained ina vessel V, and carrying by means of a stem p? a metal 
plate P hung between two fixed metal plates P!, Pl, forming the 





electrodes of a variable liquid resistance R. The iron float F is 
caused to move up and down by magnetic action depending on 
the on of an electric current in one or other of two coils 
wi, 1 wound on the outside of the vessel V. The two coils of 
the regulator are so connected with the tact-making portion 





























of the relay that one or other of them is energised when the current 
or Bp sayro to be controlled is not steady at the normal amount, 
and the core is thus drawn up or down until the required effect is 
obtained. (Accepted April 30, 1890). 

4533. H. H. Lake, London, (The Thomson - Houston 
International Electric Company, Boston, Mass., SLA. 
Safety Devices for Electric Circuits. [6d. 4 Figs.) 
March 22, 1890.—This invention is designed to prevent the acci- 
dental charging of a circuit with a current of much higher poten- 
tial than that which it is intended to carry. a b isaline of high 
potential, a branch from which passes through a coil P forming 
the primary of a transformer, the secondary circuit S of which 
feeds lights L. jf, f1, are safety fuzes. From a point in the secon- 
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dary S a connection is taken to a contact piece K bearing on athin 
film F of oiled paper having an earth connection G on its other 
side. As long as no electrical connection exists between the 
agg P and the secondary 8S, there will be no puncture of the 

Im. But when such connection is formed, the film F is punctured 
by the high potential current, and a direct connection is esta- 
blished between the contacts K, G, whereby the secondary 8 is 
connected to earth by a conductor of low resistance and no danger 
exists in touching the wires of the secondary circuit. Fig. 2 
represents an arrangement for shunting the film F by placing a 
condenser C around it. (Accepted April 30, 1890). 


TREATING MATERIALS. 


9041. D. B. Morison, Hartlepool, Durham. Appa- 
ratus for Evaporating Liqui {lld. 17 Figs.) May 
31, 1889.—This invention relates particularly to an apparatus in 
which sea water is evaporated in a closed vessel by means of 
steam passing through pipes or coils of pipes, the steam gene- 
rated being utilised in any suitable manner or discharged direct 
toacondenser. The improvementscomprise: mounting the pipe 
connections on a lower vessel, making the upper part or dome 
removable to expose the coils, and afford access to the interior 
of the apparatus, providing guides and rests for guiding and pre- 
venting the dome from surging against the coils when being 
raised, and for supporting the dome when rai A circular 
removable strainer or arrester is provided for preventing entry of 
dirt into the apparatus. (Accepted April 23, 1890). 


10,277. J, Dewar, Cambridge, and B. Redwood, 

y; Middlesex. Distillation of Mineral Oils. 
(8d. 3 Figs.] June 24, 1889.—Distillation is effected in a metal 
retort C arranged above the combustion chamber B and inclosed 
within a refractory casing C! to protect the metal from excessive 
local heating. The encased retort is situated in a heating chamber 
B'into which the hot products of combustion ascend by side ports 
B2 and whence they pass by central ports B? into a flue B4 and 
chimney B®, The front part of the retort communicates with a 
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still head C2, The oil is forced into the retort by means of a pump 
(not shown) oa a pipe El. E?2 is a Gamera’, 7s. The 
retort C being partly charged with oil by the pump, the — 
in the retort C, still C2, condensing coil D, and column D2, bein 
charged with air or gas to a desired pressure, the retort is heat 
and the oil is vaporised under pressure. The oil vapour is con- 
densed in passing through the coil D, and the liquid distillate 
collects in the column D?, whence it is drawn off by a pipe D4. 
(Accepted April 30, 1890). 


4021. A. J. Boult, London. (P. Sievert, Dresden, Ger- 


mons) Producing Solution of Alkaline Silicate or 
Water-Glass. (6d. 1 Fig.) March 14, 1890.—This invention 
relates to a process for the continuous production of a clear solu- 
tion of were mainly consisting in first softening or partly 
dissolving the lumps or pieces of water-glass arranged in a high 
heap or pile within a perforated vessel, by means of steam under 
pressure, and of a spray of water or a suitable alkaline lye. The 














#021 











solution is continuously discharged as it forms and acquires the 
desired degree of richness by flowing over the surfaces of the 
lumps of water-glass on its way to the discharge orifice. The 
apparatus for carrying out the process consists of a boiler or 
jacket @ surrounding or inclosing a reservoir 6 having perforated 
walls, and adapted for the reception of a high pile of lumps or 
pieces of water-glass in combination with a rose d arranged within 
the reservoir b near its open top. (Accepted April 23, 1890). 
4133. W. Roberts and H. R. Belden, Sydney, 
N.S.W. Grinding and Am ting Pans. [6d. 2 
Figs.) March 17, 1890.—The metalliferous material is supplied 
with water to the hopper E! and is distributed therefrom by pipes 
E? to the outer part of the outer panal. Thence it passes through 
the mercury in the well A? of the pan a! to the upwardly inclined 
grinding surfaces, and is crushed or ground on the first surface Al 
by mullers C and drags d}, and thence passing under the circular 
splashboard B3 through the mercury well A? of the pan a2, it is 





further ground on the second surface A! by drags d?. Passing 
under the circular splashboard B through the outer mercury well 
A? of the pan a? it finally passes between the third surface A!, 
where drags d3 pass over it and thoroughly reduce it to an im- 
palpable powder which passes under the circular splashboard B* 
through the final mercury well A? on the inner side of the pan a# 
to the receiver F, and is carried away to waste or for further treat- 
ment by the shoot F1, In all the wells A?, teasers B‘ are placed 
outside the splashboard B*, (Accepted April 23, 1890). 


FIREARMS. 


s Heath, Worcester. 
Breechloading Gunsand es in which the Barrels 
Drop Down for Loading. [8d. 9 Figs.) June 4, 1889.— 
This invention relates to a new apparatus for ejecting or extract- 
ing cartridges from the barrels of breechloading guns. The ordi- 
nary extractor rods j and heads / are used, one for each barrel a. 
Each rod is acted upon by a spring k, which is strong enough to 
force the rod, head, and cartridge out of the barrel. When the 
gun has not been fired and the barrels are dropped, the springs k 
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force the rods n forward gradually as the barrels are being lowered 
and the cartridges are extracted, that is, the ends are forced a 
short distance out of the barrels. The action of the apparatus is 
as follows: When the gun is fired, the lever m acted upon by the 
foot f3 of the hammer /, strikes the lower projecting end of the 

n and forces the upper end into the notch 7 in the extractor 
= j'. When the barrels are dropped, the peg 7 prevents the rod j1 








from moving, but as the barrels are further lowered, a projection a4 
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in the groove in the body b bears against the projecting foot n? of 
the peg and forces the peg down to its original position. The peg 
being forced out of the notch 7, the extractor rod j! is acted upon 
directly by the opens k, is suddenly forced forward, and the car- 
tridge is expelled. (Accepted April 30, 1890). 

9498. T. Nordenfelt, London. A Fortification 
Turret Moun’ for Quick- Guns, (8d. 3 Figs.) 
June 7,1889. The turret ais of peculiar form, being highest behind 
the gun so as toafford for working the same. It is supported 
upon rollers d beneath its edge, and is rotated by a worm i and 
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wormwheel k. The latter is prevented from revolving by the con- 
nection of its spindle with the foundation of the turret by means 
of a double universal joint 1,1. The gun is carried at the - of 
the turret, and the embrasure is so formed that the line of sight is 
beneath the gun. (Accepted April 30, 1890). 


FURNACES. 


8111. W. Hassall, Woodville, Leicester. Fire- 

laces for Heating Pottery Kilns. [1ld. 16 Figs.) 

ay 15, 1889.—Fig. 1 shows the general arrangement of a group 
of kilns working according’ to this invention. A number of fur- 
naces, kilns, or ovens B are connected by means of a main flue A 
to one chimney C ; each kiln B ay ay with a branch flue 
D connected to the main flue A. ithin the main flue A and 
each branch D an air pipe E is arranged to convey to each kiln hot 
air for the purpose of first heating the kilns to some extent, and 
afterwards supporting combustion in their combustion chambers, 
the air pipe E and the air therein becoming heated by the waste 





heat of the products of combustion from the kilns passing along the 
main flue Ato the chimney C. The air is introduced at F by means 
of a valve. Figs. 2 and 3 illustrate an ge arrangement of 
kiln in which within or underneath each kiln, which is connected 
to the common chimney C by the main flue A, there is constructed 
acentral air chamber G to which the hot-air pipe E (running 
through the main flue A and to each kiln) is connected, delivering 
a portion of its contents therein. From this central chamber 
G other air pipes H radiate to each combustion chamber J of the 
kiln, for gradually heating the same for drying purposes or sup- 
plying air for increasing combustion. (Accepted April 30, 1890). 


11,058. E. J. Francis and C. Banfield, Leechburgh, 
Pa., U.8.A. Sheet-Metal Ann Se fea’ 
1 Fig.) July 9, 1889.—The sheet-heating furnace A is provided 
with a fireplace B connecting with the space C in which the 
sheets to be heated for the rolling mill are placed. The space 
C connects with the chimney D, and the bottom of the said space 





is formed by non-combustible material F, placed on the bottom 
plate E, which is of metal, and has its supports in the sides and 
the end of the furnace A and in the bri wall G. wok mond 
H at the front end of the furnace A serves for the introduction 
of the sheets to be heated into the space C, and also for the 





renewal of the bottom F whenever necessary. The non-com- 
bustible material F forming the bottom of the space C may be 
fragments of cinder or slag or any other oxide of iron, or of 
asbestos, or soapstone, causing interstitial passages to be formed 
through which the heated gases are free to pass, and so that the 
gd side of the bed presents a broken or an uneven surface. 

e non-combustible su ces do not get hotter than the rest of 
the furnace, and consequeutly the bottom sheets in the space C are 
yg to the same degree as the top sheets. (Accepted April 30, 
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MISCELLANEOUS. 
8427. R. A. Ba’ 


artner, Poasabein Bavaria. Ap- 
tus for Cl Polishing t or Grain. 


an 
8d. 12 Figs.) May 21, 1889.—In this apparatus the material is 
first treated by horizontally rotating perforated drums D! provided 
with open fans or wings D8, then by means of a polishing drum, 
consisting of china segments k with intervening perforated sheet 
steel pieces 2 and wings im provided alternately above and below, 
in single superposed cylinders a separated from each other by 


8427 





diaphragms, and covered with correspondingly perforated metal 
sheets, while a current of air adjustable by means of displaceable 
tubes c provided in the separator C passes through the drums of 
the different stories outside between the cylinder mantle a and 
mantle h, and also inside the sides of the drums, thereby ex- 
pelling the light and heavy waste matter separately. (Accepted 
April 23, 1890). 

8688. C. S. Brooke and E. Beaumont, Huddersfield. 

i m for Looms. [6d. 2 Figs.) May 24, 
1889.—The object of this invention is to replace the picking strap 
hitherto employed in underpick looms for communicating motion 
from the picking lever or crank to the picking arm or stick by a 
metallic link or flat steel bar A, having a hole to receive a bolt 
formed near each end, and twisted so that the flat side of one end 
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is at a right angle to the rest of the bar transversely. The metallic 
picking link A is secured to the picking arm or stick B by means 
of a loop of leather or hide C fixed to the link by a bolt 
and nut D. The loop E at the other end of the link is secured 
by means of a bolt and nut G, and passes round the stud F of the 
picking lever or crank H which is actuated by the picking shaft J 
upon which it is fixed. (Sealed June 10, 1890). 


10,720, J. Brindley, Wolverhampton, Staffs. Steam 
Vacuum Pumps. (8d. 10 Figs.) July 3, 1889.—This inven- 
tion relates to steam vacuum pumps in which the pressure of 
steam, applied directly on the surface of the water in the working 
chamber, causes the water to be expelled through the delivery 
pipe; the vacuum subsequently ensuing causes a fresh supply of 
water to be drawn into the chamber ready to be again expelled. 
In the simplest form of single-acting pump illustrated in Fig. 1, A 





is the working chamber, B the enlarged portion accommodating 
the suction valve C and the delivery valve D. F is thesuction and 
X the delivery. K is the steam inlet and H a boss provided for 
attaching the air valve. G is the check valve attachment for 
boiler feeding and S the injection nozzle. Fig. 2 is a cross-section 
through the working chambers of a double-acting pump. A is the 
main working chamber and a the auxiliary working chamber. K 
isthe steam inlet. T is the injection nozzle forming a communi- 
cation between the lower chamber B and the main working 





chamber A. Two delivery valves and a common discharge 
chamber, not shown, are also provided. The steam controlling 
piston valve J is so arranged that when it is in the position illus- 
trated it allows the steam to flow past it, thus putting the steam 
inlet K in communication with the passage L and quently 
with the main chamber of the pump. When, however, the piston 
valve J rises consequent on the fall of pressure in the main work- 
ing chamber of the pump, the steam is cut off from the passage L 
and flows through the opening in the seat M, and thence into the 
smaller working chamber. @ overlapping edges of the piston 
valve J are so arranged that the steam is cut off from one chamber 
entirely before it is admitted to the other chamber. A small pas- 
sage communicating from the top of the piston valve J to the pas- 
sage L is provided for the purpose of transmitting whatever pres- 
sure there is in the working chamber A to the top side of the 
piston valve J. (Accepted April 30, 1890). 

1037. R.C. M. Bowles, Boston, Mass., U.S.A. Me- 
chanical Telephones. (6d. 3 Figs.) January 21, 1890.— 
This invention has for its object to construct a telephone which 
shall be capable of being attached almost instantaneously to any 
point of a telephone line. The improved transmitting instrument 











comprising a double funnel casing a, b, and a diaphragm B, i 
attached to the main line L by means of a hook C connected with 
the diaphragm by means of a nut D. The line wire L is received 
in slots cl and is eae by insulated wires 7. The proper ten- 
sion is given to the diaphragm by turning the adjusting nut D. 
(Accepted April 23, 1890). 


1077. J. I. Thornycroft, Chiswick, Middlesex 
Ap tus for Contro) Pressure, also for Indi- 
ca the Speed of Rotat: Shafts and the Direc- 
tion of Rotation. (8d. 12 Figs.) January 21, 1890.—This 
invention relates to improvements having reference to apparatus 
described in Patent No. 4122 of 1887, granted to present inventor. 
The apparatus is constructed with a combined valve case 2*, 
cylinder for plunger 9, and driving spindle 31, all formed in one 
piece. Means are provided for imparting to the plunger a to-and- 
fro motion in a rotary sense for the purpose of reducing the 
friction of the plunger in a longitudinal direction. The direction 
of motion of the rotating pulley 32 is indicated by means of a 
movable electric terminal 39 arranged in rubbing contact with 
the pulley, and carried by it up to one or other of the fixed 
terminals 40. A ing the spindle to be rotating with a uniform 
velocity, and that the yo J apparatus to in operation, 
then the plunger 9 will be urged outwards by centrifugal force, 
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and this force will be balanced by the excess of pressure on its 
outer end over that on its inner end. Any outwardly acting cen- 
trifugal force in the — valves 7 and 8 is resisted by the 
spring 34. Now should the speed of rotation of the spindle in- 
crease, the plunger will move outwards and the valve 7 will leave 
its seat. Air will then be drawn from the external indicator 
tube, through the tubes 4* and 4, past the valve 7, into the pas- 
sage 5,and down the annular passage in the spindle to the 
chamber at the bottom of it, and thence by the outlet 6 to the 
exhausting seers. When the pressure has been reduced 
sufficiently to balance the centrifugal force of the plunger, the 
latter returns to its former ition and the valve 7 closes the 
passage 5. Should the of the shaft be decreased, the plunger 
will move inwards and the external air will pass the valve 8 until 
the partial vacuum —s below the plunger and in the indi- 
cator pipe is so far redu that the plunger moves back to its 
normal position and closes the valve 8. (Accepted April 23, 1890). 





UNITED STATES PATENTS AND PATENT PRACTICE. 
Descriptions with illustrations of inventions patented in the 
United States of America from 1847 to by Beg time, and 
reports of trials of patent law cases in the United States, may be 
vg to at the cffices of ENGINEERING, 35 and 36, Bedfcrd- 


"HE END OF THE FORTY-NINTH VOLUME, 











AMIE y 


sh ean are aE 














June 27, 1890.] 


ENGINEERING. 





13 








THoaH 


ALUMINIUM COMPANY, L"- 


115, CANNON ST., LONDON, £.C. Works, OLDBURY, nr. BIRMINGHAM. 


MANUFACTURERS OF 


ALUMINIUM, ALUMINIUM BRONZES, 
FERRO-ALUMINIUM, 


ALUMINIUM STEEL & SODIUM. 
are (purity = he 99 per cent.) - per lb. 


” ” ” 


Aluminium, Bronzes, &e., supplied in | Aluminium Bronze (10%) 1s. 6d. per lb. 

Ingots, Sheet, Rod, Tube, and Wire. | Ferro Aluminium (10%) is. per Ib. 

PURITY OF THE ALUMINIUM AND THE PERCENTAGES CONTAINED 
IN THE ALLOYS GUARANTEED. 


Descriptive Pamphlets. Price Lists and Terms on application. *61 








DOULTON and CO., 


LAMBETH, LONDON, S.E., 


ry HIGHEST aap 


PLUMBAGO 
GRUCIBLES. 
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DHPOTS: 
100, Soho Street, Liverpool ; Granville St., Birmingham ; and 6, Rue oe 














An extremely neat and simple 


design of Pump, which should 
An important feature is that 


meet the difficulties experienced 
by slacking back four screw bolts 


by Sanitary Engineers in the 
removal of semi-fluid matter. 





valve seats as well as the valves 
are removable.—The Enqineer. 


and taking off the cover, the 
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ESTABLISHED 13'70. 


Hard Water Made Soft, 
Dirty Water Made Clean, 

MORE STEAM MADE, 
LESS COAL USED, 
Boiler in Better Order, andg 
_ Longer, 
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HALLIDAY'S WATER SOFTENER & FILTER. 


Can deal with any quantity or quality of Water; 20 years’ experience. Estimates free. 


J. HALLIDAY & CO., 


PORTLAND WORKS, WATER STREET, ASHLEY LANE, 
MAN OEE S' TEE. 1 
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ELECTRICAL JACHOMETER, 


SPEED INDICATOR. 


(For full description see ‘‘ ENGINEERING,” Dec. 8rd, 4886.) 
IN USE AT WOOLWICH ARSENAL. 





Price complete, ; 
with Pulley, § 


Price complete, 
with Pulley, 


FOR 


TORPEDO BOAT 
USE, 


£7 10s. 


USE, | 
£7 10s. qf 





TORPEDO BOAT TYPE. 


Portable Type, in Morocco case, £5 5s. 





DETAILED ILLUSTRATED PRICE LIST ON APPLICATION TO 


WOODHOUSE & RAWSON 


UNITED, LIMITED, 
ENGINEERS AND ELECTRICAL CONTRACTORS, 


_ |88, QUEEN VICTORIA ST., 


LONDON, E.C. 


LE GRAND & SUTCLIFF, 


HYDRAULIC ENGINEERS. 


\ Sq Head Office; 100, Bunhill Row, London, F.C. 
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Are being largely used 














For ECONOMY and 
DURABILITY are not by the BRITISH and 
equalled by any other FOREIGN NAVIESand 
valves made, and can be the principal Steam- 
easily fitted to existing ship Lines. 
pumps. — 
—— FIG. B. MULTIPLEX 
FIG. A. FLEXIBLE DEAD LIFT VALVES 





SHEET VALVES, , 
For Particulars and Price Lists apply at the Offices of the 





METALLIC VALVE 00., Tower Buildings, Water Street, LIVER, 
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Metal-Working Machine 
PHILADELPHIA, Tools 


For Railroad Shops, 
Locomotive and Car 
Builders, Machine 
Shops,Steam Forges, 
Ship Yards, Boiler 
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THE 


CHAIR AND SLEEPER CO., Ld., 
WIDNES, LANCASHIRE. 


PATENT STEEL SLEEPERS, 


COMPLETE WITH ATTA CHISD FASTENINGS. 


Suitable for Permanent Way, Tramways, Collieries, 
and Foreign Plantations, &c. 








ADVANTAGES :-— 
No ballasting or subsequent packing required, as the sleeper packs itself. 
The great depth of the sleeper gives it unusual strength and stability. 
NO separate fastenings, to get lost or work loose. 


NO fishplate or bolts required, whilst retaining all the advantages of fishplate * 


fastening. 


Sleepers are strengthened where they carry the rail, instead of being weakened | {jj 


as is usually the case. 
Rails can be laid rapidly, and without skilled labour. 


PRICES, with full PARTICULARS and SECTIONS, on application. 
Telegraphic Address: “ RAILS, WIDNES.” 








Sho Bridge 
Works = 








MACHINE 
TOOLS 


ie RAILROAD, LOCOMONIVE 
General Machine Shops. 


BRIDGEPORT | MACHINE TOOL WORKS, 


BRIDGEPORT, CONN., U.S.A. 


C. CHURCHILL & CO., Ltd, Agents, 


21, CROSS ST., FINSBURY, LONDON, E.C. 8390 


THE HELICAL 


CENTRIFUGAL 
PUMP 


08) Patented by J. A. WADE 
and JOHN CHERRY, 


.. Draws to a depth of 33 ft. below 
i the spindle, and raises water in 
§ suction and lift combined above 
100 ft. The output is as mar- 
vellous as the powers of suction 
and lift, for a 6-in. has, in the 
easier lifts, am out — of 

1600 gallons per minute 


Reference is kindly onaaie vn Sesdka WALKER, Es who is using these Pumps very 
extensively on his Manchester Ship Canal and other Works. 


THE COMMITTEE OF THE NEWCASTLE JUBILEE EXHIBITION AWARDED 
THIS PUMP THE SILVER MEDAL. THE ONLY PRIZE GIVEN FOR PUMPS. 
FURTHER PARTICULARS MAY BE HAD FROM 


J.A.WADE, AT THE HYDRAULIC ENGINEERING WORKS, HORNSEA, 
Or at R. WADE, SONS, & CO., Hull. e401 


HAN SON, CARTER & CO. 


TELEGRAPHIC ADDRESS: TELEPHONE No.: 
‘‘PUMPS, BRADFORD.” 647. 
Double-Action Piston 

Pumps. 
Quadruple-Action Piston 
Pumps. 

SINGLE RAM PUMPS. 
DOUBLE RAM PUMPS. 
Stationary Fire Pumps, 


VERTICAL AND HORIZONTAL. 











































}Hanson’s Patent Steam Dryer. 
= Hanson’s Patent Steam Trap. 


B vanson’ s Patent Steam Reducing 
=—~ Valve. 
—— WRITE FOR PRICES, ——— 8396 


= ENGINEERS, ‘QUEBEC WORKS, BRADFORD. 
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THE HUNSLET ENGINE COMPANY, 


LHEDS. 


LOCOMOTIVE 
TANK ENGINES 


Of all descriptions and any size, for 


Ironworks, Collieries, 
Contractors, Docks, 
Manufactories, 
Branch Railways, 
&e., &e 
Specially designed for any cir- 
cumstances, or to suit any 
Gauge of Railway. 
a MADE FOR 





On Purchasing Lease or o 
wise. 


WM. FOSTER 8 Co., Ltd. 
WELLINGTON FOUNDRY, LINCOLN. 


London Office:—J. JOPLING, 49, FINSBURY PAVEMENT, E.C. 








HORIZONTAL & aati, | 


FIXED ENGINES 


, Boilers of All Kinds. 
; THRASHING MACHINES. 
lg ey 4 EP ,;CORN MILLS. 
Teme X : eal SAW BENCHES, &. 
= V4 : (\Zf SECOND - HAND ENGINES. 


: CATALOGUES & PARTICULARS 
ON APPLICATION. 8528 


AIR COMPRESSORS 


WITH SCHRAM’S PATENT INLET 
AND OUTLET VALVES. 


Giving at least 16 per cent. 
more useful effect than any 
other Compressor. 


BOILERS. 3. TURBINES. | ___ 
MINING MACHINERY. 


~ SCHRAM’S IMPROVED PATENT _ 


Rooxk-BorRina MaAacomitwm EB. 
2,000 IN USE IN ALL PARTS OF THE WORLD. 
Ewrmmarzs anp Ful PARTicuLars om APPLICATION. 


RICHARD SCHRAM & Co., 


17a, GREAT GEORGE STREET, WESTMINSTER, Bw. 


GRAFTON & CO. 


MAKERS, No. 2, Vulcan Works, 






Lue 


{é 


1 


Hn i | 

































1 


ah es pe VEE 


C. CARR waits on anyone to arrange 


THOS. NOAKES & SONS, 








BRICK LANE, 
WHITECHAPEL, 
LONDON, E. 









































For Grinding Twist Drills 
with a Differential 
Clearance. 


ALREADY 
SOLD. 


With this Machine, a labourer 
or boy can grind a Twist Drill as 
well and accurately as a skilled 
mechanic, and give the proper 
clearance, same as in a new Twist 
Drill. 

The Emery Grinding Wheel is 
moved—not the drill. 


SIZES AND PRICES. 





It grinds both 
lips at the 
same angle, 
and with the 
same clear- 
ance. 








i . The | rinding 

No. — Price. and clearance 
1 }toldin. £16 100 of each lip of 

2 4to2 in. £24 00 Drill is done 

y] automatically 

TESTIMONIAL. yj %n one opera- 


_——_ tion. 
Messrs. BROWN & MAY, Engi- 
neers, Devizes, write :— 

‘“* We are pleased to say that 
your *Sundale” Patent Twist- 
Drill Grinder answers its purpose 
admirably.” 


z=. Theamountof 
===. clearance can 
be varied me- 
chanically ac- 
‘cording to 
ay es requirements. 

READY FOR DELIVERY. 
A large assortment of Lathes, Radial and Pillar Drilling Machines, Milling, Planing, and other Machine Tools, 


~ SOLE LICENSEES; 


SELIG, SONNENTHAL & CO., 


85, ann Victoria Street, and Lambeth Hill, LONDON, E.C. 


Carn’s Crucible MELTING FURNACE, 


BY ROYAL LETTERS PATENT. 


EVERY MAN, His own Brass, Iron, Gold and Silver Caster, 


BY USING 














PAT EMT! 
CRUCIB 
MELTING FUR 
FOR 


for his Furnaces. 
TRADE MARK 


IRON AND STEEL \ 
SM ETHWICK.| 





C. CARR supplies all Foundry Tools. 


INVENT! iv i EXHIBITION, LONDON, 
The Only PRIZE MEDAL for Orucible Melting Furnace. 





Over 35O of these Furnaces have been oe to +~pe Gold Refiners, Brass and 


Iron Founders, 
GALLOWAY & SONS. ALEXANDER DICK. - OF ENGLAND. | BAYNTON & SON. 
FIELDING & PLATT. MANGANESE BRONZE OO. | NETTLEFOLDS, LTD. WELLS & CO. 

8. MASON. SPITTLE & SONS. 


PHOSPHOR BRONZE 00. | TAYLOR & CHALLEN. 
SEND FOR ILLUSTRATED PRICE LIST. 


|C- CARR, “suutawicx,” Birmingham. 





J. EVANS & CO., Trumpet Street, Manchester, SOLE AGENTS, 
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THE STEEL COMPY. OF SCOTLAND, 


LIMIrHp. 
(SIEMENS PROCESS). 


23, Royal Exchange Square, GLASGOW. 








AB or 


Steel Rails, Plates, Angles, Zeds, Channels, Beams, |7¥2 
Bars, Hoops, Nail Strips, Spring Steel, Forgings, 
Steel Castings, Blooms, Billets, &c. 

Also Sole Makers of Wright’s Patent Improved Self-Canting 


MARTIN'S AN CHOR. 


— | ADMIRALTY 


<== COMMERCIAL 


WM. BEARDMORE @ C0. 


(CONTRACTORS TO ADMIRALTY) 


Parkhead Forge, Rolling Mills, & Steel Works, GLASGOW. 















SIEMENS’ | ¢ 
CAST 
STEEL. 

















MANUFACTURERS OF 


STEEL AND IRON FORGINGS, 


HOLLOW MARINE SHAFE'TS, 
SHIP AND BOILER PLATES, ANGLES, BARS, AND RIVETS. 


(ALL STEEL BY SIEMENS PROCESS.) 


Admiralty, Lloyds’, Board of Trade, Bureau Veritas, Indian State Railway, and other 
Tests at Works, 8196 








J JOHN ROGERSON & CO., Ltd., 


STANNERS CLOSE’S STEEL WORKS, 
WOLSINGHAM, vA DARLINGTON. 
ESTABLISHED 1862. 

CONTRACTORS TO H.M. NAVAL & WAR DEPARTMENTS. 


ATTWOODS’ PATENT STEEL. 


MANUFACTURERS OF EVERY DESCRIPTION OF 


STEEL CASTINGS 
STEEL FORGINGS 


For Engineering, scat a tn 8 en Dredging, che ete 8159 

















—ESTABLISHED 1840.— 


JAMES MILLER & C00,, 


(om ADMIRALTY Laat.) 
204, Stobcress St., GLASGOW. 


Manufacturers of every desoriptien of 


2 IRON & STEEL RIVETS, 


Bolts, Nuts, Woodscrews, and 
Washera, wo. ae. 


Also Makers Zyeat Heciney the 
Manupucture of RIVETS, BOL fen 















iy 
Ni 





THE 


WEARDALE TRON & COAL Co, ta. 


COLLIERY OWNERS AND MAKERS OF ‘WEARDALE’ COKE, 


STEEL (SIEMENS) & IRON BOILER PLATES, 


Sheets, Hoops, Bars, Angles, Tees, Strips, &c., 


Of the Highest Quality, to Admiralty, Board of Trade, Lloyds’, and other Tests, 


LOCOMOTIVE FRAME PLATES. 





. se W. |. CO. BEST TUDHOE (CROWN) BRAND FoR STERL. 

TUDHO! = Seer Ww. 1. CO. BB TUDHOE BEST 

TUDHOE EST SORAP Wy. | OO: Sen. TUTOR BE WEARDALE STEEL 
WEARDALE. TUDHOE BBB. 














EePriGa IRON. 
“WEARDALE” (for Plough Shares é Ohilling Purposes). “‘TUDHOE” (Hematite). “BELMONT” (Cleveland) 


PRINCIPAL OFFICES 
TUDHOE IRONWORKS, SPENNYMOOR, DURHAM; & GEORGE YARD, UPPER THAMES ST., LONDON,E.C. 
LONDON WAREHOUSE 8512 


GEORGE YARD, UPPER THAMES STREET, E.O, 


J. S. CUMBERLAND, Agent. 

















—_—_ 





THOMAS FIRTH & SONS, Lid., 
SHEFFIELD, 


“STEEL CASTINGS 


SPECIAL STEEL FOR MINERS’ DRILLS. 


STEEL FORGINGS 


UP TO ANY SIZE. : 








LONDON OFFICEs— 


Mr. J. E. DARBISHIRE, 
110, CANNON STREET, E.0. 


8141 








siaeieianeienie 


scr class Medals—Paris, 1885 ; London, 1862. Gold Medals—Paris, 1878; Melbourne, 1881. 


SHELTON IRON, STEEL, & COALCO.,L"? 


STOKE-ON “TRENT, 





AND 


129, CANNON STREET, 
LONDON, E.C. 
7 






NCLES, TEES, BULBS CHANNELS. wn all 
it “SHAFTING 2 MERCHANT BAR® we" ver 
NPARS @ BILLETS. STEEL BLOOM® ° 
FORGE & FOUNDRY PIC sigs 8576 


onanvinen Ca 


cxmron 





BRANDS. 
Esta8n.] VOSS Ho TOMEY & SONS, [1835. 
EUREKA 


MANUFACTURERS OF THR 














These Glasses will stand a pueneune of S080, por sunane Sach, sn8 Go Beh nor become by 
to Her s Government. Lists axp TESTIMONIALS .B.—Makers solely to Messrs. Kerr and Jubb of the 
An Water Gauge Glasses. LONDON WAREHOUSE "AN! D ‘sHOWROOMS, 98, HATTON GARD. 8398 


THE MANOR GLASS WORKS, ASTON, BXEEDSINGELAM. 





Le ae ee 
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eo eal Dackingege ty Rp een Oe ee aes ene eae 
Highest Awards, Edinburgh, 1886; Newcastle, 1887 ; Saltaire, 


FRIOTIONLESS FMAINE PACKING. 


Genuine Frictionless Engine Packing will in future be known as 
ELECTRIO-FRICTIONLESS. 


It needs no oll or tallew. It will stand any pressure of 
Ite agen moe Steam or degree of heat. 
never cease, It never Melts or Burns. 
he Tt mover Chars, or becomes | m5 Buyer has the satiataction 
k= | It culteHot & Cold Water. | of using up all. 
Seg! Price 2s, por lb. Send for Cireulars & Testimonials, 


5] CAUTION.—Beware of Imitations. None Genuine without 
this Trade Mark on each Coil. 























Sole Proprietors and Manufacturers! 


| The Frictionless Engine Packing Co., 


CABLE MILLS, GLASSHOUSE STREET, 8527 


OLDHAM ROAD, MANOHESTER. 
SG] Recwraney Tavs Marx. ESTABLISHED 1881; 


EAOH COIL BEARS THIS TRADE MARE. 











BicGckHr PRESSuURZA BOILERS. 
Best and Cheapest Means of Preventing Unequal Expansion. 


a PATENT HYDROKINETER. 


; Ce Be ae 6. & J. WEIR, 


Holm Foundry, CATHCART. 
GLASGOW. 


MENZIES & BLAGBURN, Kine Srrusr, 
NEWCASTLE-ON-TYNB. WM. REID & 0O., 45, 
Fancuurcu Street, Lonpon, E.0. A. &R. 
BROWN, WarTsRL00 Roap, Liverroot. R. 
HUGHES & Co., Funton SrREsT, DITTO. 
W. S. VON ESSEN, ENGINEER, Hamsvre, 
AGENT FOR Seasuendvua © GEHAaT. 8146 











LOOKWOOD & OARLISLE’S IMPROVED Patent DOUBLE-AOTION METALLIO 


PISTON PACKING RINGS & SPRING 


The SPRING RINGS are SIMPLE and EFFICIENT, and are designed e0 as to have two distinct actions— 
one to press the Packing Rings outwards against the walls of the cylinder, and the other to press the 
Rings apart against the flat faces. Thus no inclined plane required in Rings. 


HIGHEST AWARD, INVENTIONS or 1885, GOLD MEDAL, LIVERPOOL, 1887, 








LOCKWOOD AND ait 


BAGLZI.A FOUNDRY, SHEE ELTEED. 2181 








Received PRIZE MEDAL at the Smoke Abatement Exhibition, South Kensington, London; 
International Inventions Exhibition, London; and Saltaire Exhibition. 


PEOCTORNnR’S 


Patent Mechanical Stoker i 


AMD SHLF-OCOLBANING FIRE BARS. 
The First and ONLY INVENTOR of the Radial Shovel with Tappet and Spring, and this invention 
stands alone as the only successful Shovel Stoker. 


Over 6000 Furnaces have been supplied 
with the Stoker. 


Over 300 Machines now working on the Continent 


PROCTOR v. BENNIS. 


Lord Justice Cotton says:—‘‘ Nothing 
of the kind has been done before.” 


Lord Justice Bowen says :—“ This is 
really a pioneer invention,” 

Lord Justice Fry says:—‘‘It repro- 
duces with great exactitude the action 
of the human arm in placing coal upon a 
fire, and I think therefore that we have 
a new combination for a new object, and 
the gist of that combination has been 
taken by the defendant (Bennis).” 


Upwards of 270 Testimonials respecting this ee been received. Copies of which will be or 
on ap} 


J. PROCTOR, PATENTEE AND MAKER, 
HAMMERTON STREET IRON WORKS, BURNLEY, LANCASHIRE, 











THE TRENT GAS EN GIN: E 


Is THE 
MOST PRACTICAL, RELIABLE, & DURABLE. 








POWER EVERY 
REVOLUTION, 


With a single cylinder 
and single crank. 


THE 


Trent Gas Engine Co., 


LIMITED, 8558 = . 








BROWN — oH Works 


SHARPEN LD. 


MANUFACTURERS OF 


STEEL TIRES, AXLES, & STEEL FORGINGS. 


RAILWAY SPRINGS OF ALL KINDS, 
SPECIAL GUARANTEED SPRING STEEL 


For Railway, Locomotive, Oarriage and Wagon, and also tor Road Van, Dray and Lurry, &c., Springs. 


STEEL PLATING BARS for SHOVEL MAKERS 
STEEL SHOVEL AND PLOUGH PLATES, AND STEEL SHEETS, 


PLANISHED STEEL BARS FOR SHAFTING, 
ROUNDS (UP TO 6 IN. DIAMETER) AND ROLLER BARS. 


20: 8296 
LONDON OFFICE: 1, QUEEN VICTORIA STREET, E.C. 














For BLOWING 
“EXHAUSTING 
NOVE NTILATING 


’ fy 6 PRIZE MEDALS 
LLOYD: DAVIS 
% 64 SUMNER S! 


. SOUTHWARK 
Exhaust iXeh)) pe 











REGISTERED TITLE- 
at naan tice PATENT iA eee PISTON RINGS 





These ceiiaiialla are made special to steady the piston block, and keep in 
WILLIAM LOCKWOOD & CO., Engineers, 
OCEAN WORKS, SHEFFIELD, ENGLAND. 


All Ringe are flangeless, therefore give a perfect circle when open, causing free action and ect elastic! 
Nothing can get out of order, ot, Sod cao coully ae sor al presures and a da sizes. ad 
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ZR ROVED 


Steam & Water Valves, |. 


FITTED WITH SEATINGS OF 
Ruoves’ Parent AspesTos COMPOUND. 


ARN 


SINS 
Y tdehroa tds 
q aS 


fhe} eta ect! ane under 1 great pressure. The 
Paton’ pm he renewed at will, without remov- 
tng he body of the valve or breaking the pipe roma 
le the price ie only that of on eotinaty gee 
valve, they will last very much longer. 


B. RHODES, 


BOW BRASS WORKS, LONDON, E. 








The Grantham Crank&Iron Co, La. 


GRANTHAM. 


Speeial Terms te Shippers and the 





Makers of Vertical Steam lions and 
Boiiers (combined or separate) of the 
most improved construction. 82054 


BodleyBros.& Co. 


ENGINEERS, 





\ 
~ 
\ 
‘ 
a 


—_ 


st 






Wy 


f>  MILLWRIGHTS, BOILER 
ime MAKERS, AND IRON AND 
me —-BRASS._ FOUNDERS. 


SS 





’ Sour, Bevel, Mitre, 
MORTICE & WORM 


; WHEELS 


MACHINE MOULDED. 


>> 





TRLEGRAPHIC ADDRESS ‘— 
“BODLEY, EXETER.” 


8500 
Old Quay Foundry, EXETER, 


SS 











India-~Rubber, Gutta-Percha, & Telegra 
WORKS : SILVERTOWN, ESSEX.) aimrreD. 


7,00 tho Tesus Comnintenens of 
a 


VOUIMANISED IND! 
Pap men pry wy Bh yy RA 
VULOANISED INDIA-B) 


yb Hota tor aor tne Ren Seorow Moun ‘with Bytal Wire for Pumps 


ph Works Co. 
"THANDFAGTURERS OF 


the 4 tr ac nnd oat "to resist the 
ves Wheel 
Springs ; 


Hosz tor 





ee 


with Solid Core; Wasmuns, Rings, &s., of 


Guvenrows Luzzicarive Sruau-Pacunwe. (Lubricated Cotton with India-Rubber Core. 
Ne WULOASIEND INDIA-RUBBER MACHINE BELTI¥G 


desriyton ; Water 
Bottles, be RBONITE fost 


CABLES.—India-rubber or 
Gignal Instruments, Railway Block Signals; Lary 


all 
Sole Manufacturers of the PATENT ‘CHE 
Works in France; Persan Beaumont. 


we. ct afoid ey ihe Bheeti 

att eee Ben le ee 
Frac bev Reiter Gals Shot 

Co eaten Bal 





SEE ALSO ADVERTISEMENT PAGE 36, LAST WEEK. 











Important to Steam Users. 


THIS WELL-KNOWN 
BOILER FLUID 


Prevents & Removes Incrustation. 

PREVENTS CORROSION, 

a8 no injurious action on Metal. 

Is suited to all kinds of Water. 

Is recommended by Steam Users 
at Home and Abroad. 


Teh 


Disincrustant Marseillais C6, 
59, Grafton St., Oxford Rd., MANCHESTER, » 


‘Telegrams: — ‘* Discrust, ’Mancuusran,” 





==] 











JOHNSON & PHILLIPS, 
Engineers and Electricians. 


THE BROCKIE-PELL ARC LAMP. 


8398 
14, Union Court, London, E.C, 
Works: Chariton, Kent. 








HAYWARD TYLER & CO., 


84, WHITECROSS STREET, LONDON. 












Smear 


es ae ee ee eee 
ne a a aw 


PORTABLE BOILER CLEANSER. 


This Pump has found much favour with Agri- 
cultural Engineers for washing out Boilers. 


No. 0357. 


PORTABLE PROVING PUMP, 
In Portable Iron Pail, Discharge 
Cock and Union attached, with 
Gauge for testing to 200 Ib. sq. inch, 

8346 








“Clyde” Duplex 
STEAM PUMPS 











For 180 lbs, Steam Pressure. 


PRICES & FULL PARTICULARS ON APPLICATION 


LOUDON BROTHERS, 


46-50, WATERLOO STREET, 


GaLASGow , 


AND 8048 
CLYDE TOOL WORKS, JOHNSTONE. 


A.M. PERKINS & SON, Ltd. 


Patentees and Manufacturers, 


43, REGENT SQUARE, W.C. 


Ad 


PATENT High-pressure Engines 


Tak Marine and Sta- 
dinary Compound 
nsion, Consump- 













Ly 





and idee etre 


PATENT Arktos Apparatus ; 


Cold to any degree without aid of 
Machinery or skilled labour. Pro- 

vision Storage, Shipping, Water 
and Air Cooling ; ; Block Ice, &e. 


The whole of the above-named Patented Appliances 

may be seen in operation. 

Messrs. A. M. PERKINS & SON)-Ltd., 
Furnish Every Description of Ap. 
pliance in connexion with the use 
of Steam at excessive pressures. 
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“ Helvetia” Leather Belting & Laces. 
LEATHER FIRE HOSE. 

Pump and Hydraulic Leathers, &c. 

HIGHEST AWARD INVENTIONS EXHIBITION, 1885. 


CONTRACTORS TO HER MAJESTY’S GOVERNMENT. 


DICK'S ASBESTOS Co. 


2& 4, Trinity St., Canning Town, 


LONDON, H. 


A ASBESTOS Packings. 
po) ASBESTOS Millboard, 
ag ASBESTOS Sheeting, 


ASBESTOS Boiler 
es Coating ‘ 8252 
e® LARCEST STOCK IN LONDON. 














Good Agents wanted where not already represented. 
WEDAL AWARD, pap —" 1885. 
i] 





AW ARDED. 





THREH MEDALS 


a 
PATENT METALLIO PAOKING, 


JAMIS MUNRHRAY, 
8. Brown Street, GLASGOW. _ 8276 


Warrington Wire Rope Works, Li. 
War Office, Alagalip, ood, Furign Governments, 
Head Office: 18, Gorue P1azzas, LIVERPOOL. 
Telegraph Address, ‘‘ Wirop, LIVERPOOL.” 





Manufacturers of Round and Flat Wire Ropes of all 

kinds, for Collieries, se Railways, Fer yor 

Steam Ploughs, &c., &c.; Guide Rods, 8 al and 

Fencing Strands, Lightning a and 
Picture Cords, &., &c. 


Galvanised Wire Ropes for Ships’ Rigging, 


Flexible Steel Wire Hawsers, Towlines, 
and Running Gear. 


GREAVES'S BLUE LIAS LIME 


And PORTLAND OEMENT. 


GREAVES, BULL & LAKIN 


— the above “4c Tope at Lias bearo | to 
of i" oti d to 
ral te oe om and boat direct 


Stockton, Wilmoote, aa Harbury Works, 
Chief Offices: WARWICK. 





Galvanised 
wl bay 








es SOUTH WHARF, PADDINGTON. W. Ti 
LUnD’S Patent 

PULSATING 
vento PUMP 





HULME & LUND, W MANCH ESTER. 


Telegrams—‘‘ PutsaTinG, MANCHESTER.’ 8559 









Sydney Smith & Sons, j 

BASFORD BRASS WKS., {J 
PORT STARBOARD _ NOTTINGHAM. 
30, Walbrook, 
bi vest Howard Street: 


D Sunderland 
: West Sunniside; 





SMITH’S PATENT 


WHISTLES 


Only Steam Whistle Awarded : 

Prize Medal :— INVENTIONS 

EXHIBITION, London, 1885 ; 

. LIVERPOOL EXHIBITION, 

1886; NEWCASTLE EXHI- 
BITION, 1887. 

Sound 








| and of pre’ 
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{EMERY & EMERY CLOTH} "=== 
109, Wzsron Sr. 
SILVER MEDALS INTERNATIONAL HEALTH (i884) AND 
INVENTIONS (1885) EXHIBITIONS. 
KEENAN’S  s80STEREp, ulcer Sone sna Sov 
Ss pers, Pipes, &o. 

2 beat and condensation ef tenn 
PATENT Sie eect 


je aye Weather, and is 
e only affective non-conduc- 
tor. It adheres to vessels of 


and in every posi- 
out external 


NON-CONDUCTING 


Vegetable Pulp, 


MATTHEW KEENAN, Solo Manufacturer, 
ARMACH WORKS, TREDECAR ROAD, NORTH BOW, LONDON, E. sess 


BINNEY & SON, coven 


COMPANY 
MANUFACTURERS OF 


LEATHER MACHINE BELTS, &c. 


Patent Self-Lubricative Steam Packings, 
ASBESTOS Goons. 


Engineers’ Stores & General Mill Furnishers. 


= eZ CATHERINE STREET, CITY ROAD, LONDON, E.C. 


City Office—62, p Alawar Victoria Street, E.c. 
= Brancu Dzerors—GLASGOW, 50, West Howard Street; BIRMINGHAM, 
290, Broad Street; LEEDS, 26, Trinity Street, Boar Lane. 8361 


every shai 
tion, wi 








LUBRI- 
CATIVE 


BLUE THREAD. 








TRADE MARK. 








JOHN OAKEY & SONS, 


GENUINE EMERY, EMERY WHEELS 
EMERY CLOTH, __ forall Puro. 
Wollngtn Mil, GLASS PAPER, ™ 
.82 BLACK LEAD, &c. 


LONDON, 8.2. 
Contractors to Her Majesty's War Department, 


|HOT WATER BOILERS, 


PIPES AND CONNECTIONS. 
IRON PIPES, 


















Hot Air Apparatus 


—— ERECTED COMPLETE. —— i204 


Catalogue Gratis. Illustrated Price Book, 15th Edition, Price 1s, 








Two Gold Medals, London International Health Exhibition, 1884, 


FRESH WATER FROM SEA WATER. 


For Shin. Yachts, To eee oe and Land Stations, 
Sizes 100 to 15,000 ons (68, litres) per day. 
Normandy’s Improved Patent Condensers, guaranteed to yield, per 7 ton of coal, 28 
tons, or 6100 gallons, of Fresh Water, which as it flows from the a tus, is clear, cold, 
ht-looking , agreeable, and equal in taste and ap to the best river water. 
neem ry Improved Patent Condensers for Steamers will ba water of above 
quality when worked with the Greasy Steam from the Main Boilers, and at same time also 
copy Fresh Water for feeding these ee to replace that distilled and otherwise lost, 
thus avoiding the rar. napiny shor a ue to the accumulation of Soa/e in the Boilers, 
ly for 
The wei ve of Fresh Water produced is eit: er equal to, or 76, or 126, or 166 per cent. more 
than the wm § Boiler 8team consumed oy above a a depending on kind of 
a marr slot Over 180 of Normandy’s have been supplied to Her 
ele che , and over Callan, Je to the German, Russian, at The aya press a 


ee eee 
Packet Company, the Alta yal Mail aa Bcamen, oo 


Steamers, the Cunard Royal 
many others for ships, and on land in various parts of the world, i 6808 





NORMANDY & Co., Custom House Station, Victoria Dks., London, E, 





A 





And at Liverpool, 185, Gt. Mersey Street, 
See Eaperiments, “ Engineering,” @hth May, 1889 
page 599, and 14th June, 1889, page 664. 8599 


GOLD MEDAL, Inventions Exhibition, 1885, 


W. F. STANLEY 
MATHEMATICAL INSTRUMENT 


MANUFACTURER 
To H.M.’s Government, Council of India, Science and 
Art Department, Admiralty, &c. 





Mathematical, Drawing, and Surveving Instruments 
of every description, of the highest quality and finish, 
at the are moderate prices. 8272 

Price List post free. Engine Divider to the Trade. 


Address : GREAT TURNSTILE, HOLBORN, LONDON, W.0. 


THE PATENT ANHYDROUS LEATHER CO. 


FORTSMOUT SS, Contract 
ot A  - a Wi 
Leather Belting, Hose, ener a Pay aie 











Short Out Oak- Tanned St Strap Butts and Strap- 


rt, sewn either with Thread, 
ted and Rivetted only. 
Corton, Fuax, RvsBER, AND Hunveria Baiting, GReen 
LEATHER, &e. Main Dri 
-“ ° transmit any required H 
B.—All ‘‘ Waterproof” Goods are Stamped with 
Trade Marks, without which none are 
Established 1860. 8502 


ping tor Home and 
| or Wire, or 





POOLEYS 


PATENT 


WEIGHING MACHINES 


AWARDED FIRST PRIZE MEDALS 


ba) ad 


> 
N 
» I 


~-~+------ 
22B2eoseee 
NNNANNOOAG 
QUWUn-oonn=— 





Se eeoeoe 
Sa Sooeun 
NOuraNn—oe 


WHEREVER EXHIBITED 


HENRY POOLEY & SON 
LIVERPOOL 


LONDON 
BRANCHES AT 7886 
MANCHESTER NEWPORT MON. 
NEWCASTLE onTYNE DERBY 
GLASGOW BIRMINGHAM 


je 


PATENT WATER 
HEARTH 


FOR BOILERS. 
Saves 30 to 50 per cent. of Fuel. 


PARTICULARS ON APPLICATION TO 98123 


GEO. GREEN, Engineer, Aberystwyth, $. W. 
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IN THE MARKET FOR 


CYLINDERS, 
PISTON RODS, 
HEAVY 
BEARINGS, 


and 
MACHINERY 










PARTICULARS FROM 


JAMES WALKER & CO,, 
4, AMERICA 8Q., MINORIES, LONDON, £.0. 















70 BRASSFOUNDERS AND OTHERS, 


STIFF & SONS, 


LAMBETH. 
LONDON, 


MANUFACTURERS OF 
BEST QUALITY 


PLUMBAGO CRUCIBLES 


POROUS CELLS, BATTERY JARS, 
INSULATORS, CHEMICAL APPARATUS, 
and GENERAL and SANITARY 6422 

STONEWARE and TERRA-COTTA. 








PREVENTS INCRUSTATION ano]| 
INTERNAL CORROSION, 











MOSELEY’S PATENT 


Si fa a ia a Valve 


OLHANS ITS OWN SEAT!!! 


AD 
NO 





SOLE MAKERS AND LICENSEES, 


ALLEN HARRISON, & CO., 


DGE STREET fvorKs, 
MAM OHS TEE. 


UWnequalled for Simplicity, Durability, and Efficiency, 


DESCRIPTION : yao ait te Sened pee, anh feta Ge 
seat of the valve. ae, rane 


, after being accurately 
ag oy fe ge ag he shell and fitted to its 


wedge or PA dy; 





easily opened or shut. 
For STEAM or HYDRAULIC CRANES it is unrivalled when 
worked by a lever. 7874 


THE “GRIFFIN” PATENT HIGH SPEED GAS ENGINE. 
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8ole Makers 


ae Mar Dick, KERE & CO., 


404, Leadenhall Street, LONDON, and 98, Mite London Show Room: 76, Queen Victoria Street, E.C, 
Works : Britannia Engineering Works, Kilmarnock, N.B. 


Also Sole Makersof KERR’S PATENT PORTABLE RAILWAY & ROLLING STOCK. 


SEE FORTNIGHTLY ADVERTISEMENT IN THIS PAPER. 8434 


UNIVERSAL SELF “ADJUSTING STUFFING BOX 


AND METALLIC PACKING. 


( MACBETH’S PATENT. ) 

















Perfectly steam tight. Gives to S movements of 


a round rod and keepsit piston ro 

Does not get out of order. 
Hasn ti) aaa orcomplication. | Will stand any pressure. 
Adjusted from the outside. Reduces friction ; saves coal. 
Traps both steam and air. Oan be fitted to any engine. 





1 STEAM USERS & ENGINEERS SUPPLIED. 
FOR ALL PARTICULARS APPLY TO THE MAKERS— 


JOHN & EDW” WOOD, 
ouomeersent } BOLTON. «= 














MAN CHE STER. 


WOVE WIRE: 
MINES. 


ILLUSTRATED PRICE LIST ON APPLICATION. 8101 


ALEX. NICHOLSON & CO.), crown Point Bouer works, Glasgow. 


EsTABLIsHED 1859. 
Telegram Address: ‘‘ NICHOLSON, GLASGOW. 
Makers of the Highest Class of 


Land, Marine, and Multitubular 
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¢+ With Rivet Holes Drilled in 
position, and Rivetting done 
by 
SPECIAL HYDRAULIC 
MACHINERY. sx 
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SAMUEL OSBORN & CO., 


SOLH MAKHRS OF 


HE. MUSHE T'S 


SPEGIAL (SELF-HARDENING) STEEL 


Brought out 20 years ago, and still maintains its superiority over all imitations. It is the 

BEST STEEL yet produced for Lathe, Planing, Boring, and Slotting Tools, Milling and Nail 

Cutters, Countersink and Twist Drills, Machine Taps and Dies, and Hot Punches. No 

twisting in hardening; no watercracking; easy to forge, file, or tool; and machines may (and 

should) be driven at speeds and feeds far in excess ef any that can be used with any other Steel. 

Crucible and Siemens’ Steel Castings from a few ounces to 16 tons each; Best Tool Steel, 
Files, Saws, Hammers, &c., &c. 


CLYDE STEEL & IRON es SHEFFIELD. 
























HYDRAULIC ? 
Rivetting Machinery. 
















“TRANSMITTE R” 


IS FAR SUPERIOR TO 


fast d Loose Pulleys 


B ERICTION 
~ CLUTCHES. 























GRICE. GRICE -B4SON, 


MANUFACTURERS OF 
SEAMLESS -BRASS-LOGO 
SME & : Opie ieee 1 aa 


CARTRIDGE 
BLA NKY SU & 











Friction Couplings and Friction Pulleys 
AKG TO TRANSMIT UP TO 1000 HP. 


CHEAPEST and BEST in the 
Market. 


3200,000 HP. IN USE. 


eet CATALOGUE containing Simple Rules for Transmission of Power 
by Ropes, Belts, Shafts, and Wheel Gearing, POST FREE. 


J. BAGSHAW & SONS, 





JOSEPH BLACKBURN 


y Manufacturer and Erector of 
Improved 





Lightning: 
Conductors 


39, Arkwright St., 
Gresham Works, 
NOTTINGHAM. 


Branch Works: 


SHIMNEL COLUMNS 


OOLLIERY. SIGNALS 


eee 











TuLEeRaMa— 
‘* Blackburn, iettinghess” 


Wrought-Iron TUBES and FIRING 


Gas ‘Water, 

and Steam. 
HYDRAULIC 

A TUBES. 

Z, PERKINS’ 

TUBES. 


A wot- water Heating, 
(COE of all kinds” 








JOHN SPENCER, WEDNESBURY 


Lorpow Orvics asp WarkEHOUsE— 8570 
14, GREAT 8ST. THOMAS APOSTLE, E.C. 


RICHARD'’S PATENT 


STEAM ENGINE INDICATOR. 


HANNAN & BUCHANAN, 


75, ROBERTSON STREET, 
GLASGOW, 
ALSO MAKERS OF 


Bourdon’s Patent = Fume 
Vacuum and 











Otis and Builders’ 


i inch LEVEL, as per Itlustration, complete 
y Case and Stand, — £4 14s, 

y W. ry E. ARCHBUTT, 201, Westminster Bridge 

Road, Lambeth, near Astley’s Theatre. 








Batley, Worlkshire. ca? Batalo 


D 








ee ea a 
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Engineers and Machinists, 


30, 32, & 34, Rotherhithe St., 






suit the various Markets. Prices and any 


The Platform Engineering Works, 


(Facute THR River, NEAR CHERRY GARDEN Pier.) 








NadenG LEAD |RRIVARIIA 


FOR ROOFS, SKYLIGHTS, AND HORTICULTURAL WORK. NO SPECIAL CONTRACT REQUIRED. 
NWO ZINC, IRON, OR PUTTY USED. 

Any Quantity Supplied. | Over 600,000 superficial feet in use on 1,600 Structures. 

WRITE FOR ILLUSTRATIONS, TESTIMONIALS, AND FULL PARTICULARS (SENT POST FREE). 8079 


GHROoOvVEE & OO., 1i., Engineers, &., Britannia Works, Wharf Rd., City Rd, OW DON, NW. 
































IMPROVED HAND-WORKING TAPS 


JOHN H. WIDDOWSON 


(16 years Manager at Sir Joseph 
Whitworth's & Co.) 


eae eee tee aren 
> *ptandar a Throne and ‘ Bizes. : 
Britannia Works, Ordsall Lane, Salford 


MANCHESTER: 8561 
Paice Lisrs Fase on Apriicarion. 











SMirtLi’s 


PATENT EVAPORATORS, 


For producing Fresh Water for Marine Boilers, 
FITTED WITH _AUTOMATIO WATER FEED. 


FRESH- WATER ( CONDEN SERS 
FEED-WATER HEATERS, 


For Land and Marine Boilers, 
Sanetioned and Approved by Board of Trade. 


PATENTEES AND MANUFACTURER, 7674 


SAML. SMILLIE, 71, Lancefleld St., GLASGOW 








Marine Engineers i interested in Fuel | Eeonomy 
PATENT SELF-CLEANING FURNACES. 


USED IN THE FOLLOWING STEAMSHIPS ; 


Cato, Gozo, Sappho, Electro, Angelo, El Dorado, Orlando, Buffalo, 
Torpedo, Rollo, Santiago, Lepanto, Martello, Apollo, Colorado, 
Hindoo, Calypso, Argo, Pacific, Humber, ent, Beneficent, 
Virent, Rident, Salient, Diligent, James Westoll, John Adamson, 
pe b.. Ferguson, James Cameron, J. M. Smith, City of Chester, 

ka, Lara, Haverstoe, Black P-ince, 
itishlena Prince, Crown Prince, Soldier Prince, Industry, Hun- 
Sapien, SOE Port Pirie, Port Denison, Port Caroline, Colehoster, &e. 

ited Circulars on application. 8 


T. HENDERSON, 40, Oastle Street, LIVERPOOL. 


R. WAYGOOD & CO. 


MANUFACTURERS OF 


RICE MACHINERY, 


SUGAR MIiILLs, 
COFFEE MACHINERY, 


HYDRAULIC PRESSES, 


OIL MACHINERY. 
LIFTS & CRANES 


For Hand, Steam, and Hydraulic Power. 


g, 
- 
i 








APPLY FOR ESTIMATES & CATALOGUES. 





Falmouth Road, London, $.E. 


ROBEY &CO. wits; LINCOLN. 


5 WORKS, 
THE IMPROVED “ROBEY ” COMPOUND SEMI-FIXED ENCINE. 


These ‘‘ROBEY” COMPOUND ENGINES work with a consumption of less than 2 lb. of Welsh _— 
- per HP. per hour when developing 2} times their nominal power. =a 


N.B.—HIGHEST AWARDS at all Recent EXHIBITIONS. 
ENGINES of all SIZES in STOCK or in PROGRESS. 











N.B.—Messrs. ROBEY & CO.’S Engines can be fitted, when enews with the RICHARDSON-NEVILE PATENT 
ee which Is the only perfect method of maintaining, elther constant current or constant E. M. F. 


BRESLAU BRANCH :—11, KAISER-WILHELM-STRASSE. 


ECTRICAL ates: a 











HIGH-CLASS MODERN MACHINE TOOLS 


— OF ALL DESCRIPTIONS AT (- = 5 MODERATE PRICES. — 
Wheel Cutting Machine, to cut Wheels up to 18”x 3”. 






Lathes, Bolt Forging, 
Drilling, Screwing, 
Shaping, Wheel Cutting 
Planing, Punching 
Slotting, AND 
Boring, Shearing 
AND . 
Milling nes. 
Machines. Tool Holders 
Wood-Working and Screwing 
Machines. Tackle. 
TrANGYTHS’ MACHINE TOOL CO. LIMITED, 


FORD WORKS, BIRMINGHA 


ox M. 7797 
LONDON! 385, Quen VicroRIA STREET. NEWCASTLE: 82. NicHoLas Burpines. MANCHESTER; Dzansearse GLASGOW: ARGYL =‘ TREET. 
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®, Dredgers & Excavators 


(SINGLE OR DOUBLE CHAIN SYSTEM). 


THE KINGSTON PATENT 


Has numerous advantages over other Bucket ye and is 
the Best and Baers Machine in the Market. 
UPPLIED TO VARIOUS 


, Governments, Harbour Boards, Corporations, 
: Companies, Contractors, &e., &e. 


ROSE, DOWNS, & THOMPSON, 


UNDRY, HUL1I. 


AND tbo CORTLANDT ST., NEW YORK. 
ESTABLISHED 1777. 
THREE GOLD MEDALS Awarded their IR aml 


DAVIS & PHRIMHOSE, 
ETNA IRONWORKS, BANGOR ROAD, LEITH, N.B. 


Improved Machines 
for SHIPS FRAMES. 


IMPROVED DOUBLE-ACTING STEAM HAMMERS. 


PUNCHING & SHEARING MACHINES, SHIPBUILDERS’ & BOILER MAKERS’ MACHINE TOOLS, &c. ™® 


A.EDMESTON a sons CANNON STREET IRONWORKS, 


SALFORD. 
PATENT FRICTION CLUTCH 






























































THE CHEAPEST 


AND 


BEST IN THE MARKET, 


SEND FOR PRICE LIST 
AND DESORIPTION. 


Engineers to Bleachers, 
Calico Printers, Dyers, 
Finishers, &c. 





8180 


Coal 


WIRES 


secre 
Kepe (ABLES 


Ugh NALTERT. Clover. DE aRIP 


WP +Saitord.’ Manchester. <a 











De Dermat 3 Patent peoenaces 
RAII. 1LI5E"“Trsr. 

For Particulars and Price apply to 8232 
DEi BERGUS as CO., 


Strangeways Ironworks, MANCHESTER, 


Patent AIR COMPRESSORS 


To Work to Any Pressure, 


Vacuum Pulp, unt — 








Always in Stock and Progress. 


GEORGE SCOTT & SON, 


44, CHRISTIAN STREET, LONDON. sezo 











Extensive Stocks 

















bed Z Of Heavy Sized 

Every description A Plain & Chequered 

and Section of A Plates. 
Malleable Iron, Z Boller and Tank 

aie 7 - reoraage 

uding Large ae Quotations and 

Round, Square, Z Z Sections on appli- 
Heavy Sections of DA, O Shipment Orders 
Angles, &., &. 2 A OoaanaromDEHc 


Great Variety | 2%, 
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AIR PROPELLERS, for'' 
Rei}) Ventilating, Cooling & Drying 


y The shape of ite Blades enables 

fy the Blackman, at a moderate 

/ Kea | speed, to do work which, if 

Wey] done by any other appliance 

7h\, would have to be done by dint 

ihig Of greater Speed, Power, and 
" Cost of wip 8 










The > SEACRMAN VENTILATIN 
68, FORE 8T., LONDON, E.C., & ae 





IRON WORKING 
geome 





ORAIG & DONALD 


TOOL MAKERS, 
JOHNSTONE,near GLASGOW, 


Shipyards, Binder ‘and Boiler 
Works, also for Rolling Mills, 


TheBoilerInsurance& Steam PowerCo.,Ld. 
Established 1859. Capital £250,000, 
Huap Orrices: 67, King Street, Manchester. 


Branon Orricons: 189, ‘Cannon Street, London, E.0. 
and 2, Weat ccs Street, reet, Glasgow. 














CHARLES J. GALLOWAY, Eeq., M. Inst. 0.E. 
Manchester, Chairman 

JAMES SCARLETT Faq. +» Manchester. 

Bir JOSEPH ©. LEE, Manchester. 

EDWARD PARTINGTON, Eaq., Glossop. 

J. A. ARMITAGE, Eeq., Huddersfield. 
Chief Engineer : J. F. L. OROSLAND, M. Inst. M.E. 
Assistant Engineer : 0. BULLOCK, Assoc, M. Inst. C.E. 

eoretary : E. HADFIELD. 


BOILERS.—incurance against damage resulting 
from Explosion of Boilers or Collapse of Flues, 
covering ry only the boilers but also surroundin ng 

of whatever description, and person 
injuries, 


ENGINES.—1 on and Insurance against 
damage from breakdown. 

EMPLOYERS’ LIABILITY.—tnsurance ot 
Workpeople, covering all risks for which the Em- 
noe, _ under the “ Employers’ Liability 


ENERAL ACCIDENT INSURANCE. 
—Msderate Terms. 
Applications for Agencies invited. 8189 








PICKERINGS LIMITED 


SPECIA 


HOISTING MACHINERY. 


Pat enc SelFy 
tain ine 


| | HOISTS 


ENcINE Power 


HYDRAULIC 


CRANES 
FRICTION NE 
HOISTS APPLIAN ES 


GLOBE WORKS STOCKTON onTEES. 


SPECIAL 









THE HANOOOK 


bass i? f a" 
ey ae 

<7 irs 

Paris, 1879. 


ined sor1000 IN USE. 
The only Com Eos, "pe Eadeohas, foe Footing oll Oltesees of 





—j— 


wo fers 


No Adjustment. 
i 

Draws Water at 140°, 4 

3 All Sizes Litt Water 25 ft, 

Delivers to Boiler up to 212° ne 

ESTIMATES FOR FIXING fae 


7 Fa 























=—— 


Oan be used as a Pump only. 


Cette 


No Valves or Wearing Parts. 
ee Seer 
Oan be examined instantly. 


Feeds through Heaters. 








ri COMPLETE withGearaateo] HH : HANCOCK INSPIRATOR C0. sas 
LOCO. PATTERN, Ser iain ce app| COB | epee SWAN WHARF, «STATIONARY 
paved cation to— warme = LONDON, E.c, PATTERN. 

















Sehiele’s Patent 
Compound Exhaust 
and Blowing Fans 

for all purposes. 

Ship Ventilators. 
Fans for Forced 

Draught. 

Sehiele’s Patent 
Colliery Ventilating 
Fans up to 350,000 
eubie feet of air per 

minute. 











SR en ee 
"PATENT eerie 








UNION ENGINEERING CO, 


(Cc. SCHIELE & CO.,), 
2, Booth Street, Mancheste:2. 


SCHIELE’S PATENT BLOWING AND EXHAUSTING 























TELEGRAPHIC ADDRESS : 





COLLIERY VENTILATOR. 





Sehiele’s Patent 
*Exeelsior ’ Noiseless 
Blowing Fans for 
Smiths’ Fires and 
Cupolas. 

Give better results 
than any other Fan 
in the Market. 


Special Fans for 
Buildings, Chemical 
Works, Milling 
Machinery. 











“SOHIELE,” MANCHESTER. 


FANS. 


Ship Ventilators. Air Propellers. Fans 
for Forced Draught. 


7962 





Write for Catalogue Ne. 1. 















































We 


FRANCIS BERRY & SONS, 


SOWERBY BRIDGE, ENGLAND, 


Makers of Improved Lathes; 8 
Punching, enaion, le Iron, : Oatteg 





, Shaping, Drilling and 


Screwing 
Machines; Scrap and Rail Shearin 
Vertical Plate Bending Rolls, Angle and Tee Iron Bending M 
Cutting Hot and Cold Ton, Rivetting Machines, Steam "Hammers, Hydraulic Presses, &o, 


OONTRAOTORS TO THE BRITISH AND FOREIGN GOVERNMENTS. Established 1832, 





Machines; Portable Universal Radial Drill. 
Machines, Rail Straigh 
es, Plate Edge Planing 


7617 


WALL RADIAL DRILL. 


tening and Ben 
ain, Saws tat 
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SHIPYARD, WYVENHOE, ESSEX, AND NORWAY YARD, LIMEHOUSE, LONDON. PARIS EXHIBITION, 
Ship, Yacht, and Boat Builders in Wood, Iron, or Steel. 1s3s39. 
: Lubricating Oils 
S 
=| COLD MEDAL 
N 





Contractors to the Admiralty, War Department, Indian Government, Crown Agents for the Colonies, Foreign Shaiiabsitiee ce, 


YACHTS & LAUNCHES BUILT in WOOD, COMPOSITE or STEEL, STERN WHEEL STEAMERS & BARGES in SECTIONS or PIECES. 
GENERAL REPAIRS OF ALL GLASSES PROMPTLY EXECUTED. LAUNCHES AND ALL KINDS OF BOATS ALWAYS ON STOCK.  °%22 


D. M. CUMMING, 








Yachts, Launches, Tugs, 
Lighters, Barges, 
and Light Draught Paddle 





§ hipbuilder, . and Stern Wheel Vessels 
of all descriptions, Built in 
BLACKHILL DOCK, = Iron or Steel, 
PARKHEAD, a =~ complete, or Shipped for 
GLASGOW. ESTABLISHED OVER <3O YEARS. sise. -—«s tansmission abroad. 








&£AD AND nan vOINT 


t= os = — 







TURNED & BORED 7 


ew awe & Ga: Clann. 











” Laman  — 
BOILERS - BOILERS 


OF EVERY SIZE ana WORKING 


Drilled in Position. PRESSURE TO ORDER, 
MADE BY 


ABBOTT & CO., ‘NEWARK- -ON- TRENT. 


HOWELL & & CO, stenasresvens SHEFFIELD, 


Blister, Shear, Spring 
and Oast Steel. 


HOWELL'’S PATENT HOMOGENEOUS 13 METAL . AND CAST STEEL TUBES. 


SDECIAIITY |. IRON AND STEEL = 


COPPER-COATED TUBES. 




















AWARDED TO 


PRICE'S PATENT 
CANDLE COMPANY L 


Oil Refiners, 


AND MANUFACTURERS OF 


Lubricating Oils 


For Land and Marine Engines, 
Cylinders and Valves. 


For Textile Machinery of every 
description. 


For Collieries, !ron Works, 
Mines, and Quarries. 


For Saw Mills, Flour Mills, and 
Agricultural Machinery. 


For High-Speed Engines and 
Dynamos. 


For Engineers’ and Machinists’ 
Tools and Shafting. 


For GAS ENGINES. 





Sotz PROPRIETORS AND MANUFACTURERS OF 


VEITCH WILSON’S 


LUBRICANTS. 


Deseriptive Catalogue (Illustrated) ; 

Paper upon Lubrication by Mr. J. 

Veitch Wilson; Price Cards & Samples 
may be obtained from 


PRICE'S PATENT 
CANDLE COMPANY, Lé 


Belmont Works, Battersea, 


LONDON, 


Guardian Building, Cross St., Manchester. 
48, New Quay, Liverpool. 7s 
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1 W™“&JXOYATES, 


ENGINEERS, MILLWRIGHTS, & BOILER MAKERS, 


om vrovonts sone worss, BLACKBURN, Lancashire. 


ESTABLISHED 1826. 


BO f LE RS Of all types, including our IMPROVED THREE-FLUED BOILER, constructed after the best 
modern practice, for Working Pressures up to 200 lbs. per square inch. 


STEAM ENGINES “°c “wn IMPROVED AUTOMATIC VALVE GEAR, —tho lator 


attachable to existing engines. 








C4 





ti | 
“a 


=e, 


ee Af atin f ak ba 
TWIN ENGINE FOR DIRECT DRIVING. 


GEARING: ROPE, BELT, AND TOOTH, OF ANY MAGNITUDE. 


WEREELS SPECIALITY : 
Of all kinds, moulded by IMPROVED MACHINERY. DOUBLE HELICAL-TOOTHED WHEELS. 








STEAM FIRE _ PUMES, HYDRAULIC Po le RY, Rivetted Girders, Tanks, Kiers, Pipes, &c. 


COTTON, CORN, & PAPER MILL, COLLIERY, & WATERWORKS ENGINEERS. 








ESTIMATES ON APPLICATION. 
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“BAILLIES PATENT CAMBERED CORRUGATED FLOORING FOR BRIDGES anp WESTWOOD &BAILLIES CORRUGATED FLOORING (wot Iron or Slechiar Briiuee and’ warehouses ine Decking 
of Piers LandingStages & Pontoons and the Coveri and Wetercoorses sively Used pwracdhy ap dn he nei sR ConPIoneS ofthe ED KiNcDOMe 
WESTWOOD BAILLIE & C? ENGINEERS & CONTRACTORS FOR BRIDGES ROOFS & CONSTRUCTIONAL IRONWORK OF EVERY DESCRIPTION 

ONDON YARD, POPLAR. LONDON. E. 











































































im (= feown~ = + — a- ~~ ~~ ~~ ~~ + ~~ «2 Oe oieatiatiettestiatietiettealtaieetiedecaticatieiond-ericteis. | " 
WEICHT PER FOOT SUPER Ron SS <7) oe Sar amie GL em Bim = mm =~ = FG ee she n= OY OE wera ren 
FOR NETT AREA COVERED wo) = , = ‘ 5 «ONG vrseren ra. * 
he 9 ~ ; ES _— CLEVATION OF PATENT CEMBERED CORRUGATED FLOORING - Siew «ses 
ee . 4 iE UGATED FLOORING F 
ng an Fas Ss Frets sechion me bgr p< ----28- -----t-g 3 728 ake a. 
ZL ST a INOS TWE PATENT CAMBERED FLOORING IS SPECIALLY a ‘ a if we B60 
ae Oa: 7 FEET APART 1S NOW SUS DESIGNED FOR CARR’ $ % iene : 1. 4 mao muamere atm 20%8" 
¢ : TAINING & WORKING LOND OF CARRYING A DOUBLE LINE OF RAILS : so : 


400 1S MADE WITH STEEL ONLY IN TWO SIZES 
3 CWTS PER FOOT SUPER HAVING DEPTHS OF 12 INCHES AND /0 INCHES AT 





4 /E CENTRE mt , 
~ BOTH SIZES ARE MADE THE SARE LENCTH &WIO9 -__ ime 78S « 
vad > . : a rere urn 80° 






PATENT CANBEREO FLOORING 








THIS SECTION SMALL SECTION FLOORING E 
WTHICK HAS BEEN (e) AS ARRANGED FOR FOOT WAYS AS ADAPTED TO ROAD BRIDGES 
: TESTEDONBEARINGSBFEET = —(isés«iSiSS YF ee - 
Sci) APART T0.5 CWTS PER FOOT SUPER 
; m4 WITH ft DEFLECTION HAVING NO PERNTSET — Nhorrappererernrerern erred 
fe rmck + wy lbs 
-ah. 
-20y, 





THIS SECTION VIEW SHEWING PLATE GIRDER BRIDCE 
C . WITH PATENT CAMBERED FLOORING 
Su THICK ON BEARINGS iN PLACE OF CROSS G/RDERS 

8 FEET 6 INCHES APART HAS BEEN GIVING EXTRA HEADWAY AND 
TESTED TO 4CWTS PER FooT LESS WEIGHT PER NET? 


WITH A DEFLECTION OF fic a 


THIS SECTION ‘ 
SsINCH THICK ON BEARINGS. 
16 FEET APART HAS BEEN TESTED 
703 CWT PER FOOT SUPER WITH A DEFLEC germs e21lbs — xermncen~ 194sa lbs 
TION OF Ys HAVING  CANBER OF Ye BEFORE Ws 99M rom 
TESTING .. Ent ¢ Gees 
@/THOUT comas on cencias wre 20:0° 
Yarmen » 20h lbs 

fee oe 


THIS SECTION 
Ye THICK ON BEARINGS 
45 FEET APART HAS BEEN TESTED 
_ 703 CWT PER Foot SUPER 
WITH Al DEFLECTION OF 7é 


SHEWING FLOORING ASUSED 
FOR CULVERTS AND SMALI BRIDGES 











THE SIMPLEX BRIDOE. . ... 
TMS BRIDGE HAS BEEN DESIGNED SPECIMLLY FOR 
TEA PLANTATIONS AND PLACES WHERE THE 
tearric is OT INTENDED TO BE MEAYY 


sSHEWING FLOORING PLATES USED 
TRANSVERSELY INSTEAD OF 
CROSS GIRDERS 




















GREAT ADVANTAGE [5 CAINED 
1 ERECTING A GRIOCE OF TMS 
MIND ON ACCOUNT OF ALL THE 
tui Tee bron PARTS BEING VERY ERSILY FITTED 
TOGETHER 
| 3 ven for Specel Sects. ms 
Dies for the above are in stock, but quotations can be diven for Special Sections. 
also for Mouldings, Gutters, Buckled Plates a«: Sections 1tos and 1* to 4 are 
Made in Iron or Steel,Sections 6 to8.and the Cambered Flooring. in Steel only 
+ GAP STRAREAR IONE LITRLONDOM, | 











McCULLOCH, SONS, & KENNEDY, L- Vulcan Works, KILMARNOCK. = 


Mechanical and Electrical Engineers, Founders, and Boilermakers, &c. Sole Licencees and Makers, for Scotland, for 


AUTOMATIC EXPANSION ENGINES ; Simple, Economical, Perfectly Regular. 


J AUTOMATIC EXPANSION APPARATUS, for existing Engines. 
[ [oe N d e)) HIGH-SPEED FLYWHEEL GOVERNOR ENGINES vith Automatic Expansion, 
i ISOCHRONOUS SPRING GOVERNOR, the most efficient and powerful ever invented. 
MARINE GOVERNOR, effectively prohibiting any racing of Screw Propellers, 


PROPRIETORS and SOLE MANUFACTURERS ot i3 The Proell Automatic Expansion Apparatus 
A 


; renders existing Engines equal in Regularity of 
Self-Reg ulating Slow Speed Kennedy's Patent High Speed : 


pe ape oon WERAM of betese and effects a 
' Engines. m of between 10 and 50 








per cent. 
GREATEST SIMPLICITY | EASY APPLICATION! 


Thousands of Installations in all parts. 
Results strictly guaranteed in every case. 





lron-clad Alternators. 








Transformers. 
Complete Ship Lighting Plants. 


Line of Boiler-pressure. 
















































Central Station Plants. 40 Diagram from Horizontal Engine under the -_ 
control of Throttle Valve. 
Arc Lamps. i * 
High — Incandescent 
| amps, 20 20 
4 McQuaker’s Patent Piston Rings te _ fre 
{ and Springs. le 
© ge,8 ° q 
And other Specialities. Line of Boiler-pressure. 
MAKERS OF [ “ 
; , , , ” Diagram from the SAME Engine 
4 Stationary Engines of all kinds. jo - after the application of the Proell - 
Tank Locomotives. oN Apparatus, Steam saving 
: —S- ss 2 lw obtained, 273 per cent. | 
Iron Works and Colliery Plant. | |" GE ie Ga. | 
Iron, Brass, Steel, and Malleable P to 10 
; : ee »  . Ah 
; M | | ls, Facto res, Boilers, Girders, Tanks. For full Particulars, References, Testimonials, and Prices, apply as above, or to 


Pithead Frames, the Agent of the Patentee— 8386 


Electro-motive Power. de, be, be HERMANN KUHNE, 25-35, New Broad St., London, B.C. 
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THE FOWLER-WARING CABLES COMPANY, LIMITED, 


uynbensnouno, Lonpon.” 85, QUEEN ST., CHEAPSIDE, LONDON, E.C,, teePone no. waz. 


SOLH MANUFACTURERS OF LEAD COVERED CABLES UNDER THE COMPANY’S PATENTS, FOR 


a )) Telephone, Telegraph, Electric Light, & Transmission of Power 


SPECIAL ANTI-INDUCTION TELEPHONE CABLES. 


Great Mechanical Strength, UNAFFECTED BY HEAT. High Insulation. Low Capacity. 


—— SPECIALLY SUITABLE FOR —— 
Steamships, Docks, Factories, Chemical Works, Mines, Damp Places, and all kinds of Underground Work. 


YWwGaoLD MEDAL, PARIS UN oWERSAL MEE BETION:. 
RHEFERBENCHS AND PARTICULARS ON APPLICATION. 


TELEGRAPH, TELEPHONE, & ELECTRIC LIGHT 


LINE CONSTRUCTION & RENEWAL. 


, EELSsEB YZ, near WARRINGTON. 
4l Materials made by TELEGRAPH MFG. OO., Ltd., ot { 11, Queen Victoria Street, LONDON, — re — 


, SIMS & JEFFERIES, LD., 





























































RANSOMES 


| 





































PSWICH, AND 8, GRAGECHURCH STREET, LONDON. .. 











JOHN |. THORNYCROFT & CO. 


Steam Yacht and Launch Builders, CHURCH WHARF, CHISWICK, LONDON, W. 
Agent in Russia—R. 1 Somer Vega, anes pr., 57, - a 


. > a 

















































Oe 10! 
THORNYCROFT’S 
YACHTS PATENT 
xp Screw Propellers 
Vessels. 
LAUNCHES Made for all Sizes of 
EFFICIENCY SUPERIOR TO ANY 
For Sea or River HITHERTO BROUGHT OUT 
Service, from | fetes at = ie 
25 to 250 feet ; ‘ * emer es |! LLL - | DONALDSON’S 
in length, and ; lies 1) ane a i ine ~ PATENT 
Speeds from 10 ames 5 iam Steam Steering Gear 
i esi for 
to 27 knots per ay sATs AND A ae 
hour, ~ ~ “ LAUNOHES, 
munity PATROL STEAMER FOR THE NILE pecar tees 





Length, i40 ft, Geam, 2! ft. Draft: Forward, | ft. 44 In. ; Aft 2 ft. 0} In. Speed, |7} miles per hour. 5688 
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—— BEROADBIEN TS’ 


Direct Steam Driven. Suspended on Links. 
No Shafts or Belting required. And 
requiring No Foundations. 


—— ADAPTED FOR — 


MANUFACTORIES, DYEHOUSES, LAUNDRIES, 
CHEMICAL WORKS, SUGAR REFINERIES, &e. 


SimMmD FOR CATALOGUE. 


THOS. BROADBENT & SONS, 


CENTRAL IRON WORES, 8358 


= Chapel Hill, HUDDERSFIELD, England. 


PURE ALUMINIUM, ALUMINIUM BRONZE, 
FERRO-ALUMINIUM, ALUMINIUM 
BRASS, SILICON BRONZE, 


For Iron and Steel Founders, Engineers, 
and all Metal Workers. 































WARRANTED 
Best Quality in the Market. 


LEISLER, BOCK & CO., 


21; St.Vincent Place, GLASGOW (:tstincuscow. 


8521 














Particulars, Price Lists, and Terms on application. 








TYE? . 
I ELA) Fe 


2033 4 LIDS? 


AS HOUDERS BEVERY REQUI; 
pam Co WORKS 





1OR PUMPS: 








6... 6 te 5 2.6 . WY 


HT-IRON OR STEEL PIPE LINES, RIVETTED OR WELDED. 


Wills’ Patent Automatic Equilibrium 


CUT-OFF VALVE GEARED ENGINES, 


London Office: 


Telegraphic Address: FROM 6 TO I00 HP. NOMINAL. 14, Gt. St. Thomas Apostle, E.c. 8080 


ATIAS, BIRMINGHAM.” 
Special and ABC Codes used. 
E 


Ve: 


LIGHT WROUG 











Sa a Be ae = ES I = 
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WORKS— : _ LO. een Mansions, 
ineaieniaed- 


Waterloo 8t., Glasgow. 
THE 


“Influx” Automatic Self-Starting hy ector. 


These well-known Injectors have introduced themselves by their merit alone, 
and are now universally employed. They are a really capable instrument and 
will give nothing but satisfaction. 








"MCN 


The “Influx” Injector invariably secures preference when in competitive working 
contact with others ; and we invite such comparisons. 


We have lately further developed the capabilities of the “ Influx” Injector, and its 
prompt automatic action is now indisputably ahead of anything on the 
market. 





— — Purchasers, whether at home or abroad, caring to communicate their actual working con- Special anaes side 
Supplied with ditions, may rely upon having their Injectors specially tested under those conditions _— motives, Steam Cranes, 


ccand ee a delivery. Where unskilled labour is employed no other Injector ought to be specified. a Vertical — Boilers, 











= Send for the New Illustrated 
Handbook of 


CRANES, ve &O, 





8524 











PELTEN & GUILLEAUME, ————— 
ee AND Wg al 
TELEGRAPH & TELEPHONE WiRE, SOLE AGENTS ¢ 


Copper & BRONZE WIRE, PATENT 
Steer Bars FENCING WiRE, &eo. &. 


ELECTRIC CABLES FOR TEI FOR TELEGRAPHY, TELEPHONY, AND ELECTRIC LIGHTING. 


woo WF. DENNIS & CO. 


Il, BILLITER STREET, LONDON, E.C. 








ERNEST 


TRIPLE-EXPANSION Marine Engines. 


COMPOUND Marine Engines. 
LAUNCH ENGINES. 
YACHT ENGINES. 
TORPEDO BOAT 
ENGINES. 

AUXILIARY MACHINERY 


FOR 


WAR SHIPS. 
HYDRAULIC PUMPS. | 


FORCED DRAUGHT 


AND 


VENTILATING FANS. 


Made in Four for open 
and closed stoke holes from 
30 in. to 72 in. diameter. wees 


TRIPLE - EXPANSION ~ — 


a 











MILL ENGINES, ye 


HIGH EOONOMY OF 


FUEL. COMBINED ENGINE AND pYWAMO. 


SCOTT & CO. 


NEWCASTLE-UPON-TYNE. 


OFFICES— TELEGRAPHIC ADDRESSES— 


LONDON, 110, Leadenhall Street, E.C. BOLTONITE, LONDON. 
MANCHESTER, 24, Victoria Buildings. AMPERE, MANCHESTER. 
HUDDERSFIELD, Lancaster Yard, Cloth Hall Street. DYNAMO, HUDDERSFIELD. 
GLASGOW, 53, "Waterloo Street. ROOTS, GLASGOW. 
JOHANNESBURG, South Africa. MULHAUSE, JOHANNESBURG. 


rs COMPOUND & TRIPLE-EXPANSION 
<> _ELROTRIC LIGHT ENGINES 


FOR LAND AND SHIP USE FOR DIRECT DRIVING. 


Ballast and Feed Pumps. 


T. Lo ELECTRIC LIGHT 
Sint, AN TYNE DYNAMOS, 


Are Lamps and Transformers 


= IN ALL SIZES. 


Prices of COMPLETE 

a, INSTALLATIONS for 
| . FACTORIES, MILLS, or 
SHIPS, &c., on application 








PRIESTMAN’'S PATENT 
OIL ENGINES 


For Launch and Marine Purposes, 
Constructed in Six Sizes, g)25 


©, ang, Wen, 
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Hydraulic Engineers J. TY LQ 2 & S 0 N Sanitary | Engineers 
AND 
Brass Founders, | Pump Makers, 














PATENT POSITIVE WATER METER. d, Newgate Sirect, LONDON, I. O. J. TYLOR & SONS’ 


GUN-METAL GLOBULAR FIRE VALVES. 





PATENT NEW ROTARY WATER METER. 











—ALSO MANUFACTURERS OF — — 


Pumps, Pumping Apparatus, Fire Engines, Hydrants, Fire Valves, Water Posts, Street Watering Apparatus, Fittings for Waterworks Mains, Air 
and Water Valves, Sluice Valves, Ball Valves, Serewdown Taps, Water Closets, Urinals, Lavatories, Baths, Patent Waste Preventing Closet Cisterns, 
Patent Waste Not Taps and Supply Valves, Soda Water ar Diving Machines, Steam Fittings, Salinometers, and Fountain Jets, 7859 


LIGHT STEEL PIPE LINES. 


Day TMMULLYY)/JYWJyj LLL UW, 
WLLL LLL ELL LLL We a RM OOOH SESS MMO» 













































































! 
| 1 
| 1 
VLEET ELLE UE 
"yp LLL) 
SEGTION OF KIMBERLEY COLLAR SECTION OF SPIGOT & FAUGET JOINT 


JAMES RUSSELL & SONS, LTD. 


CROWN TUBE WORKS, WEDNESBURY. “ 
Patent Steel Lock Nuts and Steel Fish Bolts, .s se eee eat se ADELAIDE, 20, 








Cannot be disturbed by Vibration. Great Saving in Maintenance. Melbourne Exhibition, ¢ corp MEDALS for on a eae ey ony a 


ABSOLUTE SEOURITY. 1880—8I. Appliances, &e. 


\ IBBOTSON “= 
BROTHERS 


| AND COMPANY, LIMITED, GLOBE STEEL WORKS, SHEFFIELD, 
. Manufacturers of 

sel STEEL OF EVERY DESCRIPTION. 
STEEL FORGINGS, AXLES, _ wo cor SPRINGS OF ALL KINDS. 


Files (Hand Cut Tools, and Patent 
Automate nt tral ¢ Cow Buffers. 












weer 
| 


ee 


if | GEORGE TURTON’S BUFFERS. 


EONDON OFFIOE: 4, WESTMINSTER OHAMBERS, VIOTORIA STREET, 8.W. 
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PILLARLESS 


WEIGHING: MACHINE’ 


NWO LOOSE WrGHTS. 


FOR ENGINEERS, ROLLING MILLS, SHIPS, &e. 


SAML. DENISON AND SON, 
Atlas Foundry, LEEDS. 


On view at 10, Essex Street, Strand.—S. & E, RANSOME & CO., Agents. 
Agents for the U.S.A., MeCOY & SANDERS, New York. 


‘Grover Spring Washer” Nut-Lock 


civina A BOLT AGTIVE ENERCY 
in aoviTion TO PASSIVE RESISTANCE. 


Patented at Home and 
Abroad. 

















“ene 


LIMITHD, 


WHARF ROAD, LONDON, NW. a 


GROVER & CO., 


op age PATENT “PERPETUAL” PRESSES. 


—FIRST PRIZE, NOTTINGHAM, 1888.— 
| Tay, Stray, lisparto, 
FIBRES. 


iki. 10,000 SOLD. 
PRESSES OF ALL KINDS 


Se SSS SS === “= For Every Description of Work. 
J oun x. LADD ay CoO., 116, Quzzn Vicroru Sr., 
PRESS MANUFACTURERS, 8483 LOnNDonNn. 


Gates Rock »° Ore Breaker 


CAPACITY IN TONS OF 2,000 POUNDS. 
Size 0— 2to 4tonsperhour Size4— 15to 30 tons per hour 
“J—4to 8 “ “ “ 2to 40 a 














Rice 


at London 0: 


Passing 2 12 in. ring, according to character and hardness 
of material. 


Creat SAVING in POWER. Suatante to any 
Degree of Finen 
The principle involved in this mer a to be 
the greatest success ever introduced into Stone Breaking 
Machin 

. for Catalogue, containing over 500 references 

of Contractors, Miners, Railway Companies, Cement 
Makers, etc. 


» GATES IRON WORKS, > 
ee=/ 73a QUEEN VICTORIA . aps C. LONDON, ENG 


44, Dey St., New York, 
60, South Clinton St., a. U.S.A. 


Tue" CAMPBELL” BAS ENCINE 


20 per cent. ee 
than any other, 


GIVES THE HIGHEST SATISFACTION 
WITH ALL KINDS OF WORK. 


=" For Price Lists and full particulars, 
7 apply to the Sole Makers— 


THE CAMPBELL GAS ENGINE CO., Ltd., 


WE LI. LANZ, HBALAIFAa>s>,  WoRsS. 2227 
Awarded First-Class Certificate and Gold and Silver Medals at the Calcutta International Exhibition, 1884. 


GEO. CHRADOOE. & Co. 
WIRE ROPE WORKS, WAKEFIELD, 
Makers of all Descriptions of ROUND and FLAT STEEL and IRON WIRE ROPES. 


CONTRACTORS TO =e, ADMIRALTY. 
ee 


LANG'S PATINT HOP HEH, 
WHICH WE INTRODUCED AND ESTABLISHED, 1879. 


WHEN _— 


To be seen in o 
































‘SAYA Fd0 TWYAY S.MOLOMITCHG 8 FOU 


od Royal ‘tural ral Society's SILVER MEDAL i 
GOLD a and § ae cartaneent senenelees Exhibition « @ 
ist ORDER it OF ME f Adelaide me 
Ist 0 OF th Special Mention for Excellence of Wire 
Repo, Melbont Melbourne a f 
SIL Cornwall .. — 
5) 








TgLecRaPHic Apprzss: “ ADOPTED, LONDON,” 


N.B.—Users are equally Infringers with Unlicensed Makers of Lang’s Rope, and both will 
alike be proceeded against; any person giving information of infringement will be rewarded. 
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JOHN ABBOT & CO., LTD. 


PARK WORKS, GATESHEAD-ON-TYNE. 


London Office: Suffolk House, Cannon St. Glasgow Office: 11, Bothwell St. 


—— MANUFACTURERS OF —— 


Rolled Bars, Angles & Tees, Rails, &c. 


CHAIN & ANCHOR MANUFACTURERS. | 


LOAM AND SAND CASTINGS UP TO ANY WHIGHT. 
CAST IRON GAS AND WATER PIPES up to 12 ft. Lengths. 


Steam and Hydraulic Engineers. E 


BOTLER MAKERS. 


BRASS FOUNDERS AND COPPERSMITHS, | 


SIDE LIGHTS, DECK PUMPS, FIRE ENGINES, AND ALL DESCRIPTIONS 
OF SHIPS’ BRASS WORK MADE TO ORDER, 


SHIPS’ VENTILATORS, TIN AND IRON PLATE WORKERS. 


—— SOLE MAKERS OF —— 


TYZACK’S PATENT ANCHOR. ™ 











FAK For Boilers, Hydraulic Presses, Ferrules, Boring 
— = Rods. Bushes, Shafting, Couplings, & other uses, 








8266 


TAUNTON, DELMARD, LANE & CO., 








LIMITHD, 
STAR TUBE WORKS, 









MM 


ml 


Mf 


// 


WROT. IRON 
AND 


STH: TUBAS 
OF EVERY DESCRIPTION, 


For BOILERS, GAS, STEAM, WATER, 


&c., &c. 
Telegrams: “TAUNTON, BIRMINGHAM.” 


CLARKE’S CRANK & FORGE C0., Lid. 


Telegraphic Address: “CRANKS, LINOOLN.” 


UM 
/ 

















Lincoln. 





os oF iW 
i 
eg BB 
Al ar i=o 
oo , — 
on AW 





FORGINGS, SHAFTS, AXLES, 
In TRON or STEEL, for ALL CLASSES of MACHINERY. 


OVERHEAD TRAVELLING 


CRANES. 


























eres oe 





Rope Power Crane 


With Steel Crabsides. In sizes from 40 to 100 tons. 











Platform Crane 


With Steel Crabsides, In sizes from 3 to 30 tons, 














Platform Crane 


, With Trussed Iron Girders, Cast-iron Crabsides and Wheelboxes 
In sizes_from 3 to 20 tons. 





Chain Crane. 


In sizes from 1 to 5 tons, 





Rope Power 
Walking 
Jib Grane. 


In sizes from 4 ton to 5 ton 
of varying radii. 





Single and Double Girder Cranes 


With Trolly and Differential Blocks, In sizes from 4 ton to 10 ton. 


VAUGHAN & SON, 








Engineers, MLA NCHRESTER. ” 
F 








$4 (SUPPLEMENT page vit] ENGINEERING. [June 27, 1890. 





Engineers and Buyers of Machinery abroad, before purchasing, 
should send for this 


























Consisting of 400 quarto pages, as above, containing nearly 2,000 illustrations 
of the most recent practice. 
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DAWAY An 
Rev ninattbaminensseentatig Co 























E- 














OETA COTTON BELTG CAS HS 
| PARI EXHLITION PETER BROTHERHOOD, = EXHIBITION, 
| col MEDAL ATA, SILVER MEDAL, 


Class 52,  __-bélvedere Road, Westminster Bridge, LONDON, 8.E. Cunat, 


CP AAARBABRABABAAABAAABALaAD 


ee EE ao ood 


nich-pressure /MPROVED Patent SIMPLE or eamene — _— DOUBLE-ACTING 


AIR _ SIMPLE OR COMPOUND 





COMPRESSORS iy mi ENGINES 


Driving Dynamos, &c., 


err, = ect 
WAY Se IR "La AS FITTED ON H.M. YACHT 
ele, §—§=— “VICTORIA & ALBERT,” &e, 


TORPEDO SERVICE, &c. ‘YT RoR 


AS IN GENERAL USE IN BRITISH , Fis \, 
AND FOREIGN WAR SHIPS. “nium 











i 





> W. H. ALLEN & CO. 


AW Ht YORK STREET WORKS, 
UNE LAMBETH, S.E. 


MAKERS of the IMPROVED 


CENTRIFUGAL 
DIREHOT-ACTIN G 


FANS, 


FOR 


AUP gaee FORCED & AssisTED DRAUGHT 1 MARINE BOILERS. 


Over SOO of these FANS have been fitted on the largest 
- and swiftest Steamers in the world, in every case giving an abun- 
- . dance of Steam, with a corresponding increase of speed, cooling 
-.* the stokeholds, thus saving their first cost in six months. sys 



























Te ence acne el 
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GEO. RICHARDS & CO., L** | 


BROADHEATH, near MANCHESTER; 
23 & 24, Whitecross Street, Cripplegate, LONDON, E.C. 


LIST of FIRMS who (amongst others) have ordered } 


RICHARDS PATENT SIDE PLANING MACHINES 


Armstrong, Mitchell, Sir W. G. & Co., Ltd., Newcastle-on-Tyne, to 
Be plane 30 in. x 8 fh 
es Andrews, J. £. H. & Co., Ltd., Stockport, 15 in. x 4 ft. 
Annand, R C., South Shields, 80 in. x 10 ft. 
Black, Hawthorn & (o., Gateshead-on- Tyne, 20 in. x 10 ft. 
= Breville, G. & Co., Creil, 20 in. x 6 ft. 
s. * Bergheim, J, Vienna, 19 in. x3 ft 
— _ Carels Preres, Ghent, 40 in, x 24 ft. 6 in. 
—-=——- Compagnie du Chemin de Fer, Anvers a Gand, 20 in. x 6 ft. 
Decauville, Emile, Petit Bourg, France, 30 in, x8 ft 
Dickinson, J. & Co., Ltd., Hemel Hempstead, 16 in. x 4 ft. 
Deep Stamping (0., "London, 16 in. x 4 ft. 
Dennystown Forge (0, Dumbarton, 80 in. x 8 ft, 
Davie, McKendrick & (0., Govan, 12 in. x3 fi 
Dutton & Co., Ltd., Worcester, 20 in. x 8 ft. 
Easton & Waldegrave, Taunton, 20 in. x 6 ft. 
Elwell-Parker, Ltd. Wolverhampton, 40 in. x 12 ft. 
Elliott Brothers, London, 16 in. x 6 ft. 
Ferranti, §, Z. de, London, 15 in. x 6 ft. 
Gregory, H. P. & (0., Sydney, 20 in. x 6 ft. 
Holroyd, J. & Co., Ltd, Manchester, 15 in. x 4 ft. 
Hutchinson, Hollingworth & Co., Ltd, Dobeross, 30 in. x 82 ft. 
Hill, Clark & Co., Boston, USA. 42 in. x 2 ft. 
Howard & Bullough, Accrington, 42 in. x 5 ft. 
Imperial Arsenal, St. Petersburg, 40 in. x 46 ft. and 20 in. x 4 ft. 
Kilbourn Refrigerating Machine Co., Ltd., Liverpool, 20 in, x 42 ft. 
Keith, J., Arbroath, 20 in. x 6 ft. 
Kitson & Co., Leeds, 20 in. x 40 ft, 
Langland, Mackay & Baker, London, 42 in. x 3 ft. 
== [Leeds Forge Co.. Ltd., Leeds, 20 in. x 6 ft. and 20 in. x 42 ft, 
Musgrave, John & Sons, Ltd, Bolton, 30 in. x 8 ft., 20 in. x 6 ft, 
m, and 42 in. x 3 ft. 
f Miller & Co., Edinburgh, 20 in. x 6 ft. 
Miller & Richards, Rdinburgh, 12 in. x 8 ft. 
. - Maginnis, J. P., London, 20 in. x 8 ft. 
= Milne, J. & Son, Edinburgh, 20 in. x 10 ft. 
Merton, H. B., London, 46 in. x 6 ft. 
ane Kewl, R. §. & Son, Daan, in. x 8 ft. 
Natal Government Railways, 15 in. x 4 ft. 
40-in. Side menioat Machine Napier, R. & Sons, Glasgow, 48 in. x 8 ft 
With Two Tables. Newall, J. W. & 00,, Manchester, 15 in. x 5 ft. 


Pearn, F. & Co., Manchester, 30 in. x8 ft., 20 in. x6 ft, and Sagar, J. & Co., Halifax, 20 in. x 6 ft. 

















Side Planing Machines 


With Two Independent Overhang Arms. 





20-in. Side Planing Machine. 











30-in. and 40-in. 


Side Planing Machines. 12. in. and 15-in. 


Side Planing Machine. 





12-in. , Side Shading Machine 


With Two Tables. 


90 in, x 6 ft. 
Quillet, Jules, Calais, 145 in x 4 ft. 
Richardson, WH& A., Jarrow-on-Tyne, 20 in, x 6 ft. 
Rudd & C0., London, 4B in, x 4 ft 
Rushton, RP & Co., Liverpool, 46 in. x 6 ft. 
Societé Continentale Richards, Paris, 30 Machines. 
Stuart, J. & W., Musselburgh, 20 ip. x 19 ft. 
Shanks, A. Sons & Co., Ltd., Buenos Ayres, 15 in. x 6 ft. 
Steele, Pa Son, Churnside, 16 in. x 6 ft 





Singer Manufacturing C0, Kilbowie, 15 in. x 4 ft. 
Sandycroft Foundry Co., Ltd, Hawarden, 20 in. x 6 ft. 
Samuelson & Co., Ltd., ‘Banbury, 90 in. x 9 ft 
Thompson, R. & Son, Sumderland, 80 in. x 6 ft. 
Thomson, D., Rdinburgh, 20 in. x10 ft. and 46 in. x6 ff 
Ure, ¢. & C0., Itd., Bonnybridge, 12 in. x 6 ft. 

Watson, Wm. & C0., Alexandria, 30 in. x 8 ft. 

Weir, G. & J., Cathcart, N.B., 30 in. x 8 ft. 


CATALOGUES AND THSTIMONIALS ON APPLICATION. 


SOCIETE CONTINENTALE RICHARDS, 
12, RUE L’HOPITAL ST. LOUIS, PARIS. 
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WORTHINGTON PUMPING ENGINE 0, 


153, QUEEN VICTORIA STREET, 
LON DON, -.C. 


bic ais N STC SS. 





AAR K 


PARIS EXHIBITION, 1889. 








<’ Ex E: 


WORTHINGTON PUMP 


Received the ONLY 


GRAND PRIX 


(HIGHEST AWARD) 





Given for Pumping Machinery. | 


PURCHASERS OF PUMPING MACHINERY are warned against the 


CHEAP IMITATIONS 


Of Worthington Pumps now being placed upon the Market. 


ALL WORTHINGTON PUMPS sear Tt WORTHINGTON NAME & TRADE MARK. 


THE USE OF WHICH BY OTHER MANUFACTURERS IS UNAUTHORISED AND ILLEGAL. 


WORTHINGTON PUMPS FOR ALL SERVICES. 


CATALOGUES, ESTIMATES, AND PRICES ON APPLICATION. 
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DAVEY, —" & >» ENGINEERS, COLCHESTER. 


Makers of a Great Variety of STEAM ENGINES & BOILERS. 
Speciality—STEADY RUNNING ENGINES 


For ELECTRIC LIGHTING. 
FULL PRICES PARTICULARS ON APPLICATION. 













AND 






Hill 


al 


ii 


PARIS EXHIBITION, 1889, 
TWO GOLD AND ONE SILVER MEDAL. 
‘SINISNG 7aviWOd W0i $3ZIud 
tnt al 
‘L881 ‘SIVIUL 3TILSVOMSN 


agen THE “COLOHESTER” ENGINE, cermcres nei 


““PAXMAN, COLCH ESTER.” (RECEIVER TYPE.) 


m JOHN H. WILSON & CO., 


SAN DEIL..L.S, L.IiIvbRPrvoot. 


_ STEAM CRANE EXGAVATOR. 


10-Ton Crane fitted with 
Digging Bucket will Ex- 
cavate and Deliver into 
Wagons 800 to 1200 Cubic 
Yards inten hours, accord- 
ing to nature of the ground. 
























The Digging Gear can be 
disconnected in 
half-an-hour, and 
the Machine then 
becomes a 10-Ton 


Crane. 


8020 
ome 7 OF THESE EXCAVATORS 


CAN BE SEEN WORKING ON THE 
MANCHESTER SHIP CANAL WORKS. 
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STERN WHEEL STEAMERS 


By YARROW & CO., LONDON. 











fous |. | 7 am 
qi SHUM TN S| 


aS) 








“INEZ CLARKE,” 130 ft. by 28 ft. Speed, 15 milesan hour, Draught, 15in. “STEPHENSON CLARKE,” 100 ft. by 24ft. Speed, 13 miles. Draft, 13 in. 


ENCINEERS & SHIPBUILDERS ” pres - I se a ere DOUBLE & TRIPLE EXPANSION ENGINES 


Boilermakers, Founders, Coppersmiths, &c. EITHER SCREW OR PADDLE. 


GRAVING DOCKS adjoining Works Steam Tugs, Passenger & Cargo Vessels 
682 x '71 x 22 ft. and 50x 60x14 ft. to 200 ft. long, built under sheds. 


SPBHOLTAL TIS. 7360 


Contractors by Appointment to aaa eee mee => MARINE MACHINERY for Shipment abroad. 
H.M. Admiralty & War Department. cox && Sco., Falmouth Dooks Ironworks, FALMOUTH, England. Spring Safety Valves registered by Board of Trade. 


ON & a ms BD SCREWED TUBES 
et = ws Nees SN > Re 
TUBES Meck. ee WOLVERHAMPTON STAFFORDSHIRE 4 OR WATER 
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ISAAC STOREY & SONS, 


—— BRASS FOUNDERS, 
Knott Mill, MANCHESTER, 


Make a SPEOIALITY of 


-esvaausieo wor - GUN-METAL CASTINGS 


BABBITTS’ PATENT For ENGINEERS, SHIPBUILDERS & MACHINISTS, up to 


ANTI-FRICTION METAL. TWO TONS WEIGHT. “ 
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16 HP., indicating 80 HP. 








COST OF WOREZING GUARANTEED: 


1; los. of Anthracite Coal (converted into Dowson Gas) per HP. indicated per hour. 


: CROSSLEY BROS., LTD., MANCHESTER. 
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GROSSLEY’S “OTTO” GAS ENGINE 


¢ 
A 


— 








et a a 


f 
i 





JUNE 27, 1890.] 


ENGINEERING, 45 











EASTON & ANDERSON, L'? 


LONDON & ERITH. 
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MANUFACTURERS OF 


PUMPING, DRAINAGE, and MILL ENGINES. 


HYDRAULIC LIFTS AND PRESSES. 
HIGH-SPEED ENGINES, 


For Dynamos, Centrifugal Pumps, and Ventilating Fans. 
COMBINED ENGINES AND CENTRIFUGAL PUMPS. 


BOILER S. 


HYDRO-PNEUMATIC AND OTHER GUN CARRIAGES. 
HYDRAULIC AND STEAM CRANES. 


WATER WworREHs, kc. 














Fire Service and Heating Apparatus for Estates and Public Buildings. 


ANDERSON’S PATENT REVOLVING WATER PURIFIER. 
LEEDS PATENT FILTER. 


PAPER AND SUGAR MACHINERY. 


CAISSONS AND DOCK GATES, &c. &c. &c. 








OFFIC HS : 


8, WHITEHALL PLACE, S8.W. 


Telegraphic Address: “Egyptian, London.” Telephone No. 3695. 
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GREENWOOD & BATLEY,L" 


ALBION WORKS, LHHDS. 


ENGINEERS AND MACHINE MAKERS._ | 


MACHINISTS TO THE 
BRITISH WAR AND NAVAL DEPARTMENTS, The Council of State for India and the Principal Foreign 
Governments. Makers of pi ga to the British Admiralty. 


ENGINEERS’ 
























Speciality in Machinery for the Manu- 
factare of MUNITIONS OF WAR. 9 gy GENERAL & SPECIAL TOOLS 
ELECTRIO LIGHTING PLANT. The W gees aT FOR ALL PURPOSES. 
“LEEDS” DYNAMO. ) Z 2 Es a | TESTING MACHINES 
: oe For Iron, Steel and other Materials. 
ARMINGTON-SIMS PATENT STEAM ~ EL 
ENGINE. r UAE STEAM eName, Machinery for a Silk, 













OIL MILL MACHINERY gga PRINTING MACHINERY. Sewing 


For Crushing all kinds of OIL SEEDS Small GAS BLOW-PIPE FURNACES for 
and NUTS, with high yield of oil and Hardening Tools, &o. 


Eeoneusy of Labour and Rngine Fower. FLOUR MILL MACHINERY 


Improved Roller Mill Plants. Sole Makers of 
Buchholz’s Patent Belt Roller Mills. Wheat 
Cl Machinery. Smutters. Centrifugals. 
ressing Reels. Purifiers, &, 





ESTIMATES AND PLANS ON 
APPLICATION. 
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i ey 
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’ 


HORSFALL'S PATENT BOLT diieatnmtinennn iain iidinsd . pltcbennien 
NUT, and IVET - MAKIN PATENT ' ‘BOONOMIO" orl MILL “sun PATENT PLATEN 
G . RINTING MACHINE. 


To Crush 33 to 4 tons of Seed per 12 hours. P. 





London Office—i6, GREAT GEORGE STREET, WESTMINSTER. 
PARIS OFFICE: 85, RUE DE ROME, BOMBAY ACENCY: F. W. SHALLIS, 9, MARINE STREET,  “* 
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GALLOWAYS ‘LIMITED, 


MANCHESTER, 
DELIVERED DURING THE PAST YEAR 


384 
GALLOWAY BOLLERS, 


REPRESENTING A GROSS WEIGHT OF OVER 


0,/20 ‘Tons. 


New Boilers always on Stock, ready for Immediate Delivery. 


























LONDON - - - - £464, Cannon Street, E.C. 
GLASGOW - - - - £128, Hope Street. 
MELBOURNE - - -_ 144, Little Lonsdale Street. 
PARIS - - - - - 46, Boulevard Magenta. 
HAMBURG- - - - £429, Brandsende. 

LIEGE - - - - - 42, Rue Reynier. 
AMSTERDAM -_ =. 4'7, Spuistraat. 





GALLOWAYS LIMITED, 


| MANCHESTER. 


8367 
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BELL'S 





oS . 


ASBESTOS 


EXPANSION 
RINGS. 


MADE FROM 1-PLY FOR CYLINDER AND FACED JOINTS TO ANY THICKNESS FOR UNEVEN SURFACES, 


The above, which can only be obtained from this house, is recog- 


The centre from which the requisite elasticity is obtained will 


nised as the most efficient and economical jointing material in use. It | adapt itself to uneven surfaces to which it may be applied, and 


is composed of a specially prepared India-rubber Compound, 
protected by a covering of Vulcanised Asbestos Sheeting 
as shown above, and as it is the only jointing 
material which adequately combines permanent 


elasticity with heat resistance, the advantages 
it possesses will at once be seen. 








AGENTS. 
BIRMINGHAM: Bell & Co. 7, John 
Bright Street. 


CARDIFF: Bell & Co., West Bute Street. 





Depots.—DUBLIN, BELFAST, BERLIN, ANTWERP, 











allow the expansion and contraction to be fully taken up. The 
covering being of Asbestos Cloth imparts a protection 
to the centre and so prolongs its elasticity. For 
Manhole, Mudhole, Steam Pipe, and Mash Tun 


Door Joints it is unequalled, and if applied as 
directed, a ring can be used many times over, 








DHPOTS. 
MANCHESTER: Cable St., Blackfriars. 
LIVERPOOL: 2, Strand St., James’ St. 
HULL: Humber Dock Basin. 
GLASGOW : 35, Robertson Street. 
AMSTERDAM : 264, N. Z. Voorburgwal. 


BARCELONA, TRIESTE, LISBON, and GENOA. 





BELL’S ASBESTOS 


BOILER PRESERVATIVE 


WILL 
Effectually keep Boilers Clean and Remove any 
Incrustation, without Injury to the Boiler 
Plates or Fittings. 





BELL’S ASBESTOS 


YARN & SOAPSTONE PACKING 
IS THE BEST LOCOMOTIVE PACKING MADE. 





ae 
SS * 











BELL’S 
COMPOUND HYDRAULIC PACKING 


18 SPECIALLY SUITED FOR 
HYDRAULIC MACHINERY, ACCUMULATORS, 
and AMMONIA and all PUMPS. 


Sy 








BELL’S ASBESTOLINE. 


The reputation of this Lubricant is based on the experi- 
ence of thousands of users, which places it far in advance 
of those who rely only on mere laboratory tests, 


| ASBESTOLINE 

ASBESTOLINE me] ‘Has Saved 
18 THE i) 90 per cent. 

CHEAPEST, i ver Oil, 
Most Efficient, Has been used 
CLEANEST, for all purposes, 

Most Inodorous, BEATEN 
SAPEST uopestines 

LUBRICANT. 1s 

ACTUAL WORR, 











EN 5 Used by most of the leading Steamship Com- 
muy panies throughout the World. 








For ordinary Compound Triple and Quadruple f i ee ‘ 
Expansion Engines of the latest type. | ast 


ew IN ORDERING PLEASE STATE WHETHER ROUND OR SQUARE REQUIRED. 39 

















et a ee 
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Bell’ 





Asbestos 


NWONM-CONDUCTING COMPOSITION 
FOR COVERING BOILERS AND STEAM PIPES. 





Will Reduce Loss by Radiation, 
AND 
SAVE 40 PER CENT. OF FUEL. 





d ues Composition is free from whatever can injure metal, and of a nature which will enable it to adhere well for years 
without bands. Being supplied Dry in Bag, it will cover Six times more surface than other materials which 
are sent out wet in Cask, and in competition has repeatedly proved itself to be the cheapest material in the market for preven- 


tion of loss by radiation. 


It saves its cost in a few months, and lasts for years. 





BELL ASBESTOS LUBRICANT” 





EVERY CASK IS SENT OUT AS ABOVE. 


Any Customer receiving Oil sold as BELL’S ASBESTOS LUBRICANT and Cask or Corks not marked as above, is earnestly requested 
to forward us sample and particulars of where obtained. 


The following Oils, refined and prepared by our Asbestos process, are specially recommended to Users of ee of every kind in all parts of the world. We 


ALL DRUMS ARE LABELLED AS ABOVE. 


guarantee the quality of each to be unequalled at the price for the 





purpose named, and a sample drum containing 





ALL CORKS ARE SEALED AS ABOVE. 


gallons of each or any sort will be sent on 


approval to any respectable firm in any part of the world. 


BELL'S SPECIAL GAS ENGINE OIL.—This Oil is guaranteed to stand 
flame temperature, and is suitable for light Machinery and Shafting where 
gas power is used. 


fa, BELL'S SPECIALLY PURIFIED DARK CYLINDER AND VALVE 
OIL.—This Oil is guaranteed not to gum, corrode, or in any way injure 
metal surfaces. It will not carbonise, nor leave any deposit whatever 
in cylinders or condensers, nor will it injure india-rubber valves. It is 
absolutely pure hydro-carbon, and will work admirably in all good Sight- 
Feed Lubricators, 


2a. Bell’s Specially Refined and Purified Pale Oylinder and Valve Oil contains 
the same properties as la, and is one of the very best Oils of the 
Valvoline class in the market. 





BELL'S PALE COMPOUND MACHINERY AND ENGINE OIL, FOR 
EXTERNAL LUBRICATION ONLY. 


*¢3c¢.” For small and medium sized Engines, Shafting, and quick running 
Machinery, displacing Lard Oil. 

3c. ‘‘Special.” Heavier bodied than 3c, and suitable for Locos, and 
Stationary Engines up to 300 HP., displacing Olive Oil. 


8c. ‘‘ Marine.” Much heavier than 3c; suitable for Marine Engines and 
heaviest Stationary Engines, Shafting, &c., displacing Oastor Oil. 


BELL'S AGRICULTURAL MACHINE OIL, for Traction Engines, Road 
Rollers, and all Machines working out of doors. This Oil will not set on 
bright parts, is not affected by extreme cold or the rays of the sun. 


For other Qualities and Prices, with Testimonials, see Catalogue free on application, 





BELL'S ASBESTOS COMPANY, Limited, 


Sou ToEwWwaHRE,, LONDON, S.Ei. a2es 


AGENTS: BIRMINGHAM—BELL & CO., 7, John Bright Street. 
DEPOTS; MANCHESTER—Cable St. Binghtriars, _ LIVERPOOL-9, Strand Strost, James’ Strest.  HULI-- Number Dock Baain. 


CARDIFF—BELL & CO., West Bute Street. 
W—35, Robertson Street. 


GLASGO 
AM—264, N. Z. Voorburgwal. DUBLIN, BELFAST, BERLIN, ANTWERP, BARCELONA, TRIESTE, LISBON, and GENOA, 
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ASBESTOLINE ASBESTOLINE 
Is the MOST EFFICIENT Saves from BO to 9G 
Lubricant per cent. 


for all Bearings. of the cost of Oil. 


ASBESTOLINE 


(REGISTERED.) 
ADVANTAGES OF ASBESTOLINE. 








OONSISTENOIES OF ASBESTOLINE. 


ASBESTOLINE, to meet all circumstances, is made in four de of 
consistency, A, B, C, and C C, _— 


ASBESTOLINE, A, is specially adapted to ordinary Land Engines and 
Machinery, in and out-door, in this country, 


ASBESTOLINE, B, a little more solid, is for use on Steamships in 
ar climates, also on land when it is desirable to have Lubricant 
stiffer 


ASBESTOLINE, 0, is for use in tropical climates, both ashore and afloat, 
It - _ invaluable in works in this country when the temperature is 








ASBESTOLINE is the most efficient Lubricant for all Bearings, 

ASBESTOLINE is the Cheapest Lubricant. 

ASBESTOLINE saves from 50 to 90 per cent. of the cost of Oil, 

ASBESTOLINE is the Cleanest Lubricant, 

ASBESTOLINE is favoured by Insurance Companies, 

ASBESTOLINE is the most Inodorous Lubricant. 

ASBESTOLINE is the safest Lubricant, ita flashing point being practically 
unattainable, 

ASBESTOLINE has beaten all other Lubricants in working trials. 

ASBESTOLINE is applicable in and out-doors in every Climate, cram AsRESTOLINE, Be be Soteaned by steam bead og a 

ASBESTOLINE requires no Special Application. All2Kegs are labelled as above. times is advantageously used i instead of C 


The reputation of Asbestoline as a Lubricant is fully established, and is growing daily, because it is BASED ON THE EXPERIENCE 
OF THOUSANDS OF USERS, under the severest circumstances, AND NOT ON MERE LABORATORY TESTS. It is used with 
unparalleled success in Steel and Iron Works, Collieries, Cotton and Wool Mills, Corn Mills, Saw Mills, Electric Lighting Machinery, and in 
Steamships of all sizes, throughout the world. Engineering firms of the highest standing have given it their powerful testimony and support. 


IMPORTANT TO HXPORT MHROHANTS.—One Pound of Asbestoline equals Two Gallons of Oil weighing 18 lb., a the 
saving in freight ia very considerable; Liberal Terms are conceded to Export Merchants, 


The following show a few of the Lubricators for Asbestoline, and modes of application :-— 

















NOTITC Ei! 





£20 REWARD. 








No. iSeries 
ro WHEREAS unscrupulous persons have obtained 
from the premises of some of our customers empty 
kegs bearing our name and Trade Mark, and have 
filled them with oilto be passed off as Bell’s Asbestos 
Lubricant, and with grease to be passed off as 
ASBESTOLINE, and whereas it is believed that this ! = eT m 
is being extensively done, the above reward will be ee, —_—— 
paid to anyone furnishing such evidence as will Mi Ree 


lead to the conviction of persons committing the mM 
above offence il cg nner ace AA TT cout Hi Min 


Lubricator ate, ii, fAtted as an auxiliary No, 22.—Hand Lubricator No. » Bs me in Wall Bearing, with 
© Wail Beari ng. Feeder. tle Head Room. 


SSS) 

















17.-—Copper Worm. 








11.—Serew-down. 


te wang fh cwWE 


< see with Showing Section of No. 14 Lubricator Fitted Lubrieator No. 6, in aiternative No. 13.—Dome Spring Lubricator No. 8 Fitted to Crank Pin of Horizontal Engine. 
Plug. to Ordinary a Several others —— a Loose Pull eys. Piston for we Crank But No. 9, which smear consumption, is preferable. 
. re e. 


ALL LUBRICATOR DESIGNS ARE REGISTERED. FOR OTHER LUBRICATORS, AND FULL PARTICULARS, SEE CATALOGUE, FREE ON APPLICATION. 


BELL'S ASBESTOS CO., Ltd, 


SOUTHWARK, LONDON, S.E. j 


DEPOTS : MANCHESTER—Cable Street, Blackfriars. LIVERPOOL—2, Strand wien James’ Street. ULS—Samber Dock Basin. GLASGOW-—35, Robertson Street 
BELFAST, DUBLIN, ANTWERP. AMSTERDAM- 264, N. Z. Voorburgwa). BERLIN, BARCELONA, TRIESTE, LISBON, and GENOA, 


AGENTS : BIRMINGHAM— BELL & CO., 7, John Bright Street. | CARDIFF—BELL & CO., West Bute Street. 


ne 





gu 
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J. COPELAND & CO., 


Engineers, Millwrights, and Boiler Makers. Pulteney Street, Dobbie’s Loan, GLASGOW. 
a THE FOLLOWING ARE SPECIALITIES: Turion: 


Rice, SUGAR.Ice.FLOUR.OIL.CHEMICALS.IRON 


rere 


STEEL and DISTILLERY PLANTS COMPLETE in 
all DETAILS, EMBRACING the LATEST IMPROVEMENTS. 


MODERN STEAM ENGINES AND BOILERS OF ALL TYPES. 
ALSO GENERAL HYDRAULIC WworRkz. 


London Agents: JAMES REID & CO., Leadenhall House, 101, Leadenhall Street. 


FLOUR MILLING MAGHINERY. 


ROBINSON'S ROLLER SYSTEM. 


awarvep * (SF RAND PRIX ’’ pants, 1200. 


THE HIGHEST AWARD. 


ey | ee = HOS. ROBINSON & SON, » om: 


PATENT ea MILL. ENGINEERS, ROCHDALE. 


JOHN CAMERON'S SPECIALITIES | °c fat 
continue TOBEHS GSI A A KA PUMPES & 


For all Purposes, and of which he continues to manufacture by far a larger number than 
any of his imitators. 10,000 SOLD. 


\ 
& =) ) “PATENT CAM s&s LEVER 


LAY Punching and Shearing Machines 
a. As used in all the principal Shipbuilding Yards (public and private) throughout the World. 


| pe ALWAYS READY OR IN PROGRESS TO ALL SIZES. 
hnty OLDFIELD ROAD IRON WORKS, SALFORD, og} 
MANCHESTER. 


For London and District: PRICE & BELSHAM, 52, Queen Victoria Street, E.C. 8144 ty 
For Newcastle and East Coast: E. BECKWITH & CO., Bonnersfield, Sunderland. — 











































Sous mag OP + . 








BALDERSTON and COMPAN} Y. 


201, ST. VINCENT STREET, mw non endl 








HOYT SHORT LAP MEME BELTING 


OUR BELTS ARE MADE FROM PURE OAK-TANNED BUTTS AND FROM THE HEART OR SOLID PART OF THE HIDE. EACH PIECE OF LEATHER I8 
STRETCHED BY POWERFUL MACHINERY, JOINTED AND SECURED IN SUCH A MANNER THAT BOTH SIDES PRESENT AN EVEN SURFACE TO THE PULLEY, 
AND THE BELT RUNS AS IF IT WERE ONE PIECE. THEY WORK EQUALLY WELL FOR THE LARGEST DRIVING BELTS OR FOR THE FASTEST RUNNING 
MACHINERY AND SMALLEST PULLEYS. 2O,Q00O TO 60,000 ft. OF BELTING ALWAYS IN STOCK, MERCHANTS’ AND SHIPPERS’ ORDERS 

PROMPTLY EXECUTED, : 7630 
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THE “PENNYCOOK’” PATENT UNIVERSAL SYSTEM OF GLAZING WITHOUT PUTTY. 
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Address 


The Farnley Iron Company Limited, 


















Farnley, 
LEEDS, 
MARINE & STATIONARY— q UNITED STATES 
ee ae s METALLIC PACKING CO., LTD., : 
~ MANUFACTURERS OF PACKING FOR 2 





_ LARGE MARINE & STATIONARY ENGINES, 


Piston Rods, Value Stems, Pump Rods and Throttles. 
LOCOMOTIVES, &c. &c. 








ABSOLUTELY AUTOMATIC. 60% LESS FRICTION. 
GIVES TO ALL MOVEMENTS OF PISTON ROD. ALWAYS READY. 
PERFECT WORK AT ANY PRESSURE. 

STEAM SETTING. FITTED TO ANY STYLE OF STUFFING BOX. 


WHS 

















\ IT 18 ENDORSED BY LEADING ENGINEERS. Telegraphic Address: 8532 
OFFICHS =: - N.B, — We are the Sole Owners of these Patents, and all are cautioned against infringements, : 
227, SWAN ARCADE, Makers, sellers, and users will be held responsible. “METALLIC, BRADFORD.” 
BRADFORD. COMPETENT AGENTS waANTED. ~ 
THE WESTINGHOUSE | 


OVER 5,000 NOW IN USE FOR ALL PURPOSES. 


Seco AUTOMATIC HIGH-SPEED ENCINE, 





SENTINEL TRIPLE-EXPANSION AUTOMATIC HIGH-SPEED ENGINE. 
The Sentinel Quadruple-Expansion High-Speed Engines. 








ALLEY & MACLELLAN, 


GLASGow, 


SOLE MAKERS FOR EUROPE & THE COLONIES. 


THE MOST RELIABLE AND ECONOMICAL ENGINES FOR ELECTRIC LIGHT. 
Consumption of Water 20 Ibs. per I.H.P. by certified tests. 


General Sales Agents: JAMES EDWARDS & Co,, 15, Holborn Viaduct, London, E.C. 
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DUPLEX POWER @ (PUMPS 








Tel Sr ath eT te ETE 


nnn 


FROM A PHOTOGRAPH OF A PAIR OF PUMPS 14 in. DIA., 24 in, STROKR, 


ESTIMATES AND DESIGNS FOR PUMPING MACHINERY for ALL PURPOSES 
FURNISHED ON RECEIPT OF FULL PARTICULARS. 8508 


HYDRAULIC & GENERAL ENGINEERS, WHITEFRIARS STREET, LONDON, E.C. 











4, eee AND SOLE MANUFACTURERS & Co 


of the 


CLARKE- CHaanems WINDLASS. 
THE ONLY Winn ys WITH sree . oa BRAKES. 








Wy 


P= ae : 


CONTRACTORS TO THE ADMIRALTY. 
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THE CLAY CROSS CO., 


Manufacturers of PIG IRON, gr AND WATER PIPES DKS OOLLIERIES, EN a eee ee AND CASTINGS 
FOR GAS, WATER , AND SEWERAGE WO WORKS, GINES, PUMPS, &c. 


WoRES : oLaYrT OROSS, NEAH CREE EE Sree. 


THLEAGRAMS: “TJTAOESON, COLAY CROSS.” 


_— Offices and Exhibition Rooms: 63, QUEEN VICTORIA STREET, B.C. (opposite Mansion House Station.) BEOK & OO., Ltd., aasate. 






































PRIZE MEDALS received from every Exhibition at which our Machinery has been Exhibited: LONDON, 1851; PARIS, 1855; SOOIBTY OF ABTS, 1855; LONDON, 1862; DUBLIN, 1865. 


wy MOLE & co., BRITANNIA WORKS, SHERBOURNE STREET, MANCHESTER, 


INFROVED HOLLOW MANDREL LATHES, sung wat nee ANTE AS Pebey nn eat lathes, with Capstan Rest and Sepia Patent Ee Pees Eatin, te Bolles 
eB th Capstan or Turret Rests, for ee eee 5 SO ee ae , a8 Guide Screw Chasing arrangement, ell and Boiler Flue Rings. 





Bteel hon the 1 in. minute 
sede aac vena, « aoanorzat sucht yTSarr ic nous at nora ee ee Punching and Sharing Machine eo 
pone om for Marine, Teen and pg 3 _— — Botiee-plates, Power Lathes, 5 in. to 72 in. centres, all descriptions. | Plate Edge Planing Machines. 
jagueon. ‘ A Re srr mp oes | ene He Pe Repel Metentey Or RADE Catena, Aenea Flatts 
Paeareilel Holes. s other Horizontally. Mao0oll’s Patent Rivetting Machines, speed tes Sey 
W. M. & Oo. have in their extensive STOOK ROOMS, or in progress (AT MANOHESTER ONLY), various sises and descriptions of the above Machines, &o.. w! in general demand. 8167 


LONDON ADDRESS. ve WALBROOK. E.C. 


tte “ACME” GOVERNOR 


(LINDLEY'’S PATENT). 


NOTICE.—We are now granting Sole Agencies for Countries, 
= Towns, and Districts, to responsible Firms. Sas of Pipe 








AGENTS 
WANTED. 






























Price. 

When applying, please state the District desired. fin, | £3 5 

i. ge 3 15 

- 1} 5, 45 

1} 55 415 

Sy 5 10 

2h »5 8 0 

3S -o» 9 0 

34 55 11 10 

7 a —— .. ihe 
“A,” WITH ORDINARY “D.” This ile of Governor can be fitted with any : a“ = ; = 

VALVE BOX. of the other forms of valve box shown hereon, Beet 27 0 “0,” wITH STRAIGHT VALVE Box, 
NOTE.—In all forms either branch may be used as the inlet. 8 » 32 0 











ee SROWETT LINDLEY & CO. ‘2332°MANGHESTER. 
me STURTEIANT “MONOGRAM” BLOWERS & EXHAUSTING FANS 


BLOWERS OF THIS PATTERN 


ARE ESPECIALLY ADAPTED FOR 


BLOWING FORGE FIRES, BOILER FIRES, HEATING & PUDDLING FURNACES. 
HEXEAAUSTHRS 


ARE USED FOR 


REMOVING SMOKE, STEAM, NOXIOUS VAPOURS, 
Dust trom Emery Wheels and Cement Mills, Stive from [ill Stones and Purifiers, &c. 
SEND FOR NEW ILLUSTRATED SECTIONAL CATALOGUE AND PRICE LIST. 


A LARCE STOCK READY FOR IMMEDIATE DELIVERY. 


fe STURTEVANT BLOWER COMPANY, 


75, QUEEN VICoTORiIA. STRAT, LOonDown. 8506 
GOLD MEDAL, BDINBURGH, 18sec. 





































MANUFACTURERS OF 


SUGAR-MAKING 
MACHINERY, 


Embracing all the 


LATEST IMPROVE- 











WEICHING “MACHINES FOR 
ALL PURPOSES. 


LONDON OFFICE: 
49, Finsbury Pavement, E.0, 





7678 
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REID’S PATENT STEAM-REDUCING VALVE.| “VULCAN” AUTOMATIC 
erent S | SIGHT-FEED LUBRICATOR. 


OVER 2,000 IN USE. 
Best Lubricator in market for Land & Marine Engines 
Largely used in Triple Expansion Engines. 
' ADVANTAGES. 


1. It saves 50 to 75 per cent. in Oil. 

2. Cylinder and Valves are supplied with Oil regu- 
larly and efficiently. 

8. Reduces friction by constant and regular lubri- 


cation. 
4. Wear and tear of Engine reduced to a minimum. 
5. Requires no attention, only filling every watch 


\ttomati 

6. Is Auto ic in ite working, the Piston standing 
still on reaching the bottom. 

7. By aid of the Sight-feed it ean be seen at a glance 
whether the Lubricator is doing its wor! 


§| REES’ BOAT-DISENGAGING HOOKS 


EFFECTIVE! SIMPLE!! CHEAP!!! 


Approved of by BOARD OF TRADE 
MIGRATION OFFICERS, &c, 


























i, 





























ADVANTAGES, 


Dispenses with Packing, Pistons, or 
Diaphrams as generally used. 

Does not accumulate steam. 

Easily regulated or altered to suit any 

— required. 

Easily taken to pieces and fixed. 

= and takes up little space. 

Simplicity and Efficiency guaranteed. 











Hooks in position for Life Boats. 









































ims ‘ 
== i 
‘z ‘ 
tH) === Th 
pee See iil 
= way. Earle’s Shipbuilding Oo. &o. 





, Sole Wales, WM. REID & CO., 112, Fenchurch St., London, B.C. 
ATL Ys MOoOTOTFTSsS. 


Actuated by STEAM, WATER, HOT AIR, PETROLEUM, OIL, &c. 
FOR ELECTRIC LICHT INSTALLATIONS, INDUSTRIAL, DOMESTIC, AND STABLE MACHINERY, WATER RAISING, &c, &c. 























“ BAILEY-FRIEDRICH” SAFETY STEAM MOTORS, Banse’s Facene Haae’s Pavave 


Inexplosible, Steady-Running, and Portable. Consumes 2 quarts of water per HP. per day only. HOT-AIR ENGIN E. High-Sp é ed STEAM ENGINE. 
NoBoiler! NoDanger! Noskilled For driving Fans and other 
attendance required ! light machinery. 








Haaa’s Patent Haaa’s PATENT Bartty s Patent Bartey’s Patent BaILey’s PATEent 
WATER MOTOR. High-Pressure WATER MOTOR. ‘‘Thirlmere” WATER MOTOR. Hydraulic ORGAN BLOWER, Water Motor PUMPING ENGINE. 
: May be driven by Town’s Pressure Forusein Minesand placeswhere Much used for Telephones, Dy- O Vers See For lifting a portion of the water 
or other available watersupply. highwaterpressuresareavailable. | namos, and small Installations Mostly used for driving the which drives the Engine to a 
| of the Electric Light. Feeders of Pipe Organs. higher elevation. 8109 
q JUST PUBLISHED.—“BAILEYS MOTORS,” an Illustrated Catalogue of the various Motors manufactured by W. H. B, & Co., Lid. POST FREE, 1s. 


W. H. BAILEY & CO., L™» Albion Works, Salford, MANCHESTER. 


SARDIF.E' :-39, MOUNT STUART SQUARE. 
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HUDSWELL, CLARKE & CO., 


—— EE ATI: WA Dy bouwpne. LaaanpD Ss. 
Established 1860. > Telegraphic Address: ‘LOCO, LEEDS.” 














LOCOMOTIVE TANK ENGINE ES. 
FOR MAIN OR BRANOH RAILWAYS. 
Contractors, Ironworks, Collieries, &c. All Sizes and to suit any gauge of Railway. 


PRICES, PHOTOGRAPHS, AND FULL SPECIFICATIONS ON APPLICATION. 





SOLE WLAIKE ES OF 


RODGERS: “SULLEYS. 


WROUGHT IRON THROUGHOUT, ‘RIM, ARMS, AND —e wat 


THE BRUSH frat lie ENGINEERING CO., LD. 


112, BELVEDERE ome LONDON, and FALCON WORKS, LOUGHBOROUGH. 














Tank Locomotives Tramay Engines, 
Narrow Gauge Rngines, | / i ty a ‘fl oc 
si ss Ss A) ucut aanway 
ENGINES worecoenmnemamnatl | hill a —— 
OF VARIOUS SIZES | i liceccensilliinainel 
In Stock or in Progress, WAGONS. 
SPECIFICATIONS. a S, PHOTOGRAPHS, AND 1 PRICES O ON nt A Weer seasticne. on ! 








DSTABLISHHD 1864. 


LOCOMOTIVES 


Of all Sizes & Gauges, for Main & Branch Lines, Contractors, Oollieries, Ironworks, &c. 
PHOTOGRAPHS, SPECIFICATIONS, AND PRICES ON APPLICATION. ] 


Mem PECKETT & SONS, | 


LOCOMOTIVE ENGINE BUILDERS, BRISTOL, = = 
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THE ROGERS LOCOMOTIVE AND MACHINE WORKS, 


BUILDERS OF LOCOMOTIVE ENGINES OF ALL GAUGES, 





Established Annual Capacity 300, 
1831. 



















And for every variety of service. 





PATERSON, NHW JBHRSBY, 


UNITED 
STATES 
OF 
AMERICA 


“BALDWIN LOCOMOTIVE WORKS. 
BURNEAM, PARRY, WILLIAMS & Oo. As om 


LOCOMOTIVE. ‘ENGINES, 


Adapted to every variety of service, and built accurately to standard gauges and ee Like 
el different engines of same class perfectly interchangeable. 


PASSENGER AND GOODS LOCOMOTIVES. 


MINE LOCOMOTIVES, NARROW GAUGE LOCOMOTIVES 
STEAM STREET CARS, &c. 1324 


ALL WORK THOROUGHLY GUARANTEED. 


* ™ Pal a => _ — 








ANNUAL 
CAPACITY. 





























Rex aia 


MANNING, WARDLE & CO. 


BB O'y MN EI EIT ch INE WwWorREe Ss, LAF Ss, 


Makers of Locomotive Engines for any width of gauge, and for all purposes. Materials and workmanship of the best quality. Tank Eagle upto 5, Opindes on for oa wiel alway in ok rt pogrom 
__ Specifications, Photos., and Prices on application, and Special Designs sent on ct of particulars of requirements. 


| R.& W. HAWTHORN, LESLIE & CO., LTD. 


NEWCASTLE. ON- “TYNE. 


ee snail |,0C0I10LiVES 
: Car =" iar DESCRIPTION 


8458 





















































Lime Bank Street, prin Manchester, 


MANUFAOTURERS or 





IMPROVED PATENT 


EesESMRRE eqns TED EMERY cs. 


@ GRINDING ano POLISHING 
Be MACHINERY. 


i. my f/f PRIZE MEDALS—Amstordam, 1883; International lnvetions, 
age ro London, 1886, &e, &s 
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Illustrated Catalogues, with REVISED PRICE LISTS, free by Post. 


- @LAYTON & SHUTTLEWORTH have been Awarded Prizes at the various Meetings us 
Ns ENGINES 
specially adapted for 
Burning Straw and other Vegetable 


of the Royal Agricultural Society of England since 1849, and all the 
FIRST PRIZES for Portable and other Steam Engines at the 
Substances. SEMI-PORTABLE ENGINES, 
UNDERTYPE ENGINES. 


























Trials at which they have competed since 1863. 


ase) 25,500 Engines and 23,600 Thrashing 
scar Kal oo. Machines Made and 
Sold. 


8179 









3 se Sa 
PoRTAain "ENGINES.~ TRACTION 
ENGINES, HORIZONTAL ENGINES, 





GOLD AND OTHER MEDALS. 
London, 1851, 1862. 
Paris, 1855, 1867, 1878. 


STAMP END WORKS : Vienna, 1857, 1866, 1873. 


And at other Great International 


. os & NCOLN, Exhibitions. 
MELBOURNE, 1889. 


78, LOMBARD ST., “LON DON. | S14 Meda! Awarded tor Portable Engine z 


Telegrams :—" CLAYTONS, ‘caelaalt” ** CLAYTON SHUTTLEWORTH, nial Award for co eae at it 


CRANES & LIFTING MACHINERY 


OF AI:E DESCRIPTIONS. 


JOSEPH BOOTH & = —ass LEEDS. 




















@es™ Those Cranes can be seen at Work (amongst other places) at the Tower Bridge Works, and at the Sewage Outfall Works at Crossnoss, “Seq 
Telegraphic Addresses—" CRANES,” RODLEY; ‘ ASUNDER,” LONDON, 


General Agent: A. E. W. GWYN, 9, DUCKSFOOT LANE, CANNON STREET, LONDON. 8586 


. ———— 
: MAKERS OF 





























Telegrams : oma -. 

NAPIER: Th cwasion: ff é IMPROVED PATENT 
hii ~ STEAM and HAND 

BR 0 S : : STEERING GEARS 

® 1 WINDLASSES, 
a » CAPSTANS. 

AND BOILER MAKERS, [ oe 

Works : e ictal 

100,HydePark St. i NS ee ASH & COAL HOISTS, 
GLASGOW. , 1 oo lO 

‘hiedpcik Oiteccm: , isin gerd nk ie : Contractors by Appoint- 

55, Leadenhall St. | ; and Wa Oo 

LARG EH FIRST ORDER OF MERIT, 


MELBOURNE EXHIBITION, 1888. 


SHAFTING 


(IRON AND STEEL). 


COUPLINGS, BEARINGS. 
PULLEYS. 
PERKINS’ Patent MORTICE GEARING. 


| PERKINS, SON, & BARRETT 
: The Forge, BRADF ORD. 





CONE 
PULLEYS 


(WROUCHT IRON) 


FOR 


Varying Speeds, 


ANY SIZES MADE. 
THIS PULLEY WAS 
54 x 78 x 126 in. 

















NOTE ADDRESS : , 



























& 
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An Hlustrated Weekly Journal. 
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GOLD MEDAL, PARIS EXHIBITION, 1889. 


Francis and Co., Ltd, 


manufacturers of 


Portland Cement, 


As supplied to hep Aeccenig Met. Board of Works, and 
Eddystone ht House. Sold under celebrated Nine 
Elms Brand. blished 1810, Medals: London, 1851 ; 
Philadelphia, 1876; Paris, 1878; Calcutta, 1883; 
London, 1884. Offices: Vauxhall, London, S.E. * 
8191 


Telephone No. 4620, 
Rusby Portland Cement 
COMPANY. 
MANUFACTURERS OF 
Portland Cement 
Of the Greatest Strength and Best Quality. Roman 
and Lias Cement. Blue Lias meant Lime, Ground 


and Ungro 
RUGBY, WARWICKSHIRE. 
Worxs: New Bruton AND NEWBOLD. 8343 


Peertiond Cement of the Best 


Quality, manufactured by F.C. BARRON & CO., 
9, St. Mildred’s Court, Poultry, E.C., and Falcon 
Cement Works, Rainhara, Kent. 8350 


resses! Presses !! 


JOHN H. LADD & CO., 
QuBEN VICTORIA Street, E.C. 
See Advertisement, page 32. 8492 


116, 
G E. Belliss & Co., 
¢ LapsaM STREET Worss, 2; ; 

SPECIALITIES: birmingham 
HIGH-OLASS MARINE ENGINES and BOILERS. 
MACHINERY for TORPEDO BOATS & LAUNCHES, 
FAN ENGINES for Forced Draught and Ventilating. 
OIROULATING and FEED Pumping a eae 


AIR OOMPRESSORS (Patent), and 
MACHINERY. 7704 
ENGINES FOR DRIVING DYNAMOS DIRECT. 
oodhouse and awson 


UNITED, LIMITED, 
88, Queen Victoria Street. London, E.0. 8298 
Patent SPEED INDICATOR. Prices on application. 
See Illustrated Advertisement, page 18. 


(Srompton and Co., Limited, 
ELECTRIO LIGHT ENGINEERS, 
MANSION HOUSE BUILDINGS, E.C. 6812 
See Advertisement last week, page 49. 


@) Chnson & Phillips, Telegraph 


and ELECTRIC LIGHT ENGINEERS, 
14, Union Court, Old Broad Street, E.C. Works and 
Wharf at Charlton, 8.E. 
Makers of Machinery, &c., for complete 
Cable Factories and Steamers. Electric ight Appa- 
ratus of all kinds. ‘‘Brockie-Pell” Arc Lamp. 8210 


A Prleby’ s Cranes, ,AbU,TYPES 


AND POWERS. 
For prices and details a apply to 
APPLEBY BROS., 22, WauBrook, Lonpon, E.O. 
Telegrams: ** Millwright, London.” 8149 


W ood/W orking Machinery. 
/ J. A. FAY & CO. 


Agency: New Roap, Wanpsworta Roan, Pi: w. 
See peters Advertisement last week, page 6. 


rrapE—“ CREDENDA "—marg. 


e Credenda 
Seamless 
Steel Tube Co., Limited, 


LEDSAM STREET, BIRMINGHAM. 8231 
W. O. STIFF, Managing Director. 


rhe “Ot ™ (Gs Fizsize. 
33,000 Sold. 


GOLD MEDAL Society of A of Arts Motor Trials, 1 
HIGHEST AWARD Inventions Exhibition (GOLD 
MEDAL); GOLD MEDAL, Paris International 


Exhibition, 1889, 
SPECIAL NOTICE.—-Crossley's Otto “Gas 
cured bovabe = hest Award over All Com’ 

‘irmin: —_ sebtal Gee 


sect eee ae 























uipments of 














b Gan tine aces — the — Dow- 
exceed iH I. “ef gus ae pe e per HP, iP, fadicanes praoee, 


Crossley Bros., Ld., Openshaw, 
MANCHESTER. 


Engine se- 
tors at the [ 
tion. 

tions for. Electric 
ic Light Installations. 
Quotations _ tad for Installations on 200 HP. 





Yarrow & Co., London, 


STEAM LAUNCH BUILDERS, 
are pre’ to Contract for 
Screw Steamers having speeds up to thirty miles an 
hour. Paddle Steamers with phn vt of 6 inches or 
more. Machinery constructed for boats built abroad. 
“Zephyr” Spirit Launches. 8233 


Steam Launch Engines, 


TRIPLE-EXPANSION, COMPOUND, and 
HIGH-PRESSURE. All sizes ready. 
COCHRAN AND CoO, BIRKENHEAD, 


See page 4. 
Launch, Yacht, or Tug Machi- 
or Triple Ex- 


NERY, High Sen, Compoun 
pansion ; also Hulls and Machinery supplied complete. 


Splendid Illustrated Catalogue, price 3s. 3551 
VOSPER & CO., Engineers, &c., Broad St., Portsmouth. 


orrestt & Son, WYVENHOE 


AND LOND 
SHIP, YACHT, ee BOAT BUILDERS, and 
EN ERS. 
See PR page 25. 8023 
Reap path & Paris, Limehouse, 
London, E., Builders a High 
STEEL STEAM YACHTS AND LA cee 

STERN-WHEELERS, &c. 814 


LAUNCH MACHINERY 
QUADRUPLE ag fo a COMPOUND 


Kizgdons Patents. 


SOLE MAKERS : 
SIMPSON, STRICKLAND AND OO., 
Darrmovrta, 8S. Drvon. 
See Advertisement last week, page 39. 


Brnest Scott & Coa, 


NEWCASTLE-ON-TYNE. 8024 
MARINE AND ELEOTRICAL ENGINEERS. 
See Illus. Advertisement, page 30. 


Miller, Tupp & Rouse, Steam 


LavuncH BuitpErs, HAMMERSMITH, LONDON. 
Illustrated Price Lists, with Photos.,12 Stamps, 4547 
ocomotive ‘lank Kngines 
designed and constructed by 
MANNING, WARDLE, AND COMPANY, 
Boyne Engine Works, Leeds. 
See their Illustrated Advertisement, page 57. 
ocomotive Tank Engines, 


TRAMWAY ENGINES AND CARS, Built by 
The BRUSH ELECTRICAL ENGINEERING Co., Lp., 
112, Belvedere Road, London, and Falcon Works, 
Loughborough. See Illus. Advt., page 56. 8122 


W illans’ Patent Compound 


ENGINES, for Marine and general pu 
Stock sizes from 6 to 150 I. HP. Special 
Electric Lighting.—Wi.tans & Rosinson, Ld., Thames 
Ditton, Surrey. See Advt. last week, page 69. 6479 


DPecauville’ s Patent Portable 
Railway. 8155 
LONDON OFFICE: 7, IDOL LANE, E.C. 


"| Steel Hydraulic Cylinders.— 


HENRY BESSEMER & CO., Limited, 
SHEFFIELD. 
See Advertisement last week, page 28. 


Delta Metal. = 


Strong as Steel. Resists Acids. Forges Hot. 
DELTA METAL CO., Ltp., 110, Cannon St., London. 


orthington =P Pumping! 


158, QUEEN VICTORIA STREET, fer. LONDON, EO. 
See Advertisement, page 39. 
] sc 


a Foundry and 
ENGINEERING COMPANY, 
Railway Plant and General Engineers, 
witches, Crossings, 
a tiridaes Boots Diree' 


Wagons, ‘tanks, Eagines 


10, BUSH LANA. CANNON ‘STREET, E.O. 
‘ontinuous Ammonia Plant 


for Gas Works 


Propuces sitHeR SULPHATE on LIQUID AMMONIA. 


ration at the Gas Works, Stafford, 
gston, &., L. & N. W. Gas Works, 
Crewe, and in over 150 places on the Continent. 


Hry. Simon, gm" Manchester. 

















7676 

















tterns for 








8582 























7708 4M B. I 


8351 | 





Herter and English, 


ENGINEERS AND MILLWRIGHTS, 
IRON AND BRASS FOUNDERS, BOW, LONDON, E. 
DREDGING MACHINERY. 

HYDRAULIC MACHINERY. 

‘“*WILLIAMS’” PATENT CAPSTANS. 

LAND AND MARINE STEAM ENGINES. 

DISTILLERY AND BREWERY PLANT. 

FLOUR AND RICE MILLS. 

= AND GAS VALVES, CRANES, LOCK 

GATES, &. PUMPING MACHINERY. 

HUNTER'S a FLOATING CRANE FOR 


___STEAM La uNt CH MACHINERY. 4955 


oiler Tubes, Iron, Steel, and 


HOMOGENEOUS. 
EDWIN LEWIS AND SONS, 
Wolverhampton. 7767 


[Tubes and Fittings 
(Wet: [fe or Steel) 


Joseph ph A ird, 
TUBE ‘earmeerees - 


STAFFORDSHIR: E, 
And 46, QuzeN VICTORIA Sreeet, LONDON. 


ej ames Russell and Sons, Ld., 


CROWN TUBE WORKS, WEDNESBURY. 
London Warehouse: 108, Southwark Street, S.E. 
Leeds Warehouse: 6, Mark Lane, Briggate. 
Birmingham Warehouse: 114, Colmore Row. 
See Illustrated Advt., page 31. 8423 


[= and Steel Boiler Tubes, 


TELEGRAPH PO) ARTESIAN WELL 
TUBES, OIL L PIPE. 
JAMES EADIE & SONS, CLYDESDALE. TUBB —— 
RUTHERGLEN, near GLASGOW. 


[tubes and Prittings, 


IRON AND STEEL. 


Loyd & Loyd. 
ALBION TUBE WORKS, BIRMINGHAM. 
FOR THE BEST AND CHEAPEST 


Sight - Freed Lpbricator 


Send for Prices to the 


Kr pe Co., 
Gt. Bridgewater St., 


M anchester. 
Telegrams: 


‘“*LUBRIC, MANCHESTER.” 
AGENT WANTED IN PORTSMOUTH. 


team Cranes to Lift from 
1 to 100 tons, Hand Cranes, Engines, Boilers, &c. 
GEORGE RUSSELL & CO., 
pagataess, Cranebuilders, and Boilermakers, 
Motherwell, near Glasgow. 


[ee Making and Refrigeration. 
—The LINDE om REFRIGERATION CO., 

Liuitep, 35, Queen Victoria Street, E.C., and Lower 
Shadwell, E. — See large Advertisement in last and 
next weeks’ issues. 8184 


Atkinson’ s Gas 


cower 
Selected by H.M. Government for 
Houses of Parliament. 
BRITISH GAS ENGINE AND ENGINEERING oO. 
ALBION WorES, MANSFIELD RoaD, Gospz. Oak, N. W. 
See Advertisement last week, page 62 


40, KING STREET, COVENT GARDEN, W.C. 


"}‘homas Kell and Son, Litho- 


Fe Poa wagy Saree oe cwety Gate tion 7 

romo-lithography —_— ng an 
Printing. Kogineering, Architectural, and Pictorial 
Drawing in best manner. Paper Drawing, Photo-litho- 
graphy, &c.—40, King St., CoventGarden, W.C. 3462 


G00, iran 15, Gzorexz 
MANSION pel 
Mom ACHINERY. E.O. 


Bread-Making 


Machinery. 


WERNER & PFLEIDERER, 
86, Urrar Grounp Srazsr, Loxpon, 8.E. 8208 

















7948 

















8169 - 











Refrigerating and Ice-Making 


MACHINES. 
J. & E. HALL, Livrrsp, 
Dartford, Kent; and 23, St. Swithin’s Lane, London. 
See Advertisement last week and next week. 7911 


f]YheGeneral Engine& Boil. Co. 


HatcuaM Ironworks, London. 7930 
Patent Air Compressing Engines for High Pressures. 
Torpedo Apparatus of all kinds. High-speed Engines. 


Hatborn, Davey and Co., 


PUMPING ON ACHINERY 
For Mines, Water Supply, Irrigation, Drainage, and 
General Pur y 
DAVEY’S bay, by ENGINES AND 
HYDRAULIC PUMPS, 
HYDRAULIC MACHINERY GENERALLY. 
CATALOGUES ON acre ay F 
See Illustrated Advertisement, page 4 











— 


HIGHEST AWARD, PARIS, 1878. 


Gpoldsworthy’s 1 Emery, 
Emery Cloth, 
Glass Paper. 


aurence, Paris & Scott, Ltd., 


ELECTRICAL ENGINEERS & MANUFACTURERS, 
GOTHIC WORKS, NORWICH. 


MANCHESTER. 





8270 
DYNAMOS. 
FUSES. 


MOTORS. METERS. 
SPECIAL URSEEGROURD MAINS. 


lw eddell’s 
PHyaraulicRivetting Machines 


DELAHAY STREET, WESTMINSTER, 
LONDON, 8.W. 





14, 
7828 


[the Patent Corliss Engine 


and PATENT CORLISS GEAR ENGINE, with 
special Improvements by DOUGLAS and GRANT, 
Dunnikier ‘oundry, Kirkcaldy, N.B. These engines 
are made Horizontal or Beam, Uondensing, Non-Con- 
densing, and Compound. Also makers of Rice Mille 
and Pa; 
ship} 


GOLD MEDAL—Invenrions Exntstrion— AWARDED. 


[uckham's Patent Sus uspended 


WEIGHING MACHINES. — E. FERRY 

ROAD ENGINEERING WORKS COMPANY, Lours=p, 

London, E.—Hydraulic Cranes, Lifts, Hoists, ‘ke. 8542 
See Illus. Advt. last week, page 67. 


STANNAH’S HYDRAULIC LIFTS AND CRANES. 


"i\he “Southwark” Variable 


POWER HYDRAULIC CRANES, all sizes; a 
1 ton, 8 power, now working with the Hydraulic Power 
Co.’s water, may be seen by appointment. Liftse(Hand 
and Steam); ‘‘ Southwark” Lift Gears, 22 sizes ; Patent 
Pendulum Steam Pumps, Hydraulic Fittings, &e. 6915 
J. STANNAH, 20,Southwark Bridge Road, London,8. EK. 


1] (jalloways Limited, 
Manchester, 





rt Mills, and General Engineers. Machinery 
or trucked direct from the premises. 8590 











Have about 50 Boilers 
Ready for Delivery. 


7880 
“*GaLLowAY, Mancuzersr.” 


Telegraph Address: 


C. A. Parsons and Co. 


Heaton Works, 





NEWCASTLE, 8258 


ELECTRICAL ENGINEERS AND CONTRACTORS. 
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ENGINEERING EDUCATION. 


I ockie’s Engineering Acade- 
MY, 2, Custom House Chambers, Larru.—‘‘ THE 
Laroest 1x Brita.” Teachers—J. Locks, C.E. 
(Whitworth Scholar), and Four Assistants. Tuition 
by Correspondence for all Engineering Examinations 
—Board of Trade, Extra Chief, Chief, and Second Ma- 
rine Engineers, Engineers’ SurveyorstoB. T. and Lloyds, 
Boiler —_ &c. Results—21 Surveyors and In- 
tors, 32 Extra Chiefs, 1200 Chief and Second En- 

gin eers. Write for Lockie’ s Engineer's Guide, 80 pages, 

‘ost Free, 


Health Exhibition, 


PAVILION, BRIGHTON. 

Including Sanitary Apparatus and Appliances, 
Arrangements for Water upp ply, Heating and Cook- 
ing Apparatus, Electric Lighting, Smoke Preventing 
Appliances, Articles relating to Personal Hygiene, 
Domestic Economy, Foods, Clothing, Life and Labour 
Saving Appliances, &c., TO BE HELD from AUGUST 
25th to rf PTEMBER 18th, 1890, in connection with 
the Autumn Coneress of THE SANITARY INSTI- 


UTE. 

Prize Medals and Certificates of Merit will be 
awarded for approved exhibits. 

Forms of application for space and all particulars 
can be obtained from the an Mr. W. H. KNIGHT, 
744, Margaret Street, London, W v2 219 





Royal 


enders Required for Con- 

CRETE GRAVING DOCK 450 ft. in length, for 

CLELAND’S GRAVING DOCK and SLIPWAY CO., 
Limited, Willington-on-Tyne. — 

Only Contractors who can roof of capability 
and experience at similar works aa l be allowed to see 
Plans and obtain Copies of Specification, at the Office 
of Mr. J. Watr SanpemMAN, C.E., 2, St. Nicholas 
Buildings, Newcastle-on-Tyne. Tenders addressed to 
the COMPANY, to be delivered not laterthan Saturday, 
26th July. 

The Company do not bind themselves to ones the 
lowest or any Tender. 297 





EAST INDIAN RAILWAY COMPANY. 


The East Indian Railway ee is prepared to 
receiv: 


[lenders for the Supply and 


DELIVERY of :— 
LEATHER HIDES, BELTING, HOSE, SKINS, &c., 
CANVAS, BAIZE, BUNTING, &., 
as per Specifications to be seen at this Office. 

‘enders are to be delivered in sealed envelopes 
addressed to the undersigned, marked ‘‘ Tender for 
Leather Hides, &c.,” or as the case may be, not later 
than One o'clock p.m. on Thursday, the 3rd day of 
July next. 

The Directors do not bind themselves to accept the 





COUNTY BOROUGH OF STOCKPORT. 


SEWAGE OUTFALL SCHEME. 
TO ENGINEERS. 
T ‘his Corporation intend to 
CONSTRUCT SEWAGE OUTFALL WORKS 
and INTERCEPTING SEWER or Sewers for the 
Borough and adjacent parts, and desire engineers who 
may be willing either to submit a scheme or to be 
interviewed with a view of the Corporation either 
inviting competition for some scheme, or selecting 
some engineer to devise a scheme adapted for the 
yee of the Borough, to communicate names 
and addresses, with nature of experience in similar 
works, to the TOWN CLERK, Stockport. 
12th June, 1890, V 271 








TENDERS. 
STEEL MASTS AND MAST CAPS, 





Trinity House, Lonpon, 
25th June, 1890. 
This Corporation being desirous of receiving 


enders for the Construction 

and DELIVERY at the Trinity Depéts at Black- 

wall, Yarmouth, or Neyland, of SIX STEEL MASTS 
and MAST CAPS for Light Vessels, Notice is Hereby 
Given, that the Drawings may be _ inspected, and 
Forms of Tender and 8 , on appli- 
cation at the Lights | Department at this House 
on any day between the hours of Ten a.m. and Four 





.™m. 
¥ Tenders, sealed and marked outside ‘‘ Tender for 
Steel Masts and Caps” must be addressed to the 
Secretary, and delivered at this House on or before 
Thursday, the 10th July, and no Tender can be enter- 
tained that is not made on the Form provided. 
The Corporation does not pledge itself to accept 
the lowest or any Tender. 
By Order, V 336 
J. INGLIS, Secretary. _ 


“TO CONTRACTORS, PAVIORS, AND OTHERS, 


The LONDON COUNTY CO COUNCIL is prepared to 
receive 


enders for the Execution of 


DRAINAGE, PAVING, and other Works in 
connection with the Cable Street, &c., Shadwell 
(Artizan’s Dwellings), Scheme. Parties desirous to 
submit Tenders may, on and after the 80th instant 
and until the 14th proximo, obtain the Specification, 
Form of Tender, and other particulars on a oh’ Goring 
at the Engineer’s Department, County Hall, Spring 
Gardens, 8.W., and upon payment of the sum of Five 
Shillings. Tenders, which must be upon the Forms so 
supplied and be accompanied by full and true Bills 
of Quantities, with the rates of charge and amount of 
each item and total amount upon which the Tenders 
are based, are to be delivered at the County Hall, as 
above, in a sealed cover, addressed to the Clerk of the 
London County Council, and marked “Tender for 
Paving, &c., Works, Cable Street Scheme.” No Tender 
will be received after Five p.m. on meee the 14th 
July, 1890, and any Tender which is not fully filled up 
will be reject ted. 

Persons tendering will be required to declare in 
their Tender that they pay such rates of wages and 
observe such hours of labour as are generally accepted 
as fair in their trade. 

The Council does not bind itself to accept the lowest 


or any Tender. 
H. DE LA HOOKE, 
Clerk of the Council. 
Vv > 


Osi 


Spring Gardens, §.W., 
25th June, 1890. 


TO ENGINEERS AND OTHERS. 


The LONDON COUNTY COUNCIL is prepared to 
receive 


[lenders for Work to be done in 


connection with RENEWALS, ALTERATIONS, 
and REPAIRS to the MAIN PUMPS at the Abbey 
Mills Pumping Station, West Ham. Parties desirous 
to submit Tenders may, on and after the 2ith instant 
and until the 14th —— obtain the Drawing, 
Specification, Form of Tender, and other particulars, 
on application at the Engineer’s Department, County 
Hall, Spring G ve} 8.W., and upon pay ment of the 
sum of Five Shilling: | Tenders, which must be upon 
the Forms so supplied, and be accompanied by full 
and true Bills of PP tities with the rates of charge 
and amount of each item and total amount upon which 
the Tenders are based, are to be delivered at the 
County Hall, as above, in a sealed cover, addressed 
to the Clerk of the London County Council, and 
marked ‘“‘ Tender for Renewals, Alterations, &c., to 
Pumps, A. M. P. 8.” No Tender will be received 
after Five p.m. on Monday, the 14th July, 1890, and 
jesen Tender which is not fully filled up will be re 
ected 
Persons tendering will be required to declare in 
their Tender that they pay such rates of wages and 
observe such hours of labour as are generally accepted 
as fair in their trade. 
The Council does not bind itself to accept the 
lowest or any Tender. 
H, DE LA HOOKE, 824 
Clerk of the naa. 





lowest or any Tender. 
For each Specification a fee is charged, which 
cannot under any circumstances be returned. 
By Order of the Board, 
A. PB. DUNSTAN, 
Nicholas Lane, London, E.C., Sec: 
19th June, 1890. 


re’ 





WROUGHT-IRON GIRDER WORK. 


The JOINT COMMITTEE of the LONDON & NORTH- 
WESTERN and GREAT WESTERN RAILWAY 

COMPANIES are prepared to receive 
ply and 


[lenders for the Sup 


ERECTION of about 12 TONS P WROUGHT- 
IRON GIRDERS in connection with the Renewal of a 
= over the Holpool Gutter on the Hooton and 
Helsby Railway. 

Drawings and Specification can now be seen on 
application to the Engineer, Mr. Rost. E. JOHNSTON, 
Woodside Station, Birkenhead. 

Tenders, properly endorsed, to be delivered to the 
undersigned not later than Ten a.m. on Tuesday, the 
1st proximo, 

The Directors do not bind themselves to accept the 


lowest or any Tender. 
J. WAIT, Secretary. 
Woodside Station, Birkenhead, 
25th June, 1890. V 334 


Mepway Conservancy Act, 1881. 
DREDGING. 





The Conservators of the River Medway invite 


[renders for the Execution of 


certain DREDGING by STEAM DREDGER in 
the River Medway, about to be executed by them. A 
Plan of the proposed Dredging may be seen at my 
Office, and all necessary particulars obtained of me. 
Tenders are to be on the Forms prepared by the 
Conservators, which will be supplied by me on applica- 
tion, and Tenders are to be sent to my Office on or 
betore the 21st day of July, 1890, under seal addressed 
to the Conservators of the River Medway, endorsed 
*‘ Tender for Dredging.” 
The Conservators do not bind themselves to accept 
the lowest or any Tender. 
By Order, 
RICHARD PRALL, Secretary. 
Medway Conservancy Offices, High Street, 
Rochester, June, 1890. 


BOROUGH OF NOTTINGHAM. 


TO BUILDERS AND CONTRACTORS. 


The Estates Committee of the Corporation of Not- 
tingham are prepared to receive 


[lenders for the Construction 


of NEW STREETS and SUBWAYS on the land 
known as the ‘‘ Unhealthy Area,” and situate between 
Long Row and Parliament Street. 

Plans may be seen, and Specification, Quantities, 
and Form of Tender obtained, at my Office, on and 
after Monday, the 30th day of June, on payment of 
Three Guineas, which will be returned on receipt of a 
bona side Tender. 

Tenders, endorsed ‘Tender for New Streets and 
Subways,” to be delivered to the Town Clerk before 
Ten o’clock a.m. on Monday, July 14th. 

The lowest or any Tender will not necessarily be 
accepted. 


By Order, 
RTHUR BROWN, Borough Engineer. 
The Guilamai Nottingham, 
25th June, 1890. V 335 





TO BOILER MAKERS AND OTHERS. 


The LONDON COUNTY CO COUNCIL is prepared to 
receive 


IT'enders for the Construction 


of Six High-class Mild Steel LANCASHIRE 
BOILERS of the best quality, 30 ft. long and 8 ft. 
diameter, with two Internal Fiues. Parties desirous 
to submit Tenders may, on and after the 23rd instant 
and until the 14th proximo, obtain the Specification, 
Form of Tender, and other particulars, on application 
at the Engineer’s Department, County Hall, Spring 
Gardens,S.W. Tenders, which must be upon the Forms 
80 supplied, are to be delivered at the County Hall, as 
above, in a sealed cover, addressed to the Clerk of the 
London —— Council, and marked ‘‘Tender for 
Lancashire Boilers.” No Tender will be received after 
Five o’clock p.m. on Monday, the 14th July, 1890, and 
any Tender which is not fully filled up will be re ected. 
Persons tendering will be required to declare in 
their Tender that they pay such rates of wages and 
observe such hours of labouras are generally accepted 
as fair in their trade. 
The Council does not bind itself to accept the lowest 


or any Tender. 
H. DE LA HOOKE, V 322 
Clerk of the Council. 


enders are Required for 
about 350 Tons of STEEL, WROUGHT-IRON, 
and CAST-IRON GIRDERWORK. 

_ Drawings and Specification may be seen at the En- 

gineer’s Office, Crewe Station, on Tuesday, Ist July, 
pee the two following days, between the hours of Nine 
a.m. and Five p.m. 

Sealed Tenders are to be sent in addressed to the 
PERMANENT WAY AND WORKS COMMITTEE, 
care of the Secretary, Mr. F. Harugy, Euston Station, 
London, not later than Tuesday, 15th July. V 326 








APPOINTMENTS OPEN. 





“4 ? 
ing’s College, London.— 
PROFESSORSHIP of MECHANICAL ENGI- 
NEERING. This Office will shortly be VACANT. 
For particulars apply to J. W. een 
Secretary. 


anted, an al coer |” 


ELECTRICAL ENGINEER competent to 
hold a superintending position abroad.—Arply to the 
BRUSH ELECTRICAL ENGINEERING CO., Lrp., 
112, Belvedere Road, Lambeth, S.E. V 331 


anted, Works Manager for 


small nen Shipbuilding, and Re- 
pairing Business, in the West of England, employing 
about 200 hands.—Send testimonials and state salary 
required to V 230, Offices of ENGINEERING. V 230 


Wanted, an Experienced 


MANAGER for a Works, near Manchester, 
for the manufacture of switches and crossings, iron 
and steel castings, also roofing, bridge and girder 
work. A liberal arrangement will be made with a 
jo ae ig A com ay person.—Apply, WORKS, care 
of W. H. Surrn & Son, Blackfriars Btreet, Manchester. 


W anted, by an Old-Estab- 

lished Road and Railway Vehicle Manufac- 
turer, a thoroughly Experienced PERSON to take the 
Management of the Business ; preference will be given 
to one having held a similar position; a knowledge 


of the English and Foreign timber trade is essential.— 
Address, V 268, Offices of ENGINEERING. _V 268 268 


W anted, Chief Assistant in 


a Civil atin Office. One well up in 
construction of works, bridgeand roof work, masonry, 
rolling stock, &c., also in preparation of specifications, 
schedules, bills of quantities, &c.—Address, giving 
particulars of experience, references, and salary re- 
quired, V 327, Offices of ENGINEERING. V 327 


W Janted, Competent Working 


FOREMAN to take charge of Brasswork; 
one used to electrical work preferred ; wages £2 58.— 
State age and experience to BOX 20, BELLa’s Adver- 
tising Agency, 58, Charing Cross Road, W.C. V 325 


anted, in Manchester, 


ASSISTANT DRAUGHTSMAN for Overhead 
Cranework; one accustomed to rope-driven cranes 
preferred. —Salary required, and full esnee = 
V 320, Offices of ENGINEERING. v3 


"T Yo Sanitary and other Engi 

NEERS.—REQUIRED, a FIRM to TAKE UP a 
recent PATENT for a new practical and inexpensive 
process for the prevention of the pollution of rivers 
from manufactories (not sewage). The County 
Councils will make this compulsory. A large return 
by Licenses.—Address, Mr. EDWARDS, No. 27, Ware- 
house, Goodman’s Yard, Minories, E. V 31 


A First-class Well-known 


FIRM, well up in Heating Appliances, 

WANTED in London, for the Sale in Great Britain, of 

Perret’s Patent Stage "Furnaces for Heating Buildings. 

This system is largely used on the Continent.—Ad- 

dress by letter, R. R., care of Messrs. R. F. Wuite and 

meg General ‘Advertising Agents, 33, Fleet or 
V 321 


A gents Wanted, to push First- 

class MAOHINERY OILS commanding a large 

d successful sale. Liberal commission.—. 
BOX 22, Post Office, Liverpool. 





























ddress, 
837 





Wanted, Partnership in 


Established Firm of Electrical Pp ineers 
undertaking house fitting and manufacture of fittings 
generally. Advertiser can introduce capital and con- 
nection. No agents.—Apply, A., 150, Piccadilly. 

V 313 








WANTED, &c. 


“Bypgineering ” Wanted for 


Jan. 31, 1890.—Address, with price, U 707, 
Offices of ENGINEERING. U 707 


Patent Index (Subject Matter) 


for 1888 WANTED. ir W. E. —_ 70, 
Market Street, Manchester. 312 


Wn anted to Hire, with Option 


rchase, a LOCOMOTIVE JIB ae 
with rising and falling jib, 25 ft. radius; to lift 5 tons. 
Apply te M. BENNETT & SONS, Ardwick <7 

e ia Manchester. V 33; 

















PUBLICATIONS. 


53 Hours Wage Calculator. 
By J. H. LONGSTAFFE. 
Half-bound, 5s. ; Cloth Lined, 10s. ; Indexed, 1s. extra. 


BECK & INCHBOLD, 33, Bond Street, -. 
London: SIMPKIN, MARSHALL & CO. 


ee Summary of the New 


TENT AOT, 1883. W. LLOYD WISE 
(of Lincoln's Inn Fields, ee Fellow of the In- 
stitute of Patent its, M. Inst. M.E., M. Iron and 
Steel Inst., Assoc. In aq ty ty N.A. 
Reprinted from ENGINEERING. 
London : Officés of ENGINEERING, 35 & 36, Bedford 
Street, Strand, W.O. 8560 


Just Published.—The most useful List extant, 


CALVERT’S 
CATALOGUE of BOOKS 


ON 
PRACTICAL SCIENCE; 


Wirth Recent APPENDIX OF NEW Books, 











Over 150 closely-printed pages of Works relating to 
the Arts, Trades, Manufactures, General Industrial 
Pursuits, and Education ; to which is added a List of 


Drawing Instruments. Price 6d., by post 74d. 


JOHN CALVERT, Publisher & Bookseller, 
Gr. JACKSON STREET, MANCHESTER, 


the following Scientific Books, 


Published by Messrs, JOHN WILEY & SONS, 
of New York, may be purchased at the Offices of 
ENGINEERING, 35 and 36, Bedford Street, — 
London :— 

% 6 
0 





WRINKLES & RECIPES FOR ENGINEERS - 

FITZGERALD'S BOSTON MACHINIST - - - 

PRAY’S TWENTY YEARS WITH THE 
INDICATOR 


- 12 6 
CHORDAL’S LETTERS, EXTRACTS FROM - 8 6 





Imperial 4to, price 5s. in paper covers, cloth 7s. 


[the Ps Petroleum Industry of 


UTHERN RUSSIA. By CH. MARVIN, 

Author of yk eg at Ppa Herat,” ‘ Re- 
connoitring Cen Asia,” “The Russian a 
vee day § Turcomans,” &c, (Reprinted from ‘‘ En- 


cos of ExaINEERING, 35 & 36, Bedford Street, Strand. 

\ Guide to Patent Law and 
REGISTRATION. Price Threepence.—HORN 

AND SON, British and Foreign Patent Offices, next to 
Somerset House, 151, Strand, London. 849) 











SITUATIONS WANTED. 


FOR SALE. 





W anted, Situation as Erector 


of IRONWORK, by one who has been in 
Spanish America, used to native labour, and speaks 
sufficient Spanish to direct same. Good references,— 
Address, V 300, Offices of ENGINEERING. V 300 


Machine Tools, Lathes, 


Planing, Shaping, es Screwing, Punching, 
and Shearing Machines,—-SOUTH NEER- 
ING COMPANY, Limited, New Southgate ; and an 
Fenchurch Street, London. 








PARTNERSHIPS. 


Kirk, Price, and 

GOULTY (Established 1850), MECHANICAL 

and ELECTRICAL a AUCTIONEERS, and 

ARBITRATORS, Albert Chambers, Albert Sq., Man- 

chester; and a ueen Victoria Street, London, E.C. 
Telegraphic Addresses : 

Manchester Office, Inpicator. London ‘Office, INDICES. 


artnerships.—Gentlemen 
pencts ractical engineers) desirous of entering esta- 
blished Engineering coneerns, are invited to commu- 
nicate with the undersigned, who have numerous bona 
fide establishments open to admit such. References 
are given and required.—WHEATLEY KIRK, PRIOE, 
and GOULTY, 52, Queen Victoria Street, London, E.©., 
and Albert Square, Manchester. 


Dg ged Firms of Good 


EPUTE, 0; to oe Lg ay or desirous 


of selling ou ted to communicate 
with the unde! Fig who = numbers of — 
m for such.— WHEA' 


TLEY KIRK, PRICE, and 
ULTY, 52, Queen Victoria Street, London, E.O., and 
Albert Square, Manchester. 8348 





eatley 











Gyndicate, with Patents which 


will ¢ enough b to employ large 
works, Wish to Arrange with Firm open to Make En- 








gines for them.—G, 27, Burton Rd., cemma : nA 


Partner Wanted, in Agency 


and Consulting Line, by a Gentleman who has 
large experience in Bessemer, Siemens, 





rolling mill, and colliery practice.—Address, V 238, 
Offices of ENGINEERING. V 223 


Aiko Sale, on Hire Purchase. 


—MACHINERY of all Spies is supplied 
on deferred gg by ROW. FOO? and 
CO., Engineers, 153, Fenchurch Street, London, EG. 
Write for Circular. 


New and Second-hand. 
Fe Sale, New 





4-wheel 


TRAMWAY or CONTRACTOR'S LOCO., by 
Merryweather, 4 ft. 8} in. gauge, 10 in. cylinder, 14 in. 
stroke, copper fire-box, brass tubes; with or without 
condenser.—MERRY WEATHER & ’SONS, Fire En- 
gine and Tramway Loco. Works, Greenwich. V 182 


Fr Sale, Ready for Delivery, 


BOILER SHELL nso Ane MACHINE (New), 
having two 3 in. spindles, capable of boring two 
1} in. holes simultaneously in boiler shells up to 14 ft. 
diameter. — Apply, LOUDON BROTHERS, 46-50, 
Waterloo Street, Glasgow. V 332 








100™* Machine’ Tools,comprising 


rills, Planers, Shapers, Slotters, 
Detailed List 


&e., READY FO 
apply, 


lotting Machines — 
TWO, by Collier, 15 and 16 in. stroke ; condition 
. Price £40 each. 


R. A. LISTER & CO., Dursley, Gloucester. U 931 


DELIVERY, —For De 


, Halifax. 8043 
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= File Manufacturers.—For 
Immediate DISPOSAL (in consequence of the 
pal’s ill-health) the Old-established (Current- 
a PrILE MANUFACTORY which has been most 
ssfully carried on by Messrs. A. H. Spoor & Sons, 
at Newcastle-on-Tyne. This i§ an exceptional oppor- 
tunity for acquiring Plant and Freehold at a ye 
rice.—For further particulars ap) apply to W. 
TRONG, Estate Agent and Valuer, 40, "Westgate 
Road, Newcastle-on-Tyne. 


be Sold, the Business, 


0 

gs PLANT, STOCK, PATENT RIGHTS, &c., of an 
ENGINEER, in Liv erpool, having a first-class con- 
nection, and. ample work in hand. Patents are fully 
established and at work. Together with several good 
specialities, which are at work in some of the largest 
manufactories in England. The Works are freehold, 
belong to advertiser, and will be let at a reasonable 
rent. Satisfactory reasons given for retiring. About 
£4000 required, half of which may remain at interest 
to a suitable urchaser. Finokas & 285. or their 
solicitors.—Address, MEEK Adver- 
tising Agents, 4 & 6, Cable Street, ine” V 315 


urplus Plant for Sale. 


40 HP. Marshall Compound Engines £400 each. 








40 HP. 9 Loco. Type Boilers £375 ,, 
16 HP. cy. a 
600-Light Crompton Dynamos + aa xe 
Also Gas Engine, Arc Lamps, Cable, &c. 
Apply to LIVERPOOL ELE 10 SUPPLY ot 
Ltd., 15, Highfield Street, Liverpool. vi 





-HP. Double Cylinder En- 


12° GINE, by fee age FOR SALE, in first-class 
working order, with feed-water heater com lete ; 
been used very little. Having taken another mi only 
reason for selling.—RANGER & BURROWS, + rae 

1 


Mills, Taunton. 
Cheap, Pair of 


ie Sale, 

Compound Santen -condensing TANDEM EN- 
GINES ; two high-pressure cylinders, 6 in. diam.; 
two low- ——, ditto, 13 in. diam., by 13 in. stroke ; ‘ 
in first-class condition ; nearly equal tonew; suitable 
for yacht, tug, @. MUM- 
FORD, Culver Street Ironworks, Co V 224 


95 HP. Portable Steam En- 


GINE, , Be, Ee rom FOR SALE. Also 
Second-hand PO NES, 5, 7, 8, and 9 HP. 
BARROWS & CO., Seas. Banbury. 


L_pcomotive Tank En fines 


F; always in me owe or Peereacy 
CLARKE and OO., Railway Found Leds ts 
—. of RODGERS’ PATENT WHOUGHT: IRON 
ULLEYS. See Illus. Advt., page 5 647 





or cargo aie Gdiden. 











—_— coupled. Specification and workman- 

ual to Main — Ob tad. -—A) 
HORN, LESLIE 

pom on Tyne. See Adve page 57. 


riank Locomotives, 4 or 6 
- 


ly to R. & W. 
eers, New- 
8347 





ocomotive Tank Engines for 
Main Line Traffic, Short Line, a? Con- 
tractors, Iron Works, Manutfactories, &c., from a 
superior specification, equal to their first-class Railwa; 


nes, and specially adapted to sharp curves an 
bey gradients, always be had a‘ - notice 
from Messrs. BLACI HA ORN & OO., Locc- 


’ 
motive, Marine, and Stationary Engine Works, = 
head-on-Tyne. ° 1524 





Hasizes for Yachts, Tugs, or 


LAUNCHES. 
Engines are in STOCK, and in WORK, 


The aaa | 
can be delivered romptl tty 
: » diam, by 4 in. stroke, single cylinder. 





» by5in. ,, doublecyl., Admiralty pattern 
ai it, ” by 5 in. ” ” ” ” 
in, ” by 6 in ” ” ” ” 
8 in. ” by 10 in, ” ” ” »”» 
ompound Surface - Conden- 
SING ENGINES. 
4 in. and 7 in. diam. by 5 in. stroke, Admiralty pattern. 
6hin. ,, Sin. ,, by6in. ,, 
Zin. ,, 14in. ,, by8 ba 
in. ,, 15in. ,, by10in. ,, 


llin, ,, 22in. ,, by 16 in, 
All the above are of the very best material and work- 
— nicely finished. 
culars and prices on application. 


A& G. Mumford, CulverStreet, 


COLCHESTER. 





aunch Engines for Sale.— 


The following High-Pressure Launch Engines 
are in hand, and could be delivered on short notice :— 
SINGLE-CYLINDER ENGINES— 


if in, diameter, 3} in. stroke 
4 ” 4 ” 

5 ” ” 

B ” 6 ” 
DOouBLE- pr co 


+ p Bonner wg 5 Bin. stroke 


: 


The sizes “a > and of in, deat are Admiralty 
tterns, 
PeCOMPOUND SURFACE-CONDENSING ENGINES, 
suitable for Launches, a Trawlers, Tugs, 
Lighters, or Small Cargo Vessels. 
6 in. and 12 in. diameter, Z in. stroke 


- 
2 
Rosrasadn 


? ” ” ” 
10 ” 20 ” 12 ” 
ll ” 22 ” fo ” 
15 27 
Allthe Compound Engines : are fitted with bi pen and 
Wilson’s Patent Balanced and Do 


Slide Valves, and the larger one is also fitted wie Joy’ 
on Valve Gear. 
ALEX. WILSON & CO., Engineers, 


pel ong Wandsworth Road, London, S.W. 6162 


BOoOoES FOR ENGINEERS 





Tuts Day, with Tables, Illustrations in the Text, and Thirty-three Litho. Plates, Medium 8vo., 25s, 


SEWAGE DISPOSAL WORKS; a Guide to the 


CONSTRUCTION OF WORKS FOR THE PREVENTION OF THE POLLUTION BY SEWAGE OF 


RIVERS AND ESTUARIES. By W. SANTO CRIMP, 
London County Council. 
SixtH Epition. Pocket Size, 504 pp., Leather, &s. 6d. 


Filectrical Rules and Tables 


(A Pocket Book of) for the use of Electricians and 
a By JOHN fg « RO, C.E., and A. JAMIE- 
M. Inst. C.E., M. Inst. EE, F.R.S.E. With 


*,* wa ae Epit1on bas been thoroughly revised, and en- 


Ww orthy of all the com- 


mendation we can give it "Electrician, 





Medium 8vo, with 17 Litho, Plates & numerous Illustrations, 30s, 


Bridge Construction (A 
Practical Treatise on): Being a Text-book on the 

Design and Construction of Bridges in Iron and Steel. 

For the use of Students, Draughtsmen, and Engineers. 

By T. CLAXTON FIDLER, M. Inst. C.E. 

pe. roa indispensable handbook to the Practical Engineer.”— 





Assoc. Mem. Inst. C.E., &c., Assistant Engineer to the 


Now — 


Seconp Eprtion. Revised and og Pocket 
Leather, 12s.; also for Office Use, Cloth, 12s. 


Boilers: Marine and Land. 


Their Construction and prenat. 4 
Hand-book of Rules and Tables relative to Material, 
Scantlings, and Pressures, Safety Valves, &c., for the 
use of Steam-users. By T. W. TRAILL, M, Inst. C.E., 
Engineer-Surveyor-in-Chief to the Board of Trade. 

“A Mosr Oservt VoLuME - supplying information to 
be had nowhere else.” —Zngineer. an 2 


“It will eave Engi Inspect 
amount of calculation.”— Nature. 
‘* Its value must prove almost InEsTIMABLE,”— Marine Engineer. 
In 8vo, with 43 Lithographic Plates & numerous Illustrati 25s, 
Hydraulic Pc Power and Hy- 
for the Use of = 
TICAL orci oy and S$ e+ By HENRY 
ROBINSON, M. Inst. C.E., F.G.S., &c., Professor of Sur- 
veying and Civil tot ay Rings College, London. 


A book of GREAT PROFESSIONAL USEFULNESS." —/1 





@ VAST 


[NDISPENSABLE FOR THE ENGINEER. 


W. J. MACQUORN RANKINE, 0.E., LL.D., F 


By 
Late Reg. Prof. Ot Civil Engineering in the University ot Glasgo' 
Thoroughly revised by W. J. MILLAR, C.E., Sec. to the 
MANUAL OF APPLIED MECHANICS. Twelfth edition. 12s. 6d. 


R.S., 
w. In Crown 8v ‘0, Cloth. 
Inst. of Engineers and Shipbuilders in + Soe 


Il.—A MANUAL OF CIVIL ENGINEERING. Seventeenth edition. 16s. 
STEAM 


pg —THE ENGINE 


V.—USE 


E AND OTHER PRIME MOVERS. Twelfth — 12s, 6d. 
IV.—A Le OF MACHINERY AND MILLWORK. Sixth edition. 12s. 6d. 
owe FOR ENGINEERS, AROHITECTS, BUILDERS, ELECTRICIANS, &e. 


Seventh 


edition. Os. 6d. 
VI.—A MECHANICAL TEXT-BOOK : A Simple aetnetetien to the Study of Mechanics. Third edition. 9s. 


VII.—PROFESSOR RANKINE’S MISCE. EOU! 


SCIENTIFIC PAPERS. Lge -§ Memoir by Professor 


TAIT, M.A., and Fine Portrait on Steel. Royal 8vo, handsome Cloth. 31s. 
x*, A COMPLETE CATALOGUE POST FREE ON APPLICATION. 
Lonpon: CHARLES GRIFFIN & co., EXETER STREET, STRAND. 








(Fs Engine for Sale: 8 HP. 


Otto, gas bag, tanks, math complete.—For 
es Sdaress, HOGARTH, 35, Lewisham va 


i and Paddle— 


of all sizes, FOR SALE or OHARTER. 
JOSEPH CONSTANT, 
5, FencHurcH Street, Lonpow, E.O. 8234 


yrne, Stothert & Co., 69, 
Bute Docks, Cardiff, Coal, Iron, Metal, and Ma. 
chinery Merchants ; dealers in allkinds of new and old 
material. Telegrams and cables—“ Energy,” — 














AUCTION SALES. 


BY ORDER OF THE LIVERPOOL CORPORATION, 
IN CONSEQUENCE OF THE COMPLETION OF 
THE VYRNWY WATERWORKS. 

The whole of the very Valuable PLANT and MA- 
CHINERY, specially manufactured for and used in 
the construction of the works, including EIGHT 
LARGE STEAM TRAVELLING CRANES, which will 
lift up to eight tons, 10 ft. gauge, with travelling and 
revolving gear and varying radius up to 35 ft., 
specially constructed for building the masonry dam, 
by Messrs. Ransome and Rapier, of London and 
Ipswich ; FOUR POWERFULH DRAULIOJ ACKS, 
10 in. diameter and 18 in. stroke, equal to lifting 
above cranes ; SIX STEAM TRAVELLING CRANES 
(suitable for quarries and for building), from five to 
ten tons, with gauges from 4 ft. 8} in. to 6 ft. 6 in., by 
Thomas Smith, of Rodley, Leeds; FIVE LOCOMO- 
TIVE TANK ENGINES, four wheels coupled, 3 ft. 
gauge, very powerful, by the Falcon Engine Co. ; 
TWO LOCOMOTIVE ‘ENGINES, four wheels 
aree. by Messrs. Ransome and Rapier; one 16 

HP. Semi-portable Engine, by Messrs. Robey and 
Co. ; one 16 HP. PORTABLE ENGINE, by Messrs. 
Robey and Co.; three 6, 8, and 9 HP. Portable 
Engines, by — ; Marshall and Son; one 6 HP. 
PORTABLE ENG y Messrs. Ellis and Son; . 
two 3-TON DERRICK "CRAN ES, by Thomas Smith, 
Rodley, with 40 ft. jibs, and 13- ton ditto ; eighteen 
1-TON HAND TRAVELLING CRANES, suitable 
for stone dressing yards, radius 15 ft., by Messrs. 
Ransome and Rapier; 200 TIPand SIDE WAGONS, 
with 2lin. steel wheels for 3ft. gauge, and 125 
ditto with iron bodies; 180 STON BOGIES, 3 ft. 
gauge, 21 in. _ steel wheels ; TRAMWAY CAR RRIAGE, 
3 ft. gauge; 650 tons of 411b, STEEL RAILS, 
‘* fished ” joints, and 200 tons of various sections, 
chiefly light rails; 10-ton WEIGHING MACHINE. 
by Pooley, and one 20-ton ditto; several small 
Weighing Machines, several Hydraulic and other 
Jacks, three 5-ton Crab Winches, about 30 tons of 
10 in. Pump Stocks and Gearing, L Legs, Wheels, 
&c. ; about sixty PULLEYS, various, 6 in. to 48 in. 
diameter; twelve MOVABLE SMITHS’ HEARTHS, 
six ditto Bellows, two ditto Fans, and twelve large 
Smiths’ Anvils, 350 tons Wrought and Cast Scrap 
Iron; also a LARGE QUANTITY of SMITHS’ 
TOOLS, Quarry Tools, Bars, Chains, Picks, Ham- 
mers, Steel Drills, and a large Miscellaneous Plant, 
for oa of which see catalogues. 


M r. George N. Dixon has been 

honoured =. instructions to SELL BY 
AUCTION, on WepnEspay, the 23rd JuLy next, and 
following days, at Llanfyllin Station, on the Cambrian 
Railway, and on the Works at Lake Vyrnwy, in Mont- 
SHINERY. the whole of the PLANT and MA- 
as above. 

Note.—The Horses will be sold at a future date. 

For further particulars and Catalogues apply to 
the AUCTIONEER, 66, Hanover Street, ca 
Telephone, 1629. 


ALTERATION OF DAYS OF SALE. 
PRELIMINARY ANNOUNCEMENT. 
FORTH BRIDGE, SOUTH QUEENSFERRY. 


MoM Arthur T. Crow, Con- 


tractors’ Auctioneer, Sunderland, has been 
honoured with instructions from the Directors of the 
FORTH BRIDGE, 
TO SELL BY AUCTION, 
On Tugspay, WEDNESDAY, THURSDAY, and Fray, the 
22nd, 23rd, 24th and 25th J uby, 1890, 

The Whole of the Valuable 
CONTRACTOR’S PLANT, MECHANICAL AP- 
PLIANCES, AND GENERAL STORES. 

Detailed particulars in future advertisements and 








Vauxhall } Catalogues obtainable from the AUCTIONEER, Manor 
land. V 290 





House, Sunder 


39g | CRANK & IRON CO., hogy Grantham. 


MISCELLANEOUS. 


MARINE BOILERS. 
See Advertisement June 6, page 65. 


ea Burnet and Co., 


Guasao’ 
Boiler? Plates Flanged for the Trade. 7301 


m. Murdoch and Co. 


79, ROBERTSON STREET, GLASGOW, 
PATENTRES AND MAKERS OF 7497 


Marine Engine Governors. 


ohn Norman, 
eer, Millwright, Boiler Maker, 
Cm 


Licensed My of Machinery 
Plans an jpecifications made out as 











eer & 
St Vincent Street, Glasgow. gil 





john Cochrane, Engineer, 
BARRHEAD, N.B. 
Advertises his STEAM ENGINES, STEAM 
HAMMERS, STEAM PUMPS, &c., in this Paper every 
Fortnight. Catalogues, &c., on application. 7629 





as and Petroleum Engines. 


Mr. DUGALD CLERK, A.M.LC.E., F.C.S., 
CONSULTING ENGINEER AND PATENT EXPERT, author of 
“‘The Gas Engine,” Reports upon such Engines, 

Validity of Patents, Infringements, &c. 
WORKING DRAWINGS AND SPECIFICATIONS for Gas En- 
gines of all types and powers. 

Address: 5. Furnivau’s Inn, Housorn, Lonpon, and 

3, TEMPLE SrREET, BIRMINGHAM. V175 


r. J. H. Rimbault, ie 


to fo “as, ” Tron, “The 
World,” &c., 80, Maiden Lane, Covent Garden, 
Private orders promptly executed. 


Manufacturers of Chewing 


TOBACCO-SPINNING MACHINERY for 
2-6 m/m 8 > ps yarn are invited to send Photo., with 
prices and sample, to B 4462, care of Rupotr Mosss, 
Advertising Offices, Cologne. V316 














TO HARBOUR AUTHORITIES & CONTRACTORS. 


[the Wick Harbours Trustees 


peewee TO LET on HIRE a Powerful 
Steam Buc Ket DREDGER for the months of July, 
August and September next. 
For particulars apply to 
JAMES BARRON, C.E. 
Harbour Engineers’ Office, Wick, 
16th June, 1890. V 288 


Bouers! ! Boilers!! Boilers !! 
The Largest Stock in London of est 
or Vertical Boilers for Sale or Hire, from 2 to 30 horse- 
wer.—F. BONE, South London Boiler Works, Long 
: e, Borough. Boilers repaired by practical = 
only. 


Boers, all kinds and sizes: 

Vertical x Tube, reg me Portable, Cornish, 
Lancashire, and “ Field” Tube.—THE GRANTHAM 
8439 


A 84 squith’s Patent Radial 

DRILLING yng pe nd unequalled by any 
machine made. All sizes in stock from 8 ft. to 4 ft. 
9 in. radius; as he ee to all the Government dock- 











ards and “prin engineers in Great Britain. 
ers should —s Minis before purchasing any other. 
Various tools in stock 


a delivery. 


W. ASQUITH, Highroad Well Works, Halifax R613 


Begshaw’s Wrought-iron Pul- 








are the strongest, oe and best in the market. 
Quick delivery given. Illustrated list, contain- 
ing rules for transmission of power by wheels, belts, 
ropes, and shafts, fre.—J. BAGSHAW & SONS, 
Engineers, Batley, Yorkshire. UT717 


Cre Continental Holidays 


B.A the mye my pan tee via Antwerp, 
ennes, 35s.; Holland, 24s. ; 
tae Rhine, 458. iid. ; Switzerland, 978., &. 


don Road), 3 ne m. ; Doncaster, 4.52 p.m. (in connection 
with ex trains from the Midlands, the North of 
England, and Scotland), run direct to Harwich 
side the G.£.R. Co.’s steamers to Antwe 
dam every week day, and the G.S.N. 
to Hamburg on Wednesdays and 
“Walks in Holland,” ‘ Walks in the Ardennes,” and 
the G.E.R. “Tourist Guide to the Continent,” fully 
illustrated, price 6d. each, by 8d.—Guides, time- 
books, and Cormation at ’6l, gent Street, W., or of 
the CONTINENTAL MANAGER, Liverpool Btreet 
Station, E.C. V3i1 


Hypgineers’ Shops, Factories, 
FITTED up with MACHINE TOOLS, SHAFT. 
ING, &c., &c. Special Tools and Appliances designed 
for economical manufacture on the yg 

system.—BRITANNIA OO., Colchester. ome 
35 


6d. List of Second-hand taken in exchange. 
Brand Machinery 


8 yp ys CYLINDER OILS; successfull 


and most bh ken of b thousands of a 
trma.—For prospesun, tras, . ea, &c., post free, 
address JOHN BRAD RD & SON , Liverpool. 8246 


= Pickering & Co., Ltd., 


anufacturers of 
All classes of RAILWAY WAGONS, including Oil and 
Acid Tank Wagons. 
All em vy Railway Wagon 











‘ountings. 
do Wheelsand Axles, with 
Wheel Bosses, either of Cast or Hydraulic Forged Iron. 
Wagons supplied for cash, on purchase, lease, or 
simple hire. 
Chief Offices and Works - Wishaw, near Glasgow. 
Branch Works- - - - Airdrie, near Glasgow. 


Midland Ry. Carriage 


e 
rhe ieee _— contrat, Le 


f RAILWA TRAM- 
OARS. WAC WAGONS, and RAILWAY IRONWORK ot 
every “description. Wagons built for Oash, Deferred 
ent, or Hire. E. JACKSON, Secretary. 
ef Offices: MmpLanp Works, 
5667 
Anz. 


Bench b Weske: ABBEY ¢Wonm, ‘Sunawssorr. 
eAshbury RailwayCarriage 
dhe AND IRON COMPANY play 
Manchester, 
rers oe eve 


7 
RAILWAY CARRIAGES D WAONS. TRAM- 
WAY CARS, RAILWAY IRONWORK, Ca: 
and W: Whee! Axles, Iron Roofing, Girders, 
Turntables, Water Seem, Water Pumps, 
Travelling” aud Fixed Cranes, Switches, 
&c., &c. Wagons built for Cash, or for defe 
payment. —Iondon Office : 56, Westminster rae 

















e Metropolitan Railwa ay 
CARRIAGE & WAGON COMPANY (Limi 

Saltley Works, Birmingham, Successors to aon 

JoszPH Wrieut and Sons, Manufacturers of Railway 


Carriages, Tramway Cars, W: and Railwa; 
Ironwork of eve y a tion. — me 
WAY ©. IAG 


and WAGONS built for 
CASH, or UPON DEFERRED PAYMENTS EX- 
= over mi See OAL. TRORETO 
large number ON: IN BAL- 
LAST, and other WAGONS to be LET on IRE. 
Manufactory and Chief Office—Sauruzy Works, 
BrrMINeHAM. 
Brazch Wagon Works—Great Eastspn Ratway, 
PETERBOROUGH. 600 


P & W. MacLellan, Limited, 
e CLUTHA WORKS, GLASGOW, 
MANUFACTURERS OF 
RAILWAY WAGONS AND CARRIAGES 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 


Chief Offices: 129, Trongate, Guaseow. 
London Offices : 8, Gt. Winchester Street, E.0. 


[the Burham Brick. Lime, and 


CEMENT COMPANY, 
NICHOLAS LANE, LOMBARD STREET, E.O. 


Lonpo. 
BURHAM WHARF, “BELVEDERE ROAD, 
LAMBETH, 8.E., VIOTO 1A WHARF, AND DRAW 
DOOK, NINE ELMS, 8.W 
GALT rag Cornice Tiles and Tubes, oina, 
dy one Grey Stone — 
pany’s Kilns, delivered in 
barge-loads za « By t rat Pua rd &c., from 
it. Plaster o' RTLAND 
AN OEMENTS, as Pat me 
Company's Works, Burham, on the banks of 
the 1 River edway, and at Murston, near Sitting- 
bourne, Kent. 
Bricks, Tiles, &c., of any design made to order. 
GREAT CULAND CLIFF HYDRAULIO LIME. 








8547 





This Lime is ectly Aone ag of strength 
and tenacity, it sets readily under jag and becomes 
ry hard my a short 


(See Bui 
The Burham Brick, Lime, Cement Company, 
meer gh been mp sole por ye 
Tubes for the Cellular alls, "he. 
a om forwarded on application. 


pram. eae PATENT DIAPER BRICKS, 
manufactured only by By kn Burham Brick, Lime, and 
A great variety of designs are 


prepared for dia; 
surfaces, string courses, civonien ou epee 9 ae 
heads, &c._ to be seen at their las ‘Depor. 529 


OILERS, PATENT and ORDINARY. 


OILERS, STEEL and IRON. 
OILERS, of, all Sorts and Sizes, 


Reasonable Prices. 


Apply W. a WOOD & co., 


(EsTABLISHED 1879.) 








Cradley Boiler Wks., Cradley Heath, Sta, 
irmingham, 


Within a short distance of Bi 
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PATENT - 


SPHINCTER GRIP 


Flexible Indiarubber Armoured Hose. 
Durability of Steel with Flexibility of Indiarubber 
Warranted and Guaran’ . 


PRACTICALLY INDESTRUCTIBLE. 


For Water, Steam, Gas, Air Suction, Hydraulic, &. 
Made to withstand {aternal or extern pressures up 
to 5 tons on square inch. 

Beware of worthless imitations. 


INFRINGEMENTS WILL BE PROMPTLY PROSECUTED. 


erican 
Paris Exhibition, 
889 Ist Prize Bahibition, 
Lond., 1887, 


Eclipses all Hoses, Price Lists on application. 


Armoured Hose Co., Lid, 


OORFIELDS, LONDON, 'E. C. 


The Stockton Forge 


(Owners : Tax Esoinerrine Surriy Co., Lrp.) 
BRIDGE BUILDERS, 
IRON FOUNDERS, 
MAKERS OF FORGINGS 
And GENERAL ENGINEERS, 


Stockton-on-Tees, 


See Advt., page 14, in last week’s issue. 8331 
London Agent: S. C. SHEWELL, 
Suffolk House, Laurence Pountney Hill, E.C. 


TUCK’S GENUINE 
PACKINGS. 


For Detailed Advertisement, see Page 71 of 
last and next issues, 8306 


116, CANNON ST., LONDON. 





Sphincter Grip 


Offices: 9, 











J.G. STATTER & CO., Ltd. 
ALLIANCE DYNAMOS AND MOTORS. 


EQUALLED BY FEW. EXCELLED BY NONE. 
Efficient, Keep cool. Run silently. Are perfectly balanced. 


DO NOT SPARE. 
SCIENTIFIC IN DESIGN. MADE OF THE VERY BEST MATERIALS BY SPECIAL MACHINERY. 
The following sizes are kept in stock (if possible) ready for immediate delivery. 


Currentin | No. of Revolutions 
ampéres. per minute. 





Code Word. | Output in Watts. |E.M.F. in volte. — 


most moderate 





21 
36 
54 
72 
90 
110 
142 


60 
60 
110 
110 
10. 110 

Deichen 13. 110 
Docking 























110 
Damage 25. 400 170 





110 
The Machines are Compoun und Wound, and are provided with a suitable Driving Pulley. 
Delivery Free West Drayton. Foundation Rails and Packing extra. 


@@ A FULL SPECIFICATION AND DIMENSIONED TRACING SENT FREE ON APPLICATION. 
For larger sizes and other Voltages see our DYNAMO LIST, Page 6. 


ALLIANCE ENGINEERING WORKS, WEST DRAYTON 


NBDAR LONDON. 8242 
London Offices: Prince’s Mansions, 68, Victoria 8t., Westminster. Address Correspondence to WORKS, 


UNITED ASBESTOS 


COMPANY, LIMITED, 


DOCK HOUSE, 


BILLITER STREET, LONDON, E.C. 


SEE PAGE ADVERTISEMENT, PAGE IO. 
ERRO-PRUSSIATE COPIES 

















and Tracing Office, 


The Designing 
1&2, Poultry, 





(\AWSON WILMER & Cre 


Woon ENGRAVERS 8:-ZiNCOGRAPHERS 


35,£ssex Street, Strand, 
“5 LONDON .W.Cc™ 





Barley Conveyors § 
Cement Conveyors Q 
Coal Conveyors WN 
Clay Conveyors 
Grain Conveyors 
Salt Conveyors 
Sugar Conveyors 
Sand Conveyors 
Slag Conveyors 
Seed Conveyors 
Barrel Conveyors 
Cask Conveyors 
Package Conveyors E 
Sack Conveyors VY 
Mixing Conveyors A 
Scraper Conveyors T 
Coal Picking Tables Q 
Stoking Conveyors R 


DRYING 
Ew tg Boilers 3 ; MACHIN It \ 


NEW CONVEYOR CO., L™ 
1, Metal Exchange Buildings, ss. 
LONDON, E.C. 


ELEVATORS 


for same work as 
all the 
CONVEYORS 
we 
specify opposite. 


Our other 
SPECIALTIES 


are 


GRINDING, 
SIFTING, 


AND 


V 
E 
Y 
0 
R 
S 
& 
E 
L 

















= ie MADE BY:«00 (Cheapside, E.C._ 


ae at 
{ i i 


COPYRIGHT, ENTERED AT STATIONERS’ HALL. 
eC Se 


Steam Launch Machinery, all sizes, in stock or progress. 


COCHRAN & 00., Bidston Wharf, BIRKEN HEAD. | 





New Catalogue of LAUNGHES, YACHTS, T: UGS, and BARGES. 
MEL CUSGE: LAGACHES OF ALL IFES Tk STOCK 9 








PATENT AGENTS, 


A llison Ries. "Patent Agents 
AND MECHANICA, DRAUGHTS 
52, Chancery Lane, Holborn, London, W.C. British, 
Colonial, ont Foreign Patents obtained. Searches 
made, Designs and Trade Marks registered. 8353 
E. P. Alexander & Son 
(Fels. Inst. Patent Agents), 
19, SOUTHAMPTON BUILDINGS, ———s W.C. 
TELEGRAPHIC ADDRESS: “EPA, Lonpo! 
BRITISH and FOREIGN PATENTS OBTAINED and 
DESIGNS and TRADE MARKS REGIST 


ERED at 
charges. Established 1874. 585 











Brewer and Son, Patent 
AGENTS. 
ESTABLISHED 184 8311 
33, CHANCERY LANE, ‘Lonpom 


Patents. —A. C. Chapman, 


M.L.M.E., 3, St. Nicholas’ Buildings, Newcastle- 
on-Tyne, Consulting Engineer and Patent yd 
UNDERTAKES all PAT BUSINESS. 
formation and terms on application. 


le Inventors. — Harris and 


MILLS, Patent Agents, 23, Southampton Build- 
ings, London, W.C., Established 1866, UNDERTAKE 
all BUSINESS connected with patente i in the United 
Kingdom, the Colonies, and all foreign countries. NINE 
MONTHS’ PROTECTION £4 48. Attendance in the pro- 
vinces at moderate charges. A Chart of 187 Mechanical 
Motions, with denuigtee of each, post free, 1s. 8209 


Mr: P. Jensen, M.I.M.E., 
F.1.P.A., of twenty- ou years’ experience - 
British, Colonial, and Foreign Patents, Trade Marks, 
and Designs. Full particulars on application. —Office 
for Patents, JENSEN & SON, 77, Chancery Lane, 
London, W. ©. 8391 


FOR SOLICITORS ONLY. 


atent ents, 


A. KUHNT ann R. DEISSLER, 
GERMANY, BERLIN, O. | 

















Telegram Address, “a London.” Telephone 


Phillip ps and ‘Leigh (Henry 


Hartneron Leian, Assoc. M.1.C.E., Fel. In. P.A.), 
22, Southampton Buildings, Chancery ‘Lane, London, 
w. C. Immediate Protection obtained for Inventions, 
Trade Marks and Designs in all Countries. 8098 





8055 the New Patent Law.—To 


Inventors. GENERAL PATENT OFFICE. 
Established 1880. G. F. REDFERN & CO., 4, South 
Street, Finsbury, E.C. Provisional protection, £3 3s. 
French Patent, £8. Belgian, £4. Circular gratis. 
Telephone No. 169. Regis. Telegraphic Address : 
“Invention, London.” 8604 


atents. — Messrs. Vaughan 


and SON, British, Foreign, and Colonial Patent 
Agents, 57, Chancery "Lane, W.C., transact every 
description’ of business connected with Letters Patent 
forInventions. ‘* A Guide to Inventors” free by ~_ 
Established 1853. 


Time-Checking Machines 
FOR ALL PURPOSES. 
ABSOLUTE ACCURACY. 
GREAT ECONOMY. 


GHECKS OVERTIME WORKED. 


Indicating, Counting, and Clock- 
work Mechanism a Specialty. 











Experimental Work for inven- 

tors conducted. 7922 

Patent Business transacted by :— 
W. M. LLEWELLIN, C.E, 


**A8” OLASS FOR WORKMEN. 


Liewellin Machine Co., Bristol. 





rawings, Plans, Tracings, 


&c., executed with Accuracy and pean on 
moderate terms, by MESSER and” and THORP 
nical and General Draughtsmen, 8, Quality Cour, 


Caer oe e, W.C. 
=. om thoroughly practical Engineers. 
W.T.GOOLDEN & C2? 


ELECTRIC MNING 


A X = 
ORKS) LONDON. 
PUSS and Fittings for 


AS, STEAM, WATER, HYDRAULIC, 
and HgaTIne EM. Galvanised orWhite Enamelled 
inside. Coils up to 500ft. without joint. Cocks, Valves, 
&c.-JOHN SPENCER, Globe Tube Works, Wednesbury. 


EMALD STEINMETZ 
HANOVER, Germany. 
ENGRAVER ON WOOD 





ARROW 
ROAD, 








4 
J 


ee 
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FIELD’S PATENT BOILERS AND TUBES. 
LEWIS ny ta & — Se 


q LIGHT, SAFE, 
© | = : Ea ~—Csé#EASSY ‘TO GLEAN, 
= he —- ECONOMICAL. 


x7, Explosions from Shortness of 
1g Water Impossible, 
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———————— SS = == Ty 


7 Z y 
0 Y yw) mr mY), *P lied to nearly Every De- 
SSS SS SSSSSSSSSSSSSS____E L a ey //7/// Soe tenet Bete art and consider- 


j,ebly increase their seeming 
egos __ MCU I 
Downdraught “* Pield” Boiler. 


—Y// Powers. 
8 OOLS LENT FREE. 
Cornish, Cross-tube, lami and other Boilers readily fitted with “ Field’s” Tubes. © ‘' Exhaust” and Live Steam Injectors (Holden and Brooke’s)—Automatic, Simple, and Economical. 
AGENTS For 


MATHER & PLATT’S PISTONS, FRICTION CLUTCHES, VALVES, FITTINGS, &. 


ACCIDENT TO THE §.S. CITY OF PARIS.” 


DURHAM, CHURCHILL & CO.’s 
MARINE ENGINE GOVERNORS 


Fully meet all the suggestions made by the Court at the Official Enquiry. 


Zo 




















FULL PARTICULARS ON APPLICATION, 23, LEADENHALL STREET, E.C. 












TELEPHONE No 23. — 





pears Foringhty, = =&EVOD ae DktCmboen & OO ih 3 ek 
Appears Fortnightly. a . *‘Daglish, St. Helens.” 


NUING ENGINE 


Steel Conical Drums. St. Helens Engine and Boiler Works, 


AIR COMPRESSORS. LANCASHIRE. 
— Is MAGNOLIA METAL? TRULY A SCIENTIFIC DISCOVERY. 


A Self-Lubricating Non-Heating IMEEM .A.E., Possessing the Greatest Durability. 


A few Extracts from many hunéreds received from all parts of the world, 











“ It gives great satisfaction in our roll neck bearings.’ Sree BOLTON & SONS, Birmingham. ‘“ Magnolia offers a high resistance to abrasion and hea‘ a4 
RUPERT THOS. COOK, Stockton Malleable Iron Co, * Is the best metal we have yet et had ex experience with.” —DUBS & CO., Glasgow Locomotive Works. ‘‘ Invaluable in 
stone- breaki: machinery heamtngs. — JOHN mpeg Leith. ° * Notrouble witb our pillar blocks ion heavy 8) ‘shafting since using Magnolia.’ BP a me LINDSAY 
and CO., Dundee, *‘I find Magnolia better than other metal.”—JCSEPH STUBBS, Textile 7 hine “apa “ By far best me etal in every \ 
respect we have ever had experience with. "WORKMAN, CLARKE & CO., Shipbuilders, Belfas a. a ay tet Pall high-epeed machinory™ . 
“CROMPTON & CO., Arc Works, Chelmsford. e best metal w: @ har uted in our mall" “JAMES McLEAN & C0. Saw M 

“ Has given us great satisfaction.”—BELL & SiMe, Saw raay inches 

“ The longer Magnolia is used and the more severe the duty ) ohne apen.it: the better becomes its condition.”—Prof. SMITH, Mason's College, 





Birmingham, 
The United States Navy yr - neve by a series of tes Boe on_ point of durability and self-lubrication, 
Magnolia has n cqual. N IME PARTIAL CO AKATIVE TRIAL Is A WE ASK. 


<> Th MAGNOLI A Anti- Priction Metal Co. of ct. Britain, 75, Queen Victoria St., LONDON, EC. 


OR THEIR MANY DISTRIBUTING AGENCIES THROUGHOUT ras WOBLD. 


@ tu: BRITISH ASBESTOS 00,8 


10, DUKE STREET, ALDGATE, LONDON, E.C. ASBESTOS MINE OWNERS. 


Viannacth rar a ‘ ‘Wa ‘Wi'ie ores 7 Wa ‘ i eb cilereisa bt Ban 
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‘*ENGINEERING SERIES.” 
Demy Quarto, Price 30s., cloth, with 900 pp. and 833 Figures. 


ELECTRIC ILLUMINATION: 


Vou. I. 
CONRAD W. COOKE, yn DREDGE, M. F. O’REILLY, SILVANUS P. 


THOMPSON, and H. VIVARE 
dived by JAMES DREDGE. 
(Chiefly compiled from ENGINEERING. ) 
With Lists and Abstracts of the Specifications deposited at the Patent Office having 
reference to Electric Lighting. Prepared by W. LLOYD WISE 





Demy Quarto, Price 30s., cloth, with 900 pp. and about 1500 Figures. 


ELECTRIC ILLUMINATION : 


Vou. II. 
By JAMES DREDGE, Dr. M. F. O’REILLY, and H. VIVAREZ. 
Edited by JAMES DREDGE. 

This Volume contains: I. Electrical Measurement. II. Photometry. III. Dynamo- 
meters. IV. Recent Dynamos and Lamps. (Partly te from ENGINEERING.) With 
an APPENDIX compiled by W. LLOYD WISE, Member of Council of the Institute of 
Patent Agents, containing Profusely Illustrated Abstracts of Specifications of all Patents 
granted in this country from January, 1873, to June, 1882, and having reference to Elec- 
trical matters. 





‘* ENGINEERING SERIES.” 


In Two Volumes, Half Morocco, Price £3, Imperial 4to. Illustrated by 176 Plates and 
295 Engravings in the Text. 


RECENT PRACTICE IN MARINE 
' ENGINEERING. 


By WILLIAM H. MAW. (Partially reprinted from ENGINEERING.) 
Comprises descriptions of all the leading types of Marine Engines constructed durin 
past ten years, es with illustrated accounts of other Machinery, such as Dredgin 

Plant, Engines for Rope and Chain Haulage, &c. 


the 
ging 





Now Ready, Royal 8vo, bound in cloth, profusely Illustrated, Price £1 11s. 6d. 
(postage Is, 2d.) 


THE METALLURGY OF SILVER, GOLD AND 
MERCURY IN THE UNITED STATES. 


Vou, I. SItver. 
Showing the latest practice pursued in American Metallurgical Establishments. 


By THOS. EGGLESTON, LL.D., 
Professor in School of Mines, Columbia College, New York. 


Vox. II. on Gotp AND MERCURY WILL SHORTLY APPEAR. 


Price 3s., cloth. 


METRIC MEASURES AND THEIR 
ENGLISH EQUIVALENTS. 


By G. M. BORNS. 








Price 2s., Crown 4to, with numerous Illustrations. 


THE AUTOBIOGRAPHY OF A WHITEHEAD 
TORPEDO. 


By ‘* Guns.” 








Now Ready, Price 12s. 6d., Royal 8vo, bound in cloth, with numerous Illustrations. 


SUBMARINE MINING, 


By Lieut.-Colonel BUCKNILL, R.E. 
Reprinted from ENGINEERING. 





Large Imperial Quarto, Price £2 12s, 6d. 


THE PENNSYLVANIA RAILROAD: 


ORGANISATION, CONSTRUCTION, AND MANAGEMENT. 
With Folding Map, 82 Plates, 100 Engravings in Text, and 125 Tables. 
By JAMES DREDGE. 


Now Ready, with numerous Plates and other Illustrations, Crown 4to, bound in cloth, 
Price 5s. 


A TREATISE upon CABLE or ROPE TRACTION 


As applied to the working of Street and other Railways. 
Revised and Enlarged from ENGINEERING. 
By J. BUCKNALL SMITH, C. E. 


ITS 





Now Ready, Royal ‘Ato, price 5s. (post free 5s. 6d.) 


THE FORTH BRIDGE. 


Illustrated by 19 Page and Two-page Plates, and 157 Figures in the text. 
Being a complete record from the commencement of the work. 





THE ABOVE WORKS ARE PUBLISHED AT THE 





sunmeiemmennsiil 








| WESTRAY, COPELAND & CO., 


LIMITED, 
ENGINEERS, BOILER MAKERS, Fides Ss 


BARROW-1N-FURNESS. 


FS OF 


ESS 29) S89 oe S$ 
20, cade ee PAUL EWENS, Agent. 


Agents in South Wales: 8548 
FRANKLIN SAUNDERS & CO., 46, WIND STREET, SWANSEA. 




















Orrices or “ENGINBERING,” 35 & 36, Beprorp Street, Stranp, W.C. = 











anasieeniadicniaiael 





—_— Tae — 


ELECTRIC CONSTRUCTION CORPORATION, Ltd, 


WORCESTER HOUSE, WALBROOK, LONDON, E.C., 


CONTRACTORS FOR THE COMPLETE EQUIPMENT OF 


CENTRAL ELECTRIC LIGHTING STATIONS. 
ELECTRIC TRAMWAY PLANT. 
RAILWAY TRAIN LIGHTING. 


Estimates Prepared for Complete Installations of 
__sleciric Plants for Light or Power. 8579 


IT STANDS AT THE HEAD. 


THE CALIGRAPH, 


The Fastest, Peso and 
Most Durable 


TYPEWRITER. 


Saves Time, Labour, and Money ; 
is Easily Operated and does not get 
Out of Order. 


The writing can be press-copied, 
and manifolded. 


GOLD MEDAL 


At the Paris Exhibition, 1889. 























For Specimens and Prices appky to— 


THE AMERICAN WRITING MACHINE €0.’S BRANCH, COVENTRY, ENGLAND jecos 


Or to T. DAVISON, General Agent, 92, Queen Street, Cheapside, LONDON, E.Cc. 


r, HOLBOROW & CO,’S 


PATENT AUTOMATIC 


EXPANSIVE ENGINE 


40 HP. 
HIGH PRESSURE. 
































STEAM LAUNCHES. 


ENGINEERS, 536 


_ STERN WHEEL) 


Pag BOLTON & CO., 






Ss 


For Prices and Particulars apply to 5678 3 
EoLtBo row & Co., 








== 





= 440, Leadenhall St., LONDON. 





Dudbridge Ironworks, Stroud, England. 
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R. HUNT &€0., 





= sat 


OLE AND SPLIT. 


CAST” IRON PULLEYS 
SHAFTING, PLUMMER BLOCKS. 
COUPLINGS, SET COLLARS, HANGERS, BRACKETS, &c. 
Pulley and other Castings. 8572 
PRICE LISTS FREE. 


EARLS COLNE, ESSEX 







ALTY CONTRAOTO! 


ET WORKS CO., SasCON, 


& > THE CLYDE RIV 





Ship, Boiler, Giaiee Rivets, Railway Spikes, 
BEST MATERIALS AND WORKMANSHIP. MODERATE 
Prompt DgLIVERIES OF ALL Home anp Export Onpsr 


> LIDGERWOOD HOISTS. << 


ee for these celebrated Hoisting Engines has been opened in London ,: a 
Fraser & CHALMERS, the well-known Manufacturers of Mining Machinery. 

The ako nee is the accepted standard machine in America for Light 
Mining, Ships, Dock, Quarry, Building, and Pile Driving. The advantages established 
for the Machine are: Li — Perfection of Finish and Material, Rapid Running, and 
the Manufacture under Duplicate Part System from standard gauges and templates, so 
that all like parts of same size engines are interchangeable, and orders for duplicate parts 
can be filled p a. large stocks always on hand. 

Every Engine and Boiler is thoroughly tested with steam before shipment. Large stocks 
are kept on hand and quick delivery guaranteed. Various patented improvements are 
adopted. Over 5500 of these Hoists of various kinds are in use. 


Send for full Mustrated Catalogues, or for Estimates, to 


Screw row Belts, Nuts. 








e 


S* 2. 


Se 











FRASER & CHALMERS, 23, Bucklersbury, LONDON, BG 





SHERWIN 


Patent 


A FEED WATER 
PURIFIERS 


=: |HEATERS. 


For Land or Marine Engines. 


The large number sold during past ten years give 
great satisfaction. 8388 


GEO, SHERWIN, Almea St., BIRMINGHAM 


FOR PRODUCING FACSIMILE COPIES OF TRACINGS IN 
THE DRAWING OFFICE. 


Bemrose’s “‘ Perfection” Brand Sensitized 
PAPERS & CLOTH 


YIELD UNSURPASSED RESULTS. 


No. 1 Paper produces copies in White Lines on a Blue Ground. 
No. 1 Cloth ditto ditto ditte 
No, 2 Paper ditto Black Lines on a White Ground. 


N.B.—No, 1 Paper in tough quality a speciality. 98518 








SPECIMENS AND PRICE LIST ON APPLICATION. 
Copies made from customers’ at list rates. 


tracings 
BEMROSE & SONS, Manufacturers, 


Irongate, DERBY; & 23, Old Bailey, LONDON, E.0. 








PATENT BxXCAVATORS 


FOR THE REMOVAL OF LARGE MASSES OF BALLAST AND FOR DEEP WATER DREDCINC. 














Oapacity 1,500 a 0 086 cue yarda't in Bok festa, 
Double Capacity if worked day and night. 
Attendance 3 to 4 Men for each Apparatus. 
Oonsumption of Coal from 4 to ? tons per day. 
These Hxcavators — So with the Heaviest 


Ye 


LIST OF WORKS CARRIED “OUT WITH our 
EXCAVATORS, POST FREE. 


FLOATING DREDGERS IN ALL SIZES, AND FOR ALL PURPOSES. 





Of the many places at which our 
exceptionally capable Machines, 
some with Horizontal Conveyors, 
are at work, we wish to particu- 
larly — to the MANCHESTER 
SHIP ‘AL Works, near War- 
rington, a the Norp-Ostszx 
CaNaL, where about 20 of our 
largest Machines are in use. 


Prospectus, Estimates of Working, as well as 


or arranging Excavators and Dredgers. 


pe be forwarded on application. 


Lubecker Maschinen bau-Geselischaft, Lubeck.* 








EAE. ATA. 


PAINTS | 


QUITLCK-DRY IN G. 


GUARANTEED FREE FROM PETROLEUM SPIRIT. 





FOR PARTICULARS OF PRICES SEE PREVIOUS ADVERTISEMENTS, OR APPLY TO— 


E. WOOD, Talbot Wks., Canning Town, London, E. 


THIS ADVERTISEMENT APPEARS MONTHLY, 








tr 


=f 


eaniteate LIWwks. 


JOHN WHITTINGHAM, 
STRONG STEEL PITCH CHAIN 
Victoria Iron Works, Hedon Rd., HULL. £590 


Established 25 Years, 
Agent for Glasgow : JOHN D. WALTON, 48, St. Enoch Square. 








WIRE | 

















SEY FLEXIBLE. 249 
Td R A NVI WAYS): xs DURABLE. g* D” one 
ned THIRO 
—_—— — or — UNIFORM ae THE 
: a ALL DESCRIPTIONS QUALITY. WEIGHT OF 
aged iti \ HEMP ROPE, 
F SUPPLIED and ERECTED | Do not Break “\ — 
on on the crown Ss ONE. a & 
= THE WIRE TRAMWAY C0, | “or tue 4 THE WEIGHT 
strand. OF CHAIN 
W. T. H. Carrington, Manager. SY OF EQUAL P 
7 72, Mark Lane, London, E.C. & STRENGTH, Sy 
f ry Sos Wire Die: S 
OGRECTED AND WoRKen. | 367 tase te Qe On 
ow 818g 














PENCINEW RING : : [June 27, 1890, 


INTERNATIONAL EXHIBITION 1889: FIRST PRIZE and Special Mention for Excellence for Engines. PIRST PRIZE and Special Mention for Excellence for Thrashing Machinery. 


“MARSHALL, SONS, & GO., L'i== 


BRITANNIA WORKS, G GAINSBOROUGH 79, Farringdon Rd. aaa 


Address for Telegrame—** GAINSBORO’.” felegrams “ENGINE, LONDON.” Telephone No, 6648. 


- HIGH-OLASS H avo, LALL BAZAR, CALCUTTA. 
é 


oe 3 OILERS 250 Gold and Silver Medals. 
PORTABLE ENGINES Cc fore ppb gn td Fig, gs 


ee TEA MACHINERY. 
al NE 18, 000 O Engines Vertical Engines. CIRCULAR SAW BENCHES 
| and 


ENGINES B22 CORN GRINDING 
Specially e¢ equipped for hue) a : agai 


ELECTRIC LIGHT b hy lustrated Catalogues, with 


MACHINERY. 


ao PATENT CRANES. 
GEORGE RUSSELL & CO.,, 


MOTHERWELL, near GLASGOW. 


ERs pengrnrrer PORTABLE STEAM for Harbours, Works, &. 
vii \ STEAM AND HYDRAULIC CK AND 
f EXHIBITION OF 1888. CT OVEREERD TRAVELGING GRAMIER Pores lem, and Hand. 
were selected for service in \ ENGINES, ref Vertical, Horizontal, RING” &e. 8385 


BOILERS, HAND CRANES, GEARING, MACHINERY. 
























































TESTIMONIAL FROM Mr. J. L. O’FLYN, M.I.M.E., SUPERINTENDENT ENGINEER. 
Marcu 29, 1890, 

Re your inquiry of March 20th as to performance of your No. 8 Pulsometer, I‘may state 
that this machine has been constantly in use as ballast pump, &c., for about twelve years. 
During this time it has given every satisfaction. 

These instruments, I believe, only require those in charge of them to understand them, to act as 
satisfactorily on a steamship as any other ballast pump. The machine has been on board the 
steamship ‘‘ Activity” for above length of time, and at present works as well as ever. 

(Nore :—Ballast tanks emptied at least every six days.) 


THE PULSOMETER ENGINEERING COMPANY, L”: 


PULs nen E and a Maem) §| NINE ELMS IRONWORKS, LONDON, 8.W. Dal tien tu 61/63, Queen Victoria St. B.C, Ask for List No. 7. 
pump 


S| ee the best ShipsPump- 


ee ee, ee Se eS ee p: ~~ Ph A, 




















PATENT ROLLED =o enr BUTLBER’'s 
RPATIMNw T 


‘gaa’ SHAFTING ~ Qaim "isc: 


IN IRON AND STEEL fa he oP . Re ine. 


— 
cieior oaeinenieeeensimeaeneeemnesidiadaea aa PEN 


SD Ei Ei I. | PATENT ROLLED 


FORGINGS | SHAFTING 


THE OARBROOK FORGE & se ace STEEL OO., SHEFFIELD. 


B. & S. MASSEY, _§™ MANCHESTER. aztec. 


DOUBLE & SINGLE-ACTING STEAM HAMMERS. oh 1 i NEW PATENT STEAM FORGING PI PRESS. 


i Special Steam Stamps, Drop Stamps and Hammers, Kick Stamps, Pneumatic Power 
Se, Seen Sth. onh. $0 80 Van, with Beanie or Beat eocene, tn titer anes i) : Ham Hasse’ Patent Power Hammers, Fon ine tte ee ircular Saws for 


worsted by hand when desired ! ; mers, 
ae cy Puerta Wremiane ae Suet oe Wrought won. “a Hammera, ‘ mr hot & cold metals, Band Saws for ths’ Hearths, Furnaces, &c. 


Hammers, 
oe Ste Views per mainete. some cases being by the foot of the Smith 
pep A 3 Fgh separate driver, . 
































PRIZE MEDALS FROM ALL THE 


More than 2,000 made. TY HIGHEST AWARD } PRINCIPAL EXHIBITIONS 


60 to 100 FOR 
usually in construction, : STEAM HAMMERS DURING the last TWENTY YEARS. 





























Printed Proprietor their Printing Offices, The Bedtord Press, 20 & , 
wie ~ Gi Rediord Street. in the Porky of §t. Paul, Go 




















